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WASTEZ 3TAEILIZATION PONDS IN ZUROPE :
A 37ATE OF THE ART REVIEW

M, VUILLOT, C. BOUTIN

CEMAGREF, Division Qualité des Zaux, Péche et Pisciculture
3 Quai Chauveau 69336 LYON Cedex 09 - France
WHO Collaborating Center for Rural Sanitation

ABSTRACT

Waste stabilization ponds can be found in 16 c¢ountries in Europe. Information given at
a consultation of WHO specialists to review the state of the art in lagooning, highlighted
the varying development stages which have been achieved in this field in 10 differesnt coun-
tries, Design criteria vary £rom one country %o ancther, to suit lecal conditions and con-
form with the gquality standards which effluents are expected to meet. Lagooning has found
many different fields of application in EBurope : small communities, tourist areas, tertiary
treatment, where it is likely to be further developed.

KEYWORDS

Wagte stabilization ponds, lagooning, wastewater treatment, Europe, review report.

INTRODUCTION

In many countries, waste stabilization ponds -WSP- are one of the techniques available
for the trzatment of wastewat=rs before they are discharged into the environment. However,
the design and construction, as well as the fields of application of this process vary
from one country to another, and even within the same country, depending on local condi-
tions. A first comparison of the various lagooning techniques used in Europe was made at
a specialists' consultation organized jointly by WHO Reqional Office for Eurcpe and CEMAGREF
in Lyen {France) from the 20th to 23rd octcher 1986. 32 experts, representing the techni-
cal experience of 10 European countries and 3 countries outside Eurcpe, attended the mesting.

This paper 1is largely based aon information raceived during the consultation preliminaries
and from working documents prepared by the invited participants. It also reviews some of
the findings of %he warking groups. This report exclusively refers to Eurogean countries,
and to non aerated ponda:mechanically aerated lagoons although they are sometimes included
in WSP statistics for individual countries, ar2 not considersd, as they differ, in our
opinion, as far as both their functioning and their applications are concerned.

THE DEVELOPMENT OF LAGOONING IN ESUROPE

"The use of ponds to ag¢cumulate and treat wastes with a high content of organic mattars
of animal and domectic origin is an ancient method. In Europe, one could zay that farm
ponds, which are w=ll known in certain regions, or fishponds enriched with organic wastes,
which have been developed in Central Europe sincs the Middle Ages, are the aarliest examples
of the use of the self-purification process which takes place in stagnant ponds and of
their ability to transform and recycle organic matters, The oldest WSP in EBurope, still



operating toeday,

are propably the "Fischmeighe” puils arjund 230 as a tertiary wastewatar
«reatment for the City of Minchen {Bavaria, F2G). The plant govers a total ar=a of 23lha
(576 acres) divided into ponds of T“ha {'7.3 acres;i. It

the biological treatment plant of

It recaives part of the 2ffluents of
zhe city, {approximatsly 30 %, lL.e. 3m'/S,
river water) in additien %o stormwater after gprimary satilament,

larly harvested in those ponds (CIMAGREF 1986). Haowever,
As from the 1940'sz, WSP were developed in Demmark {or
or industrial wastewaters, according zo specific pur

dilured in
Carps breed and ars rsgu-
chis Is a totally unique case.
secondary treatment of domestic
riication criteria (WHO, 1986a).

*ha

g

A first WHQ survey conducted 1964 and menticned by Gloyna
used in 39 countries,

(1972}, showad that WSP
including 7 European countries : Findland, FRG, GOR,
Rumania, Sweden, USSR.

in

were
the MNetherlands,

Twenty two years latsr, in 1986, WSP are found in a= least 16 Eyropean countries : the
map pelow gives a summary of their distribution, accerding to the information available,
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=2 3T L2335 complet2 +technical dara is availabla for !23 oot 27 sna '3 countTias where
ara .sed. Thexs are however a dcozen countries on whica ng r2iiazi:z infzrmartion is avai-
2 15 <2 =he axistance or not 2f operationsal WSP. TI a2 rTefars 22 the D countries
ivom walch information {s available, it appears that WSP nava -s2asnea varying develapment
jtages Irem one countsy to another., One can distinguish betwveen zha fillowing cases

-~ Zountriss whare the technique Ls largely developed and =ommeonlv oclemented 5v engineers,
23 in the case of FRG (mors than 2000 operational plants) and France (almost 1300 plants)

- Countries which have begun to collect local data on WSP from cparating pilot plants and
which favourably consider the use of this process. Thase include Porcugal (meore than
30 operational WSP), Spain (more than 10 operaticnal WSP) and zo a certain extent, Belgium
(variable situation, depending on the ragions) and Switzerland (fairly limited applica-
tions).

= Countries where WSP have peen usad, but where future development is unlikely, Ior various
reasons (gecgraphical situation, regqulations,...) as in Cenmark (66 WSP presently opera-
ted, generally old ones progressively being replaced by conventional wastewatsr freatment
plants), in Hungary (unfavourable geological conditions), and the United Kingdom (were
WSP seem to be considered only for the tertiary treatment of conventional wastawatey
treatment olant affluents).

A SURVEY OF TECHNICAL PRACTICE

Table 1 below gives a summary of some of the technical data on WSP in 8§ Eufb@ean countries
from which detailed information was available., This data is further developed in the folla-
wing paragraphs.

Plant design

Two treatment lines are to be considered from a design point of view, depending on whether
the plant includes a primary aneorobic pond, or settlement pond as it is called in FRG.
Anaercobic ponds, which are used in many countriss, have so far practically never been used
in Belgium, France, Hungary because of the potential odour nuisance.

Aneorobic ponds are usually designed according to the retention time of affluents: 5 to

6 days in Demmark, 1 to 2 days in FRG (taking into account the sludge volume which may

reach 30 % of the total volume before desludging). Experiments Conducted at FRIELAS (Portugal

) have shown a 44 % reduction in BOD_, for a theoretical ratention period of 1.6 days (i.e.
VA = 0.2 m'/inhab. eq.)(DO NASCIMIENTC et al, 1983).

In all countries, anaerobic ponds are followed by one or sasveral facultative or maturaticn
ponds. The total surface area of these ponds varies, depending on local design practice,
from 5 te 10 m'/inhab. eq. over 1, 2 or 3 ponds, Work carried out in Bavaria (WHO 1986,¢)
shows that up to 10 m’ (covering 2 ponds) the increase in specific surface area coincides
with an improvement in the discharge quality (BODS, CO0), whereas beyond &tha% surface,
no further improvement is detected (except for NH,=-N)., The Frielas experiment (A‘~F M,
treatment line) shows a 94 % reduction on filtered B8QD_, with a size corrasponéing
to a specific surface area (F + M) of 4.5 m?/inhab. eq faccording to DO NASCIMENTO et al,
1985).

The ¢treatment lines without anaerobic ponds ("facultative treatment lines™) can be found
in all the countries refered to except Denmark. The total specific surface area of the
plants varies from one country to ancther, from 5 to 18 m'/inhab, #q.. Some plants may
consist of only one pond but as a rule, there are 2 or 3 ponds in series. The primary facul~-
tative pond then covers between 30 % (FRG, Switzerland) and 50 % (Belgium, France) of the
tatal surface area of the plant. Available data in France shows that the size generally
applied (10 m?/inhab. eg., surface ratio 2/1/1) provides a treatment quality which conforms
with French standards. These are : filtared BOD, ¢ 40mg/l: TSS < 120 mg/l. The quality
of the discharge is improved when the pnlant is dnder-loaded, which is,k often the case (P.
BOUTIN, 1987). On the other hand, it can be temporarily inferior, particularly in Summer
in the Southern part of the country, due to a high concentration of algae. The Frielas
experiments on a similar treatment line (8 m?/inhab. eg. surface ratio 2/1/1) shows a 95
% reduction in filtered BOD_, with very little variation over time {standard deviation
less than 2). °

1.3



review of WSP current practice in 3

ZounTey N zf WSE Size wwpe of WSP | Type of | Remark - design
{raf ( inhab. =2q.! infizent i zrizaria
0 (2} (3) (4) ! {3}
BELSILM Co= 4] 150 F o] Data reisr to Walloon
{WHO, 19840 | 7700 region
: SF =5 =0 1}
DANEMARK 66 50 a D, I VA D.3457 = 8 =0 10
(WHO, 1986a) {500-1000]
1000
TRG 2000 100 F northarn Germany
(WHO, 198%¢) SF = 10 to 13
tQ (1 ponds-suri ratio=
N O S £ 2 72)
100Q and + A Southarn Germany
VA=0.5+45F= 5 to 10
TRANCE 1300 100 P {95%) SF=10 (2 or 3 pends
{P. BQUTIN {600] surf ratio 1/1 or
. 1
et al.1987) e e e o m .o D.DS 2/1/_)‘ R e -
6000 TT (5%) few I 5F = §
PORTUGAL 10 300 a 1 various design
(SANTOS (20 for {4300] |~ == = - = =~ =|m = = =~ = -~ w{Sag reports on axpe-
OLIVEIRA get}| domestic ww) 15000 A (8 plants) rimentations in
all, 1988) F (10 plants) Frielas
TT (1 plant) B, D3 Y migh rate algal pond
SPAIN 10 400 A (5 plants) D,08 various design
(WHO, 1986 { 151 12000 = F (5 plants) Existing experimen—
g and R} tations in Ranilla
{gavilla)
SWITZERLAND 6 160 A (1 plant) VA=45.7 (includes
(WHO, 1586 | L - - stom water | _
d) (3401 F (4 plants) D gF=5 to 18
700 T (1 plant) 3 piants with prima~
ry settlement
CZECHOSLO~ ? ? F ? SF = 7
VAKIA IR R
(STASTNY et SF=21.5 (assume in=-
al, 1984} ™ fluent BOD=40mg/1)

(1)

{3) a =
F
TT=
{(4) D = Domestic
I
DE=
(3) VA=
SF=

= Industrial or agriculrural
Domestic with seasonal variations in population
Yolume of anaerobic¢ ponds in m'/inhab. =g,
Surface of facultative ponds, in m?/inhab. ag.

In operation and [under construction or projected]
(2) mini ~ [average] - maxi

Anaerobic lines {at least 1 anaerobiec pecad)

= Facultative line (no anaerobic ponds)

Tertiary treatment




Fialdsg of applizaxli:n

Prasently, WSP ars maialy used in Zurcpe for the treatment of small communities domestic
wastewatars ( £ 1730 irhabitanes). This applies to most of the 1500 plants operatad in
FRG and France.

Most large 3ize plancs { > 10000 inhabitants) were built for the treatment of wastewatars
in communities presencing a large increase in population during the Summer seascon (Tourist
ar2as). This is *the case of the largest ponda operated in Portugal, Spain and France.
Provided a number 2f measures are observed in their design and operation (WHD 1986,2),
this process has proved to be both worthwhile and reliable for this particular applicaticn.

"Anaerobic tresatment lines" ars used in certain countries for the treatment of mainly
agricultural of industrial wastewaters (Portugal, FRG). These treatment lines seem %o
be well-suited %o =zhis rype of wasterwatar. Gn the other hand "facultative treatment
lines" have been less extensively used in this field. According to French sxperience,
they seem to be -less suitable for the treatment of concentrated or highly fermentable
agro-industrial watewaters.

In certain countries, WSP are also used for tertiary treatment (5 % of Plants in France,
positive results in the Unitved Kingdom [(WHC 1986, £), one plant recorded inm Portugal
and in $witzeland). This process is applied when a microbial desinfectien of the waste-
water or a reducticn in nutrient c¢ontent is required. . . -

Treatment processes darived from WSP

Judging from the consulted documents, it appears that several countries have devaloped
new wastewater +treatment concepts based on lagooning. The main ones are listed below.

- Laggons planted with rocted macroghvtes. The use of maturation ponds partly planted
with rooted macrophytes has mainly been developed in France, particularly in the Morth,
(mere than 70 plants in operation). This concept allows a reduction in the pond depth
(0.4 m instead of 1.2 m) whilst maintaining as reliable a purification process as in
the case of algal maturation ponds with the same surface area and even improving the
55 concentration in the final effluent.

-~ Use of fleating macroohytes {water jacinth, duckweeds). This type of lagoon seems to
have been envigaged in South European Countries. IZxperiments have bheen conducted, parti-
cularly in Italy, Portugal and France. The practical advantage of flcating macrophytes
has not yet been totally ascertained, In France duckweeds grow naturally en a large
number of wastewater lagoons. Their proliferation results in substantial maintenance
constraints.

- High Rate Algal Ponds (HRAP). These are shallow ponds combined with a harvesting system
for the algae produced. HRAP are tested in FRG and Portugal. The field of apwlication
for these processes seems relatively limited, due to the rather complex harvesting
technique and difficulties in finding outlets for the algal biomass.

- Ponds combined with a Trickling filter ar rotating biological contactors. Thesa processas
have been particularly developed in FRGC and FPrance. They have produced good results,
The use of ponds to replace primary and sscondary settlement tanks makes the classical
design simpler. These processes constitute a valuable altsrnative when the WSP c¢annot
be constructed, due to a shortage of space. Their surface area covers 1.5 ta 3m’/inhab.
eq. (WHO 198s5,c).

AGRICULTURAL REUSE OF POND EFFLUENTS

The agricultyral reuse of treated watewaters has been examiped or considered in several
European countries (FRG, F¥France, Portugal, Spain). From a bacteriological viewpeint,
the available data confirm that normally designed WSP provide an average reduction of
at least 3 log units in faecal coliforms, whilst additicnal maturation ponds further
increase this result,

The conclusions of tha "Engyelberg raeport™ (IRCWD, 1983) follow the same Line ¢ "...WSP
are well able to produce an effluent which meets the recommendesd microbiolegical guality
guidelines for unrestricted irrigaticn...{(i.e : intestinal nematodes <« 1 viable egg/l

and faecal coliform < 1000/100ml ; both gecmetric means)... at low cost and with minimal



operational and maintenance raguirsments”.

™a main limizing fagtors for the use of WSP are the substantial ground space faken up
by thesae plants and, as a direck rzesult, the large guantity of water lost through evapora-
“icn in hot ciimatic conditions,

CONCLUSIONS

This being a Iirsr analysis of WSP in Eurcpe, and considering the lack of availanle data
from several countries, no f£inal conclusion can be drawn at this stage. )

WSP have undergone a substantial expansion in EBurope : the number of countries concerned
has more than doubled over the last 20 years. This process was rapidly developed in coun=-
tries whare it is now fully operative. There are still very important potential WSP appli-
cations in Europe : they are applicable to all countries where there is a problem cf
wastewater treatment in small communities, or at least to those countries where favoura-
ble geological and pedological conditions make the construction of WSP feasable at a
reasonable cost. WSP can also be recommended in areas with a high summer teurist popula-
tion, particularly in mediterranean Eurcpe. The plants operating in Portugal, France
and Spain c¢ould lead the way for other European countries. Finally, the use of WSP as
tertiary treatment for pathogens and nutrients removal is also of intersst for indus-
trialized countries, already well equiped in wastewater purification plants.

The design c¢riteria vary considerably from cne country to ancother and it is not possible
to ipdicate any "average value". I% appears that the design standards need to be adapted
2ach time to the lecal conditiens prevailing in the country or region concerned. Even
while taking advantage of other countries' previous experiencs, it appears that in almost
avery country, WSP have had to go through an experimental stage (pilot plants, or analysis
of first ogerational plants) so as ©o determine loeally, not only the design critaria,
but also the construction and operation conditions. In this respect, ap analysis of the
French experience shows that failures are more generally due to defective physical design
rather than a lack of precision in the process design critaria.
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SEWAGE TREATMENT [N PONDS - GERMAN EXPERIENCES
¥

|3

K. Bucksteeg

Bayerisches Landesamt flr Wasserwirtschaft
LazarettstraBe 67, D-8000 Miinchen, F.R.G.

ABSTRACT ,

In Germany there are bath highly industrialized regions with large towns as well as extended
rural areas with small communities. Most of these cormunities also need regular sewage disposal
systems. Sewage treatment plants have to be well adapted to the special situation in the rural
villages. Ponds fulfill the requirements in an excellent way, Many nhundred of ponds are in
operation; three kinds of pond systems are in use:

- facultative ponds (more than 1000 plants) for serving less than about 1000 i+ie;

- artificially aerated ponds (more than 300 plants) for treating sewage of about 1000 to
10000 i+ie especially when also food industries are connected or as an individual sclution
for those indusiries; :

- ponds cambined with trickling filters or rotating bio-filters (more than 100 plants) as a
solution for treating preferably domestic sewage of about 1000 to 4000 i+ie.

Lay out, design fiqures, recommendations for construction and operation, effluent results and
costs are presented on the basis of experiences with numerous plants. Actual effluent results
are considerably below German £ffluent Quality Standards. Facultative ponds with 10 m®/ie
specific surface area meet the following figures: COD < 90 mg/7, BOD. = 25 mg/1,

NH,-N = 15 mg/1, PO,-P = & mg/1. Algae in pond effluents increase th& residual organic load:
100 pg Chlorophyll-« represent around 15 mg COD resp. 5 mg BOD5 in the average.

KEYWORDS

Rural villages; pond systems; advantages; disadvantages; lay cut; design Figures;'constructicn; .

operation; effiuent results; costs.
t

INTROQOUCTION

In Germany there are bath highly industrialized regions with large towns as well as extended
rural areas with small commynities. Most of these communities built central water supply
systems after 1950. Villages are growing, since people like to live in rural areas permanently
or seasonally, nowadays. In many viilages industries based on agricultural products are
existing, especially dairies, breweries, slaughter houses or canneries. Therefore, controlled
sewage disposal is very necessary.

Because of large distances between rural villages it is too expensive in most cases to connect
them by long sewer lines to one large sewage treatment plant. Individual small treatment units
are necessary quite often located at receiving streams with very poor flow. These treatment
plants have to be well adapted to the special situation in rural areas,



Ponds Fulfill this requirement (Buckstaeg 1982, 1983); their advantages ara:

- aigh traatment afficiency with great process stabitity

- axtr="e1y high equalization capacity to nydraulic and/or organic shock ioads

- ng groblams with treatment of stormwater when combined sewar sysiams are applied
- simple glant construction

- no 9r only little machinery

- aasy plant operation and little maintenance

- law canstructian and operation costs.

gn the other hand the disadvantages of facultative ponds also snould be mentioned:

- great land consumption

- odours may occur sometimes

- heavy algae gqrowth may apoear

- large surface arsza may cause high water Josses in hot seasons and climates because of
evaporation.

The advantages overbalance the disadvantages. No technical sewage treatment plant would combine
50 many advantages mentioned above as ponds do. Ponds should not be considered as old fashicned;
they are a very good solution for treating sewage of small, especially rural communities (and
for storing it for agricultural reuse; Buckstesg 1982, 1983).

FACULTATIVE PONDS
Two differant facultative pond systems are in use in Germany (Bucksteeg 1382):

- Pond system “A“ (applied in the northern part of Germany)

specific surface aresa totally required 10 ~ 15 m*/i
total area distributed among 3 ponds in serfes with a ratio of area about 3 : 4 : 3
depth of ponds abgut 1.2 m

- Pond system “B" {applied in the southern part of Germany)
sedimentation pond as the first unit, specific volume required 8.5 = 1.0 m* /4
depth 1.5 m
two ponds as the second and third unit, specific surface area
totally required (5 =) 10 m*/4
depth about 1.0 m
Fig. la. Facultative pond system "A" Fig. 1b. Facultative pond system "B"

The following discussions refer to pond system "B". Figures 3 and 4 show effluent results for
COD and BOD. depending on specific pond surface area (Schleypen 1982, Bucksteeg and Schieypen
1983, Schle?pen and Wolf 1983). The curves in the diagrams represent the 30 %-probability.
Similar results are known from ponds of system “A". (Neumann 1983, VoR 1985, Kayser and Fridse
1986) COD~ and BOD.-effluent results of summer resp. winter performance do not differ very
much; fig. 2 shows § typical monthly temperature distribution of sewage from rural villages in
Germany.

CONCLUSIQNS

- Below a specific pond area of 1.5 m®/i the COD- and BOD.-effluent results differ considerably;
in that case sed1mentat1on as well as facultative proceises of bxodngradat1on g0 on, Betwesn
1.5 and 5.0 m*/i a high reduction of the organic load occurs, From 5 (o 10 m ’/i thera is
still little improvement of effluent values. Providing more than 10 m*/i C00- and 3004~
effluent values do no more decrease.

1.8



Fig. 2.

Typical monthly temperature distribution of

pond influents in rural villages in Germany

COD-effluent results {averages

Fig. 3. Fig. 4. BOD.-effluent results {averages
from non-filtrated samples) of froa non-filtrated samples) of
facyltative ponds depending on faculTative ponds depending on
specific pond area (Bucksteeg specific pond area (Bucksteeg
and Schleypen 1983) and Schleypen 1983)

Fig. 5. Increase of CO0 in pond Fig. 6.

Increase of 80D. in pond
affluents causeé by algae
{Schleypen 1985, 1986)

effluents caused by algae
(Schleypen 1985, 1935)

From fig. 3 and 4 it can be seen that even the results of non~filtrated samples fulfill
German Effluent Quality Standards with a great margin of safety, when facultative pond
systems are designed and aperated with 10 m®/4.

fig. 5 and 6 show the portion of COD and BOO. in pond efflyents caused by algaes which are
removed by filtration; 100 pyg Chlorophyll-« §epresent arcund 15 mg COD resp. 5 mg 8005 in
the average.

In figure 3 effluent results of shock loads of Tiquid manure and silage wastes are indicated.
Influent figures for COD or 2000 mg/1 are reduced to less than 200 mg/1 in facultative ponds
providing more than 10 m?®/1 surface area. In cases where manure or silage wastes may enter
occasionally the sewer pipes, ponds should be designed for 10 m*/4. (This fiqure is suggested
for facultative ponds in moderate climates by many authors in the interrational literature.)
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- A special evaiuatior 2f zqnd erfluent data for storm flow under combined sewerage zconditions
shews that hydrauiic as ~ei! 25 organic shock loads are equalized very efficiently by the
iarge area and voiume of <acuinztive sond systems. Run aff from roads of rural villages may
have CO0D-concentrat:ons »Ff mer2 than 1600 mg/l and 800, -concentrations of more than 300 mg/i
short time after heginning af ratnstorms. [t was found’that gond systems with a specifie
surface area >3 7°/1 ang witn some storage capacity and with suitable inlet and outlat
constructions can be ioadad witn 40xDWF (dry weather flow) during rainy periods, Under these
conditions (0D~ and 3CD.-2ffluant results are of the same order as they are at dry weather,
{Schleypen 1982) Pond 3vstems “A" can be loaded even with higher flow rates. Treating storm
flow rates of that magnitude without any problem is a foundamental advantage of pond systems
compared to technical sewage treatment plants, which are able to treat only 2-4xDWF under
suitable conditions. {Bucksteeg 1982}

= Fig. 7 shows the reduction of ammonia in facultative ponds. Specific surface areas up to
15'm*/i give considerable NH,-reductions. The efficiency for nitrification averages to about
0.5 g NH,-N/{(m®.d). Nitrifﬁéation and denitrification take place simultancusly and
successively. Nitrate is reduced partially to nitrogen gas which escapes from the system into
the atmosphere. '
Fig. 8 gives survey on the extent of nitrification and denitrification during hot and cold
saisons. The increase of ammonia as well as of nitrate effluent concentrations is evident in
the cold saison of Central Europe.

Fig. 7. NHQ-N—effTuent results {averages) Fig. 8. Ammonia and nitrate effluent
of "facultative ponds depending on concentrations (averages) of
specific pond area (Bucksteeg and facultative ponds during summer and
Schleypen 1983) winter saisons (Schleypen 1987)
Fig. 9. PQ,-P-effluent results {averages) Fig. 10. Phosphate and total phospharus
of "facultative ponds depending on concentrations in the effluent of
specific pond area (Schleypen a maturation pond depending on
1982) raising pH caused by algae growth

(Schleypen 1985)
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- Fig. 9 shows phospnate eslimination figures. Formation 37 calciumphosphate (hydroxylapatit)
and calciumcardonate due o the fact of raising si caused Jy algae growth as well as
incarporation aof phosonata2 i1tg algae cells aliminata aissalved phosphate considerably.
Calciumpnosphate and caiciumcarvonate pracipitate ana act as nucle1 Tor copreciptitation with
algae. it can e seen that specific pond araas of mors than 10 m'/i leed to effluent values
of less than & mg C,-P/1.

- Fig. 10 shows the pnosphorus aliminacian in & maturation pond depending aon raising pH.

- Some idea on the bacteriological afficiency of ponds may give fig. 11. Two maturation ponds
after technical plants were samplea. [% can be seen that colicounts show a decregase of two
ten=powers when the detention time amounts to 9 days. One day detention time does not leed
to considerable improvements.

Fig. 11. Facal coli counts of influents and effluents
of two maturation ponds (Schleypen 1985)

Summarizing it can be said, that German £ffluent Quality Standards can be fulfilled by
facultative ponds with a specific surface area »5 m°/i under dry weather flow- as well as
under storm f1ow conditions {and under winter-conditions, too). With a specific surface area

of about 10 m®/i even unfavourable situations, for example short time shock loads caused by
liguid manure or silage wastes can be solved without great difficuities. The following effluent
results can be met in case of ordinary domestic sewage to be treated:

{concentrations of
raw domestic sewage)

€00 <90 mg/t (300 - 700)
800, <25 mg/l (200 - 400)
NH, N <15 mg/1 (30 - 60)
PO4-P < & mg/! (8 - 15)

Odour nuisance, which may araise from facuitative ponds, is reduced considerably by removing
the sludge settledbefore its surface has grown up near to or above the minimum water level. The: ..
sludge surface should be covered by a water Tayer of at least 30 cm. (see fig. 1Za, b} '

Fig. 12a. Cross section through a not well Fig. 12b. Sludge should be removed from
operated pond {(Bucksteeg 1982) the pond (Bucksteeg 1982)

The greatest disadvantage of facultative ponds is the large area needed. Far that reasan we

were looking for solutians which include the advantages of facultative pond systems and pravent -
the disadvantages. Alternatives are: artificially aerated pords or ponds cowb\ned with

trickling filters or ratating bio-filters. (Bucksteeg 1932, 1983)

1,11



SUMMARY

Facultative pond systems as well as artificially aerarsd nengs and conds combined with
trickling filtars or rotating 2fo-filters are aple tz “ul7i!3 sary aign affluent quality
standards, Pond effluents zan be reyusad for agricuiiuril puropeses under certain precautions

and restrictions. (Buckstzeq 1982, 1983)
In the table shown beiow all pond systems in use in Germany are compared with each other.

TABLZ: Comparison of Pand Systams

Facultative Artificially Ponds combined with
pond systems aerated gonds trickling filters or
rotating bio-filters

Consumption of area (m*/ie) 15 - 20 2~ 4 1.5 = 3

Energy consumption  (kWh/ie.y) 0 25 - 30 7 - 25

Time required for {h/week) 2 - 3 3I- 6 4 - 8

maintenance

Construction costs (DM/ie)

for plant seize 500 ie 400 - 600 - -
1000 ie 300 - 500 200 - 600 400 - 600
5000 ie - 200 - 300 200 - 300

Annual costs {OM/1e.y)

for plant seize 500 e 25 -~ 38 - -
1000 ie 20 - 30 30 - 40 30 - 40
5000 ie - 15 - 20 15 - 20

Cost advantages of ponds compared with technical plants shows fig. 13..

Fig. 13. Comparison in construction- and operation costs
between ponds and technical treatment plants
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WASTT STABILISATICON PONDS IN FRANCE: AN OVERALL REVIEW
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ABSTRACT

In 1983 and 1986, surveys were conducted all over France an wasktswater
stabilization by *"natural" ponds (lagoons), including an almost exhaustive
inventory of the 1400 plants then operating., The statistical interpretation of
collected data made it possible to analyse the spreading of this technigue,
which became truly popular only ten years ageo, and to bring out usual design
basis and regional features. With a mean plant area of 5500 m2, lagoons are
usually restricted to the treatment of effluents from rural communities, with
the exception of large plants in coastal touristic¢ areas. Partially olanted
ponds appear a competing alternative to conventional algal lagooning. Currasnt
conditions of pond management are reviewed, with results on effluent quality.

KEYWORDS

Wastewater, biological treatment; wastewater stabilization ponds, lagooning;
survey: France.

INTRODUCTION

Twe surveys (1983; 1986) were performed for a more accurate knowledge of
wastewater stabilization ponds in Prance. They only dealt with "natural" ponds
(NSP) for full treatment of urban sewage. Polishing ponds, industrial plants
and aerated lagoons were considered as being out of the field. A gques*ionnaire
was forwarded to 90 departments (mean area: 6000 km2): the highly urbanized
Paris region was exc¢luded from the mailing list. They all answered through the
local service in charge of technical advising %o plant managers (SATESE).

DEVELOPMENT OF LAGOONING

The very first plants (Le-Grau-du-Roi, 15 ha, 19635) were integrated to touris-
tic equipment along the Mediterranean shore. However ponds were reluctantly
considered until instructions from the Ministry of Health gave them an offi=
cial wunrestrictive acknowledgement and defined adapted standards on etffluent
quality (1976). Then the process developed guickly: & new ponds only in 1975,
but 115 in 1980 and 207 in 1985 {Fig. 1 and 2}. Reported systems (1386) amount
ta 1289 (total area: 715 ha) with a likely underestimation of 10% as a result
of wusual delays to reach the SATESE system. It is assumed that there will be
about 1500 ‘“natural" stabilization ponds (NSP) in France in the middle of
1987. Such figures represent nearly 20% of all treatment systems and 23% of
the new onec in rural areas (over 50% in some departments). The estimated
treatment potential reaches 30-40 tBOD/4, only 2~-3% of the capacity of all
types of plantis. The mean number of plants is 13 per department, the median
value 5, Mean and median of total plant area are 8.4 ha and 3.3 ha (Fig. 3).

1.27
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Most NSP are of the conventional (algal) type. 36 out of the older systems had
an Imheff tank, but this combination was never commonly widespread and is now
outmoded. Since 1980, increasing interest is shown to ponds partially planted
with reeds, rushes and other emergent hydrophytes.

GEOGRAPHICAL DISTRIBUTION QF PONDS

NSP are inequally distributed all over the territory (Maps I and Il). Beyond
the c¢rowded Paris region, 5 departments only disregard them, whereas more than
40 systems are available in 7 and up to 124 in 1. Ten out of %0 departments
raceive half the NSP, ten (not always the same) half the whole basin area.

""'MAR L. Total number of NSP per  MAP 2. Total area of NSP per T
department (1986) department (1986) .



4igh numbers were registered on and neasby the old formations of the Massif
Armoricain and on *the North-East border of =ha Massif Ceatral, both regions
with scattered human settlaments, often supwmliad by unitary sewarage systems.
An exceptional density is reached in the Southern part of the Burgundy vine-
yards. Cutstanding Zigures were also recorded in the North-West and South-West
coasts, and above all on the Languedocian shors, with unusually large systems
(up to 18 nal). DBesides, N3P are scarce Irom the Paris basin to Belgium and
Germany as well as in the mountainous Alps and Pyrenees and in the touristic
Cdte d'Azur. Industrial, highly populated or hilly areas and high prices for
suitable sites appear negative factors., 2n the contrary, geoleogical and pedeo-
logical considerations do not seem dissuading.

STATISTICAL DISTRIBUTION OF POND AREAS

The overall mean area of NSP is 5500 m2, i.-e. a treatment capacity for 500~
600 persons: this figure clearly highlights the rural nature of the process.
For further statistical analysis, 12 c¢lasses (51 to Sl2) were sorted out
according to the total plant area {range: 330 m2 - 33 ha; geometric ratio =
1.778). The size is conventionnally described as: very small {330 - 18530 m2),
small (1850 m2 - 1.04 ha); medium (1.04 - 5.8 ha) and large (5.8 -~ 33.0 ha).

The current distribution of total areas may be interpreted as the sum of two
log-normal distributions, the £first one concerning 97% of the territery and
96% of NSP, the other the Languedocian region only (Fig. 4). For the major
group, the mean area is 4800 m2, the median area 330Q m2. Half the systems
cover the 2000 - 6500 m2 range, 80% the 1040 m2 - 1.04 ha range. Only 10% of
NSP <¢over an area over 1,04 ha, This last figure corresponds to the median
surface registered in the totally different West-Mediterranean sample. At a
national level, 9 large plants only (5.8-18 ha) are reported. A 32 ha peond has
been planned. .

Cumulated Cumulated

£ .
g | TFea (%) QQ,SJ frequ. (%) FRANCE
95 98 {total)
9Q 30
70 70 LANGUEDOC
50 50
30 30
10 10
5 2

Total area/dept area (ha)
1 3 10 30 100 9,1 0,3 1 3 10

Fig. 3. Statistical distribution Fig. 4 statistical distribution
of total NSP area per department of NSP areas (whole France and

Languedoc only)

In most departments, pond areas are lcg-normally distributed. In order not to
give an excessive weight to exceptionzl units, the mean area A and the varia=-
tion coefficient V are not directly computed, but deduced from this
statistical model. The pair (A,V) £fully characterizes the departmental
distribution., Both parameters were computed for departments with a sufficient

number of plants ( » 12 )}; several departments were grouped together when this
minimal number was not reached. Tre graphical report of A and V allows to
individualize 4 categories: ) :

-- Ia: A < 3500 m2 and V < 1, -- Ib: A <€ 5500 m2 and ¥V > 1,

-— II: 6000 < A < 15000 m2, -= III: A > 22000 m2.
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DESIGN QF ALGAL PONDS
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87% of alternative ponds are between 1.0 and 1.2 m deep, 10% between 1.2 and
1.5 m, with a trend towards a deeper (4 10-20 em) first compartment for sludge
accuymulation.

Widely wused in other European countries and desplte some recent examples in
France, the alternative of an anaerobic pond ahead appears exceptional for
fear of odours.

"PLANTED" PONDS3

The reperted number of planted systems is 203 (17% of all ponds; total area:
147 ha = 21% of the total surface of NSP). They are scattered mainly through-
out the North-East half territory (Map IV). Some departments which recently
converted to lagooning adopt this technique only, although most regions with a
long tradition appear reluctant.

Most ponds of this type associate algal and planted basins: only 35 ha are
currently covered by emergent hydrophytes (23% of the whele area of planted
systems). Various combinations of algal (AL), totally (MA) or partially (MX)
planted basing are encountered. The first basin is hardly ever planted: the
usual scheme is AL+AL+MA (36%), but AL+MX (15%), AL+MA (6%), AL+AL+MX and
AL+MX+MA (7% each) are also found. Thus planted basins are rather considered
as polishing devices, mainly aiming at reducing suspended solids in the
effluent., The design basis (10 m2 per c¢ap.) is identical to the current
practice for simple algal systems. Compared to the latter, the median (4300
m2) and mean area (7400 m2) of "planted" ponds are higher.

SEWERAGE SYSTEMS - HYDRAULIC LOADING OF -PONDS

Since decades 1in rural areas the trend has been to prefer separated networks
when a treatment plant 1isg planned downstream, However, current experience
shows that pipes collecting domestic effluent often admit high flows of
unwanted waters resulting in effluent dilution and hydraulic overleoading., The
survey revealed that it 1is the case for 30% of separated systems but this
figure seems vunderestimated. The drawbacks due to excessive flows are much
less awkward with NSP than with conventional biological plants. Given the



variability of

raceivad flows, the availablie data are insufficient to evaluate
the percentage oI

zlants receiving more water than the design data.

Among sewers faeding natural »onds, unitary systems usually supply smallar
units than separated as<works. Our 9f the Languedocian 3shere, the mean area 7%
NSP receiviag wanuers £rom unitary and separated sawers iz 3850 and 3630 =2
respectively. The reascn why seems to be that no treatment plant was initiallvy
olanned for small communities. NSP later afforded a suitable solution when
more stringent reguiremesnts were postulated for effluent discharge.

When collaction and treatment are planned at once, departments where pouds
actually compete with other types of plants do not show any clear-cut
advantage for the combined choice of sewerage and treatment systems, There ars
scarce cases where designers obviously select lagoons for the treatment of
flow from wunitary systems and prefer more conventional plants for separated
collection. Many other factors are obviously interfering.

ORGANIC LOADING

Whereas a fair numbey of NSP receive excessive hydraulic flows, the results
put forward a general organic underloading. From the limited sample for which
precise data were available, more than half plants treat less than 50% of
their BOD capacity. One out of ten only is overloaded, usuzally because of
industrial effluents,

NSP thus share the common lot of rural wastewater treatment plants in France,
It is due to: (a) the population considered, usually anticipating - gquite

optimistically - the 20 years to come, (b) the organic discharge per capita,
less in rural areas than with the conventional values {(about 60 gBOD/4d)
computed from urban surveys, (¢) the slowly increasing connegtion to the

sewerage SsSystem. 0On the whole, yery small plants better correspond to their
design capacity than larger ones and underloading decreases with time.

INVESTMENTS - MANAGEMENT OF PONDS

There is still a lack of in-depth informaticon about investments, Yet, a NSP on
a suitable site is generally assumed to cost 20-30% less than a conventional
plant. Inadegquate sites (expensive land; rocky, sandy or organic soils, etc.)
may surcharge comparable or even higher levels and result in a wide dispersion
of overall costs,

This process is very popular among rural municipalities mainly because of its
easy and cheap maintenance by unspecialized employees. Ponds are usually well
maintained. However, some mishaps may occur. They are not all due to slapdash
upkeep and are more dJdifficult %o solve when they result from inadegquate
preliminary studies or careless building., Hydraulic underloading and insuffi-
cient water-tighness give rise to problems to keep the designed water depth.
Duckweed ( Lemna ssp. ) proliferations may lead to awkward situations when
they cover the whole surface: it 1s then necessary to get rid of them, up to 2
or 3 times from May to Qctober, a rather uneasy operation in large ponds. Hot
and dry summers oc¢casionnally bring about deviations due to pink-coloured
photosynthetic sulphur bacteria. Such a phenomenon was first described near
the Mediterranean coast, but 1t extended to South-West France and even to
Brittany over the last years., NSP are too new and underlecaded to provide
information about sludge accumulation, desludging periodicity and suitable
operational technigues that can be generalized.

EFFLUENT QUALITY

The guality of effluents delivered by N3P was estimated through the statis-
tical interpretation of data collected by the SATESEs and gathered by the
Agence de Bassin Loire-Bretagne (River Loire and Brittany Water Authority). A
representative set of 50 plants from 11 departments was constituted {average
treatment capacity corresponding to 900 persons, 78% of the plants designed
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for less tnan 1000 p.). The mean current organic load is 25 kgBOD5/ha.d {lst
basin: 5% kg,/ha.d); 78% ofi tha oponds receive less than half the design
capacity, 1. e. less than 25 kg /ha.d. Results concerning 410 grab samples and
70 full day surveys wers avallabla. The overall and seasonal mean values of
58, filtered 30D and COD are given oty table L,

TABLE l: Effluent Quality from NSP {mg/l)

Average Oct. to Jan. Feb. to May June to Sapt.
value

BODS 23 19 21 31

cob 100 83 94 127

53 38 31 32 45

Average values for “total* {Kjeldahl) nitrogen and total phosphorus are 23 and
7.8 mg/l respectively.

Effluents are thus more concentrated in Summer., Three factors may justify this
seasonal increase: {(a) a legser dilution of raw sewage by unwanted waters
entering the sewerage system, (b) higher contents of micro-algae, resulting
from a more active photosynthesis, (c) water losses through evaporation, radu-
cing the effluent flow. In the current conditions of NSP underloading in
France, &85 values are only slightly affected by micro-algae and effluent
quality 1is usually good. Limits of 35 mgBODS/l, 150 mgCOD/1 and 50 mgSS/l are
satisfied by 85%, 92% and 86% of samples respectively.

CONCLUSIOCN

After hesitant start, the technique of waste stabilization ponds 1is now favou-
rably considered in France and so well-appraised by local communities that
they too often neglect or underestimate the specific drawbacks and limits of
the process. Such an interest results from the flexibility of the system and
its capacity to meet the ordinary requirements of the rural world. NSP are
also favourably regarded by authorities in charge of the protection of recei-
ving waters, which <¢onsider them more reliable on the whole than small
conventiconal plants, :

ACKNOWLEDGEMENTS

This study was granted by the Minisgstry of Environment (D.P.P.) through the
Agence de Bassin Loire-Bretagne.






EVALUATION OF WASTE STABILIZATION POND PERFORMANCE
IN MISSOURI AND KANSAS

Shankha X. Banerji* and Brent Ruess*

*professor, Department of Civil &ngineering,
University of Missouri, Columbia, MO 65211, U.3.A.
** (epartment of Civil Engineering,
University of Missouri, Columbia, MO 63211, U.5.A.

ABSTRACT

Twenty waste stabilization ponds in Missouri and Kansas were evaluated as to their abflity
to meet the State effluent requirements. [t was found that a large number of these ponds
‘were violating the 80D or the suspended solids requirements on many occasions. The perfor-
mance of these ponds did not correlate well with the traditional design parameters, such as
BOD loading rates or mean hydraulic detention time. The use of mul{iple cells was also not
found to be advantagecus in all situations. Some of the pond design equations did not
provide a valid method of estimating their performance. Effiuent polishing methods are
necessary to remove excess suspended solids during the critical summer months.

KEYWORDS

Waste stabilization pond, lagoon, performance evaluation, effluent quality

INTRCDUCTION

Waste stabilization ponds (lagoons)(NSP) are a common wastewater treatment method in the
midwestern U.S. for small systems. Many of these ponds serve small communities, schools,
motels and even individual homes. The reasons for their popularity are the low energy usage
and low cost of construction and operation, especially in rural areas. Unfortupately, these
ponds do not perform as effectively, especially with respect to suspended solids removal
criteria, as other secondary bioleogical treatment processes, such as activated sludge and
rotating biological contactors. In view of the large number of ponds in service which are
not meeting the effluent limitation criteria set up by various states in compliance with
federal water pollution regulations, the U.S., Environmental Protection Agency in 1977
relaxed the suspended solids criteria for systems less than 2 mgd (7600 m?¥s) capacity (EPA,

1977). In Missouri the monthly average effluent suspended solids (SS) and biochemical
oxygen demand (80D) should not exceed 80 mg/L and 45 mg/L, respectively. In specific
instances, the states could impose a more restrictive standard. [t was felt that the

relaxed affluent standards would not cause serious damage to the streams and would allow the
pond wastewater treatment plants to be in compliance with the regulations.

The study reportad herein investigatad a number of facultative waste stabilization ponds in
Missouri and Kansas for their ability to mest the applicable effluent standards. OQut of a
total of 40 pond systems considered, only 20 had sufficient detailed information available
for further examination and study. Twelve of these ponds are in Missouri and eight are in
Kansas., Out of the twenty pond systems studied, there were 6 single-cell units, 6 two-cell
units, 5 three-cell units and 3 four-cell units.

In addition, the performances of these ponds in terms of BOD and SS removals were also
evaluated in terms of typical design parameters and design equations.
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JATA SCURCE

The data useq “ar the SP performance avaluations were obtained from either Missouri 2epart-
ment of Nartural 2escurces, Jiviston of Zavironmental Quality, or Xansas Department of “eaith
. and Envirsmmant. The data for City of Columbia WSPs were obtained from the Jemar<ment =f
Public Herws 7ilas. It i35 oresumed that these analyses were performed in acsordanca with
standard orocazures.

PERFORMANCE EYALUATIONS

Table 1 shows the design information and actual performance for the differsnt WSP systems
studied, The water depth for these systems was generally about 0.9 m. It can be szen that
some aof thesae systems based on the design c¢riteria are hydraulically and arjganically aver-
loaded, at desfgn capacity or underloaded. There were a few systems far which the serfor-
mance data was available, but the design data was not available. Table 2 shows the state
affluent discharge requirements for the WSP systems.

The BOD and 5SS performance data for the WSP studied are shown in Figure 1. In the bar
diagram the top continuous line is the infiuent value, the Jower continuous line is the
effluent value and the dashed line is the effluent discharge requirements. It can be seen
that many of the systems do not meet the required 800 and SS effluent standards. Further,
there is little relationship Dbetween the loading conditions and the performance of the WSP
systems, For instance, some W3P systems at design loading conditions or even underloaded
conditions are not meeting the standards, while others at overloaded conditions are doing
$0.

AYERAGE 80D/SS CONCEMTRATIONS, mg/L

-5 3 3 3 : 3 : 3
=3 .z . e R .
Kingsviile, 0 Blue Springs, MO Columbia, MO {Afrport) Fulton, MO
T o I T SR N 7
: LT : T
Frankfory, &S Salisbury, MO {South) Cibarty, Y0 (West) Sal{shury, ¥
T BN 1 : 1 e 1
: I ) : | 1 |
Eureka, XS Bajleyville, XS Higgiagville, MO Moterly, M) (Narth)
S Er__l E] T |
Quinter, X5 Pagla, X3 Calumbia, MO {(Bear Craek)
i ) : )
A J T
|Haisington, XS Maund city, XS Columbfa, MO (SW-A)
L : 1 B
[ A1toona, X8 Catumata, %@ (Sw-8)
3] [ |
Harsaw, MO
FouR CELL UNITS THREE CELL UNITS TWO CELL UNITS SINGLE CELL UNITS

Fig. 1. 30D and 55 Remaval Performance of WSP Units - Top bar diagram—800 data; Bottom bar diagram—
55 data; Right firm line-influent valye; Left firm line-effluent valye; Dottad Vine-State
affluent requirements.

Figures 2 and 3 show the relationship of percent 80D and SS removals with 300 ioading rate
{kg 300/ha.d) and mean hydraulic detention time (days) for al] the WSPs studied, There was
no clear relationship evident for BOD removals at different hydrdulic detention times and
BOD Tloading rate. It was expected that lcwer detention time and higher 800 loading rats
would lead to poorer performance. This was not the case. In additfon, having numersus
cells also did not materially fimprove the situation. The suspended solids removal data was
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LETT

TADLE I Waste Stabilization Pond Design Data and Performance Evaluation

Dasign Basis

Actual Pecformance

Total -
Ha. of  Surf.Area Flow Rate Mean Det.  Arcal Loadiag Fin\g Rate Mean Det.  Areal Loading 3 80D ¥ 8.5,
Hame Obs. ha. witd Time, ¢  Rate KgBGO/ha.d @ /d Time, ¢  Rate KybOD/ha.d  Removal  Rewowal

SIHGLE CELL UmITS

1. Fulron, MO {hedms Lagoon) 1 0.2 3}.85 49 37 3.1 51 35.% (] it
11784 - 5/85)

2. Satisbury, RO 8 i.42 601.8 KH 49.4 313 &7 4.8 80 oh
(283 ~ 27485}

1. Moberly, M (North Lagoon) 21 1.21 227 49 37 281.9 54 G4 Y] U
(1443 -~ 3{e%)

4. Colunbia, MO (Bear Creek-North) 39 5.10 1476 1 58.4 2763 17 62.9 15 1]
(2/82 - 7/83)

5. Coluadia, MO (Swuthwest Lagoon)
A (471 - 2718) 13 14.32 3550 35 49.4 3745 6 §t.6 81 H1
B. {3/78 - 1/80} 94 14.32 3550 36 49.4 9614 16 105.5 74 &1

6. Marsaw, MO 16 4.37 ai2 48 3.2 900.4 49 21 7b &}

THD CELL LRITS

1. Colusbia, MO {Airport Lagoon) 24 0.17 38.7 39 47 il.e 52 9.3 i 54
{1765 - 12/86) -

2. Liberty, MO (West Layoun) S0 19.3 6320 28 2.7 9235 23 50.5 69 i
{1483 - 1745)

3. Wigginswilie, B0 22 11,89 2271 43 39.2 1400 160 1.2 4 13
i11/83 - B us)

4. Panla, XS 22 -- 2460 -~ - 2536 - - [ 59
{11783 - 10/85)

S. Mound City, KS 1 .- 484 -~ - o2z - - " &7
{L/84 - L0785}

&. Altoona, KS 8 - 302 ~-= - 510 - - 88 93
{1/84 ~ 10/85)

FHREE CELL DHITS

V. Blue Springs, MO 84 231.47 4160 52 5.9 10500 24 58.4 K 67
{1/83 - 2/ast

2. Salisbury, M0 {S. Lagoan) 7 0.%7 110 a8 40.4 130 85 3l.4 86 12
{2/83 - 2/85})

3. Balleywille, KS a had 49.2 - - - -~ - 91 61
12/84 - 10/45)

4. Quinter, K5 8 - 567 - - — -- -- 86 53
(11/83 - 10485}

&, Heisington, S 7 - 2010 bl - - -= - 89 &7
{3784 ~ 9/85}

FOUR CELL UB{TS

1. Kingsville, MO 17 - 193 120 -~ 162.8 142 - 19 32
[3/84 - 8/85%)

2. Framkfort, XS 8 -= 908 -— -= 402 ~-- -- 92 FL]
{2784 - 10/88}

1. Eureka, KS
{12/83 ~ 11/85) 7 -- 167 -- -- 1368 -~ -= 17 (7
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TABLE 2 MPDES Effluent Discharge Requirements for the Waste Stabilization Ponds Studies and Effluent Yiolations

Effluent Quality Requirements

No. of Ko. of
800 s.s pH Frequency of Ho. of Bon 5.5.
Name 5 e Range Monitoring Qbs. ¥ioclations Yiolatiuns
SINGLE CELL UNITS
1. Fulton, MO {Helms Lagoon) ot ot 6-9 Quarterty 16 16 8
2. Salisbury, MO {Large Lagoon} 30* 60% 6-10 Monthly 23 21 15
3. Moberly, MO {North Lagoon) 3ot gt 6-9 Monthly 27 26 20
4, Columbia, MO (Bear Creek Lagoon) 458 805 6-9 . Monthly 39 9 8
5. Columbia, MO (Southwest Lagoon) A. 455 806 6-9 Weekly 43 7 15
" " " B. 45% 80§ 6-9 Heekly 94 34 EH)
6. Warsaw, MD 45% BO* ?6 Monthly 16 2 t
TWO CELL UNITS
1. Columbia, MO (Airport Lagaon) 30* 60* 6-9 Monthly 24 11 I
2. Liberty, M0 (Yest Lagooa) ot 30t 6-9 Meekly a0 46 L6
3. Higginsville, MO 45% B80* 6 Monthly 22 1 0
4, Paola, KS 30* 80* 6-9 Quarteriy 22 3 4
5. Mound City, KS 30% BO* 6-9 Quarterly 7 1 1
6. Altoona, KS 30+ 80+ 6-0 Quarterly 8 1 1
THREE CELL UNITS
1. Blue Springs, MO 30T 30t 6-9 Heekly 84 61 59
2. Salisbury, MO (South Lagoon) 45% 80+ . 76 Monthly 7 2 1
3. Baileyville, KS$ 30% 80+ 6-9 Quarterly 8 a (]
4, Quinter, K$§ 30* 80~ 6-9 Quarterly 8 [ 7
5. Hoisington, KS 0% B0+ 6-9 Quarterly 7 1 i
FOUR CELL UNITS
1. Kingsville, MO 45% 80* 26 Monthly 17 4 0
2. Frankfert, KS ap* 80+ 6-9 Quarterly 8 0 1]
3. Eureka, KS 30> 80* -9 Quarterly i 2 1

* Monthly Average
§ Weekly Average
T Baily Average



very similar to the 3CD data with no clear 2f7act of BOD loading rate, detention time or

number of ¢21ls on the performance.

Figure 1 indicated that several of the W3P systems did not meet the state -effluent require-
ments even when the entire study period average data (usually two years) was used to ssti-
mate the influent and effluent quaiity. The numoer o7 viclations during the study period is
also reported in Table 2. The violations of the pH limits are not included in Table 2.
Table 2 shows that except for two systems studied (8ailevville and Frankfort, Kansas), all

violated the state effluent requirements and some dii so persistently. Many of the
viglations occurred despite the relaxed effluent criteria for SS and B0D.
80 . o . .
A a & A Fy a A
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. [ ™ A. . » [ ]
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Uz 40 = o -t
e}
w s Single Cell
A Two Cells
20 - 4 Three Cells .
® Four Cells
Y 4 A l i i L 1
0 40 80 120 Q 40 80 . 120 160
80D Loading Rate, La, Kg/ha.d Hyd. Detention Time, %, days
*  Fig. 2. Relationship between B0 Loading Rate, Hydraulic Detention Time
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DESIGN EVALUATIONS

As shown in Figures 2 and 3, the perfarmance of the WSP studied did not correlate well with
any of the empirical design parameters, such as 30D loading rate or detention time.

Sloyna (1976) has proposad the following empirical equation for determining the volume of
facultative WSP:

Vo235 %1070 q L (l 0853 Ty et (1)
¥ = pond volume, m"; Q = inflow rate, L/d

Lu = influent ultimata BODU, mg/L; T = pond tamperature, %

f = algal toxicity factor, and f' = sulfide oxygen demand

The ponds designed on this hasis were expected to give 30 to 903 BOD removal efficiency.
This equation was utilized % deter ine the pond volume of selected WSP systems. These
calculated pond volumes for 5 and 10 C are shown in Table 3. Factors f and f' were assumed
to be one. Influent 80D. values were converted to 800 by multiplying by 1.5. No solar
radiation corrections were made in these calculations.

TABLE 3 Waste Stabilization Pond Yolume Comparisons

Yolume as
Actual Volume, Av. % BOD per £q.(1), m*
Name m Removal 59C 10°C
1. Fulton, MO - single ¢ell 1850 69 4233 2816
(Helms Lagoon) ‘
2. Salisbury, MO - single cell 22205 80 49619 32993
3. Liberty, MO - two cells 176534 69 644073 428226
4, Columbia, MO ~ two cells 1555 83 3971 2640
{(Airport)
5. Blue Springs, MO 214654 70 892344 593351

-three cells

The data in Table 3 indicates that the pond volumes calculated by Gloyna's equation ars much
targer than the actual volumes. However, despite much smaller pond volumes, in two cases
the BOD removals were in the same range as expected by the use of Equation 1, Therefore,
the validity of the equation for the design of pond volume is questionable,

Thirumurthi (1974) has suggested the use of the equation:

Ce | Kt (2)
Gi
where Ce = effluent BOD, mg/L;
Ci = influent BOD, mg/L;
t = Mean Hydraulic Detention Time -1
K = First order 80D removal coeffieient, (day)

for determining the performance of a facultative waste stabilization paond which has a plug
flow regime. K value must be carrected for temperaturs, organic loading rates and the
pregsence of industrizl toxic chemicals in accordance with the equation:

= KsCralolrox (3)



where Ks = 3tandard BCD removai

CTe = Temperature correctign factor = 1.036(T_20)
T = Average temperatura in the caldest months, Cn

Cn = Qrganic Ycad correction factor = 1 - 9,983 {log °?'2]
0 IS a

3
L, = Organic Toad in Xg/ha.d

CTox’ Industrial toxic chemical correction factor.
The WSPs studied had no artificial mixing and probably were more c¢lose to a plug Flow than a

completely mixed flow regime. Equations 2 and 3 were used ta determine the K and KS values
for winter oparation of selected WSP systems., Table 4 shows these values.

TABLE 4
Av. Pond La X ks

Name Temp. °¢  Ci’%e  Kg/ha.d £, d (@)1 (a)-l

1. Fulton, MO 0 2,39 29.5 51 0.014 0,034

2. Salisbury, MO 8.3 65.00 35.2 58 0.030 3.064

3. Liberty, M0 2.0 2.49 50.2 31 0.012  0.034

4. Columbia, MO 3.0. 4.00 42.2 47.5 - 0.029  0.069
(Airport)

5. 3lue Sorings, MO 1.5 11.47 48.1 37 .066  0.136

The wide variations in the calculated value of ¥ indicate that factors other than those
considered may influence the pond BOD removal behavior. Finpey and Middlebrooks (1380) also
found that the calculated K¢ values for different ponds had a wide variation., Thus, it is
unlikely that one can use equations 2 and 3 to design or predict the performance of WSP
systems. In addition, Figure 1 shows that the BQD removal is independent of pand hydraulic
detention time, which would contradict fquation 2.

WSP effluent B0O consists of both particulate and soluble fractions. The reported WSP
effluent BOOD values do not provide an indication of the magnitude of the soluble or
particulate component. The particulate component will have BOO contributions from algal
cells, which would be high during warmer months. One reason why the present study and
others (Finney and Middlebrooks, 1980) have found poor correlation between pond performance
in terms of 300 removal and traditional design parameters and design squations is the
variable oresence of particulate 800 in the effluent samples. If soluble 80D was measured
and design criteria were based on soluble BQD, perhaps WSP performance would be more
predictahle,

The suspended solids escaping in the WSP effluent do cause ecological problems in streams
having low flows {King, et al., 1970). Economical suspended solids removal technigues
should be developed to prevent water quality problems in the streams. Land application of
WSP effluents (Withrow and Bledsoe, 1980), or use of an aquatic marsh treatment systam
(Bastian, 1982) may provide economical methods to take care of this prablem.

In summary, a close evaluation of twenty WSP systems in Missouri and Xansas showed that many
of these systems were not meeting the state effluent 30D and SS requirements (even though in
some cases these were the relaxed effluent standards), The WSP performance in terms of 3C0
and 55 removals did not correlate well with the traditional design parameters, such as BQD
loading rate (kg/ha.d) or mean hydrauli¢ detenticn time. The use of multiple cells did not
always mean better effluent quality. Gloyna's equation for determining the pond volume for



3 30-20% 300 ramgval 2¥€icisacy w~as ot very accurate in pradicting the pond performance.
Jsually, it jave zond volumes auch higner than calculated Dy other ampirical methads. Use
of 2 plug fiow equaticn For pong performance evaluation may not also be gquite suitaple since
the calculatad 30D -emoval cocarficient was found to be guite variable. [n order to comnly
with the stata offlgent cquality raquirements, it 15 necessary to develop some economical
methods for the removal of suspended so0lids (floating algae cells) and 30D during the
aritical summer menihs.
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WASTEWATER LAGOCNS IN A COLD CLIMATE

J.A. Cleszklewicz and A.B. Sparling
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ABSTRACT

Severs climate, intsrmittent rivers and availability of land make faculiative lagoon systems the method
of choice in treating primarily domestic sewage from smaller municipalities. The lagoons are designed
on a recommended maximum load of 55 kgBODg/ha d to first cell, while the second cell provides storaga.
The discharge is twice annually and the occurrence of the spring ice-break up odor period is one of the
primary criteria lmiting this load. Rased on full scale performance data, it is demonstrated that, from
the standpoint of odor nuisance, the load to the first cell should be kept equal to or less than 35 kg/ha
d. Full scale studies of an overloaded lagouon systems show the futility of under-ide asration for odor
control. Mechanism of natural odor control during ice break up is elucidated. Upgrading of the overloaded
systems or lagoons receiving significant industrial contribution is best achieved by construction of a 3-5
m deep aerated lagoon precading the two or mora facultative cells in series.

KEYWORDS

Facultative ponds, aerated lagoons, low temperatures, performance, odors, pond design, organic load.

INTRODUCTION AND QBJECTIVES

Located between the 493th and 60th parallel of latitude, Manitoba has a continental climate. The
temperature extremes are from -45°C to +40°C, with an average annual temperature of 2,3°C, The
frost-free period is approximately 130 days. As land is generally available, lagooning is the single most
popular method of waste treatment used in the province. It proved to be the most cost effective method
in the agricultural prairie provinces, which currently have 95% - 99.3% of the population serviced by waste
treatment. For comparison, the more industrialized provinces of Quebec and Ontario have only 6.2%
and 83.5% of population, respectively, serviced by waste treatment facilities (Pearse et al, 1985).

This paper will present: the current lagoon design criteria, results of full scale performance of lagoons
serving municipalities with and without industries and results of full scale resesarch on upgrading the
performance during the spring ice-break up in an overloaded facility. Although the main emphasis is on
facultative (non-asrated) systems, some attention will be directed to the upgrading of overloaded facultative
lagoons with a preceding asrated lagoon.

FACULTATIVE LAGOONS

Desion Critaria and Operation

The design of facultative lagoons is based on intermittent discharge and treatment in two cells in series,

a primary cell and a secondary or storage cell. The maximum permissible graanic loading for facultative



lagoons is 33 &g BODs5/ha 4, however lower loads are recommended. These loads are the basis of design
for the first 27 primary cell. Hydraulic loading is ns:t zzasidered in the design of the primary cell. The
maximum water depth in 2l facuitative cells 18 1.3 metr2s, and {5 based on a balancas between sunlight
penetration and the erfect of ice {ormation. Overall Qvdraulic retention time is based on two factors.
f—‘i:stly. many of the lagoons ar2 located in areas with intarmittent streams, orien providing no dilution
for discharzes and., more .mrportantly, winter discharges Irseze in the dry water courses. crzating ice
dams which will flpat on the spring run-off and damage ‘he water courses and bridges during the spring
flooding. Secondly, there is vary little stabilization of the organic wastes under ics cover and they must
be stored unatil they have stabilized in the spring. In combining these two factors, no discharge is permitted
from MNovember 30 of aoy year until May 15 the following spring (196 days). Storage is provided in
subsequent cells, however one half of the volume of the primary cell may e considered for storage capacity.
The precipitation and evaporation are ignored as they genarally balance, The lagoon is required to be
impervious, and unless liners are installed, the soil must be compacted to -have a hydraulic corductivity
of less than 1077 cm/s. Facultative lagoons, depending on the receiving waters, are discharged once or
twice a vear. The procedure (which may last up to two weeks) involves closing the valve between primary
and secondary cell, sampling and analyses of BOD5 and Coliform MPN and then discharging the secondary
cell {f discharge permit limitations are met. This is followed by opening the interconnecting valve,
transferring the waste from the primary cell and discharging from the secondary cell again, after the
primary cell is isolated,

Winter Performance of Facultative Lagoons

Winter performance {s determined by the thickness of ice cover, existence or lack of snow cover, organic
load, and influent wastewater temperature. The most significant concern i{n the application of the
facultative lagoons is the probability of odor nuisance during the spring ice break-up. The presence of
suow cover on ice eliminates the production of photosynthetic oxygen. This, coupled with significantly
increased concentration of wastewater under ice due to freeze out provides ideal conditions for incomplete
anaerobic degradation resulting in the production of odorous volatile fatty acids (VFA) and maercaptans,
as well as gaseous hydrogen sulfide (H7S). Spring ice break-up releases these odorous compounds. The
intensity and duration of odor emissions is associated with the overall organic load to the lagoon and weather
conditions during breakup. Practical experience has placed a value of 35 kg BOD/had as the maximum
load to the first cell, above which the odor emissions are excessive. As will be shown later design load
of 35 kg/ha d is recommended as it does not result in significant odor nuisance during the ics break-up.

Low _intensity aeration. An experiment with aeration of full scale overloaded lagoons to maintain and
control odors will be described. The 1.5 m deep lagoon system consisted of two parallel lagoon trains:
1. cell 1 followed by cell 3 - with aeration. 2. cells 2 and ‘4 - without supplemental aeration. The aeration
was by a 15 kW blower supplying 5 Nm‘?'air/kg BODg introduced. Both trains were agverloaded, receiving
an average of 381 mg/L BODjg, partly due to large proportion of the town's wastewater originating in a
vegetable processing industry. The primary cels in the two trains worked under a load of 128 kg BODg/ha
d (cell 1) and 98 kg/ha d. (Cell 2), Fig. 1 illustrates the performance of the aerated train, series of cell
1 and 3. The bar NO AIR indicates the period when the aeration system broke down., Fig. 2 illustrates
the non-aerated train, cells 2 and 4. The non aerated train had an overall lnad to both cslls of 38 kg
BODg/ha d, while the aerated train was loaded at 78 kg/ha d. The difference is manifested by a mora
rapid BODg concentration drop in cells 2 and 4 after April 1, following ice break-up. The maximum
freeze-out concentration increase in cell 1 was much higher and lasted longer than in cell 2, The secondary
cells exhibited similar difference in the under-ice behawior. Figure 3 illustrates the total sulfides
concentrations in the Hquid in the two parailel secondary cells 3 and 4. The sulfides concentration in
the lquid is less in the aerated cell 3 than in tha non-aerated cell 4. This was a result of venting the sulfides
through holes created in the ice by the escaping air, Site visits, however, did not indicate any improvement
in odor intensity due to aeration. The aeration of the cell 1-3 system was found practically inaffective
at the applied rate of 3 N m3/kg BOD introduced. The problem was aggravated by thicker than usual
ice farmation (70~100 ¢m in 150 cm deep lagoon) and significantly increased BODs concentration due
to fresze~out. In summary, the train of cell 1 and 3 was found to perform comparably to calls 2 and 4.

Ice_and spring odor relationship, Another full scale experiment was performed on two parallel lagoons
without any influent, acting only as winter storage. The objective was ta determins if the lagoons would
freeze completely and what is the mechanism of spring odor control in low-loaded lagoon. The lagoons
A and B, were 1.5 m deep and each had a volume of 1000 m3. They were filled on Jan. 3 (A} and Jan.
3 (B). The ice cover developed very rapidly, and the anaerobic degradation started depressing the pH
and generating gaseous hydrogen sulfide. The lagoons did not freeze to the bottom.

The evolution of hydrogen sulfide is primarily controlled by pH. The equilibrium equation indicates that
at pH = &, almast 100% of sulfides are in gaseous form, and will cause odars, while at pH » 9.0, mast of
reduced sulfides will be in the HS™ and 5% forms, which are not volatilized easilv. Anaerobiosis was the
result of increased BOD due to freeze out and onset of acidogenic fermentation, coupled with sulfate
reduction to sulfides. Spring thaw began in March by developing a layer of water an top of ice. This layer
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was weil zzrated by natural oxygen transfer. and had verv low BCD. Ice cores samples melted in the
ighoratory, demonstrated a3 BODs concentration of legss than 10 maz/L and low content of total solids.
This conceatration increased only insignificantly toward the hotiom of the ice cover. Thus, melting is
4 zatwral wel aerated barrier to odor emissions. Early spring algal bleoms both above and often under
the ice, add a significant quantity of oxygen. speeding up the removal processes. The occurrence of spring
odor period must then be the result of organic overloading, where an excessive amount of cdorous organics
{volatile fatty acids, mercaptans) overtaxes the oxidation capacity of the melting water layer.
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Fig. 4 illustrates the ogourrence of zasecus Ho§ when the pH Is depressed due to acidogenic fermentation
under ica, The rapid increass of od due ‘o algal consumption of CO» and zeneration of oxyzen in March
and April (when day..l,. \asis iongser than larkness) drive the sulfide concentration rapidly to zzro. Change
in BODg during the winier 3eason wis monitored. Cell B was filled on Jan. 7 with sawags of BODy = 340
mg/L (pH 7.35). The BCNg conceniration changed as follows: March 20, 1000 mg/L {(pH 5.33% :\pril 24,
500 mg/L (pH 7.70): Mav ., 113 mg/L ipH 7.33); May 8, 20 mg/L (pH 3.10)

The study showed that holding lagoans do not fresze to the hottom. [t was also demonstrated that ders

ars not emitted at law loads. presumably due to ica melting from the top and the development of an aerobic
over-layer. It was found feasible to plan discharge of sewage as early as mid-May.

Full scale nerformanca of facultative lagoons

The two criteria of correct performance are gquality of the final sffluent and lack of, odors. Since lagoons
are discharged intermittently the quality is assured by holding the waste till complete stabilization oecurs.
The odor issue then becomes the deciding factor in selecting the proper organic load.

Performance of twelve lagoons receiving mainly domestic sewage is presented in Fig. 5 (circles). Due
to large distances in the Province, which is roughly 500 km by 1200 km, and infrequent inspections therte
are no formal threshold odor number (TON) determinations performed on site. The data in Fig. § is for
towns of 600 to 2500 inhabitants with one town of 12000. Odor perception level, translated to numbers
from 1 to 10, have been assigned to these lagoons, based on the following descriptions provided by the
town and in most cases corroborated by the visiting inspector: 1 - none reported, 2 - few odor complaints,
4 - infrequent odars, 5 - moderate odors, 8 - severe odors, 10 - very severs odors. The low odor nuisance
may sometimes pass unreported by the community as upgrading may mean increased expenditures. Fig.
5 lists also data for municipalities with high proportion (more than 40 to 50% of BOD load) of agricultural
processing wastes (triangles). The data appear to be distinctly different from the primarily domestic
sewage lagoons. The odors are particularly acute at lagoons loaded with cheese plant effluent (No. 2,
4 and 5) and meat packing {(Na. 1) effluents. Lagoon system No, 3 has inputs from vegetable processing
{80% by load); No. & from poullry processing: and No. 7 from vegetable oil manufacturing.
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The aunthors sirass the subieciive nature or the sssigned awmrerical odor perception levsls. The occurances
of odor were recorded, withont tagng info account duration of the spring break-up. 2fevailing wind
direction, nor distanca tetween “ia lagoon ind fhe municipailly.

Based on Fig. 3 it may be recommended that the destgn oads be kept well below the 35 kg/ha 4. The
load of 35 kg/had to the first cell appears @ warrant odor-free operation of lagoons during the spring
ice break up. Using the design procedurs outined above, for a 196 days storage volume, the area and
volume requirements wers calculated for the 33 and 33 kg/ha d first cell loads. The differsnce in volumes
for flows from 100-1000 m3/d was only 5-6.3%. The lagoons that were overloaded have now heen enlarsed
to lower the load to the first cell. The iagoens receiving significant quantity of industrial wastes have
been converted to a systam consisting of aerated cell foliowed by a series of two facultative calls.

AERATED LAGOONS

Facultative lagoong are usually designed for municipalities below 2000 inhabitants, without significant
inputs from industry. For larger municipalities costs of land become prohibitive. Municipalitiss with
industries often find that the spring break~up and odor period las{s much longer and is often more severe.
Variable discharges from industry are not well-tolerated by the facultative lagoons, and, in these cases,
aerated lagoons are often used to pretreat the more concentrated raw wastes and equalize the incoming
load,

The usual set-up involves a series of an aerated cell followed by two facultative cells. The design of the
agrated cell is based on a conventional first-order removal mechanism, utilizing k rates adjusted for winter
temperatures (Bemister, 1977). The facultative cells are designed operated and discharged as described
before,

Table 1. Raw waste characteristics (mg/L) and final efflyent quality for town A.

Sample Date NFR BODg TOGC TXN NH3 Pyyr pH
RAW WASTE 1878 560 760 850 60 —~ 20 7.2
Cell 3 7.V.78 150 17 42 15 - 5 8.7
EFFLUENT  13.V.77 - 19 55 10 - 5 7.8
EFFLUENT  2B8.V.77 - 58 87 15 - 7 8.5
Cell 2 8.V1.77 - - 58 10 - 3 9.2
Cell 3 24,VOL7? 12 11 45 12 - 6 8.4
Cell 3 15.v.78 15 12 3¢ 3 — 4 8
EFFLUENT  19.X.78 71 13 65 15 - 8 8.2
Cell 3 5.V1,79 18 10 30 11 10 5 8.8
EFFLUENT  20.VID.81 1§ 4 a0 11 4 2 8.4
Cell 2 8,v.84 13 28 a5 28 23 8.1
Cell 3 9.v.84 43 23 100 24 18 5 8.8
Cell 3 22,v.84 15 10 54 7 4 3 8.3
Cell 3 16.vO.84 19 3 58 8 5 5 8.3
Cell 3 17.X.85 13 5 - 3 0 2 8.7

An example of an aerated lagoon-facultative lagoon system is presented in Table 1. The data is based
on grab samples except as noted. The lagoons provide an overall volume of 223,500 m® and the discharge
is twice annually. The aerated lagoon is 3 m deep and has an area of 0.72 ha. The following two facultative
cells are 1.3 m deep and have an area 6.88 ha-cell 2 and 7.12 ha-cell 3. During the discharge, both
facultative cells are emptied through cell 3, during a period of 2 weeks. The loads to the wastewater
treatment plant based on 1978 data were in the order of 523 kg BODs/d to 765 kg BODs/d, with peak
loads in excess of 830 kg/d. Influent wastewater consists of domestic sewage and a vegetable oil processing
plant effluent and contains a significant fraction of nonbiodegradable organics, as evidenced by high
COD/BOD35 ratio of 2.8. This ratio is much higher in the effluent, in the range of 3 t0 7. The town {3
required to obtain a permit for each discharge. The data shows significant stability of eifluent (or cell
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3) BCDj5, which with the exception of one data point remains well below the 30 mg/L requirement. There
is considerabls nitrification accomplished, some 60 to 30% TKN removal. Phosphorus remaval is
accomplished at sumilar levels. Significant algal activily accounts for nutrient uptake in the spring and
summer, as indicated by the oH increase.

Rewiew of the aerated lagoon design and performance in the Province has revealed that they operate at
range of loads from 0.02 to 0.5 kg BODs/m3d. The usual depth is three meters. Aeration devices include
a variety of compressed air devicas such as the static tube aergtors, and in at least five plants floating
surface aerators are used, For larger municipalities in excess of 3000 inhabitants located on flowing
streams, the flow-through aerated lagoons are used without storage in the facultative cells,

SUMMARY AND CONCLUSIONS

Due to severe winters and the ephemeric nature of many water courses in Manitoba, lagoons remain the
most cost effective method of waste treatment where adequate land is available. Design criteria presently
used are a maximum load of 55 kg BODsg/ha d to the first cell of a facultative lagoon system with 196
d retention time. Experience and data on odor nuisance during the spring ice breakup presented in the
paper suggest that loads not excseding 35 kg/ha d should be used. Maintenance of low loads is the only
available safeguard against the odor nuisance as remedial under-the-ice aeration or chemical addition
have been shown to be either ineffective or too expensive. The decrease in design load to the first cell
will increase the overall volume required by 5-8.3%.

The mechanism of a facultative lagoan spring ice break up was found to work towards elimination of any
odors if the load is appropriately selected. Freezeout concentrates contaminants under a thick layer of
ice, where the concentration may rise many times that of the incoming raw wastewatsr, Thawing ice
in spring i3 covered by very well aerated layer of water of very low organics concentration. Vigorous
sun action results in first algal blooms in late March or early April, which drive the DO beyond saturation
and increase pH, thus making the sulfides inscluble and oxidizing other reduced products of under-tha-ice
anaerobiosis. At higher BODj loads, equal to or larger than 55 kg/ha d to the first cell, the odors are
not contained due to overtaxing of tiie oxidizing capacity of the system.

The odors are particularly acute in case of lagoons receiving significant inputs of organics from the
agricultural industry. The facultative lagoon system was found poorly suited to the handling of variable
loads of organics often poorly degradable at low temperatures (e.g. lipids). The majority of these
municipalities are now refitted with a highly loaded continuous flow aerated lagoon preceeding the two
facultative cells in series. Such system is able to provide an acceptable effluent BODg on an intermittent
discharge basis.
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THE DEVELOPMENT OF LAGOQOVS IN VENEZUELA

M. LANSDELL

MARK LANSDELL ¥ ASQCILADOS
APARTADO 17158, CARACAS, VRNEZUELA

ABSTRACT

The operational experience of early lazoons i3 outlined, The construction of

a new generation of lagoons of 2000 PZ to 1.000.000 PI capacity and associated
practical difficuliies are described, Thosge with innovative end space saving
features treated in some detail, Cne includes an anaarcbic baffled reactor
with sludge draw=-off facilities which entered service in september 1386 and
which is being monitored for compliance with "Engelberg Requirements! Cosst
information and space requirsments for the different systems under construction
are included,It is concluded that lagoon systems properly designed and sited
are the most azppropriate and indeed only finaneially viable sewage treaiment
option for Venezuelan circumstances,

KEYWQRDS

Jastewabter stabilization lagoons; Low cost sewage treatment; Appropriate
technology; Anaerobic reactors.

INTRODUCTION

Venezuela, an OPEZC country located on the north coast.of South America, has a
vopulation of 15 million rising at 3,2% per veaar,

The National Sanitary Works Institute(IN0S) is the zovernment body respensible
for water supply and sewage ¢ollection and treatment in urban areas of over
5000 population; the Miristry of Health being respongible for asmaller rural
systems.

According to the 1581 census, 83 of the populaticen had a piped water supply
in or near their house; 565 had a sewer connection; 15,5 a septic tank; 12,35%
a latrine whilst 16} had no sanitary facilities at all,

0f the sewage arising in urban areas, it iz estimated that 3% i3 discharged
through long outfalls into the Caribbean and less than 2% of the remainder
discharged inland receives any treatment at all, Thig situatien is however,
not at all uncommon in Latin America,

Unfortunately, %he population i3 concentrated in the northern part of the
country, where water ra2sources have become scarce and gome rivers consist
almost entirely of raw sewage and industrial waste during the dry season
(January to April),
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waters whicn Wi aaira attention include Lake Valencia, Lake !laragaibe and

the River Tuy, some ol wnich i3 taken Jor water supply to the Japital, Taracas,

Arother area which 13 receiving attention is the eastern seaboerd and {he
Z3land of Margarita, which nave Secome popular with international Sourists

Practical solutions had to be *ound fagt if the oportunity was not So be lost
and the politicians loge interest

EARLY LAGOQU SIZSTIZMS

INOS began lagoon construction in 1969 and by 1973, seven systems had been
built to serve populations varying {rom 10.000 to 25.000, These sgystams wers
generally rectansgular with a3 dividing wall down the centre longways, and a cast
iron inlet pipe extending 15m inwards from the bank across the water surface,
The banks and bottom were usually lined with clay and the water depth ranged
from 1 to 1,5 metres,

These lagoona predented ane or more of the following problems:

- Vegetation invaded the barnks and {loor causing smells and vector
breeding, Maintenance budgets would not cover the expense of
clearing and the lagoon was left to it§ own devices,

-~ Initlal sewage flow wasg insufficient to combat evaporation, the
lagoon never f£illad, dense vegetation took hold increasing losses
through evauouransnir ation,

- The inlet sewer was badly designed or vulnerable to waghout by
floods,,

~ Unplenned urban expansion reached to within 10m of the lagoon$
water’s edge, The lagoon became overloaded, and smells and insects
affected the nearest houses.

then effluent analyses have been carried out, it has generally been found that
in terms of BCD, the lagoons perform well when not overloaded and particularly
well when full of emergent vegetation., In bacterial terms however they fail
due to lack of light Denetration. The vegetation must be removed in any case
for odour control and anti-malarial reasons, a job which must be done Lwice a
year to acheive any measure of control,

The early lagoons had 0,5 mts, freeboard which allows the embankment's
capilliary zone to risze to the surface sllowing a prolifie growth of weeds
eround the perimeter, The maintenance of these lagoons waa very costly
particularly the operation of dragging out the emergent vegetation from the
bottom,

RECENT LAGOON CONSTRUCTION

Effluent standards were promulzgated for certain areas in 1978 and those for the
whole country in 19895, This has meant that sewage %Lreatment has received
attention only recently, despite many years of lobbying by conservationiatba,

A large number of industrial waste treatment plants have beenn bulll along with
many so called 'Compact' extended aeration fype plants to serve isolated
housing estates and apartment blocks. Few of these operate satisfactorily feor
more than a few months after the last property has been sold,

The author has been searching for more sppropriate golutlons for sewaze disposal
in Venezuela zince 1374, and has been involved in the design and consfruction
of the municipal systems listed in table 1, .



TABLI 1 STATTS COF MUNICIPAL SCWAGE TREATMENT SYSTTUS

oy JITSIFI Por. TYPD  YEAR YHAR PUT
STAGE DISIGWED TN SZAVICE
BOCA DT RIO0 4,500 AL 1979 1380
LO3 MARITES 15,000 AL 1279 1381
" " 40,000 A3 1987 (Upgraded)
PORLAMAR 200,000 AS 1981 1987
HATURIY 225.000 AJL 1583 1987
VALENCIA (EAST) 750,000 NI, 1583 1987
MOCHIMA 1,000 A¥L 1982 1983
IL TIGRE 60,000 FL 1932 1986
PARIAGUAN 10,000 ANL 1984 1986
CUMANA 100, 000 A8 1984 1987
MARACAIBO (30UTH)1,000.000 ANL 1986 1687
JUANGRIZCO 50,000 AS 1985 1987

AS: Simplified activated szludge; AL:Aerated lagoon; AlL:
Anaerobic= Facultative- Maturation L.;FL:Facultative~ Mat, L,

All the sysatems have been planned in 3tages with an initial capaclty of no
more than twice or ithree %times the existing zauged flow in order to avoid

the 'no-fill' situstion mentioned earlier, and alsgo fo reduce initisl
investment. Almost without exception, considerable capital coat was invelved
in getting the flow together and then to the %L{reatment site, In some cases the
cost of the outfall zewers was considersbly more than the cost of the firsat
stage of the treatment system,

It was found necessary to 3ite the lagoon aystems further away from existing
urban ares than would have been the case with & conventional plent, in order
to find suficient land at a reasopable price, Howevar the cost of the extra
sewer length was always compensated for by the reduction in capital and
operational costa of the lagoon alternative, Existing INOS norms tend to

give outfall sewers an unecenomnic amount of spare capacity, Previcus projects
were reviewed and capacity provided in stages according to demand.

The interior banks of all the new lagoon systems have a concrete lining 5-7cm
thick with continuous mesh reinforcement, Linings with expansion joints have
not been satisfactory as vegetation sprouted from them requiring constant
attention. Asphalt linings broke up at the water line due to wave action and
vegetation again has taken hold,

The coat of the lagoon systems bﬁilt recently, ineluding land aguisition
varies from US § 12 per Population Equivalent (PE) for systems of around
30.000PE to $ 5 for the very large systems,

SYSTEMS WITH ANAEROBIC RIEACTORS

Several of the lagoon systems are in situations requiring economy of space

and in these cases, anaerobic reactors have been incorporated, zaving about 40%
of the zpace requirements of a facultative- maturation series. Becausge ={fluent
will be used mainly for irrigation, sizing of the systems has generally been

to the recommendations of World EBank Technical Paper Mo, 7 (Arthur,1983%), the
"Tnpelbers Report! (TRCWD, 1485) and World Bank Tecinical Paper lio.51 (Shuval
et &1,1986),

Two such gystems, albeit amall ones are now in operation and two very large
ones are under construction., The lochima system, ghowm in Flz, 1 wasg degizmed
for '0Q0 people in a small fishing wvillage at the head of an encloszed bhay "
which forms part of a ¥ational Park,

The anasrobiec reactor consists of two baffled concrete tanks in parallel with
a roof consiabing of aluminium mosquito netting stretched over wooden frames,
The tanka have hopper bottoms with valved sludge drawoff pipes discharging



to an ai’agens drying bed,

N s s s s S T

. 30 mts, .,

FIG. 1 MOCHIMA SYSTEM FIG 2 PARIAGUAN SY3TEM

ANR. Ancerobic Raoctor , SL. Sludgs Logooa , FL. Facultative Cell, M. Maturatioa Cally

The final effluent weir from the lagoon has twg 'V' notches, ons at 900 for
discharge to a sea outfall and fthe ofher at 530-08' for recirculating 50 flow
to the inlst sewer screening chamber, This has allowed the formation of a green
photosyntuetic layer on the surface of the anaesrobic reactor, reducing odours
to a minimum.

™e small maturation cells encouraged mosgquiito breeding due to lack of wave
formation, Thig was cured by introducing 5000 fish ('Guppies!) and the problem
disappeared within 48 hours, .

Unfortunately no monitoring of performance has been carried cut, but the local
community are very pleasged with theilr lagoon and the nulaance conditions
which previously exzisted along the town's shoreline have digappeared entirely.

The Pariagufn system, shown in Fig, 2, was designed for 10,000 in a small
provineial town, The inlet sewer disgcharges to a control structure with a

flume for restriction of flow to up to 3X design average daily flow, the excess
overflowing %o the receiving watercourse, This was necesgary due %o the number
of older housaes with roof and internal patio drainage connected to the sewer,

The primary treatment stage in this case consists of an anaerobic bafiled
reactor with 5 compartments in series with more or less upward flow, the final
one beinz for settlement and ia provided with a hopper bottom and valved sludge
draw-of? pipe to an adjacent drying bed.

The ansarobic reactor haz a total design retention time of 0,7 dayas and the
gix facultative and maturation cells, a total time of 8,5 daya at the deslipn
average flow of 23 L/s, The system started filling in Qectober 1986 and by the
end of January the faecal coli count was below 1000/ 100ml and detergent foam,
initially an embarragsment in the effluent channel, dizappeared.

Microscopice examination of . influent and effluent for compliance with the
'Tngelberg Requirements' ("o more than one viable intestinal nematode egz per
litre, nor 1000 Faecal coli per 100ml as a geom, mean') has been undertaken
from the start, Whilst eggs and cysts of Taenia Sagginats,Ascaris Lumbricoides
Anevlostoma and amoeboe have been found routinely in the influent, none has
been found in any of the 25 effluent zamples examined to date,

Fly breeding on the scum of the first cell of the anaerovic reactor was

initially controlled by sprinkling lime. Later, recirculation with a portable

pump was carried out for three weeks in December, The scum has since turned

green and operation has sbabilized; the orisinal reduction of 0,3 of a pil unit

between inlet and outlet hasg disappeared and the gas rising to the surface has
- BT g

no apreciable odour,
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It i3 realized that the scale up is considerable but the coincidence of the
availabilify of funds and enthusiasm on the part of peliticians could not be
misged, An economie but robust solution had to be fournd quickly and despite
congiderable pressure from salesmen of foreign equipment, 3schemes based on
lagoona were adopted with the anaerobic modifications described above for
economy of space, The laracaivo aystem for 1,000.000 PT for example will
oceupy a 130 Ha, site which includes a 50m buffer stirip around the periphery.

It nas been found that the capital cost of 'conventional' 3systems is from

4 to 6 times as much as lagoon systems and require expensive electrical energy
and maintenance by scarce technicians who are in great demand in other industr-
-ies.

CONCLUSIONS

Lagoon systems nhave been found capable of preducing effluents complying with
'Zngelberg' requirements for usze in irrigation at minimum capital and
operaticnal costs, without the use of imported nmechanical =sgquipmens,



The anserabis arstemz bduilt 3¢ far generate lzss odour than feared and econ-
~omise considerably o2 space. For public relationa purposes however, they
zhould be 3ited a3 far ag feasivle from urban areas,where land values are
lower at the expense % additional gewer length. At today's rates of interest,
outfall sewer capacisy may %e most econonically provided in stages according
to the evolution ¢ the damand,

In hot countries such az Venszuelsa, lagoon 37ystems combined where possibie
with effluent irrization, provide really the only technically viable and
finaneially defensibls alternative for sewage treatment as they make moat use
of the available heat and sclar energy for digestion, photosynthesis and
ultraviolet disinfection.
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THE PERFORMANCE OQF A SERIES OF FIVE DEEP WASTE
STABILIZATION PONDS IN NORTHEAST BRAZIL

S.A. Silva*, D.D. Mara** and R. da Oliveira*

*EXTRABES, Universidade Federal da Paraiba,
Caixa Postal 306, 58.100 Campina Grande, Brazil
**Department of Civil Eagineering, Univaersity of Leads,
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ABSTRACT

The performance was studied of a series of 2.2 m deep anaerobic, facultative and maturaticn
ponds, which had an overall retention time of 25 days, aud a mean mid-depth temperature of
25°C. The mean percentage removals of 30D, COD, suspended solids and faecal coliforms were
88, 69, 83 and 99.97 respectively; there was only & percent reduction of ammonia and 6 percent
of total phosphorus. The results are comparad with ‘those previously reported for a similar
serieg of | - 1.2 m deep ponds at the same site.

KEYWORDS

Wagte stabilizatién pondsa; lagooning; deep! performancea.

INTRODUCTION

Waste stabilizacion ponds are an efficient means of wastewater treatment in many parts of the
world wherevar suitable land is available at raasonable cost. Their many advantages include
low costs {(both capital and operation and maintenance), a very high degree of pathogen
removal, simple maintenance, and no requirement for external emergy (other than solar energy).
They do require, however, significantly more land than more other wastewater treatment
processes, and this 1s often a limiting factor in the adoption of pond technology, especially
in large metropolitan areas. The usually recommended depth range for facultative and
maturation pends is 0.9 - 1.3 m (Marais and Shaw, 1961); but clearly if pond depths could be
increased, and pond performance maintained (or increased), then less land would be rTequired
and ponds could become more widely used for lavge populations (> 100,000 people). In this
paper we present the results of our research into the performance of a series of 2.2 m deep
pilet-scale ponds in northeast Brazil; this extends our earlisr work on deep ponds which
concentrated more on che removal of excreted bacteria and viruses (Oragui at al., 1987).

EXPERIMENTAL METHODS

Pilot-scale ponds

A series of five pilot-scale ponds (Figure !) was bull: at the Federal University of Parafba's
wastewarer treatment experimental station EXTRARBES (Estacdo Experimental de Tratamentos
Bloldgicos de Esgotos Sanitdrios) in Campina Grande in northeast Brazil (laritude 7°13'11"
gouth, longirude 35°52'31" west; altitude 330 m above m.s.l.). The series comprised an
anaerobic pond (coded A7), 3 secondary facultative pond (F9) and three maturation ponds (M7,
MB and M%), and its overall mean hydraulic retention time (= volume/flow) was 25 d; the
dimensions (m} of each pond were 10.00 x 3.35 x 2.20. Raw municipal wastewater was pumped

1.97



Flg. 1. The series of five deep pilot-scale waste stabilization ponds at EXTRABES

from a trunk sewer running adjacent to the site into pond A7 at a constant rate of 614 L/h
using a Watson Marlow (Falmouth, England) model HRSV variable speed peristaltic pump.
Pumping commenced on 4 June 1985.

Sampling and analvsis

Sampling commenced at the beginning of August 1985, and essentially followed the procedurss
detajled in Silva (1982), These involved the preparation of weekly composite samples, which
were analysed according to APHA (1980) for BOD5, COD, suspended solids, ammoniacal nitrogen
and total phosphorus. Grab samples, taken twice weekly at 0800 h, were analysed for faecal
coliforms (Oragui er al., 1987), intenstinal nematode eggs (Mara and Stlva, 1986), chlorophyll
a (Peatrsoun, Mara and Bartone, 1987), sulphide and pH (APHA, 1980). Temperature was racorded
as the monthly mean of the daily mean temperature determined by suspending a maximum—and=
minimum thermometer Iin the raw wastewater flow and at mid-depth in each pond.

EXPERIMENTAL RESULTS AND DISCUSSION

Throughout the twelve-month sampling period August 1983 - July 1986 the mean pond temparatures
averaged 25.0°C within the narrow range 23.6 = 26.3°C. The mean physicochemical and micro-
biological results are presented in Tables 1 and 2 respectively. The anaerobic pond A7
removed only 46 percent of the BOD and COD; this was much less than previously reported for
anaerobic ponds ac EXTRABES (68 - B3 percent: 3ilva, 1982; Mara, Pearson and 3ilva, 1983;
Ovagui et al., 1987), and probably reflects the much lower strength of the wastewater during
this sampling period (128 mg 30Ds ekt comparad with 215 - 289 obtained greviously), which
resulted in a corresponding low velumetric loading of only 26 g BODs m™ a-l (comparaed with

35 - 300 in previcus experiments). However the final effluenc quallity, in terms of BODs/S3 .
was very good (16/32). The removal of nutrients (¥ and P), on the other hand, was essentially
zero; in comparison the series of five shallow (1.0 - 1.2 2 deep) peonds at EXTRABES (Al, Fl,
ML, M2 and M3) described by Silva (1982) effected removals of 32 - 81 and 36 - 54 percent for
N (ammonia) and ? respectively when operated at overall retention times of 8.5 - 29.1 d.

The removal of intestinal nematode eggs was lower than previously reported for ponds at
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TABLE L Yaan concenerations. and sercsntage ramovals, of physicochemical paramecers
in raw wastewatey (3%' and pond effluenfs (AT = M9)

) - - N Percentage
Jarametar RW A7 79 M7 M8 M9 removal
30Ds, @g Lt 128 69 45 23 20 16 38
cop, =g 1~} 157 193 162 137 11 109 69
Suspended solids, mg 171 184 A 41 46 33 32 83
Agmonia, mg ¥ 1-! 27 28 28 27 26 26 A
Taetal phosphorus, mg P 1=1 4.1 3.8 4.0 4.l 3.9 3.3 6
Syiphide, mg § L-! 2.0 7.8 5.8 4.6 3.0 1.6 -
Chlorophyll a, ug 1~1 - - 96 170 112 233 -
pH 7.4 7.2 7.3 7.6 7.6 7.5 -
Tamperature, °C 26.5 25.2 24.9 25.0 6.9 25.0 -

TABLE 2 Mean bacterial and parasite egy numbers*, and pertentaze removals,
in raw wastewater (RW) and pond effluents (A7 - M9)

Percentage
Organism RW A7 F9 M7 M8 M9 removal
Faecal coliforms 1.2x107  1.8x108 4.8x10° 6.0x10% 2.5%x10% 4,0x103 99.97
Ascaris 332 63 13 2 3 0 100
Trichuris . 7 o] 0 0 0 0 100
Hookworms** 392 108 58 57 53 53 94

* Bacterial numbers per 100 ml (geometric mean), parasite egg numbers per litre (arithmetic
nean) .
** Hookworm numbers include both eggs and larvae.

EXIRABES (Mara and Silva, 1986), and this indicates the need for 2 more thorough investigation
into the relationship between egg removal and pond geometry and hydraulics, especially in view
of the recent "Engelberg" guideline (IRCWD, 1985) for no more than 1 viable egg per litre in
treated wastewaters that are to be used for ¢rop irrigation.

The removal of faecal coliforms varied from 64 to 86 percent in each pond, with an overall
reduction of 99.97 percent, which is the same zs that reported by Oraguiet al. (1987) for a
series of five 3 m deep ponds at EXTRABES (A6, F8, M4, M3 and M6) which had an overall
retention time of 21 d. This removal was similar to that achieved in the series of five
shallow ponds (Al - M3) (Silva, 1982) operated at an overall retention time of 17 d (99.96
percent), but less than that achieved by Al - M3 when operated at an overall retention time
29.1 d (99.99993 percent, and 99.999 percent after 23.3 d). Interestingly, in all these
series (Al = M3, A6 ~ Mb6 and A7 - M9) the percentage removal of faecal coliforms in the
anaerobic pond was as high as, or higher than, that in some (but not all) of the facultative
and maturation ponds; this, together with the other data herein, highlights the need for
further research into faecal coliform removal i{n ponds, in particular into the mechanizas and
relative efficlencies of removal in anaerabic and photasynthetic poands. '

CONCLUDING REMARKS

Whilst it is true that the series of shallow ponds Al - M3 reported by Silva (1982) were akle
to produce an effluent with up to two orders of magnitude fewer faecal coliforms tham the deep
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gerias A6 = M2 and AT = M2 a3t more or less the same racention time, they would require 2 - 3
times as much land =o Irzat the same wastewater Zlows Thus zhere is a trade~off o be made
at the design staga bewean pond performance and pond land vsquirsmencs. The better
tonservacion oI nutvients (N and P) in the deep series A7 - M9 is an additional point of
importance when the 2ffluent is to be used for crop irrigagion.
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ABSTRACT

Rettery wastewaters were subject o anaeroblc and aerodbic treatment, Anaerodic
treatment yielded efficiencies of BODs and COD removal as low as 20%. The
treatment process conducted under aerobic conditions in aesrated and s%tabllizing
ponds arranged in series took from 18 4o 20 days and gave efficiencies of EQDg
and COD removal amcunting to 90%. The experimental results were interpretaed by
virtue of the Eckenfelder equation. Excess activated sludge was subject o
aerobic stabilization in a separated tank., A new technology was guggesfted for
the existing obsolete industrial treatment plant.

- EEYWORDS

Rettery wastewaters anaerodic ftreatment, activated 3ludge pond treatment.

INTRODUCTION

Flax and hewnp are homegrowing textille raw materials, The total annual produc-
tion of the 35 rettery plants operated in Poland awounts to 30100 Mg. The
rettery technology involves biological and thermal processea, The volume of
wagtewaters discharged, predominantly scak and wring effluents, approach

26.50 m3/Mg flax and hemp processed.

Raw wastewater containas organic matter lixiviated from stalks. The influent
concentrations of pollutants are as follows: COD, 2500 to 4600 g Oz m=’, BODs,
1100 o 2800 g 02 m~3, total nitrogen, 58 to 129 g N.m~J, ard phosphates, 3 %o
90 g PO4 w~3 /  Bartoszgewski K., et.all 1982/. While the chemical composition
of rettery effluents suggests agricultural uses, the relatively long winter
seagon in Poland fails to encourage on developing such methods of utilization.
It i3 conventional to treat rettery wastawater by lagooning or, sometizmes, by
the activated sludge process. /  lHNainck et.all 1968, Benefield at.all 1980/

In recent times, the lncreased demands made on industrial effluents have raised
gerious problems in many wastewater treatment plants, specifically in the
obsclete ones, This holds psr-marily for treatment plants invelving anaerobic
proceasgea, e.g, 3tabilization or even facultative ponds.

A radical change in the treatment technology by substituting apaerobic for
aernbic processea will solve the problem. The aerated pond method gives
fair promise to be simple, inexpensive and energy saving.

[ ]
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Zreathent 7y lagoonlag

The daily volumes of wasiewater discharged by the rettery plant nnder study
ranges between 300 and 350 mJ. Although tHe cohcenirafion of JO_IUtants is
nigh, it does not differ from a typical rettery effluent. The waste 3tream i3
pasaed t¢ an obsolese industrial treatment plant which operates seven in geries
connected ponds. They nave a depth of 1.2 m each and a total volume of jOOO_m?.
Retention time amounts to about 27 days, and 1ls too short fo cope with the aizh
concentration of orzanic substances present in the wastewater. The anaexobic
conditions existing in ihe ponds are responsidble for the low eificiency of the
treatment process. The removal of COD and BODg is equal %o, or leas than, 20%
which i3 far below the removal efficiency reqliired.

Tatle 1 Hesults of anaerobic treatment

Concentration
Constituents Unit Influent Frfluent
H pH. 502 -~ 603 6.0 - 6.2
Bong g 0p'm3 1330 1060
CoD g Op_m3 2409 1921
Suspended solids g md : 273 82
Dissolved solids g md 2098 1982

To upgrade the quality of the effluent it 13 necessary to apply much longer

retention times and pond volumes gseven or more than Seven Gtimes as large as
they are, The alfernative is to replace the anaeraobic trealment method by an

aeTobic one. This concept was subject to laboratory tests,.

Testing method

laboratory investigations were carried cut under fthrough flow conditioms for
gix months. The technological system consisted of two pairs of in series
connected aeration and stabilization ponds /System A and System B/, System A
involved a long aeration time and a short time of gtabilization. In Sygtem 3B,
inversely, aeration time was sghort and gtabilization time was long. The tech~
nological parameters of the procesas are shown in Table 2. In System A and
System B the wastewater was treated under full aesrobic conditions and then sent
to the stabilization ponds., Full aerobic conditions were generated in the first
pond of System A and in the first pond of System B by medjium-size budble
aeration. The total volume of the ponds amounted to 5Q dm?3.

Table 2 Technological parameters of rettery wastewater %treatment

Technological parameter l Unit Jalue

Set A Set B
Retention time for aeration
pond days 19.6 8.43
Retention time for stabili-
zation pond cays 3.34 10.52
Total retention time days 22,94 18.25
Hydraulic lcad of aeration m3/m2d 0.05% 0.117
pond
Bydraulic load of stabili- mB/mZd 0.299 0.035

zatlon pond
POD; load of aerobic pond g 0,/ad 72.25 161.3

Bxceas activated siudge was treated in an aerobic stabilization batch reactor
of a 50 dm® volume. Aeration involved pressed~air. Teuperature ranged from
293 to 300 K thrcughout the tesgts.



The *“reaizent ellocto Zre gocd when he ;reéeae invelvres aerobic condltions,
Thus, she eificiancy of CoD and XI5 ramaval azounted So 20% and 8% respecw
ive-f. The concentration oI 3uspended 501115 never exceeded 40 gz m~3 and
30 z 2~ for 3ysvem & and System 3, rezpectively. The diffsrence in remeoval
efflsiancy Setween COD and 2005 suggesza the consridution of high refractive

substance concenirations.
Table 3 Chemical compeaition of rettery effluent
' Concent-ation
_Set A Set 3
Constituents Unit Raw Aero~ Stabi~ Aero~ Stabi~
sewage  bic liza~ Dbic liza=-
pond  tion pond  tion
pond pond,
pH " 5.26 8,28 8.10 8,24 8.06
50D, g 0,/w 1375 9.5 149 13.2 25,5
CcoD 2395 216 - 236 259 298
Alkalinity g CaC%B/ms 445 440 459 489 511
Total nitrogen g N/m° 49.7 10.1 19.4 9.4 17.8
Mitrates g N—VD /m 0.0 2.25 0.35 0.55 0.22
Phosphates g PO 3/m 55 C21.6  30.0  22.6  38.6
Dissolved solids g/m 2247 1181 1171 1245 1240

Humic substances occurred at concentration of 50 to 170 g m‘34$nd inked the

effluent with a dark brown colour. Further te2sting has revealed a high resis-
tace of humic substances to treatment by coagulation and chloriﬂation.

Activated sludge /which settled in the stabilization pond/ was prone to degra-
dation under anaerobic canditions, and the degradation producta hag an advarge
effect on the quality of the effluent, While COD, BODg5 and concentration per-
sisting in the effluent were only slightly higher, the concentration of total
nitrogen were nearly seven times higher that thoze in the effluent from the
aerobic pond. The decreased concentration of nitrates indicates the denitzrifi-
cation has occurred,

Table 4 Efficiency of rettery wastewater treatment by different

mathods
. ‘ Concentration
Element Unit Latural Waste sludges aeroblc sTa0L-
fertilizers agriculture lizied rettery
utilizied sludge
NitTrogen %Agm 2.0 =~ 2.3 0.5 = 12.3 36.7 - 38.6
Thosphorus % sm 0.42~ 0,47 0.13 - 1,52 0.80 - Q.95
Potassium % am 1.53-2.52 0.08 - 1.1 0.94 - 1.024
Antimonium ng/g sm = Ty T T T T T - T
Chromium ug/g sm - 206G - 1000 100 - 240
@aggangsg_ ng/g sm 3.5 - 870 500 - 1000 90 - 130
Ferrum ug/g sm 40 - 2800 120 - 26000 4900 - 10500
_Lead . ng/ﬁfgm_ o A5 _ _ 300 = 1000 _ _140_- 170 _
Cadmium ug/g 0.8 10 = %0 -
Cupprum ng/g 1.4 - 62 400 - 1500 200 - 350
Molibdenium ng/g 0,09 - 5.5 20 - 50 -
Hickle ng/g 30 100 - 200 70 - 100
Zine nz/g 15 = 650 1500 - 3000 600 - 1100

Activated sludge concentration in aerated ponds varied from 300 to 680 g dry
wtm~3 in System A and from 580 to 812 g dry wt'm~? in System 3.

Aerobic stabilization of excess sludge ran fairly fast., After 16 to 24 days,
the efficiency of organic matter removal approached 80 to 90% the initial
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congcentration, W‘c*qgen and uhpsaaabe co“u,r;*Ln derodically suabiliced retde —7
sludzes was aigher Tl uhau ia natural fer<ilizers or izcustrial siudges. He

Euﬂ o-&
7y metal concensrations ranged lower than in sewaze slzdzes processed Zor ag“i-
gultural uses,

Discus=zion

The reaction, by which orzanic matier pregent in the reitery effluent s deg-
raded, displays a monomolecular nature and runs in a comn;ette mix reator with

no reci*culafioﬂ. The reaction rate comstant / k / can be calculated bty wirtue
of the EZckenfelder egquation.

i . B = %e
= i . =ke
< 030 . xat ¢
é: Q23 '
@‘ ) : where!
°l. 020t . Cy1C, = influent EQDs and
Sk ./ gffluent BODS/without/
Qs+ s 83/, g O
", z, = activated sludse con-
010+ centration,
g dry wt-m=>_
005t + = aeration time

7 4 8 8 10 12 %
Effluent BODg . Cq-g/m?

Fig. 1. BODg removal from rettery waste-
watér according to Eckenfelder’s
model. -

The experimental value of k was 0.025 a1 at 303 K, the temperature coeffi-
clent Q amounting to 1.089. Activated sludge growth ,calculated in terms of
B30Dg remowved/, which is. desc¥Lbed by the maximum cell yield coefficlent / ¥, /,

amounted to 0.82 g dry wtng The calculated autooxidation rate coePfi-
cient equaled 0,077 4~1

Organic mattey removal by aerobic stabilization of excess sludge followed an

exponential pattern. The sludge destruction rate coefficient takes the form

x-l-
ko = 1/t 1n = = 0,09

%o

where X,, xi denotes organic matter concentration in the sludge a2t the begin-
ning of the stabilization process and after time %,

’

Summarizing comments

The resultg of laboratory tests and the calculated coeffleient of the treat-
rent process made it possible to estimate the fechnological parameters for %he

aeroblc pond treatment of rattery wastewaters which was conducted in the
exlsting industrial plant.

The technology proposed anticipates that aerobic ftreatment should be carried
out in three in series connected ponds, whereas the atatilization process
ghould be run in the remaining four ponds, The first of the four stabilization



ponds szould act 33 a settling tacnk, As the predicted conmcentraiion 3£ biode-
gradable 2rzazics are low, the remaining three stabilizing ponds may act aas
facultatives ponds. The total volume adopted for the aerobie ponda iz 2500 m3,
and the optizal retention time approaches 9 days. Sedimentation and stabili-
zation shculd falke 12 days. Celeuwlated oxygen demand and power demand amountas
to 455-500 kg Oz-d-1 and W.w@w™/, respectively. dAesration shouwld invelws a rotor
aerator.

The ticipated average effluent P0Dg and COD is 20 g O, n=? and 275 gz Qs m‘3,

respectively. The removal efficiency predicted f{or the winiter season is half
that for the summer season,

Dally growth of excess gludge is expected to reach 215 kg dry wt.d=1 , This
calls for frequent pumping, to pass the sludge from the settling pond to the
separate stabilizing tank, Good aerobic stabilization of the sludge will de
achieved after 16 to 24 days of retention. The final c¢peration involves sea-
soning in the open.

It i3 worth noting that the tank for sludge stabilization and the flelds for
sludge seascning are the only objects to be build in the existing rettery
treatment plant.
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TREATMENT OF SLAUGHTERHOUSE WASTE WATERS BY STABILIZATION PCNDS

A. C, Duarte, L. M. Arroja, P, F. Diegues, I. Rosado, A. Hall aud

J. B, Oliveira

University of Aveiro, 3800 Aveiro, Portugal

ABSTRACT

A sampling prograrme was deviged to assess in terms of 5-~day biochemical oxygen demand (BODs),
chemical oxygen demand (CND) and suspended solids (5S) removal the performance of one anaersbic,
one facultative and two maturation ponds in series, for treating the waste waters resulting
from a slaughterhouse killing approximatelly 625 porks/week., The results show that, in spite

of poor maintenance which has been causing bank erosion and macrophyte infescation, the system
has coped with large variaticns in flaw and organic load, reducing to a minimum the impact of

the effluent discharge in the receiving creek,
KEYWORDS

Slaughterhouse waste waters; stabilization ponds; anaerobic ponds; facultative ponds;

maturation pounds
INTRODUCTION

A slaughterhouse planning to kill 625 porks/week, equivalent to a gross weight of about
46.10° kg, and operating a complete processing system which includes manufacturing, smoking,

curing and packing started up in March 1985,

Given tha availability of land, the biodegradability of the effluent, its suitable mean
temperature of 259C and the financial shortages for supporting high capital costs, a set of
stabilization ponds consisting of one anaerobic, one facultative and two maturation ponds, in

series, has been proposed Lo treat the plant waste waters.

The lagoons design was based on the predicted water consumption for meat processing activities
of 250 l/pork which allowed to estimate a daily waste water volume of 30 m3. In additien to
that, the predicted washing water flow from the pens (5 mz/d) and the floors (5 m3/day) and

also the waste water from the sanitary facilities (10 m3/d) totalled a design flow of about



3 . , e . P o
50 m”/day. The phvsico=chemical charactaristics of the waste water such as 30Ds, COD, and 58

were assumed 1200, 2000 and 100 mz/1, respactively.

The dimensions of the lagoons which 4rs presented ia Table 1 ware obtained from the mid-depth

area and calculated following hasic design principles.

TABLE 1 Dimensions of the Lagoons

" Anaerobic Facultative Maturation
Pond Pond Pond
Lenght, m 10 73 33
Wideh, m 10 26 11
Water depth, m 3.5 1 1
Tolume, m3 350 2000 360
Surface Area, mz 100 2000 360
Slope Vert, 1:1 1:1
Cleardnce, m 2.5 0.5 0.3

The anaerchic pond was designed for a consarvative 7-day hydrauli¢ retention time (HRT) and

507 BODs5 removal assuming temparaturaes in the range 15~209C. Furthermoere, the volumetric load
. , 3 ‘i

was subjected to a check im order to verify thac would not excead 400g BOD5/m” davoiding the

release of objectionable odours (Mara, 1978).

The dimensions of the facultative lagoon were caleculatad assuming that they behave as

completely mixed reactors with a first order kiumetics for 30D, removal (Marais and Shaw, 1961).
) -1 -

The first order rate comstant was assumed 0,3 4 at 209C and corrected for the temperature of

159C {Mara, 1976). For a 903 BODs removal the calculated HRT was 37.5 days.

A set of two maturation ponds of 7 days HRT each, completes the system for the treatment of

the slaughterhouse waste water.
EXFERIMENTAL RESULTS

The apevation of the ponds started up in March 1985 and their performance was followed during
two periods of time: from March to August 1986 and from January to March 1987. The sampling

points are shown in Figure 1, which vepresents a schematic description of the treatment plant.

The sampling procedure included measuremznts of pH, temparatura, 53, soluble and total COD and
dissolved oxygen (DO) twice a week and BOD, once a week. While the pork killing was usually on

Mondays and Wednesdavs, the meat processing was from Monday to Friday.



Facultative ponds

- 5
Maturation ponds

Purnping
well

Slaughterhouse

Sampling points: 1,2,3,935,6

Fig. 1 Schematic diagram of the treatment plant

The values for the parameters used for physico-chemical characterization of the raw waste

waters from the plant, are presented in Table 2,

TABLE 2 Characterization of the raw waste waters

Mean value Median Std. dev, Number of samples

BODg, mg/l 1308 1235 589 14
CcoD, mg/l 1905 1635 1256 i 34
Sol. COD, mg/l 1147 910 852 34
38, mg/l 395 270 402 33
pH

Morning 7.5 7.6 0.5 20

Afternoom 7.9 7.8 0.7 19
Temperagure, 9C

Moruing 20.0 19.0 4.1 17

Afternoom 22.9 22.7 Z.6 16

The tesults obtained for the sampling points 1, 3, 4 and 6, during the sampling programme are

presentad in Figure 2 to 5. The characteristics of the final effluent are shown in Table 3.

It worth pointing out that during a significant period of time, as shown in Figures 3 to 5,
the treatment plant was out of order due to pump failure. During that period, the raw waste

water was discharged straight into a receiving creek.

3]
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TaBLZ ? Charactarization »f tha treared waste waters

Yean value Median Std. dev. Number of samples

30D, mg/l 101 115 45 14
Sol. BODg, wng/l 62,5 55 29 12
cop, mg/l 269 250 150 40
Sol. COD, mg/l 183,53 140 128 34
$8, mg/l 89.7 50 42.5 36
of

Morning 8.3 8.1 0.9 19

Afternoom 9.3 9.4 1.3 21
Temperature, 2C

Morning 18.6 21.0 6.1 16

Afternoom 28.2 28.9 4.7 18
no, mg/l

Motrning 4.4 3.7 2.9 11

Afternoom 12.7 13.3 4,0 17

The results cbtained allowed to assess the performance of the individual treatment units
through the estimation of the BODy, COD, Soluble COD (SCOD) and 55 removal for each pand
(anaerobic, facultative and both maturatiou ponds) and also of the tresatment system as a whole.

Such results are shown in Table 4.

TABLE 4 Treatment efficiency expressed as percent removal

Anaerobic Facultative Maturation Total
pond pond ponds
80D 66 66 3% 92
cop 52 44 30 85
SCon 57 67 -3 85
SS 62 11 43 81

DISCUSSION AND CONCLUSIONS

The observed performance of the treatment system, in terms of ovganic matter removal, is in
seneral apreement with the assumed desipgn values. Based on the experimental results presented
in Table 2, the volumetvric organic load applied to the anaerobic lagooun can be estimated as
185 g BODS/m3 d whereas the surface organic load applied to the facultative lagoon is 0,225 g .
BOD5/m  d. The above referved volumetric lecad is bellow the maximum suggested by Mara (1378)
for anaerobiz lagooning of domestic waste waters and no obnoxious odours were ever noticad in

the vicinity of the lagoous,

Regarding the facultative lagoon, and although the BOD; removal in the anaerobic lagoon is



Silgher than axpectad, {ts oradicted removal vas naver achieved. Taking advantage of a sligth
difference in colour of the Ligquid at the 2ntranca of the faculrative lagoon, visual

inspection suggestad thac a high degree of short circuiting must be occurring, The actual HRT
is lower rhan the desizn value and therafore a system of 5afles should Se inscalled in order

to minimize the problam,

Although a maintenances program has been suggestad, since the lagoon has been performing
according to what the plant manager expected, no measuras have been taken to avoid macrophyta
zrowing and bank erosion, In the long run this aspects will present problems of expensive
solution but for the time being the lagoons, when in operation, have removed most of the

impact of the plant waste water ac a extremmely low running cost.
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ABSTRACT

Higher Aquatic Plants (HAP) provide more effective tertiary waate water
treatment in blological ponds. They also accelsrate the clean-up proc¢ess with
gimultansous increase of hydraulic loading, There was observed not only high
claan-up efficacy for domestic organics, but also for various universsal
pollutants such as oil, synthetic surface active asubstances and phenoles.Qur
findings have demonstrated that the HAP atabilizstion ponds may be used suc-
¢egsfully for industrial waste water treatment. We have also shown it expe-
dient to apply the method in biological, bilochemical and vitamine production
plents and sugaxr refinexries. HAP of reed, cane and Tush type proved to be mo-
gt effactive in intensification of this process.

KEYWORDS

Tertiary waste water treatment; Higher Aquatic Plantas (HAP); intensification;
efficacy.

To intensify the process of waste water trestment ln stabilization ponds

HAP are widely used. Elodea, Phragmites, Tupha, Seirpus, Stratiotes and allke
planted artificially Into ponds promote ef:ec%iva extracting diliuted organic
gubstances, phenoles, oil, synthetic surphace active substances and also
decrease water mineralization. That's why HAP stabilization ponds appear to

be conaiderabls potential in industrial and city sewage treatment(Seidelet =1,
1967; Volga et al.,1977; Markov et al.,1978; Reed et al.,1982).

We have atudied the ways of intensification of biochemical and vitamine pro-
duction plants sewage treatment and that from sugar refinery in HAP atabili-
zation ponde(Kravets et a2l1.,1986). The efficacy of biochemical and vitamine
production planta waate water treatment in stabilization ponds with FThragmi-
tes 270%) Tupha (14%), Carex (4%), Sparganium (2,5%), Butomus (2%), Scir=
‘pug 1,5%5, Lcorug (1%5. idens (1%) snowe -99% of {mi%ial pellution level.
After waste water had been kept in the ponds for 6 days Blochemlcal Oxygen
Demand (BOD) showed 99,5% reduction, Chemical Oxygen Demand (CQD) - 96,9%,
guspended substances - 39,1%, ammonium nitrgen - 92,8%, phosphates -~ 99,8%,
and general mineralization - 32,7% respectively.

The long~term studies on involving HAP in the proceass of wagte water treatme-
nt at sugar refinery was aimed at its utility in reverse watersupply syastenms.
The technological procese of sugar refinery effluent clean-~up includes pre-



liminary mechanical $reatmens {(focam-suppregsion, clarification in sattling-
tanks) and profound hiclogical cleen-up in HAP bioponds. The HAR bioponds
loading averagzd 120 - 160 m” ofBeffluanta per a hectare daily. The capaciiy
of every biopond w=a3 aizout 150 m”.

For about 3 7eoars w2 ware controling treated water quolity parameteres inclu~
iing physico-chemicel, sydrobiological and sanitary - bactericlogical ones,

As bad besn corrabaratad by the itrials HAP bioponds may be alsg effectliwely
uged in sugar refinery effiuents itreatment. The suggesied method was found to
intengify the procegs of tertiary waste water treatment ant ifs filtration
into =oil.

For the purpose we have choaen the plants of reed type as far as they pro-
mote proper water deminerslization =nd intensify its clean-up process, In
winter (Decembar - February) when vegetation halts, the plants give about
3 -4 new shoots, because the growth of new suckers in winter fime supports
constant sorption of nutrients by roots.The fact vividly demonstrates that
the intensive process ofaself-purification in HAP filtration fields is all-
year-round, for in our areas the major flewing occurs in October ~ January.

AS the process of filiration is 2,5 times acecelerated the bloponds can be
£illed to 1 meter depth. So its loadirng is then 2,5 times that notsd before
with excellent rafinement quality in summer %ime (August - October). Depen-
ding on ssason 1t takes about 6 - 15 days to treat wasie water =t 80-30%
effficacy rate with iis further {iltrating in%e soll., Water that had been
treated 1n HAP bioponds meets all the requirements of ftechnical water.

From our atandpoint, the method of HAP bioponds provides extracting bilogenic
elementa in the course of tertiary waste water treatment befor it enters
natural regervoirs or is filtrated into soil. The method may he recommended
for wide use as the cheapest and most economlec technique to avoid eutrophi-
cation of nstural reservoirs. .
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ABSTRACT

A seriss of oxidation ponds and subsequent sand filtration experiments was performed to
improve the water gquality of secondary effluent containing organics and nutrients. The
results show that the main resaction mechanism in the oxidation pond is the fixation of
inorganic nutrient by algae. T-N and T-P concentrations in pond effluent decrease to 80 7%
and 77 2 of influent respectively owing to the sedimentation of the particulate fraction.
The sand filtration experiment of the pond effluent was conducted At a filtration rate
higher than 5 m/day, physical filtration mainly takes place, and the clogging of sand filter
oceurs within 1-3 days. However, at a rate lower than 1 m/day, the process of decomposi-
tion of deposit is also observed, and the run length becomes longer ( > 20 days ). The
removal efficisncy of S5 13 very high, ranging from 97 to 100 7. The total removal effi- "~
ciency by an oxidation pond with sand filtration treatment is 24 to 37 % in T-N and 32 to 75
% in T-P. The most raticnal filtration rate for good performance seems to be 0.5 =n/day
because of lts long run length., ~The effect of fish (Rhinogobius brunneus) on this treatment
becomes obvicus, prolonging the run length by 20 % or more due to feseding on the deposit.

KEYWORDS

Oxidation pond, sand filtration, nutrients removal, tertiary treatment, fish.

INTRODUCTION

In the oxidation ponds used as tertiary treatament for water quality improvement and the
ramoval of residual organics end nutrients, the carry-over problem of algae often occurs and
reduces the removal efficlency of ths nutrients (Somiya et al., 1984). The objective of
this paper is to clarify the removal performance of nutrients and organics contained in
secondary effluent by the axidatiaon pond and the subsequent sand filtration treatment, and %o
astablish effective operaticn conditicns for sand filtration treatment. Of the many methods
introduced to remove algae from pond water (Middlebrooks et al., 1974, etc), the sand filtra-
tion ©process is chosen as a brush-up technigue in this study. The sand filtration hed is
installed separately from the oxidation pond to acquire the performance of each treatwment.
Hawever, if we could prepare the filter on the pond bottom, additional arsa would not be
required, which would be more advantageous in maintenance and management.

EXPERIMENTAL PROCEDURES AND METHODS

A seriss of sxperiments was performad at the Biwako Water Pollution fesearch Laboratory
located on the shore of Lake Biwa. The scaematic layout of a test oxidation pond and
filtration 2quipment is shown in Fig. t. The length, width and depth of the pond are 14 m,

rJ
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Fig. 1. Layout of the test oxidation pond and sand f{iltration equipment

The sand filtration equipment consisted of two chambers. Lach chamber had a water zone and
a sand zone. The dimensions of the chambers were 50 em in length, Z0 cm in width, 20 cm in
depth for the water zone and 20 cm in depth for the sand zone. Pond effluent was introduced
at the inlet of the equipument and passed through the narrow pipes into water zone to reduce
the disturbance. The effective size of the sand prepared for the filter bhed was 0.65 mm,.
The uniformity coefficient and density of the sand were 1.46 and 2.72 g/ecn”, respactively.
The normally filled-up porosity was 0.42. Eight filtration sxperiments (Run ' - Run! )}
were conductad at several filtration rates ranging froam 0.5 m/day to 10 m/day. Table 1
shows the conditions of each experiment. Fish (Rhinogebius brunneus) were brought into the
water zome in 2 of 8 runa. The filtration rate was controlled by the height of the outlet,
Every experiment except Run 8 was terminated when the prescribed flow rate could not be
maintained by this control owing to the clegging.

Table 1 Conditions of the experiment and the period of each run

filtration run total -
Run No. | rate period length loadiqﬁ remarks
{ m/day ) { days ) ( a?/m<)
Run 1 10 Jul. 9, 3 A M, - Jul.10, 8 A M, 1.0 10.
Run 2 5 Aug. 3, 6 P.M. - Aug. 6, 0 AM. 2.3 11,
Run 2 3 Aug.28, 6 P.M. = Sep. 6,10 A M. 3.7 26.
Run 4 1 Sep. 28 - OQct. 22 2. 26, -
Run 5 1 Sep. 28 - Oct. 27 9. 29. fish
Run 6 0.5 Sep. 16 - Nov. 18 63. 3.5
Run 7 0.5 Jun. 11 - Nov. 10Q 152, 76. fish
Run 8 2.5 Jun. 11 - ( Aug. 4 ) { 55). (27.5) stopped by accident

Each water sample was taken at the inlet and sutlet of the oxidation pond and at the outlst
of the filtration equipment. The water quality, in terms of water temperaturs, pH, SS and

chlorophyll-a, was measured daily, while that concerning nitrogen and phesphorus was measured
weekly. ’

PERFORMANCE QF THE TEST OXIDATION POMD

The results of the oxidation pond 2xpesriment ares summarized in Table 2. These values show
Lthe averages over the whole 2xperiment pariod (170 days). Temperature varied from 9.7°C
(Nov. 13} to 30.8°C (Jul. 20) with an average of 22.3°C. The pH value increassd intensively
from 6.8 of influent fto 2.6 of affluent. DO concentration also increased intensively from
3.3 g/l to 16.55 mg/1. The ircrease of these indices shows the high algal activity in
pond. The variation in the S8 concentration in the influent and effluent -is ahown in Fig.
2. The =ffluent concentration of 35 increased intensively. Its average was 4 times higher
than that of the influent. The main component of the influent 55 was supposed to be the
debris of activated sludge. The variations of chlorophyll-a and 838 in effluent show 2
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gimilar gattarn. The ratis of loraenyll-a against 33 was 2.0171. This ratio is similar
%3 shas »f pnytoplankion {s.2. Scenedesaus obliquus C.532°, T:uda,1944), so that the amain
agapanent of 35 in effluent is considared o %e pay<oelankston.

Taple 2 Results of the oxidation pond sxzeriment

Temp. © H 03 Chla 33 5,200 3-C0D I-M 20r.i In-N TP 3= ?0‘1:?
°C - mg/l wmg/l og/l 3/l =g/l 28/l 28/l pg/l a2g/l wg/l =g/l

Influent 24.3 6.8 3.43 0.0 FAYA Le41 10,09 12,05 3.33 11.25 1.004 0,795 0.672
Tffluent 22.3 9.6 15,55 0.201 17.9 21.66 11.35 .53 1.317 7.6C Q.773 0.459 0.370
Run 8 N L Run 6 =l
- - [ 1
40 Run 7 N
5 HRun 1 HRun 2 st Run 3 iun zf
g s0 F k a Influent L2

s S

j OEffluen.
20 qﬁfdafv/ixgk

Jun, Jul. Aug. Sep. Oct. Nov.

Fig. 2 Variation of 33 concentration in the pond experiment
and run periods of the sand filtration 2xperiment

The observation of phytoplankton in pond water was performed with a microscope severzl tinmes
per month. Predominant species of algae were Golenkinia sp. and/or Scenedesmus quadricauda
as shown in Table 3, The percentages of the main solubls components on nutrients (N, P) and
CQDer, such as ¥0,"-N / T-N, ?OAB'—? / T-P and soluble CODer (S-CODer) / T-CQDer were 30.9 %,
66,3 % and £9.6 %, “respectively. Using the pond treatment, inorganic nutrients such as 1 3
-¥ and PO,”7-P were reduced, and suspended materials such as P.0rg-N, P-P and P-CODer wete
increased. In pond treatment with 3.3 days of detention time, some of the nutrients were
solidified by algae and renoved from the pond water by sedimentation, so that T-N and T-P
concentrations in pond effluent became approximately 80 Z and 77 % of influent, respectively.

Table 3 Main algal species in the oxidation pond

Jun. Jul. Aug. Seps Oct. Nov,
15 20 28 24 26 g 13 29 3 5 16 26 7
Golenkinia sp. L N S = . T A S
Scenedesmus quadricauda L L R L T = S N S N R N T T S SR S Y ¥+
Oocystis sp, e b4t + e w4
Nitzschia sp. + + + +
Pediastrum biwae +
t++ major ++ miner + trace

PERFORMALNCE OF THE SAND FILTRATION

The results of eight zand filtration runs are summarized in Fig, 3.  This figure shows the
change in average water quality concentrations. The 2ffluent sample from the sand filter
layer contained 1ittls S35 material, so that total ccncentration of the =2ffluent sample was
almost the same as the soluble concentration. .

2.18
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Fig. 3 Results of sand filtration experiments (filtration rate, m=/day)
DO, zH The values of both indices increased in the pond, while they decreased in sand

filtration. This change is mainly caused by the reactions of algal respiration and bacte-
rial decomposition, The lower DO concentrmstion was measured at a slower filtration rate,
The variation profiles of those indices are shown in Fig. 4. At a slower filtration rate,
the value of pH and the concentration of effluent DO decreased to some extent after the start
of the experiment and then became relatively constant.

O Influent

o Effluent
(Run 4)

o00o¥ © Lffluent
) (Runt 5)

DO (mufd)

T1ime (days)
Fig. 4 Variation of pH ard DO in sand filtration experiments

S5 The 83 concentration of the efflusnt was very low in every run, demonstrating the high
performance of sand filtration for the removal of algae, When the filtration rate wasz

higher than 3 m/day, suspendsd material slightly passed through the sand laysr, but the
average 83 concentration was less than 1.0 mg/l, and the 33 remeval efficiency was higher
than 97 %. The removal =fficiency of %the sand filter was very high, compared with 30.70 %

38 remeoval efficiency in intermediate filtration of single-cell oxidation pond affluent
(Morgan er al., 1981).

CODer, N, P Particulate C0Dcr was almost completely removad by filiration treatment,

.20
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whils 4 glight reduction of soluble CODer was observed at a rate Lrwer than ' 3/2ay.  The
average CODer concentration was less than 17 3/L In every 2ase. Yitrzgen w13 reduced by ! -
2 =g/l in the filtration process due mainly 0 the removal of pariilulzte nitrogen (F.0r=ii,
it a low rate, -he acnesntration of W ;7-¥ decreased, and sha® 2 UD-7-U lncressed siligntiv,
it a rate nigher <han $ 1/day, the average csoacentration 20 total shosoreus in effluent was
iower Shan that of soludi2 phosphorus in influent, while 1% was digher a% 2 Tats lower than |
n/dazr. tL zesms ~ha- naere ars %wo Dracesses foar 4he inerease and decrsase of 70,47
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cancentration in tha [iltar, Jne i3 adsorption on sand at the higher [low rate, whila the
ather 15 the rels2ass =23 %he lecomposed deposit at the lower rate.
Hoad loss The variatisn in head loss is shown in Fiz. 5. At a high rate treatament (10

m/day), nead lcss increasad gradually and developed %o 10 cm thickness of sand layer. The
loss at a low rate 0.5 a/day) was very small in the beginning, and then it began to increase
prograssively. Tha head loss occurred mainly at the top thin layer below the surface. The
head loss in the atjer cases (F.V. 1 - 5 a/day) showed the intermediate pattern of both
examples.

T _ | @Run 1 denth (b)Run 6
2 30 | (10w/day) ' (0.5m/day)
:;“.
2 20 1
310 -
0 ; .
0 8 1a 24 Q 20 49 60
: Time (irs) Time{days)
Fig., 5 Variation in head loss
Run length When the head loss reachsd a certain level and the filtration rate becanme

lower than that prescribed previously, each run was stopped. The run length was only 24
hours at the rate of 10 m/day, while at the rate of C.5 n/day, it was more than 60 days,
The run length of the experiment with fish was 20 % or more longer than.that without fish.
Prom these results, it is shown that fish cultivation in the pond prolongs the run length of
filtration.

DISCUSSION

Splidification by algae The data freom the oxidation pond axperiment clearly shows that
the main reaction mechanism in the pond is the fixation of inerganic nutrients into organic
suspended material as algal bodies. As long as algal activity exists in the oxidation pond,
DO concentration inereases intensively, and T-CODer concentration increases in effluent.
However, the biodegradable fraction of CODecr in the influent decreases easily in the pond.
Some nutrients solidified by algae ars able to be removed from the pond water by sedimenta-
tion, so that the T-U and T-P concentrations of pond effluent decrease. The efficiency of
removal by sedimentation is not so high. To achieve 3 much higher removal efficiency of
nutrients and organics, & higher removal of suspended materisl is necessary.

feactions in the sand laver As shown in the previous section, various reactions, such as
the physical straining of suspended material, chemicel and biological reactions, take place
in sand layer. At a high filtration rate, the run length is very short so that time is not
sufficient for microbes to decompose the Lrapped organics. Consequently, 2 3light reduction
in DO and pH, and a slight increase in 3-CQDer are observed. This might also be relatad to
the respiration or axcretion of phytoplankton, When the fil¥ration rate 1s slower, the
biological reaction in the sand layer b2comes more active. Tha DQ concentration in the
effluent decreases intensively to about 3 mg/l, and pH alsc decreases intensively. Nitrate
decreases and nitrite increases. This shows thers are some concurrent reactions of denitri-
fication and nitrifizztion in the layer. The increase in crtho-phosphate might be caused by
the dissociation of coagulated ortho-phosthate owing to the decline of pH in effluent. 5=
CODer decreases slightly at a rate slower than 1 a/day. This shows that there is the
formation of a2 biofilm in ithe sand layer 'and the bacterial decomposition of soluble organic
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Table L. The 2ff2qv of [iltration ratz on wavtar 1allsy 2nange
{experinents withouy ik,
filtration Tate {m/day)
Q 5 3 1 0.5
Run langth 1.0 2.3 3.7 24 63(,>55)
{days)
Total loading 10 1 26 2 31.5(,>27.5)
(2~ /m*)
Distribution on sand surface laysr on sand surface layer and in aainly on sand
pattern of and in the layer the layer 0-3 cam in depth surface layer
deposit Q=10 cm in depth
Decompasition 8.1 8.0 18, 21.3 bidva'?
of deposit (I}
Head loss increase vrogressively vary low in first half period .
S e e JPRL SO D R :
. then increase catastrophicslly’
DO (still supersatursted) decrease ( 3mg/l)
Shipt FUbeIsaturaled) | . L B S
joist {a little) decrease (fair)
e e a o =2 3
'§-C0Dcr 2 little increase .2 little decresse 3
$8(,P~C00er . almost complete removal( >37%) N
PON,P-P) Al “7
Nitrogen g‘}§§pip_genitrificatione
Phosphorus adsorption of phosphate release of phoschate
N —_— =TT T e 7

matter. The results of the experimenta without fish are summarized in Table 4.

Denosit Particle material is trapped 2s deposit by the filtration process in the sand
laysr. At the end of axperiment, all deposit was collected and the profile of the 33
distribution was measurad. The results are shown in Table 5. At 10 m/day, the deposit is
distributed as far as 10 cm depth, while at 0.5 m/day, most of the deposit remains within 3
am of the sand surface layer. The fraction remaining on the surface area increases f{rom 21
Z in Run 1 to 98 % in Run 7 with the decrease in the Filtration rate. From the mass balance
analysis (Table 5), the ratio of decomposed material against trapped material iz shown %o
increase from 8 % of Run 1 to 45 % of Run 6. However, some of the decompased mass in Run §
and 7 i3 contributed by fish feeding. These results show thnat the decomposition reactian in
sand layer is especially important at a2 slow filtration rate and prolongs the run length.

Table 5 Distribution of deposit and SS loading ( g/m? )

Run (F.V. m/day) | Run 1(10) Run 2(5) Run 3(3) Run 4(1) Run 5(1) Run 6(.53) Run 7(.5)
On sand surface Ldy 103 274 327 339 327 781
At 0- 3 cm depth 63 141 - 152 20 37 21 é
At 3-10 cm depth 89 35 ER! 5 21 3 3
At 10-20 cm depth A 9 5 2 IA 3 3
Sum ( A ) 205 288 462 354 401 354, 793
88 loading (3) 223 313 549 515 615 640 1684
100%A/B (%) 21.9 92.0 84.2 £8.7 65.2 55.3 7
Remarks fish fish

Selection of 2 raticnal filtration rate As shown in Table 4, the effluent quality is naot

significantly different for each filtration rate. The run length of filtration at-3.5 n/day
is considerably longsr than that of the other cases, and the total hydraulic loading of =ach
run is much higher at 0.5 a/day than that of the others. Thus, 1% is concludsd that the
filtration rate of 0.5 m/day is considered to be the most rational value for the sand filira-
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bizn operaiiirn. The :xilation pond used for this treatzent has =2 depth of .23 2 dapth and
a defention tius 28 12 days, 30 that the surface loading rate Za ageut $.09 (= 2.83/2.3)
B/ 2aY I we choesz a filuration rave of 0.5 m/day, she hotiom asea needad v sand filtra-
tisn 18 es7imaved o o2 lass than half of the %otal Yottoa arex of *ae cxidatizan pond.
Thus, i% is sesily rezcgnized that the filtration rata of Q.3 m/day iz a realizabls value.

Fish Tish (Rhinogobius brunneus, lsngth:2-3cm) wsare brought into the upper storage

chanber to reduce the deposit and =o prolong the run Length. The results show that this
purpose was achleved in the experiment. The run length of the experiment with the addition
of fish is prolionged by 20 % or more than that without fish(table é). The percantags of
deposit Lo influent 35 loading is leower at Run 5 than at RAun ., and glso lower at Run 7 than
at Aun 6. These results show that fish sat the deposit or help bacteria to decompose it.
The total depesit remaining at the end of the experiment with {ish is =mors abundant than that
without fish. The difference in the romaining deposit mass might be related to the actions
of fish, such as the aixing and disturbance of sand surface layer. Consequently, the run
length i3 extended. Thus, it is believed that the effact of organic and nutrient control
that fish have Is good.

CONCLUSION

A series of oxidation ponds and subsequent sand filtration experiments wasg performed to
clarify the removal performance of nutrients and organics contained in secondary effluent by
the oxidation pond and the subsequent sand filtration trezatment, and to astablish the effec-
tive operation condition of sand filtration treatment. The results are summarized as
follows;:

1. Some nutrients solidified by algae are removed from the pond water by sedimentaticn, so
that T-§ and T-P concentrations of pond affluent treated under 3.3 days' detention time
decrease to 30 7 and 77 % of influent, respectively.

2. At the sand filtration with a filtration rate higher than 5 m/day, physical filtration
mainly takes place and the clogging of the bed occurs within 1-3 days, while at that of a
rate lower than 1 m/day, the decomposition procesa of the deposit is also observed, and the
run length becomes longsr ( > 20 days ). The removal efficiency of 38 is very high, ranging
from 97 to 100 %. The total removal efficiency by an oxidation pond and a sand filtration
treatnent is 24 to 37 % in T-N and 32 to 75 % in T-P.

3. The filtration raté of 0.5 m/day is considersd to be a rational value for sand filtration
operation. At this rate, the run length is considerably longer and tctal hydraulic loading
is much higher than at the others, though the effluent quality is not significantly diffe-
rent for each filtration veloeity.

4.~ The percentage of deposit to influent 35 loading is lower in the experiments with fish.
than in those without fish. Moreover, the total deposit remaining at the end of experiment
using fish is more abundant than that withecut fish. Consequently, the run length of the
‘experiment with fish is longer by 20 7 or more than that without fish. It can be surmiszed
that fish have a geod effect on the sand filtration of pond =ffluent.
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NITROGEN TRANSFORMATIONS AND REMOVAL IN WASTE STABILIZATION PONDS
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ABSTRACT

Nitrogen Transformations that can occur in WSP depend on pond and waste charactaristics and ana-
ture and arz influenced by climatic factors, like temperature and precipitation. Experiments
dascribed had been performed in a treatment system, with an anaerobic, one facultative and one
maturation pond, in a serial aset treating domestic sewage. In this paper we intend to clear up
wich N transformations processes happen in each one and seasonal variatious in ¥ - removal or
bioconversion during the year. . .
Results proved that in anaerobic pond there was an important N - organic removal, mainly by mi-
neralisation and 0ot only by sedimentation,

Some of the processes of N - transformation observed in the ponds ware more strongly influenced
by weather conditions than others. In some cases, the fincrease of biological activity, that was
induced by the increase of aly temperature, was masked by the reduced precipitations observed,
what made less diluted the treated effluents. These climatic factors can explain some of the va
riations observed along the year, in what concerns nitrogen compounds concentrations,

KEYWORDS

Waste Stabilization Ponds; Domestic Sewage; Nitrogen Transformations; Nitrogen Removal; Season
Variation of Nitrogen Transformations and removal.

INTRODUCTION

The utilization of waste stabilization ponds for the treatment of industrial and domestic
effluents in Portugal is a low cost technology of great interest. In fact they provide a simple
and effective method of waste treatment at low energetic costs and with minimal operations and
maintenance requirzments,

Climatic conditions, spacially sun radiation and thermal amplituda, seem to be favourable for
the development of biological species involved in this type of waste treatment,

According to Oliveira and Sousa (1986) thers was 53 pond systems working in Portugal at that
moment, 23 on domestic sewage and 30 on industrial effluents, Other 40 systems were undsr cons-
truction.

Waste stabilization ponds system at Frielas.has been the first one built with the purpose of
making research on ponds periormance at Portugal, The experimental results obtained in soma
of thesas ponds, treating domestic sawage, were choosen to investigate Nitrogen transformations
and removal,



NITROGEN I2A0SFCAMAIIONS IN WASTE STABILIZATION PONDS

In wasta stabilization aomds thare are, as if is generally known, a numbar of processes that
oromece Nitrogen tran3isarmision. Tha zain orocesses are:

- Biological nvdrolwvsis of Crzantz Nitrngen, with tha relsase of Ammonia Nitrogen

~ Assimilation of Witrrgan ov 2acteria and algae, to built up cellular material

- Nitrification of Ammonia, zo Nitrice and Nitrate

~ Denitrification of Nitrate, to Nitrogen gas.

Some points must be put in avidence in this introduction. Nitrification is an a2erobic process,
30 1t do not gecur in anaercbic ponds. Denitrification requires anoxic conditions,se it can cccur
eonly in anaerobic ponds or in che bottom of facultative pounds. Ammonia volatization is another
possible removal process (in some specific physico-chemical conditions), but where N = trans-
formation do not eccur.

A mass balance between the concentration of each species of Nitrogen compounds in the influent
and in the effluent of a pord permit to determine their percent removal or increase, Some weather
factors, such as temparature and rainfall, can affect remeval or increase of N - parameters
afficiency.

The present work intends to show the variatioms that can occur in Nitrogen transformations,
aceording to the season of the year, in each different type of pond.

THE PONDS
The three ponds choosen, Al (anaercbic), Fl (facultative) and Ml (maturation) form a serial sat,
which wmeans that the effluent of Al is the influent of Fl, and the effluent of Fl is the in-

fluent of Ml., The influent of Al is raw sewage ,

Table 1 shows some of the ponds functioming characteristics such as mean detention time (t),
flow rate (Q), pond volume (V), pond depth (D) and surface arsa (A).

TABRLE | - Pouds Functioning Characteristics

Pond Al Pond Tl Pond M1

£ (day ) 1.7 17.3 9.7
Q (a>/day)  233.3 95.0 46.7
v (md) 396.6 1643.5 453
D (m) 3 1.1 1.1
a (@%) 236 931 32

MATERIALS AND METHODS

The sampling programme have been carried on since September 1984 until October 1985, Sampling
points were: | - Arvival of Raw sewage Lbo the system; 2 - Effluent from Al; 3 - Effluent from
Fl; 4 - Effluent from Ml.

Samples wers colleted one to four times a month, with sample collectors, for a period of twenty-
~four hours. After that, all simple samples, of each sampling point, were mixed, in order to
obtain composite samples.

Composite samples undergona laboratory analysis to ditarmina Total Kjeldhal Nitrogen (THM),
Soluble Nitrogen (SKN), Ammonia Nitrogen{ N-NH3+N-Ng4 '), Nitrita (N—NO2 ) and Nitrate (N—NO3-).
Kjzldhal Nitrogen was determined by the kjeldhal tachnique after filterad (SKMN) and unfiltarad
(TKN) samples minaralization with Selanium (IS0 -~ DIS 5663)

Nitrite was avalysad by the diazotization meathod (IS0 -~ DIS 4777)

Ammonia Nitrogen and Nitvate wera determined by specific electrodes (ORION Research, Cambridge,
Massachusates).

(3]
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Total Organic Nitrogen .TON) and soiudla Jrganic Jitrozen (3SON), were calculated Sy dirvect sub-
traction becwsen Total Kjeldhal Nicrogazn and Ioluble Xjeldhal Vitrogen and Ammonia. Suspended
Organic Nitrogen {(Susp. O.N.) is equal to Tocal Jrganic Nitrogen, minus Soluble Orgamiz Nitrogem.

RESULTS AND DISCUSSION

Annual mean percantual variation of nitrogenouys species along the pond system 1s prasented in
table 2.

TABLE 2 -~ Annuyal Maan Percant Variatcion of
Nitrogencus Soecies Along the Pond 3Jvstem
(Mean Concentration of Raw Waste = 1007)

A Pond Al Pond F1l Pond Ml
TNK -10.5 -40.3 -33.3
SNK ~3.6 ~43.4 -57.3
N=NH 4 +10.7 -35.7 ~52.4
TON -28.8 ~bb, b ~54.2
SON -34,7 -53.3 -62,6
Susp.0.N. ~24,1 -37.0 -43.2
N-NOZ_ -29.6 +11.1 +285.2
N~NO3 - 0.4 +20.3 +50.2

Figure | represents schematically data from Table 2.

.Ei} Ml
o
Al
1007 RW W RW RW RW RY RW RWAL
Al
A
1 Al
El 1 E . Fl Mi
1 M} el bl E
) Ml
T.N.K. | S.¥.K. | N-NHat T.0.N. $.0.N. | Susp.0.N. | N-NOp= | N-NO3~

Fig. 1 - Annual percent variation of nitrogenous species
along ponds system
(Mean concentration in raw waste = 100%)

As 1t can be ssen the higher mean percentual removal of Organic Nitrogen occurad in the anaero~
bic pond (Al) because of anaerobic mineralization.and sedimentation. Mineralization happening
was proved by the incrzase of Ammonia Nitrogen content in this pond.

Ammonia removal was larger in facultative pond Fl, because it has been assimilated by bacteria
and algae, as Nitrogen source, and nitrifiad by nitrificant bacteria to Nitrite and Nitrate,

Nitrification had bean also important in maturation pond Ml.

Denitrification processes could not be proved by these resulcs.



Table 3 presents the mean percentual variarion of Nitrogen compounds in each season of the year.

TABLE 3 - ¥e2an Pereentual Variaclon of Nitrogan Compounds

aAlong the Poud Systam, at sach season of the Year
(Raw Wasre = .(007)

Qet. Nov, Dec. Janm, Feb, Mar., Ap. May, June July Aug. Sapt.

Al F1 M1 Al Tl Ml Al 71 Ml Al 7l ML
TKN 12,7 =33.6 =48.3 ~-11.2 =33.8 ~41.0 -12.8 =30.3 -61.6 =-12.0 -54.4 =-68.0
SKN <7.3 ~40.2 -31.6 -3.8 ~43.83 ~49.0 -10.3 =46.9 -6L.7 -B.6 -52.4 =—66,3
N~NH&T +8,0 ~29.1 -46.0 +5.68 =30.2 =4l.l +9.6 =41.6 =39.0 +15.2 =46.3 =543.3
TON =30.9 =37.7 =50.4 =23.3 =35.8 =40.9 ~29.9 =57.9 -63.8 =38.1 =62.3 =70.7
SON -31.7 -49.0 -60.6 =25.8 ~46.6 =33.9 ~37.8 -54.2 -65.4 -46.2 -61.9 -67.7
Susp, 0.N.  -30,9 -23.5 -37.6 =-33.2 =46.1 -34.2 ~21.8 =64.9 -60.9 -26.0 =-62,7 =75.1
N=NO2_ -51.8 =30.0 +129.6 =47.0 +117.6 -+611.8 ~28.6 +85.7<342.9 +33.3 +75.0 +250.0
N=-NO3 +2.3 -108.8 +20.8 +3.2 +19.6 +51.9 =92.3 +10.6 +52.2 +1.5 +59.8 +108.6

Figures 2 to 7 repraesent the percentual variation of T.K.¥., S.K.N., N—NHA-,_T.O.N., 5.0.N,
and Susp. 0.N; in Autumm (se2ason 1), Winter (saasen 2), Spring (season 3) and Summer (season &).

100%
Al al Al

M1
Fl

M1
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1 2 3 4

Fig. 2 - Variation of TKN along the pond system at
the four differents seasons of the year
(Raw Waste = L007) '
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. Fl -
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Fig., 3 ~ Variation of SKN along the pond system at
the four diffarents seasons of the yaar
(Raw Waste = 100%)
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Fig. 4 - Variation of N-NH4' along the pond system at the
four differents seasons of the year (Raw Waste =1007)
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Fig. 5 = Variation of T.0.N. along the pond system at the
four differants seasons of the year (Raw Wasta= 1007)
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Fig. & - Variation of 5.0.N. along the pond system at the
four differentssaasons of the year (Raw Waste = 1007)
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Fig, 7 =~ Variation of Susp. O.N. along the pond system at thea
four differents seasons of the year (Raw Waste = 100%)°
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Fig. 8 - Nitrite Variation along the pond system at the
four differents seasons of the year (RawWaste = 1007)
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Fig. 9 - Varlation of Nitrate along the pond system at the
four differants seasons of the year (Raw Waste= 100Z)



As it can be seen che variation  of all Nitrogen compounds was not identical im all the
seasons Jenerallv, ramoval and bioconversion had been Zreatser in summer and smaller in winter.
The raasen Zor chis i3 tamperacture Jependenca of biloleogical procasses.

Pond affluants dilutien 3y rainfall dyring Autymm and Winetar, ipcrease apparant removal obser-
ved wich is higher chan bSioleogical activity would explain, maskingthe affect of the low tem~
peraturas ragistarad in the same periods. The influence of vaiafall had been demonstrated by
cortelating it with nitrogenous compounds concentration in the pond affluents. The function
that more often translated thase correlations was the hyperbolic ome with correlation coeffifci-
anes (v) of 0,62 ro 0,99, and Snedecor Variablas (F) of 8 to 13. To exemplifie, it can be said
that Soluble Orgzanic N¥itrogan concantratiom in pond affluents can be correlated with rainfall
(monthly average 1/m2) by the following equations:

[S.O.N.]Al 0,099 Rain ~ 0,021 (r = 0,93;F = 12)

(S.0.N.]p, = 0,121 Rafn = 0,011 (r = 0,92;F = 11)

[S.O.N.]Ml = 0,161 Rafnp - 0,013 (r = Q,88;F = 9)

.Soluble Organic Nitrogen mineralization had been the most temperature influenced process in
pond 4l; the mean concentration of N=-NH4' during summer season is the parameter whose increase
is higher. The cotrelation betwesn air temperature (2C) and N-NH4T concentratien im Al aflluent
could be expressad by a straight line (corralation coefficent r = 0,92; Snedecor variable F=71)
whose equation is:

[N-NH4T]a) = 1,891 Temp. + 6,747

Remaval of N=-NH4* in pound Fl had been greater during spring and summer probably on account of
the increasazd phytoplancton assimilacion and bacterial oitrification.

Pond M1 registersd a high population of Daphnia Spp. at the end of spring and during summer.
These organisms, eat a great part of maturation pond algae; this process have influenced the
results of N-NH4' and Suspended Organic Nitrogen concentration in this pond effluent.

Nitrification process assumed a very interescing behavior. In fact there was an accumulation
of Nitrite in pond Ml during Winter and Spring. This Nitrite is oxidized to Nitratz in Summer
and Autumm. It is hard to understand the increase of Nitrite in pond Al during the Summer. May
be it was a consequence of some Ammonia oxidation in the pond surface layers. .
Nitrate concentratien in Fl and Ml effluents increased significantly in Summer.In fact Nitrate
coucentration in Fl and Ml effluents could be correlated with air temperatures (monthly average
2¢) by a modified inverse function expressed by the following aquations:

[N-N03“}El = = 0,023 Temp, + 0,764 (r = 0,86;F = 24)
[N-NO3=}y; = ~ 0,019 Temp. + 0,614 (r = 0,82;F = 15)

The comparison between fig. 8 and 9 enable us to conmclude that Nitratation (Nietrite oxidatien
to Nigrate) is more dependent on temperature then Nitritation {(Ammonia oxldatilon to Nitrite).

CONCLUSIONS

Waste stabilization ponds provides a good removal of Nitrogen Compounds, especially Organic Ni-
trogen and Ammonia. The introductilon of an Anaerobic pond at the System head 1s intaresting
when the raw wasta contains great amounts of Organic Nitrogen. Removal of Ammonia Nitrogen in
Facultative and Maturation ponds depauds con many facters such as temperature and phytoplancton
concentration. Everythiug that could affact algae populaticn density, affects also the Ammonia
removal, for the specific populations of these ponds.

The existence of a maturation pond at the end of the system is dasirable when a significant ni-
trification is wantad.

It may be concluded that pond performance, in what respects Nitrogen transformations and re-

moval, is different in each season of the vear, but the influence of temperatura is not {den-
tical for all the processes that may be identifiad in these antrofic ecosysthems.
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MICRORGANISMS REMOVAL IN WASTE STABILIZATION
PONDS IN PORTUGAL
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ABSTRACT

In this study we evaluated the removal of the traditional biological indicaters of faecal pollu
tion and two new indicators: Pseudomonas aeruginosa and Clostridium perfringens, in waste stabi
lization ponds installed at the waste treatment plant of Loures, at Frialas, near Lisbon.

The efficiency of removal was 10/100 ml in the anaerebic pond Al for indicator organisms, excmt
one »f them, and less in A2. In facultative ponds the removal were 10/100 ml., In maturation pord
M2 the efficiency of removal was higher for the tradicional indicators than for the new indica-
tors; in pond ML the removal was lesser than in M2,

KEYWORDS
Anaerobic, facultative, maturation pond; Pseudomonas aeruginosa; Clostridium perfringsns; hetem
trophic bacteria; classical system; yield; K 20.

INTRODUCTION

The main purposa of the bacteriological examination of water and wastewater is to detect human
or animal faecal pollution. The presence of faecal pellution constitutes & danger to health fram
iatestinal infections caused by excreted pathogens., Traditionally faecal coliforms and faecal
Streptococei have been used as indicators organisms to detect human and animal faecal pollution.

The minimum requirement for a biological indicator is that it must be a biotype that is preva
lent in sewage and excrsted by both humans and animals. Futhermore, it should be present in hi-
gher numbers than the pathogenic bacteria; be incapable of proliferation in the extra-intestinal
environment; be more resistant to c¢hemical agents used for water and wastewater treatment; ic
should be cultivated and cnumerated by simple and rapid laboratory procedures (Buttiaux and Mos
sel, 1961; Bonde, 1963, 1966;0liveira 1985). Howaver, it is unlikely that any one particular OE
ganism chosen as an indicator fulfill all these requirements. For this reason athers bacteria
and yeasts nave been investigated as new indicators., We chose Clostridium perfringens and Pseu-
domonas aeruginosa.

The purpose of our study was to evaluate the removal of faecal coliforms, fascal Streptococei,
total hererotrophic bacteria, (lostridium serfringens and Pseudomonas aeruginosa im waste stabi
lization ponds installed at the waste Creatment planc of Loures, at Frielas, near Lisbon (Oli~
velra and Sousa 1986).

MATERIAL AND METHODS

Colection of samples and hacterial enumeration. Raw sewage, Lnfluent and effluyent of the ponds
Al and AZ, Fl and F2 and Ml and 42, were collected in sterile glass botles and transported to
the laboratory in iced boxes.

Fazcal coliforms, faecal Streptococcel and Clostridium perfringens were enumerated on membrane
filters (Milipore; type HAWG 04730Q).

For enumeration 8f faecal coliforms pads saturated with 0,1% Lauryl sulphate broth were used.
Incubation at 43°C for 24h.
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The nechod usad fo count total heteroctTophic bactaria was pour plaza ln Peptoze - veast extract
agar at 2077 for 72 h.

For the enumeration of Pseuddmonas aeruginosa the appropriate porticns of the decimal dilution
were spread om the surface of plates of Pseudomonas agar (Cxoid) suppiemented with 8etrimide
and nalidixic acid, with sterile L - shapped zlass rod. Incubarion took place at 25°C for 48 h,

Sterile quarter-stregeh Ringer's solution was used to prepare lO - fold serial dilutions of se
wage and also used for the filtration and finmal rinsing of the filter funnel.

RESULTS AND DISCUSSION
Table 1 presencs the =fficiency of removal and che geometric mean of the influent and the effly
ent of six ponds: Al and A2; Fl and F2; Ml and M2.

TABLE 1 - Remaval of Five Bactariologica Parameters in Ponds
Al and A2; Fl and F2; M1 and M2

PARAMETERS Geometric Mean n () Geometric Maan . )
Influent Effluentg Influent Effluent
- Al A2
Faecal Coliforms (1) 2.1x10’  6.0xl0°  77.1 2.1x10 1.4x10’ §6.7
Faecal Screptococci(l)  5.1xla® 8.7x10°  79.6 5.1x10° 0.9x10° 85.6
Total Heterotrophic(2)  1.2x10’  s.4x10® 76,0 . 1.2x107 4.3x10% -
Pseudomonas aeruyzinesa(2) l.éxloa 3.5x103 72.6 1.4}(104 3.lx103 73.0
Clostridium perfringens(l) 5.7x10°  1.2x10°  78.2 5.7%10° 2.0x10° 81.2
F1 F2
Faecal Coliforms(l) 6.0x10° 1.0x10°  93.8 6.0%10° 2.6x10° 94.2
Faecal Streptococci(l)  B8.7x10° 1.1x10% 957 8.6x10° 1.7x10" 944
Total Heterotrophic(2) 5.4x106 2.8x106 76.3 S.Ax106 9.5x106 -
Pseudomonas aeruginesa(2) 3.5x103 1.7x102 90.6 3.5x103 1.2x103 83.3
Clostridium perfringens(l) 1.2x10° 1.6x10%  85.6 1.2x10° 1.2x10% 82.6
M1 M2
Faecal Coliforms(l) 1.0x10° 2.2:00°  96.4 1.0x10° 7.9x10° 91.9
Faecal Streprococei(i)  1.1x10” 1.0x10°  91.0 1.1x10" 1.1x10° 90.5
Total Heterotrophic(2)  2.8x10° 6.9x10° 2.4 2.8x10° 3.1x10° -
Pgeudomonas aeruginosa(2) 1.7x102 é.dxlol 77.7 l.7x102 S.QKIOL 86.4
Clostridium perfringens(l) l.ﬁxloa 8.3x103 74.1 1.6x10A a.3x103 B3.5

(1) Colonies number/100 ml
(2) Colonies number/ml

The data show that indicator organisms were removed 10/100 ml in the pond Al and less in AZ, ex
cept Clostridium perfringens. Slight reduction in this organism may be explained by the great
rasistance of the spores. In the facultative ponds the removal were 10/100 ml, except in total
heterotrophic bacteria, as will be expected (cheg are not bacteria indicator). In the maturati
on pond M2 the efficiency of removal was from 10-/100 ml for faecal coliforms to 102/100 ml for
faecal Streptecscgi to 10/100 ml for the others bacteria indicator. In pond ML the removal was
lesser.,




Table 2 show some stastic vakues of yield of "classizal system” ponds Al, F1l and M1.

TABLE o — lzbal 7iaid af Classical Svseam aAl, Fl, 11

jracistic 3acterinlogical Parametars

Values FTaacal Faecal Total Pseudomenas Clostridium
Coliforms Seraptococel Hetarotrophic agruginosa perfringeus

X 99,340 99.840 38.310 98.530 96.300

xmax 59,999 99.999 ’ 99,710 99.928 Q9,337

i 99,468 97.6866 61.538 34.040 8L.375

dY Q.001 0.005 0.117 Q.033 Q.046

cvX Q.001 0.005 0.133 0.034 0.047

The results show that global yield was higher im faecal coliforms and faecal Streptococci than
in the others bacteria.

Table 3 presents the values of interception and the slope in experimental linear correlaction
between Iln Kt and = (equaction van't Hoff - Arrhenius) and the values of 8wers determined (6 =
temperature Eactor?.

TABLE 3 - Variation with Temperature of the Constante of Faecal Coliforms Removal
(equation van't Hoff — Arrhenius)

Temperature
Ponds 5¢T ¢ 15 15¢ T <25%
a b ] a b ]
Al -37802.52 132.628 1.60433 ~-6382,27 22.972 1.07980
" F1 - 4768.31 17.534 1.06146 -20061,35 69.834 1.26366
Ml 15459.59 -53.443 0.73495% 24621.19 -83.562 0.75036

The data show that in pond Al and Fl the values of @ were higher than 1 and in pond ML were
lowar than 1. In ponds Fl and Ml the values of 8 increase with the increase of temperature which
was not expected.

Table 4 presents some stastic values of n and K20.

TABLE 4 ~ Some Statiastic Values of and K20

Pond Al Pond Fl Pond Ml
Statistic
Values Parametrers
(%) K20(day *) n () K20(day 1) " K20(day )
X 77.1 15.607 94.00 28.809 9.4 9.949
X 90.0 200.300 99.99 301.800 99.9  65.830
Xoin 57.0 0.395 56.20 0.079 91.0  0.005
oy 10.2 38.388 9.10 66.889 3.2 30.426
cvy 13.2 2.459 9.60 2.322 3.4 3.058

The values of K20 were independent of the remperature and these values depend of the kind of
pond and show small values in pond Ml.

CONCLUSIONS

The microbiological quality of the final effluent of "classic system' in ML didn't achieve the
water qualicty reqnitements, and coulda't be used in irrigation even restrict FC  10-/100 ml,
parameters of WHO and EZEC. It will be necessary another maturation pond in order to improve the

microbiological quality of the final effluent.
;n yhg; cofcerns the scheme including M2 pond the quality is already acceptable for irrigation.

3.1l



The qualiczy of che final effluent depends szrongly of the retention time and sventually om hy=
draulic patterns in z2acteors, beeing essencial a carsful control of their characteristies,
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SEQIMENTATION ANQ OIGESTION ON POND BOTTOMS : AN ATTEMPT TQ
ESTABLISH A SHORT TERM MATERIAL BALANCE

A, Iwema, J. Carré and 0. Mirot
Laboratoire de Génie Sanitaire, Ecole Natiomale de la Santé

Publique, Av. du Praofesseur Léon Sernard
35043 Rennes Cedex, France

ABSTRACT

Sedimentation and digestion have been measured 1in situ on the bhottam of the first

{facultative) and the last (maturation) pond of a wastewater stabilization pond system during

six periods of one week. Calculated dry solids balances of the ponds bottoms showed that most
of the collected solids would have an endogencus origine. Identification of the collacted
solids by digestion in the laboratory and supplemental in situ measurements inm winter, when
ges production was low, allowed the conclusion that the collected solids actually were fairly
stabilized bottom sedimemts which are resuspended by the vigorous gas production. The
establishment of a short term sedimentation-digestion balance appears to be a practical
impossibility on an actively fermenting pond bottom.

KEYWORDS

Wastewater stabilization pond ; sludge accumylation ; digestion.

INTRODUCTION

The accumulaticn of sediments in wastewater stabilization ponds cam affect their performances
by reducing the pond volume and shortening the hydravlic retention time (Schneiter et al.,
1884), by the feedback of soluble organic matter (Bryant et al., 1984) and by the resuspension
of particulste matter, incressing turbidity and suspended solids concentration in the
gverlaying water (Parker et al., 1968). As a consequence, pericdic desludging of the ponds is
necessary.

The frequency of desludging depends on the sludge accumulstion rate which is the result of the
deposition and the decomposition of particulate matter. The rates of both processes are not
well kaown,

The aim of this study was to develop a methodology to gquantify deposition and decomposition
rates on basis of short term observations (weeks).

Tt was interesting to study thesa phemomena in the first and the last pond of a four pends
system (La Chapelle Thouarault, France) since Carré et al, (1986), noticed that the sludge
accumulation rate in the fourth pond (a maturaticn pond) was of the same order of magnitude as
the one in the first pond (a facultative pond), which was preceeded by an Imhoff-tank. This
seemed surprising, but could be caused by

- a high algae production in this last pond, or

- a low digestibility of the algse organic matter. .

Indeed Golueke et al., (1957) noticed methane production from algae to be lowar than from raw
sawage sludge when expressed as ml CH4/g VS,

Deposition and decomposition rates now were evaluated by placing sludge collectars and gas
eollectors on various sites inm the pends. Decampositicn was furthermcrs studied by digestion
of sediment samples in the laboratory.



MATERIALZ ANC #E7mCIS

The ocnd system
The pond system atycied Neg Iean iescrised sarlier by Carrs e5 al., (1986). The areas of the
first and the fourth 20nd 3r= rastsEcil

¥

The neriod 2f study

After a pericd Of preparation 2f samoling technigues, the fisld measurements bhave Ddeen
realized from the 2ng of Mar until the beginning of July. The weather was sunny and dry
sediment temperature variad from 15°C to 17°C. Same supplemental field measurements were
realized during winter when %the segiment temperasture was 5°C,

Sampling

Fresh sediment. Sediment collactars conmsisted of 0.153 m2 circular PVC dises with a 4 cm high
wall. The collector could be closed before lifting with a perforated cover allowing air and
wataT to escape without disturbing the collected sediment.

The collectaors were left for six periods of one week, placed on the longitudinal axes of the
ponds. Each week threg samples were taken in the first pond and two in the last pond. They
were transferrad to bottles without air imclusion and stored at 4°C in the laboratory for
further analysis.

0ld sediment. 0ld sediments wers collected with transparent plexiglass tubes (P 60 mm), like
described by Zehnder et al., (1980). The tubes had 5 mm diameter perforations every 2 cm,
allowing for taking subsamples anoxically with a syringue. These perforations were coverad
with adhesive tape during sampling and transport to the laboratory.

Gas. The gas collectors - adopted from Magruder, (1884) - consisted of an inverted plastic
Tunnel (asrea 0.045 m°) connected to an inverted spheric glass vessel (550 ml), provided with
openings for purging of air during positioning and for purging of water during sampling. The
glass cover was covered with aluminium foil to prevent photasynthesis. The whole system was
fixed to a3 vertical stand placead om the pond hottom,

In the first pond two ccllectors were left near each other for seven 3 to 4 day periocds. One,
collector had the funnel plsced on the sediment layer (closed collecter) ; the other bad the
funnel at about 20 cm above the sludge layer (open collector). Two identical pairs of
collectors were left for six 1 week periods in the fourth pond.

Digestion in the laboratory

Fresh sediment and suspended solids. Digestibility has been tested in the laboratory in 300 ml
serum vials filled with 200 mg (dry solids) of fresh sediment or pond inflow suspended solids
(concentrated by centrifuging at 3 000 g during 20 mn). The vials were flushed with a N,/CO
mixture in order to remove oxygen and ta maintain a constant pH and also to remove pore wWater
methane (Kiene et al., 1983). They have been incubated at 20°C in dark. Digestion was followed
by periodic CH4 decermination in the head-space gas.

Core segments. Known guantities of sediment of the cores wers transferred to 60 ml serum vials
under N, flushing. They wers incubated at 16°C ; the sediment temperature in the ponds.
Methane production was followed like described above,

Analysis

Sediment dry solids wera determined directly on the samplss and inflow total suspended solids
after filtering (Millipore prefilter, AP20). Volatile solids were determined aftar ignition at
55°C dyring one haour.

Gas compositicn has been determined with a GIRDEL 30 gaschromatograph.

RESULTS AND DISCUSSION

Sedimentation

Ory solids depasition rates have been calculated from the sludge quantitises .collected during
six e week periods (Table 1). The mean deposition rates are 32 g 0S/(m”. day) and 12 g
0S/(m~. day)fcr respectively the first and the fourth pond,

When compared to the loading ratas which can be calculated from the inflow and the outflow
data of both ponds (Table 2), their seems to be some internal dry solids producticn in the
ponds which exceeds 6x to 3x their inflow,

4.2



TABLE 1 Ory solics 7fezosifticn Tatas in g DS/(mg, day)

"

~Collactor 2703 B e 15/6 24/6 30/8 Mean

1st pand T 31 My 23 49 42 5l Sl
2 56 38 29 53 25 46 33
3 35 41 22 59 16 34 33
2th pond 4 18 i 32 15 19 10 19
5 15 1 14 51 10 5 19

TABLE 2 Estimation the infernal dry solids producticn

at
{q 0S5/ m”. qay)

1st Pond 4th Pond 5
Surface area 2 1596 2 855 m,
Inflow 120 103 m /day3
(Ts3) 157 g7 g D§/m
Loading rate 8,7 3,3 g,0S8/ (m™. day)
Outflow ) 114 95 m /day3
(T5%) 200 62 g 0S/m 5
Loading rate - 10,8 - 2,1 g 08/(m2. day)
Measured deposition rate 52 19 g 05/ (m5. day}
Internsl production rate 53,3 17,6 . g D8/ (m~, day)

The algae production has not been measured in the field, but the pctemtial algse producticn
has been estimated by the formule proposed by Oswald et al., (1357) :

A x 10° x.0,08

W= 5.10°
where 2

W : algae productionm (g DS/(m~. day)
A : so%ar radiation received (cal/(em™. day))

4 2
10 : cm-/m
0,063 ¢ efficiency of solar energy utilization
6,10 calories required. for synthesis of 1 g 0S .

Local mean intensity of solar rgdiation was 480 cal/(cmz. day) during Jure. Thus potential
algae production was 48 g DS/{(ecm”. day), which is a same order of magnitude as the estimated
internal production in the first pond, but much higher than the eone in the fourth pond where,
a priori, the algase production is the most important. So their might be an other mechanism
responsible for the observation of am internal production,

Digestion

Gas production rates and methane production rates have been calculated from the volumes and
the compositions of the gases collected during seven halfweek periods for the first pord and
five one week periods for the last pond (Table 3).

The composition of the gas is like reported by Brockett (1873). €0, concentration is low due
to the dissoclution in the overlayirg water. N2 concentrations observed do not reflect a
depitrification which is considered a mingr phendmenan by several suthors (Panc et al., 13882,
Ferrara et al., 1982, and Reed, 1985) but simply is a caonseguence of diffusionm of water
dissolved N2 to the collected gas.

TABLE 3 Measured gas production, gas composition
and calculated CH, production rate and
volatile solids loss rate

1st Pond 4th Pond
" bas collector closed open closed apen 5

Gas prod. rate 3 100 3 400 720 290 ml/(m". day)
Gas composition

% CH‘1 75 80 77 73

% CO2 8 4 3 2

% N2 17 16 20 25 2
CH, prod. rate 2 325 2 720 577 723 ml/(m~, ,day)
V5 'lass rate 41 48 10 1,3 g V§/(m~. day)




The gas quantitias c¢ollected lagk to degend cn the position of the gas collector furnel : on
ar above the sludge layer. Im the fourth oong anly one time out of five, the collectar placed
above the sludgs layer ccllsczad l2ss gas than the collector on the sludge. This difference
was less avider: in the first pond. Treir nay be two not exclusive explanations {or bthis
ohenomenon,

First, the N, c2llacted does not enter the vessels by bubbling {like CH,} but by diffusion
through the watar/gas imterface in the vezssel. This was demonstratsd in fhe case of clogging
of the tubes bpetwesn funnel and vessel : CH, collection was severely reduced but N, transfer
continued resulcing in N, concentrations of S%%. Diffusion of N, mow can be more impdrtant for
open ¢ollectors than for closed ones.

Secondly the high position of the collector funnel allows dry solids to continue to settle
under the funnel and zhey will bpe partly transformed in methane. The low funrmel however
prevents arrvival of new matter during the sampling period.

The methare production rates have been converted to volatile solids loss rates according ts
1gCO0 =375 ml CH4 (20°C, 1 atm) and 1 g VS = 1,5 g COD. The results figure in Table 3.

b

Sedimentation/digestion balance

A short term sedimentation/digestion balance can be established on basis of the collected
data. The calculated dry solids deposition rate represents the sedimented dry solids minus the
losses due to the digestion of a fraction of them during the sampling period. The volatile
solids losses calculated om basis of the data of the high placed gas collectors represent the
losses due to the digestiom (1) of sediments present before the placing of the collector and
{2) of a3 part of the fresh sediment deposited during the sampling period. Thus, to avoid
double counting of the losses of a part of the fresh sediment the data from the low placed
collectors has to be taken inta account. The results of the calculatiom figure in Table 4.

TABLE 4  (Calculation of net accumulation of dry solids
as a result of sedimentation and digestion

ist Pand 4th Pand 2
Deposition rate 52 19 q DS/(mZ. day)
Loss rate 4.1 1 q VS/(mz. day)
Net accumulation rate 43, © 18 g DSé(m . day)
Mean ultimate density * 160 : 240 kg/m
Sludge depth increase 11 2,7 cm/year

* Data from Carre et al. (13988).

The calculated mean yearly sludge depth increase rates are 11 cm/year and 2,7 cm/year for the
first and the fourth pond, These values are much higher than those found by Carré et al.
{1986) for the same ponds on basis of bathymetric measurements after nine years of operation :
1,7 and 1,8 cm/year. . 3

Sshneiter et al. (1883) measured sludge productions of 0,27 m™ /(1000 i.e. day) and 0,R9
m~/ (1000 i.,e. day) in the firsg cells of multiple cell facultative ponds., In our study we
estimated a production of 0,65 m~/(1 000 i.e. day) in the first pond which is high considering
the presence of an Imhoff tank.

Two facts could explain the apparent overestimation of <the sludge accumulation @ an
underestimation of the methane production rate and an overestimation of the deposition rate,
The underestimation of the methame producticn rate is highly improbsble as the summer data was
used for the estimation of the yearly accumulsticn, The overestimation of the deposition rate

can be due to an experimental artefact : not only inflow suspended solids and algae are
retained in the collectors but also resuspended sediment, In order to check this last
hypothesis some supplemantal experiments were realized.

The origine of the retained sediments.

Methane production in core segments. The methane production measured in incubated core
segments clearly shows the high activity of the upper layers containing solids with a
relatively high VS/05 ratio. A typicel example 1s shown in Table 5 and Figure 1, indicating
that about 75% of the methane is produced (in summer) in the upper 4 cm.




TABLE §  Methane oroducticn im core segments of the
tirst oord sludge layer

Laval [am) 3 0S/4g IR SERE AL CH g Y5, dav: mb Cﬁ;/(kg. aay)
G 37 i i3 3,7 103
33 23 42 3,3 145
4.3 1c4a 23 22 1,0 23
79 26 a3 1,3 34
g8-12 98 20 21 3,4 3
101 26 26 2,4 10
12-18 1686 16 10 n.d. n.d.
183 20 12 n.d. n.d.
16-18 298 15 9 n.d. n.d.
241 12 ] n.d. n.d,

n.d. : not detected.

depth 0
(cm)

12

18

20 . 1 ! - i 1 1

20 40 60 80 100 120 140
% VS/D5, ml CH4/(kg. day)

Fig. 1. Methane production (o) as ml CHa/(kg sludge. day)
and VS/0S ratio (A) in the first pond.

Methane production from fresh sediments in ponds. Gas collectors were placed on sludge
collectors 1n both ponds and methane productim& was measured after ane week, Thg measurﬁd
methane production was more than 2 700 ml CH, /(m~. day) in the first pond and 520 ml CH,/(m".
day) in the fourth pond. Thus methane production rates on the sludge collectors were ¢f the
same order of magnitude as those measured on the pond bottoms, indicating the fresh sediment
is actively participating in methane production, even when no contact between pond bottom and
fresh sediment exists. This seems surprising, specially in the case of the faurth pond where
fresh sediment mainly would comsist of dead algae.

Methane production from inflow suspended solids and fresh sediments in the laboratory. Inflaw
suspended solids of both ponds were concentratad by centrifuging and incubated at 20°C.
Freshly collected sediment was incubated in the same cormditions. No methanogenic inoculum was
added, ‘

The freshly collected sediment showed a methane production (Figure 2), whareas ng methane was
detected from the inflow suspended solids incubations. Thus the collected sediment is well
seeded with methanogens - gas production starts immediately after incubation - and inflow
suspended solids are not. So fresh sediment solids and inflow suaspended solids would not be
identical. This is also indicated by the VS/DS ratio of both solids (Table 8).

TABLE 6 Comparisan of V5/DS ratio of fresh sediment
and inflow suspended scolicds

1st Pong dth Pond
Fresh sediment 537% 55%
Inflow suspended scolids 77% 52%
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Fig. 2. Methane production from fresh sediments’
in the laboratory ( A first pand,
o fourth pond).

-.Proposed mechenism of sediment collection

According to the described observations the following mechanism of sediment collection can be
proposed. The gas production in the pond bottom creates a continous motion of resuspension and
resedimentation of particles. When these particles resch the sludge collector, their rebound
is interrupted by the screen the collector forms against Tising gas bubbles. As a consequence
a net transport of sediment particles takes place resulting in an overestimation of the real
sedimentation.

Mechanish verification by winter observations

The gas productian is considerably lower in winter and as a conmsequence the resuspensign of
settled solids should be less than in summer, In order to check this sediment and gas
collectors have been placed in both ponds during the cold season,

Collected data are represented in Table 7 and Table 8.

TABLE 7 Deposition rates in winter as g 08/ (m”, day)

Period 1st Pand dth Pond
5/1-320/2 (ice cover) 5,3 1,3
20/2-27/2 14,3 5,1
27/2-9/3 29,3 6,9
Summer mean 52 19

The measured deposition rates are low comparsd to the summer data, especially during the
period with ice cover. From thg inflow and outflow DS-concentrations of the first pond a net
deposition rate of 4,6 g DS/(m~. day) could bz calculated for this period. Inflow and outflow
03 -concentraticns were equal in the fourth pond.

TABLE 8  Methane produc%}on rates in winter

as ml CH,/(m". day)
Period 1st Pond 4th Pond
Bottom Sediment Bottom Sediment
allector ollector
2072-27/2 186 38 14 1
27/2+9/3 348 80 42 5
Summer mean 2 720 2 700 * 723 520

* one value only.

The gas production rates are much lower than in summer indeed, but, more interestingly, there
i1s now an important difference hetween the gas production rates froem the pond bottom and those
from the sediment collector. This supports the hypothesis on the collection mechanism like
illustrated in Figure 3. In summer the vigorgus gas production removes much sediment tg the



nzllactor where cigsstion sontinues, ricidly agproaching the gas predyction on the botiam. In

wintar the low gas cSooauction 2enlacas only little sediment to the collector (especially in-
whe fsurth sond wress jas orocducticon 13 very low) and &8s 3 consequence the gas production in

thae colilector remains Jar Delow the sottom gas production.

535
gas
I dry
, b dry gas dry
dry solids ) solids gas solids solids
% /\/l"\/"\
SUMMER WINTER

Fig. 3. Schematic representation of the mechanism
of solids colliection on a pond hottom.

CONCLUSION

The attempt to establish a short term sedimentation/digestion balance on pond bottoms by the
in sity measurements of deposition and gas production rates failed. Na problems were met with
gas collection. However deposition rates were lsrgely averestimated due to a net transport to
the collectors of bottom sediment resuspended by gas bubbling. This nmet transport could not be
quantified.
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ABSTRACT

An existing benthal model has been modified and calibrated for the description of the
phyaical and blaological processes In consolidating organic deposits of both municipal and
papermill origin. Temperature sensitivities, phosphorus reactions, and flexibility as to
soltds identification were added to the model. Model predictions of organic stabilization,
direct oxygen uptake, and soluble feedback of nitrogen, phosphorus, and chemical oxygen
demand have been compared to data collected from both laboratory and field operatlions.
Phosphorus distribution was controlled by advection and biclogical uptake in all cases,.
Nitrogen feedback varied in a complex manner and was difficult to simulate.

KEYWORDS
Benthal feedback, deposit simulation, benthal stabilization, nitrogen, phosphorus, papermill
wastex, cellulose, wastewater lagoon, nutrients.

INTRODUCTION

The benthal stabilization of wastes in an aerated stabilization basin (ASB) can exert a
major effect on the effluent water quality. An effective model of a wastewater stabllization
pond must include an adequate description of the loading to and the feedback from the
benthal must include an adequate description of the loading to and the feedback from the
benthal zone. A major portion of the influent oxypgen demand can he stabilized in the henthal
deposit, and- a major fraction of the nutrient demand in the overwater can be provided
through benthal feedback.

Previgus research has found that increased nitrogen feedback was correlated to a high
nitrogen content of the benthal solidas (Chiaro and Burke, 1980), Iincreasing deposlit depth
(Fair et al., 1941), and overlying dissolved oxygen (DO) below 1.5 mg/l (Fillos and Molof,
1972). Increased phosphorus feedback was correlated to increasing temperature (Holdren and
Armstrong, 1980), high sediment oxygen demand (Chiaroc and Burke, 1980), overlying DO below
1.5 mg/l (Fillos and Molof, 1972), anoxic conditions (Kamp-Nielsen, 1974, 1975), solubility
parameters (Avnimelech et al., 1983), and was independent of pH (Kamp-Nielsen, 1974, 1975),
the overlying phosphorus level (Theis and McCabe, 1978) and {nterstitial phosphorus
concentration of the deep deposit layers (van Raaphorst and Brinkman, 1984)., In . ag¢tive
deposits the majority of phosphorus has been in biomass, and a signiflicant amount may reside
as preciplitates of calcium, aluminum, and iron (Stumm and Stumm-Zollinger, 1972). Reported
bacterial phosphorus content has ranged from 1.5 to 3.8% by welght (Grady and Lim, 1980).
Once solubilized, the conversion of organic phosphorus to orthophosaphate has been rapid,



relative to othar phosphorus reactions (Houng and Gloyna, 1984; Ferrara and Harleman, 1980;
Pritz 2t al,.,1979).

Several lagoon models have incorporated some benthal feedback component (Houng and Gloyna,
1984: Ferrara and Harleman, 1980: Fritz =t al., 1979:; Marais, 1970). Bryant (13%83) developed
and validated a benthal model specifically to simulate the physical processes of
cansaalidatlion, diffuslan, and gas production. Biological degradation processes of
solubilization, oxidation, nitrification, denitrification, fermentation, and methanogenesis
were modeled as well. The model calculated the carbon, nitrogen, and particulates within
layers of the deposit for both batch and continual loading ratez (Bryant and Rich, 1984).
Quer the Jlast three vyears the baseline benthal model has besn altered by the addition of
phosphorus and cellulose reactions, temperature sensitivity coefficlents, and a modified
model of oxygen diffusion, The resulting benthal madel predicts cumulative feedback
components, time-dependent interstitial profiles, and time-dependent solids fractlons for
deposits of any specified temperature, loading rate, and cellulose/biomass ratio. This paper
reports the specifics of the model modifications and the results of validation comparisons.

MODEL DEVELOPMENT

A simple flowchart for the simulation is shown in Figure 1. A first-order dynamic
consolidation equation and an exponential steady-state porosity relationship were evaluated
in each time increment to define the change in thickness of discrete benthal layers and the
resulting transfer of interstitial fluld in the deposit. A set of general one-dimensional
transport equations for eleven soluble components was solved by the State Variable analog
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‘for the discrete dentha: lavers in each time f{ncrement. Eight zategories of so0lids were also
inventoried by the simalation. Model output consisted of predicted depth profiles of
interscitial ~omponents a3 a function of time. The details of these baslc elemencs of the
tenthal model have Deen reported earllier (Bryant and Rich, 1984; Bryant, 1983),.

The model of phosphorus transformations, based upon repacts of previous research, included
solubilization and mineralization of organic phosphorus as well as biological uptake and
precipitation of orthophosphate. Because of the low clay coatent of ASB deposits, adsorption
was not included in the mode)l. The rate of gsolubilization was assumed to be equal to that of
biomass, and mineralization was assumed to be sufficiently rapid that organic phosphorus
¢ould be ignored as an intermediate (Houng and Gloyna, 1984; Ferrara and Harleman, 1580;
Pritz et al.,1979)., Biological uptake of orthophosphate was based on a constant
stoichiometry of CgAq09NPg 143. Phosphorus precipitation was assumed to be controlled by
iron and calcium only. As an initial approximation, the relationship presented by Stumm and
Morgan (1970) was programmed as a four-stage plecewise model. The model was modified next
to include cellulose degradation at a rate comparable to that of biomass (OQ'Rourke, 1988).
Alsa, temperature sensitivities were {ncorporated for all reaction rates, based ypon
exjsting research results. Because some components of papermil)l wastewater have been found
resistant to degradation or 1likely to degrade to resistant products (Levenberger et al.,
1985), the anaerobic fermentation rate constant was reduced to 1.0 d-1 for papermill
glmulations. The list of reactlons rate constants and temperature sensitivitles in the
benthal model are listed in the Table 1.

TABLE 1. Rate Constants and Temperature Coefficients
of Biological Reactiona in the Benthal Model

INITIAL MODIPIED 8
REACTION k(d-1) ] <20° >20°
AEROBIC:
Solubilization 0.08 1.050° 1.150 1.050
Organic oxidation 0.39 1.047
Acetate oxidation Q.39 1.047
Propionate ox{dation 0.39 1.047
Nitrification 44 .00 1.103
Cellulose oxidation 0.08 1.047
ANAEROBIC:
Solubilization 06.02 1.030 1.400 1.100
Fermentation 1.00 1.020 1.Q020 0.800
Lipid fermentation 4.00 1.400
HAc reduction 4.00 1,400 1.400
€0y reduction 11.00 1.050
HPr fermentation 4.00 1.400
Denitrification 40.00 1.150
Cellulose fermentatiaon a.10 1.000

The model of oxygen transport into the deposl* was changed to the Form proposed by Klapwijk
and Snodgrass (1983)

20X2 = 2 (D)(Cqy)/(DC1/DT) (1)

where
20X = depth of oxypause from deposit interface, cm,
D = oxygen diffusion coefficient, cm2/day,
Cov = DO of overlying, mmol/l,
DC1 = potential DO demand in each time increment, mmol/l,
DT = time increment, days,

Aerobic and apaerobic reactions were assigned proportionally within the benthal layer
contalning the calculated oxypause depth. Despite the incorporation of Eguation (1)}, the
benthal model continued to provide very low ptedictions of dlrect oxyzen uptake and efforts
continue to resolve this problem.
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Nutrient limitacion of %he listed reactions was [ncorporated into the meodel. All demands
upon a given reactant in 2ach time increment were calculated and compared to the existing
concentration piug simulianeous production. [f the reactant supply was insufficient, all
reactions involving the reactant were reduced by a proportionality constant. All reactants
were svaluated by an {terative approach for each time increment. Thiz logic oprovided two
desirable aspegts: the avoidance of an artificial sequence of reactlion prlorities for demand
upon a reactant pool, and the ability to sustain reactions with an apparent zero
goncentration of any reactant.

LABORATCORY EXPERIMENTS

Consolidation rates and porgsity profiles for the three deposit types were calibrated by
short-term batch settling teats. The benthal model predictions were then compared with the
measured Interstitial profiles fram a set of ten benthal deposits develaped in the
laboratory. The experimental deslgn varled the sludge type, temperature, and initial deposit
volume, as indicated by the deposit descriptions in Table 2, The papermill deposits were
composites of lagoon Influent wastes mixed with a biomass component Ffrom a Kraft mi]l
activated sludge plant. The ratio of biomass to nonbiomass concentrations was determined
from prior analyais of beanthal samples from the two Kraft mill ASB systema. To develop
benthal profiles for model verification, interstitial samples were taken twice In the first
week, once per week for four weeks, and once biweekly thereafter. All Interstitial asamples
were analyzed for pH and soluble organic carbon (TOC). Ammonla was measured for profilea of
both Mill A deposits, one Mill B depoait, and one deposit of municipal waste activated
aludge (WAS). Orthophoaphates were determined only for the Mill A profiles. Ini{tial and
tinal solids propertlies were measursd to support mass balances for carbon, nitrogen, and
phosphorus, A detailed description of the soluble feedback from these deposits has been
reported separately (8ryant and Knutsen, 1986), -

RESULTS

The calibrated benthal model was used to simulate the ten experimental conditions. The
simulation results were compared to laboratory results with regard to overall deposit
consolidation, time-dependent interstitial profiles of pH, TOC, and ammonia, and cumulative
deposit feedback components. Both the areas of-model success and falflure were instructive in
explaining benthal mechanism interactions. A comparison of simulated and measured values for
deposit consolidation and interstitial concentrations, summarized in Tables 2 and 3, was
rather successful, considering the range of experimental variables evaluated. The
consolidation results matched well for all deposits. A short-term batch settling test was
uged to calibrate the coefficients of the first-order consolidation equation in the model
(Bryant and Rich, 1984), and the results indicate that this simple test provided sufficlent
data for the benthal simulation. Temperature sensitivities were modified as shown in Table 1
for simulations above or below 20°C. In partlicular, solubilization reactions were apparently
much mare sensitive to low temperature than high temperature. Even with these changes,
simulation results were less effective at the temperature extremes.

Benthal pheosphorus profiles were measured only for the M1l A deposlts at 20°, but simulated
values closely mated these profiles at all times. However, that simulation match, as well as
the results in Tables 2 and 3, could only be achleved after deactivating the precipitatien
model, discussed above. Thus, advection and biological uptake were apparently the mechanisms
controlling the interstitial phosphorus concentrations in these rapldly consalldating,
organic deposits.

Measured feedback components have been discussed in detail separately (Bryant and Rnutsen,
1986). It should be noted, however, that the C:N:P ratio of benthal feedback varied
significantly as a function of the experimental variables, and that the pattern of change
was not amenable to simple explanation. Simulated benthal feedback of carbon, nitrogen, and
phosphorus was compared to the measured values from the experimental deposits, as shown in
Table 4. Consistently low estimates of direct oxygen uptake were resolved in later wark by
Increasing the effective dispersjon coefficlent at the benthal intarface. The 20°C papermill
deposit simulations werfe the most successful predictlions of benthal feedback, and complex
changes in the nutrient feedback with temperature is the focus of further study.

ey
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TABLE 2. Cumyliaciye Memsurad fand 3{nuiated) Benthal
Consoi uacion Ratas ana o 2

Soncentrations

DEPDSIT CONSQLIDATION INTERSTITIAL pH
Source~Temp. ~Yol. RATE {cm/day) Ray 24 Day 353 Day 94
M{ll A-20"-9.75 L 0.119,0.091 8.7-10.8 65.8-8.4 5.9-6.4
(0.131) (8.9~ 9.8) (6.4~9.%) (6.2-7.8)
Mill B-20*-9.75 L 0.040,0.085 8.8-8.8 5.7-T7.9 8.1-7.2
{0.099) {7.0-7.3) {5.8-6.3) (5.7-7.2}
Munic.-20*-9.75 L 0.080,0.085 7.5-8.5 7T.1-8.5 7.4=7.8
{0.110}) (6.3-7.0) (6.1-4.7) (6.3-6.7)
Mi1l A-28*-16.25 L Q.159 7.8-10.3 T.9-8.1 §.1-8.3
(0.242) (7.4- 8.8) (6.4-7.8) (6.1-9.4)
Mill A-26°-3.23 L 0.063 7.6-8.8 - 5.5-7.5
(0.044) (7.2-9.8) - (7.4-7.9)
Mill A-15°-16.25 L Q0.108 7.8- 8.2 6.8-8.4 8.4- 6.9
(0.145) (9.5-10.1) (3.6~9.8) (9.6-10.0)
Mill A-13"-3.25 L 0.051 7.8-8.8 8.3-8.4 8.5-6.9
(0.025) (7.7-9.7) (9.7-9.9) (9.3-9.9)
TABLE 3. Cumulative Measured {and Simulated) Benthal
TOC and Ammonia Concentrations
DEPOSIT INTERSTITIAL TOC (mgC/1) INTERSTITIAL AMMONIA (mgN/1l)}
Day 24 Day 33 Day 94 Day 24 Day 33 Day 924
A-20° 2%5~210 9571420 B30-2050 0.0-5.8 0.0 0.0
(146} (1130) (383) (5.8) (0.4) (0.8)
B-20°* 119-1630 753-2078 43-2340 0.0-8.4 0.0 0.0
(501} {1188) (1809) {0.7) (0.2) (0.4)
M-20° 41-124 5-03 14-95 16-103 0-255 53-227
{124) [(61) (6) (63) (99) (139)
A-26"+-16 346-415 1690-2060 1860-~2420
(619) (t190) (1280}
A-26"-3 36-1060 - 3-313
{961) - (1530)
A-15"-16 500-891 1110-1360 706-1780
(17) (297) (524)
A~153°-3 79-105 427-523 718-B886
(581) {1030) {1438)
SUMMARY

Benthal feedback of soluble carbon and nutrients varied significantly with temperature,
sludge type, and deposit volume. Such changes can be extremely important to the effluent
water quality of an ASB and to the performance of intermediate and later cells within the
ASB system. The measured benthal feedback changes were sufficiently complex to require a
relatively detailed model for simulation. A benthal model which included first-order
consolldation and blological equations adequately addressed many of the observed trends at
moderate temperature. Phospharus uptake waa well predicted under all conditions by
biological wuptake alone. However, nitrogen feedback trends and some carbon feedback trends
at 15° and 26°C were not well simulated by the model. The strady-satate predictions of the
model for continual deposition conditions have been used wiih the DYLAMO model to very
accurately simulate the performance of operating Kraft mjill ASDs.



TABLE 4. Cumulative Yaasured and Simuiatad Beathal
Oxygen Demand and Feadback Measurements for 1312 Davs

Deposit 0 P Fa A P
Source-Temp. Vol. 202/m2 g0a/m? g0a/me g0y/a? mgp/m2
Milt A - 20° - 9.75L 239.7 824.29 32.800 0.035 608.8
Mill A - 20° - 9.75L 207.2 1290.00 NM 1.092 809.8
Simulation 1.4 427 .00 0.590 0.073 1610.0
Munic. - 20° - 9.75L 347.6 686..0 377.178 17.080 10858.0
Munic. - 20° - 9.75L 317.4 747 .40 ™ 18.330 16418.0
Simulation 8.7 16.20 62.500 0.020 1580.0
Mill B - 20° - 9.75L 251.0 800.50 15.488 5.397 214.0
Mill B - 20° - 9.75L 241.0 729.10 NM 4.748 732.9
Simalation 1.7 B855.00 0.260 g.018 1050.0
Mill A ~ 26° - 16.25L 392.2 1262.00 12.475 2.259 1493.0
Simulation 2.0 1105.00 1.100 0.081 2090.0
Mill A - 26° - 3.25L 304.0 973.40 NM 1.379 315.9
Simulation 2.8 1294.00 1.820 0.018 4820.0
Mill A - 15° ~ 16.25L 63.5 704.40 0.027 0 1774.0
Simulation 0.9 152.00 0.240 0.012 277.0
Mill A - 15° - 3,23L 214.2 537.80 NM 0 122.0
Simulation 0.8 436.00 0.440 0.012 301.0
I = direct benthal ox§gen uptake,

Fo = soluble carbonaceous feedback, as COD,

P, = soluble nitrogeneous feedback, as ammonia nitrogen,

M = methane productlion as oxygen demand bypassed,

P = soluble phospharous feedback, a3z orthophosphate,

The benthal model i{s being used currently to simulate the benthal feedback Input to the
DYLAMO simulation model of ASRs (Sackellares et al., 1986). Successful simulation of an
operating Kraft mill ASB wastewater has been obtained and results reported. Typical
predictions of the steady-state feedback rates are shown in Table 5. Such predictions can be
generated as a coupled laput for the modeling of processss {n any averlying water column,

Table 5. Estimated ASB Steady-state Feedback
Rates for Continual Deposition at Mill A.

D Fe Fp P
CONDITION = —==eme—e ceem—e—e woo——m—am mmeeaeae
g0a/m2/d  g0y/m2/d  g0a/m?/d  mgP/m2/d
Baseline Q.09 3.36 2.57 0.71
Low (1%) cellulose 0.15 9.00 4.79 1.21
High overwater DO 0.21 2.93 1.71 0.43
High interface mixzing 1.00 3.30 1.90 Q.34
Half VSS$ loading 0.19. 2.90 2.80 0.30

Note: All simulations were for VS loading of 126 g/m2/day and 20°C.
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EFFECTS OF MATURATION ON THE CHARACTERISTICS OF WASTEWATER
STABILIZATION POND SLUDGES

J. Carré*, 0. Baran**

*Lab. de Génmie 3anitaire, **Lab. de Microbiologie
Ecole Nationale de la Santé Publique
Av. du Professeur Léon Berrard, 35043 Rennes Cedex, France

ABSTRACT

The physical-chemical character15t1c53 (pH, eH, S ‘, TQC, NH4+, particulate Kjeldahl nitrogen
(PKN), total phasphorus (TP) and PO ) af the sludge, accumulated in the first of a series
aof wastewater stabilization ponds, ﬁmve heen studied on two vertical profiles in order to
charscterize the effects of the maturation of the sludge. The effects an fhe cancentration
of faeecal indicator organisms and salmonella have also been determined,

The maturatiom leads to an increased density of the sludge and to the removal of about 80%
of tha TOC, 70% of PN and of 75% of TP initially present in tha fresh sludge.

The concentrations of sulfate reducing bacteria do not change and those of the total
coliforms, the faecal coliforms and the fascal streptococci are only moderately modified, as
the maximum decresase is 4 log. Salmonellas only are fourd in the superficial sediment layer,
which might indicate their rapid inactivation.

KEYWORDS

Wastewater stabilization pormds, sludge, maturation, TOC, nitrogen, phosphorus, faecal
indicator organisms, Salmonella.

INTROOUCTION

The sludge accumylated in the wastewater stabilization ponds contribute ta the global
treatment process by the anaerobic digestion of sedimented organic matter and by the
trapping of undegradable solids. The digestion of the organic matter takes place rapidly as
far as the easily hydrolysable fraction is concerned (Bryant et al., 1984). The digestion
however of the slowly hydrolysable solids still goes on ip the deeper layers untill the
sludge is removed by desludging.

Little data about maturation phemomena in wastewater stabilizatiom pond sludge is available
in literature. However the knowledge of these ohenmomena, which will affect the overlaying
water quality (Fillos et al,, 1972) and of the fimal characteristics of the sludge seems
interesting.

The aim of this work was to study the physical-chemical and microbinlogical evolution of the
sludge accumulated in the first pond of a wastewater stabilization pond. It was supposed
this evolution could be apprehended by the study of the vertical profiles. -

MATERIAL AND METHGCOS

Location of the study
The sludge studied is from the first pond of the wastewater stabilization ponds of La

4,17



Chapelle Thouvarault 'France) which have 3een descrcised earlier (Carré et al., 1986).

Samgling

he samplas ngs J2sn taken in summer in twa goirts situated in the zomes wrere the sludge
accumulation was mest lmportart @ nsar zhe inlet and near the aqutlet of the pond,
Comsigering the respective posizions ¢f these gaints, the difference hetween the sludges
would e maximal.

The settling solids have been collescteg with traps like described elsewnhere (Iwema, 1387),
Five samples have been taken in =ach point, )

Vertical profiles have been constitutad accordimg to the method dascribed by Parker et al.,
(1868) . Six subsamples have been taken on each grofile.

The samples have been stored at 4°C before amalysis which were realized within 12 hours. A
fraction of the samples has been centrifuged immediately after arrival at the laboratory in
order to collect the interstitial phase (10 C0Q g, 30 mn).

Physical-chemical analysis

The measurements of pH (according to standard NF T 90-008) and of eH (plstinum electrode)
have been realized in situ. Suvlfide has been determined Dy indirect iodometric titration
agccording to Roger (1988). Dry solids (DS) were determined by drying at 105°C (NF U 44-171),
TOC was determined after combustion with anr analyser type Carmograph. Dissolved ammonia
nitrogen (ONM,) has been determined in the interstitisl phase after distillation (MF T
90-015) and parggculate Kjeldahl nitrogen {PKN) according to standard NF T 30-010. Dissolved
phasphorus (PO ) has been determined in the interstitial phase according to standard NF T
90-023 ard total phosphorus (TP} after mineralisation of the samples with potassium
persulfate.

Bacteriological asnalysis

The determinations of Dacterial populations have been realized with the liquid media methed
ysing 3 tubes per dilution, Total coliforms have heen isolated in lactose broth with
bromocresol purple (30Q°C, 48h) and faecal coliforms have been determined on brilliant green
lactose bile broth (44°C, 48h) ; from the positive lactose broth tubes, faecal streptocaocci
have been isolated on azide dextrcse broth (37°C, 48h) and confirmed on ethyl violet azids
broth (37°C, 48h), Sulfate reducing bacterias have Dbeen isolated, after inmactivation of
vegetative forms (80°C, 5 mn), by incorporation in sulfite agar (46°C, 24h).

Salmonella have been isplated on modified Rappaport R 10 (44°C, 24h), confirmed by
inogulation onm Hektouen enteric agar (37°C, 24h) and identified with Api 20 £ strips. The
resylts are given in MPN per liter sludge (MPN/1) .

RESULTS AND DISCUSSION

Physical-chemical characteristics
The results are given in fable I and Figure 1,

TABLE 1 Physical-chemical characteristics of sludge

Near inlet ' Near outlet

Gepth 55 P 52" A Jeptn 0% e 52" o
(cm) % mv mg/gDS {cm) % mv mq/ 903
tTap 7,7 232 3.2 .35 trap 3.2 716 | 5770
0-5 8,1 -230 3,3 6,42 0-3 3,8 -245 5,8 6,70
5-15 12,3 -230 3,3 6,55 3-8 6,1 ~280 5,9 6,72
1525 18,7 -235 5,0 6,53 8-20 10,1 ~295 6,5 6,75
25-35 22,8 -250 5,3 6,82 20-35 12,1 -270 7.8 6,75
35-45 23,0 -280 5,9 6,62 35-50 20,7 -300 5,8 6,82
45-55 37,7 -290 5.5 6,70 $0-80 30,1 -285 5,4 5,82

Ory solids, The dry solids content is low in the sludge collacted in the traps, but samewhat
higher near the inlet.

Ory solids content increases with de2pth and thus with the age of the sludge. After ten years
the dry solids contert has increased about tenfold. This increase is more marked near the
inlet of the pond.

The nature and the dimensions of the the particles which settle in each point can explain
the differences which exist between the profiles near the inlet and near the outlet. Indeed,



mirmeral litnggeniz salids (elay, silt) carried with the sewage and organic anthropogenic
solids with larger dimemsions settle greferentially near the inlet, whereas fine organic
particles, among w«ihich many algae - mare &than near the inlat as 3 result of the direction of
the prevailing wimgs - sae=tle mear <he autlist,

Near inlet Near autlet
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Fig. 1. Total arganic carbon, tatal nitrogen and
tatal phosphorus im care-samplas

Total organic rarbon. Tatal organic carbon content of the young sludge is very high at both
points, and highest near the qutlet. The profiles show an impartamt decrease in TOC content
with depth and thus with time, <confirming the observations of Somiya et al., (1884). This
decrease 1s mare important near the outlet. ’

The deepest and thus the oldest sludges, which have residual TOC comtents comparable to those
of organic matter rich limnic and oceanic sediments (Henrichs et al., 1987) have lost 80% to
§5% of their total carbom in 10 years.

The differences between the two profiles can be explained by the larger fradtion of mineral
lithogenic solids carried with the raw sewage and settled near the inlet and by more rapid
decomposition of the organic solids near the outlet as a result of (1) the more important
porosity of the sludge in that point, offering a larger surface for bacterial activity and
(2) the algae ability to mirmeralize rapidly (Foree et al., 1370 and Dessery et al., 1984),

Oxydation-reduction potential. Mear the inlet and nmear the outlet low eH values are observed
in the sludges incluging the fresh sediment collected in the traps. A decrease of the eH with
depth camn be observed in both profiles. The intensification of the anaerobic conditions can
result from the accumulation of reduced compounds.

In this kind of ponds where highly organic sediments accumulate, like found here and like
also noticed by Gloyna (1971), the lower part of the water column which is in contact with
the sediments, 1s not oxygenated. This prevents the formation of an oxydized layesr in the
water-sediment interface, layer which could limit the exchange between both compartments.

Sulfide. The sulfide concentrations im the sludges are important, even in the sludge
collected in the <traps and they increase with depth of both points. The sulfide
concertrations are somewhat lower nesr the inlet, wheres the supply of mineral lithogenic
solid is more important,

The values of the sulfide concentrations reflect the sulfidization of the environment linked
to the prevailing redox conditions, -200 to -300 mV, the most favorable to sulfate reduction
(Poduska et al., 1981).

H, The measured pH values, slightly acid especially near the inlet like Vuillot et al.,
982) showed earlier, shaw a tendency to increase with depth and from the point near the
inlet to the point near the autlet. .
The pH increase with depth may be a result of the predaminancy af methanogenesis accompagnied
by the degradation of the initially prsduced volatile fatty acids. The higher pH of the
sludge near the outlet can be explained by the nature of the compounds which accumulate
there, that is antropogenous particles resuspaended in the pond slsewshere and thus partially
degraded and 3algae which decompose rapidly.



Particulara Xjslcarl nitooger and dissolved ammenia sitteean, The aralysis (Figure 1) show
the existance S A1gn KJeldam. NLTTogen CORCENLIATIANS i1n the s3ludge-slightly nigher amar the

outlet whers <ne mineral lithcgeric solids are less abundant - and wnich rosult from the
grganic ~icragen suoplied with the raw sswage :nd from the seaimartad algae.

500 =0

400

300

DISSOLVED AMMONIUM (mg/l)
DISSOLVED PHOSPHORUS (mg/l)

0 10 20 30 a0 50 80
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Fig. 2. Congentrations cf dissolved ammonium (e)
and dissolved phosphorus (g) in core-samples :
~—mnear pond inlet ;---near pond outlet

The particulate Kjeldhal nitrogen concentrations decrease with depth, whereas the dissolved
ammonia concentrations in the interstitislphase increase and become very important especially
near the inlet (Figure 2). Like nmoticed by several authors (Murray et al., 1978, Rosenfeld,
1979), this evalution reflects the mineralization of the organic nitrogen which rate
increases st long term (Dessery, 1984).The redox potentials in the sludge facilitate, on the
other hand the solubilization of the ammonia (Delaune et al., 1881).

The difference between the particulate Kjeldahl nitrogen concentrations of the superficial
sludge (the young sludge) and the deeper sludge (the old sludge) corrssponds to the
regeneratian of about 70% of the initially present nitregen.

The lower ammonia concentrations observed in the interstitial phase of the sludge near the
outlet can result from the more rapid mineralization of the particulate nitrogen - due to the
dimensions and the nature of the particles accumulated in this point - and from the casier
transfer of the ammonia to the overlaying water - due to the higher porosity of the sediment
in this point.

Total phosphorus and dissolved phosphorus. The results of the analysis show the totsl
phosphorys cancentration to be higher near the cutlet (Figure 1). At both paints ane observes
a decrease of the total phosphorus concentration with depth and the difference between the
concentrations of the superficial and the deep sediments corresponds to the regeneration of
75% of the ariginally present phasphorus.

The phosphorus dissolved in the interstitial phase is especially abundant in the superficial
layers (Figure 2) and its concentration decrsases with depth, mare sharply near the autlet
than near the inlet. The important release of phosphorus from the sludge of a facultative
pond has alrasdy been noticed by Gloyna (1984) and results mainly from the minerslization of
the organic phosphorus which makes up two thirgs of the total phosphorus in the studied
sludge (Soulemare, 1985) and does not or .hardly results from the rTeduction of inorganric
phosphates (ferric phosphate) according to Singer (1972). Considering the anaerobic
conditians in the entire sludge column which are faverable to solubilization of phosphorus,
the high dissolved phosphorus concemtration observed in the upper levels, shows that the
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reiease of the pgncscrorus mainly occurs in the young slucgse and =hus rapidly after the
accumulation in the 3zQlfent3 - unlike tne mitrogen - like razorded 2y several asuthors (Stumm
et al., 1372 anc 3omira, L3S4). :

Microbiclogical :tmeractaristics of the sludge. Figure 3 oresents the levels of contamination
or the slucge In the /erzlcai grofiles near the inlet ard the 2utlat of the pond.
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Fig, 3. Concentrations of faecal indicator organisms
observed in the vertical profiles of the sludge near the inlet
and near the outlet of the pond. eTotal coliferms (TC), o fascal colifarms (FC),
s faecal streptococci (FS), a spores of sulfate reducing clostridia (SRC).

Near the inlet the ﬁyperficial layer appears to be heavily cortamimated with faecal indicator
organisms (about 10° MPN/liter sludge). The concentrations %f TC, of FC and of FS decrease
with depth, reaching a ginimum between 20 cm and 40 cm : 2.107 MPN/1 TC at 20 cm, 2.10° MPN/1
FC at 30 cm and 2.10° MPN/1 ?S at 40 cm. Ag lower levels the, concentrations increase,
reaching in the lowest layers 10° MPN/1 TC, 2.10° MPN/1 FC and 2.10° MPN/1 F§.

With respect te the sulfate reducimg bacteria, an other image is observed, since the
caoncentration appears to be constant over the whole depth.

Near the outlet of the.pand, the superficial y;yer appears to be less contaminated than near
the inlet : about 10.°MPN/1 FC and FS and 10° MPN/1 TC and sulfate reducing bacteria. The
depth gradient shows a .decresse for TC3 FC and FS concenerations reaching in the lowest
layers respectively 5,107 MPN/1 TC, 2.10° MPN/1 FC and 5.10° MPN/1 FS. Like near the inlet,
concentratiogns of sulfate reducing bacteria do notvary with depth near the outlet.

Whereas the profiles observed near the outlet are not surprising - a steady imactivation with
time of the strict faecal indicators, a mocderate imactivation of the total coliforms, and a
constant level of the very resistsnt sulfate reducing bacteris - the increase of <the
concentration in the deeper layers near the inlet asks for some explanaticns. This increase
could result from the sampling technic used. Indeed the way the core samples were taken could

allow 8 contamination of the lower layer sludge by the sludge from the upper levels which are =~

more contamined., However, in that case, the c¢ore samples taken near the outlet should also
show a recontamination which is not observed. An other explanation might be the differencs
between the dimensions of the particles which settle near the inlet and nesr the gutlet. The
larger particles settle near the inlet,whereas the smaller ones, among which many algae,
settle nesr the outlet. The technic used for bacteria counting now - the MPN technic - does
not allow the correct evaluation of the exact number of bacteria adsorbed an the particles,
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2 saveral bactaria sn ame 2avtizle are counted as one bacteria only. The maturation
gss results in a fragmenctaticn 2 larger particles into smaller ones which all caerry
roed bBactaria which will zzurted acw. The sludge accumulataed near tie inlet, formed of
e garcicles, could =hus Licsraste, during its maturation much more imscrtamt Jquantitias of
bactaria than those Licerated Sy the smaller particles settlsd near the sutlist of the zand.

This could axplain the ooservad ziffarences bDetween both prefiles.

With respect ta the 3almonella, onrly the samples collected with the %raps and so
corresponding to the youngest sediments were cong?minated with these micro-crganisms, howaever
to a limited extend : 3,8 107 MPN/1 and 3,0 107 MPN/L rear respectively the inlet and the
gutlet. Maregver the zancenmtratians af faecal indicators in these samples correspond farcly
well with the values opserved in the upper layers of the coras-samples.

CONCLUSION

The study of the physical-chemical characteristics of two columns of sludge accumulated in
the first of a sesries of wastewater stabilizatiom pands, shows that the 10 years storage
results in an important increase of the density and in a an enhanced degradation of their
organic matter.

The orgenic metter degradation is accompagnied by the regeneration of sbout 80% of TOC, 70%
of PKN and 75% of TP, Unlike the phosphorus which is rapidly mineralized and which is in
dissolved state only significantly present in the young sludge, the ammonia, disgolved in the
interstitial phase, has a concentration which increasss with depth and thus with the age of
the sludge. The differances observed between the two profiles can be eaxplained by the
difference in the nature - more mineral near the inlet - and the dimensions of the settling
particles - smaller near the outlet.

The bacteriological amalysis of the superficial sludges shows that the contamination is mors
important =~ about one log for all the parameters studied - near the inlet than near the
outlet, except for the spores of the sulfate reducing clostridia.

The maturation of the sludge results in with depth decreasing concentrations - except for the
spores of the sulfate reducing clostridia - for the entire profile near the outlst but for
anly the upper 40 cm of the profile nesr the inlet ; below 40 c¢m there 1is an increase in
concentrations of this point. This increase with depth and so with age may be caused by the
more important fragmentation of the particulate matter on which the bacteria asre adsorbed.

The Salmonella concentration appears at random and low and no concentration gradient could be
established.

The effect of the maturatian of the sludge on the concentrations of the fascal indigator
crganisms other than the spores of sulfate reducing clostridia appears limited. Indeed, the
cbserved decreasas do not exceed 4 log at most.
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THE IDENTIFICATION OF BENTHIC FEZD-3ACK IN FACULTATIVE FONDS
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ABSTRACT

An identification study of the feed-back of soluble organic matter from the benthic sludge in
facultative ponds is described, based on field data reported for the New Mexico pond system

in the USA. The study employed recursive estimation techniques to aid the identification of
appropriate model structures.Mocdel development progressed from the analysis of a simple
non-reactive system to one incorporating two sub-systems, namely the planktonic region and the
benthic region. It was found that the inclusion of a temperature-related feed-back term
produced good model results while the temperature-corrected decay rate constant remained
constant over time. The magnitude of the feed-back term would appear to be equal to the
incoming load in the hottest months of the year. The implicatiocns for performance evaluation
and design are discussed.

KEYWORDS

Waste stabilisation ponds; wastewater treatment; process modelling.

INTRCDUCTION

The knowledge of the treatment mechanisms which occur in facultative stabilisation ponds is
reasonably advanced. However, the incorporation of this knowledge into design methodology
has been lacking. Most design methods are based on a maximum allowable 30D loading in the
coldest month of the year. This approach may be inappropriate when viewed against the various
objectives of pond design. For example the critical factor in the coldest month may be the
removal of pathogens, LUMBERS and ANDOH (1985). The BOD loading has more relevance to the
maintenance af an aerobic layer at the surface and hence facultative conditigns. The aerabic
layer in facultative ponds has two functions:

* the achievement of a better quality effluent through the predation by higher
organisms and aerobic oxidation.

the elimination of odour nuisance by the gas stripping which occurs through
the aercbic layer.

With regard to the prevention of adour the hottest months of the are likely to be of most

importance when several factors mitigate to reduce to dissolved oxygen concentration in the
upper region. These factors are:

the increased rate of biological activity.

* the lower diszolved oxygen saturation concentration.
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* the iacreased activity in the benthic sludge and the feed-back of soluble
organics o the upper aerobic zone.

* the likely reduction in wind speeds and the associated surface aeration.

As one of the main concerns regarding the use of ponds is the fear of a patential odour
nuisance the objective of this study was to identify from field data the influence of ke
faed-back from the benthic layer ao that this could be incorporaced as aecessary in design.

METHQDOLCGY

The approach to model development aws based on the progressive introduction of model complexity
as justified by the reduction in errors between the model predictions and the field
measurements. The two principles by which the suitability of model structures were assessed
were:

1. the recursive estimates of the parameter values should be stationary, showing
on trend or systematic variation.

2. the residual errors betwsen the model output and the observations should be
stochastic in nature and have no serial structure.

:- Qther criteria used were the Root Mean Zquared Error and the Coefficieant of Determination.

“The data used in the study were reported by LARSEN (1974). A time series plot of the input and
cutput soluble or filtered COD is given in Figure 1.

“. The final model structure adopted comprised a simple CSTR for the aerobic region and a source/
"vsink term for the benthic region. The model equations are given in ANDOH (1986) together with
.a detailed description of the modal development,

MODELLING RESULTS

1:’The results of the initial model which assumed a simple non-reactive system with no decay
"‘mechanisms are shown in Figure 2 for soluble CQOD. It can be seen that clearly there is a
+gignificant degree of treatment occurring. The analysis of the errors and their

';fauto-correlation indicate both bias and serial structure as would be expected, Figure 3.

“‘A gimple first order model with no benthic feed-back was then evaluated and the decay rate

- constant estimated recursively. The tragectory of the estimates of the decay rate constant

,is shown in Figure 4 wheres it can be seen that a seasonal element in the model would appear
to be missing. The simulation resluts for this model are given in Figure 5 illustrating
poor model performance. The erroramlysis in Figure é indicates again that there is both
bias and astructure in the errors.

It was postulated that the seasonal component missing from the model was a feed-back %term from
the benthos. This term was then estimated as a parameter and the resulting tragectory displayed
a strong dependence on temperature, A source/sink term for benthic activity was then added to
the model and the resulting simulation shown in Figure 7 where a much better fit to the data
can be seen. The error plots are given in Figure 8 where the errors are more random and also
show no serial structure. It was concluded that the addition of a simple source/sink term
linked to a CSTR model gave adequate predictions and indicated the importance of the inclusien
of such a term.

: IMPLICATIONS FOR EZVALUATION AND DESIGN

It has been inferred from an unbiased analysis of fieid data that the feed-back of solubie

organics from .the benthic sludge in a facultative pond is an important factar regarding the
overall loading to the aerobic layer and the maintenance of facultative conditions. Formal

experimental verification of this hypothesis is now required so that performance assessment
can consider the effect of seasonal variations in benthie feed-back.



Regarding the desizn >f facultative ponds the work has several implications:

* the inclusion of benshic Tsed-back into design may 2e important where sdour
aliminacion i3 essential.

* the advantage of anaerspic ponds prior to facultative ponds can De assessed iro
relation %o year round facultative conditions.

* there iz a potantial for the application of dymamic models to aid the
consideration sof different seascnal variations in temperature.

* the practice of designing ponds for the allowable BOD loading in the coldest
month dees not consider the different objectives of pathogen removal and odour
control.

CONCLUSION

The use of recursive parameter estimation techniques in model identification has been
described and the importance of the benthic feed-back in facultative ponds inferred f{rom

field data. The practice of designing ponds for the coldest month is not compatible with other
objectives. In the coldest month pathogen removal is likely to be the limiting factor and is
unrelated to BOD loading. In the warmest months odour control may be of most concern and the
additional loading from the benthic sludge may be critical for the maintenance of aerobic
conditions in %he surface region.
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DESIGN EQUATIONS FOR BOD REMOVAL IN FACULTATIVE PONDS
E. Joe Middlebrooks

Tennessee Technological University,
Cookeville, TN 38503, USA

ABSTRACT

Facultative pond performance data collected for the S Environmental Protection Agency
(USEPA) at four locacions throughout the USA and data collected by others were used to
evaluate the most frequently used design equations and to develop non-linear design
equations. Empirical models were evaluated as well as the classical plug flow and complets
mix models. The first order plug flow model gave the best fit of all the rational models.
The.emplrical noa=linear models did not £1it the data, nor did the other empirical models
with the exception being the areal loading and removal model. Attempts to verify the models
developed with the USEPA data using data collected by others was not successful with the
exception of the areal loading and removal model.

KEYWORDS

Facultative ponds, blological wastewater treatment, models, BODS removal, wastewater, design
equations, biochemical oxygen demand

INTRODUCTION

Stabilization ponds have been employed for treatment of wastewater for over 3000 years. The
firsec recorded construction of a pond system in the United 5tates was at San Antonio, TX, in
1901. Today, almost 7000 stabilization ponds are utilized in the United States and even
larger numbers throughout the world for freatment of wastewaters (USEPA, 1980). Ponds are
used to treat a variety of wastewaters from domestic wastewater to complex industrial
wastes, and they function under a wide range of weather conditioas, from tropical to arctic.
Ponds can be used alone or in combination with other wastewater t(reatment processes., As
understanding of pond operating mechanisms has increased, different types of ponds have been
developed for application to zpecific situations; however, the work described hareln is
limited to facultative ponds.

PONDS EVALUATED

Facultative pond performance data collected for the USEPA at four locations throughout the
USA were used to evaluate the most frequently used design equaticns and to develop non~
ligear design equations (USEPA, 1977 a,b,c,d}). The procedures used with' the EPA data were
also applied to a set of data collected by Neel et al. (1961). A brief description of tha
design, loading and performance of the systems is.—f;resented in Table l.



TAALE 1 Daslan snd Actual ‘asq’nz Zataq snd Jarent’on Times for Selazted Facultat!ve Fonds

Qraantz Loading Rate Theoret!cal Moanthiy ~Tnat
Calls Aoty Hydraul lc Catention Etfluent
n Tarai First T1me Exgaadad
Loeatfon Serfasy Das'an Systom Catl Dasian Actual 30 _ma/L -:'005
kg 9005/ha/d days
Peterborough, NH 3 20 5] 36 57 107 QOct, ,Fab, Mar, Acr,
Kiimichael, MS 3 47? 13 23 79 214 Nov., July
Eudora, XS 3 3 17 43 47 231 Mar,, Apr,, Auqg.
Cortnae, UT 7 36 ir 3 k1] 180 70 Note
Exporimental Systam L - -— 22 to 112 17 +o 87 Not Appilicable

5?},51 cul |,

DATA ANALYSIS

The analyses of the data were limited to the performance obtained in the primary cell
because BODg concentrations in the primary cell effluent appear to represent performance of
the systems far better than in the following cells. Algae succession, changes in nutrient
concentration, and the buffering capacity of the total system appear to exert more influence
on the c¢ells following the primary cell, The commonly used design methods are discussed
individually tn the following sections.

Theoretically, most of the models evaluated should have a line of best fit that has an
intercept of zero or unity, but an analysis of the data infrequently ylelds such an 1deal
relationship. Therefore, all of tha attempts to £it the data to 3 model were evaluated with
the least squares technique with an intercept and with the line of best fit forced through
an intercept of zero. When there are large differences, the equations describing the lines
of best fit for both cases are presented on each figure along with the corresponding
corralation coefficients. In gemeral, Lf both cartelation coefficlents are significant (3
percent level) and approximately equal, {t can be assumed that the intetcept is
approximately zero, and the model describe the data to an acceptable degree.

EQUATIONS APPLIED

All of the fregquently used design equations were evalvated including rational and empirical
models as well as non-linear empirical models developed for this study. A summary of the
equations evaluated Is presented in Table 2.

RESULTS AND DISCUSSION

Rational Equations

Kinetic models hased upon plug flow and complete mix hydrualics or combinations of flow
regimes and first order reaction rates with and without Michaelis-Menten enzyme kinetic
relationships have been proposed by many authors to describe the performance of wastewater
stabllization ponds (Equations 1-10) (Middlebrooks et al.,, 1982). These models are
frequently modified to reflect the influence of temperature by incorporating Equation 22
into the bhasic equation.

Equations 1~10 were evaluated using the USEPA (1977 a,b,c,d) and Neel et al. (1961) data.
The influence of temperature on the calculated reaction rates was evaluated. The reaction
rates calculated with the ten equations were essentlally independent of the pond wastewater
temperature, The logical explanation for the lack of influence by the water temperature is
that the pond systems are a¢ large that the temperature effect {s masked by other factors.
There is no doubt that temperature influences blological activity as shown by the decline in
performance during the winter months, but for the USEPA (1977 a,b,c,d) and Neel ot al.
(1961) systems the influence on reaction rates was overshadowed by other parameters that may
-include dispersion, detention time, light, specles of organisms, etc.
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ships.
:(Equation 2), and this relationship is shown in Figure l.
iideal but is' statiscically highly significant (1l percent level).

TABLE ? "Deslan Fguations Apo)iad to Facuitat!ve Pond Dara

Rarlonal fauatliang

Fguatian No,

o S, =3 =kt

2, In (§/5] = kT

3, {1/5 - l/sol = kt

4.t = IK /ul ta 15./51 + IS - Si/y

Sa T (K’/ul [1/s = l/Sol + (1/ul in [SD/SI

6, T

2 2
le/Zul 11/8% - /5, b+ (1/ul {1/8 = !/Sal

7. t= ((50/5') = 11/k

Moa=Linear Equatlions

Equation Na,
N6, SIS, =k 1% g 1O 7
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15, S5/8 =

(CHaT) (pH—6,56)
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b
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a
17. S/So =k t7 5

18, 1In (S/SO) = k(t=a) (T=t) (pH-c) L

T

19, In (8/5) = -k T A L u (oM - L

8. s=5_ tsas 102 0 ¥B L (12g)7 o "W 20, In (8/5) % -k + T = BOPH) =L

50 - S] . Ky 1 21, 1In (S/Sa) = =k T T (pH) L
9, — — ]t +—=

X, y Y 2, (S, -5/t ekT?
b

10, + koY o 1 23, (5 -sraxt?s o7

—_— - . - -] )

1+ fkd R S1 u

Temperatura influenca
Emplrical Eguatlons TZ' T
24, kZIK, =8
1, L = 10,37 + 0,72% L°
12, t= 33 x1072 5 (e 13T 4y
oy
LIGHT (35-5)
13, t=33x10%s (o 230 g
ou

whera,
t+ = Hydraullc resldence time, days L. = Areaal BOD. loading, kg/ha-d
So a {nfluent 80D, concentration, mg/L sou. Uitimate Tnfiuent BOD or CAD, mg/L

5 = Effluent BQO, concentratlion, mg/L

c x

= MaxImum reactlion rate for Michaal!ls- f
Mentan typa kinatics, uni+s vary
Substrate concantratlion at 0,5 u

Olmensloniess dlspersion number

= Base of natural logarithms, 2,7183

= Decay rate, day-

= Yleld constant, mass of 35 or YS$
formed/mass of B0, removed kz, [3

L = Areal 8005 removal, kg/ha=d

- e O e X
a
L]

1

£ = constant
TZ' T‘, = Reaction rate constants

9 = Tamparature coatflclient, dlmenslonliass
= Reactlon rate constant, units vary T = Pond water temperature, %
= Algal toxlielty factor, dimensionless
f' = Sultide oxygen demand tactor,
5 dimensionlaess
= /1 +4x1tD L = Light Tntensity, langlays
pH = pH valua, units
a,b,c,d,8 = Reactlon orders for varlous

reactants

and temperatyre

Afrer observing the lack of influence by the water temperature, the two data sets ware
fitced to Equations 1-10 co determine 1f the systema could be defined by thegse relation—-
The best fit of the USEPA data was obtained with the simple plug flow model

The fit of the data is less than
Further attempts o

fincorpora:e various types of temperature and light intensity relationships into Equations l-

I
;
I
X

;.

‘10 to iwmprove the relationships were unsuccessful.
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Using tha Neal el al. (196{) data ta verify the plug flow relationship shown in Figurel,
sha velitionship between measured and predicted efluent 300 concentracions showtt in Figure
? was obdcained. If the plug flow model developed with the USEPA {3972 a,b.c,d) data defined
zhe nerfarmance of the Nael 55_3&,(1961) systems, all of zhe daca points would lieon the
457 ii{ne shown on Figure 2, Obviously the model does not pradizc cnae parfarmance of the
Naei 2¢ 2l1. ponds. All atrempts to verify the EPA models with the ¥eel 2t al, (1361) data
ware unsuccesaful. )
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Fig. 1. Plug flow model evaluation using Fig. 2. Verification of plug flow model using
- USEPA (1977 a,b,c,d) data Neel et al. (1961) data

Attempts to develop models using the Neel et al, (1961) data with Equations -1=10 resulted in
pooter results than those obtajined with the USEPA data. Por exasmple, using a non~linear
data fitring technique with Equation 8, the parameters converged rapldly giving reasonable
values Eor the constants, but with the Neel et al. (1961) data it was not possible to get
the parameters to coaverge. This 1s the opposite of what was expected because the Neel et
al. (1961) data were collected at the same location and uader the same climatic conditions.

Empirial Equations

In a survey of the first cell of facultative ponds in tropical and temperate zones, McGarry
and Pescod (1970) found that areal BOD. removal (L, kg/ha/d) may be estimated through
knowledge of areal BOD: loading (LD, kg?ha~d) using Equatiom lil. The regression equation
had a correlarion coefflcient of 0.995 and a 95 percent confidence interval of + 33 kg/ha/d
removal. The equatian was reported to be valid for any loading between 34 and 560 kg
BODe/ha/d. McGarry and Pescod (1970) also found that, under notmal operating ranges,
hydfaulic detention time and pond depth have little influence on percentage oTr areal BOD

removal. With such a large 95 percent confidence interval, it is impractical to apply the
equation to pond systems loaded at rates between 34 awd 112 kg/ha/d or less as was the
situation with the majority of the months of operation for the EPA and Neel facultative poad
systems.

Relationships between organic removal and organic loading for the lower rates observed at
the four EPA and flve Neel facultative pond systems were developed using BODs, soluble
biochemical oxygen demand (SBODS), chemical oxygen demand (COD), and soluble chemical oxygen
demand (SCOD), Statistically significant relationships were observed for all four organic
carbon estimating analyses with the EPA data, but the best relationships were observed when
the organic removals were ¢alculated using the influent 30D; and the effluent BODg and $30Dg
(Figures 3 and 4). SBOD; data were not available from che Neel et al. (1961) study, but an
excellent relarionship was obtalned with the BOD. data {Figure 3). There is excellent
agreement between the relationships obtained with tge EPA and the Neel dara. Either can he



wged to accuracaly predict the performance of the ocher. The incorperacion 9f -eaperature
and/or iight correction factors caused a deterloration in the relacionship for boch secs of
daca. The 30D and SBOD relacionship {8 showsn 4in Figure 4, The 33 percent confidence
incervals for c?\& EPA and Nee.l. relationships are smaller than the value Teportad by XeGarTy
and Pescod (1980) (EPA 30Dg ve EBODg C.lo = + 2.0 kg/ha=d; EPA BODg v £3300g l.Lo =

0.4 kg/ha-d; Neel BODg va EBQDg C.I. = + 0.37 %g/ha-d).
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Fig. 3. Removal rate versua loading rate Fig. 4. Removal rate versus loading rate using
using USEPA (1977a,b,c,d) influent USEPA (1977 a,b,c,d) influent BODg and
and effluent BODg data and effluent SBOD5 data

Although excellemt relatlonships were obrained, there is reason to question their valldicy
because the relatlonships were developed from a correlation of a number with a number
obtained by subtracting a relatively small value from the first number and multiplying both
by the flow rate divided by the surface area of the pond, i.e. Load = influent BOD (flow
rate)/area and Removal = (influent BOD - effluent BOD) (flow rate)/area. A correlation of
influent BOD versus ({nfluenct BOD - efflugnr. BOD) for the Neel et al. (1961) data yields an
excellent coefficient of determination (r® = 0.896). Converting the influent and .effluent
values to loading and removal rates yields a coefficient of determination of 0.982.

Gloyna (1976) proposed Equation 12 for the design of facultative wastewater stabilizacion
ponds. The EODS removal efficiency can be expected to be 80 to 90 percent based on
“unfiltered inflient samples and filtered effluent samples, A pond depth of 1.5 m is
suggested for systems with significant seasonal varlations in temperature and major
fluctuations in daily flow. Surface area design using the Gloyna equation should always be
" based on a l-m depth. The additional 0.5 m of depth is provided to store sludge. According
- to Gloyua (1976), the algal toxicicy factor (f) can be assuymed to be equal to 1.0 for
. domestic wasres and many industrial wastes., The sulfide oxygen demand (f') i1s also equal to
' 1.0 for SO," ion concentration of less than 500 mg/L. Gloyna (1976) also suggescs using the
. average temperature of the pond water in the critical or coldest wmonth. In this equation,

. sunlight is not considered to be eritical in pond design but may be incorporated Lauto the

Gloyna equation by wmultiplying the pond volume by the ratio of sunlighc in the particular
- area to the average found in the Southwest,

" Although ultimate BOD data were not available, COD, SCOD, 30D, and SBOD. data were used,
. Use of the Gloyna equation with the EPA and Neel data failed to produce any good
relarionships. The relationships obtained with the COD, SCOD, BODS, AND SBOD5 data were
; statistically significant, but the data polnts were scattered. The relacionship shown in
' Flgure 6 was the best fit obtained for the data, and resulted in Equation 13. The validity
of Equation 13 is questionable because of the scactered data, but the relationship is
statistically significant (1l percent).
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Non~linear HZquations

Equation 23 produced the best fir of the USEPA data of all the non-linear equations (Figure
7); however, when the aquation was solved for the effluent concentration of BODg, there was
considerable scatter of the results (Figure B8). An attempt to verify Equation %3 using the
Neel data was unsuccessful. .

None of the other non-linear equations, including many not shown in Table 2, produced a
successfyl fit of either set of data, Temperature and light correction factors did lictle
ro improve the fit of the data to the various models.
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CONCLUSIONS

A simpla plug Zlow hwdraulic model with firsc order reaction rate produced the best f£it of
the USE?A data with the rationmal aodels. Actempts to verify the plug flow model based on
the USEPA data with the ¥eel data were unsuccessiul.

The fir of the data to the plug flow model was not improved by incorporating temperature and
light intepsity correctiou faciors. The Neel data also were uninfluenced by temperature and
light corzections. As reported by Neel at al. (1961), the reaction rates were affected most
by the hydraulic detention time, ’

A plot of organic removal race versus the organic loading rate produced the best fit of the
data of all the models considered. Excellent relationships were obtained with both the
USEPA and Neel data. Eithar equation obtained using toral BODS concentgration {n the
influent and effluent ¢ould he used to accurately predicr the performance of the othar;
however, the starisctical validicy of the relationship is questionable,

None of the non~linear equations produced a relationship capable of predicting the
performance of the pond systems.
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ABSTRACT

The objective of this paper is to demonstrate the importance of choosing an appropriate
mathematical model when analyzing the data from laboratory-scale studies of waste stabilization
ponds. Two case studies are presented based on work by Thirumurthi and Nashashibi (1967) and
Uhlmann et al (1983), both using semicontinucus methods of experimentation involving the
addition of discrete volumes of feed at reqular intervals. In both cases the authors have
used mathematical models of continuous processes to analyse their results. This paper shows
how semicontinuous models can be used in both studies, leading to significant differences in
interpretation of the data; in the first case study this relates to the determination of rate
constants and, in the second case study, to the determination of an appropriate model o
desc¢ribe hydraulic mixing. Each case study concludes with a discussion of the significance of
the semicontinuous interpretation in the context of waste stabilizaticn pond designm.

KEYWORDS

Waste stabilization ponds: reaction engineering; hydraulic mixing; parameter
estimation; systems modelling

INTRODUCTION

Chemical reaction engineering principles have been used in design and performance studies of
waste stabilization ponds since the 1960's. (Marais, 1966; Thirumurthi and Nashashibi, 1967;
Thirumurthi, 1969; Mara, 1976; Ferra and Harleman, 1980). Even so, a review of performance
data from large-scale waste stabilization ponds by Finney and Middlebrooks (198Q) revealed
serious discrepancies between expected and observed removal effjiciencies of BOD and faecal
colliforms. The principal reason, in their view, lies in inadequate descriptions of the
hydraulic resjidence-time distribution in a waste stabilization pond but problems arising from
reaction rate data would seem to be egually important (Wood, 1986). The physical and chemical
processes taking place in a waste stabilization pond are complex and simplifying assumptions
are necessary in order to develcp mathematical meodels for design purposes. It is useful to
discuss briefly the assumpticns in relation to BOD removal.

Steady~state organic and hydraulic loadings. It is reasonable to accept this as a basis for
large-scale design even though in practice inevitable variations in sffluent guantity and
quality are going to occur. The design is therefors basad on temporal averages of volume rate
and pollutant concentration, and provided fluctuations about the averages are not large this
seems adequate. Only Terra and Harleman (1980) appear to have attempted a dynamic analysis of
waste stabilization pends, in a useful but preliminary study. In laboratory-scale experiments
it is possible to maintain constant loadings end therefore these studies can be more precisely
analyzed by 3 steady-stats mathematical medel.’
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simple madels of hvdraulic mixing. Hydraulic mixing in large-scale waste stabilization ponds
is not easy to describe with any certainty; faw residence-time measuremencs are available
because of the difficulty in carrying out accurate tracer studies, principally due to wain-
taining steady flow conditions, and the large analytical and sampling esrors associated with
the inevitable massive dilution of the tracer. In consequence simplified mixing models are
used, such as plug-flow, plug~flow with diffusion, single stirred tank, or multiple stirred
ganks in series. In the laboratory, mixing is more readily controlled and can be made to
conform with complete mixing or plug-flow, menticned above, although as shown later in this
paper non-ideal mixing can occur.

Scove of this Paper

The contents of this paper are sclely concerned with laboratory-scale experiments and are
presented as two case studies. The first refers to the determination of rate constants using
data determined by Uhlmann et al (1983), emphasizing the need for an appropriate mathematical
model and addressing the guestion of whethexr the rate-constants are truly first-order. The
gsecond uses data determined by Thirumurthi and Nashashibi (1967) and demonstrates a methodology
for descrihing the non-ideal mixing in their experiments, and the subsegquent use of the non-
ideal mixing model to determine rate constants.

Perhaps the most important question of all is not facad in this paper; the extent to which
data obtained in a laboratory-scale aystem can aver bhe representative of conditiens in a
large-scale waste stabilization pond. The assumption is made, along with other researchers,
that any rate and mixing parameters, so obtained, are meaningful. It is perhaps a question
that deserves more attention.

.

CASE STUDY I : RATE CONSTANT DETERMINATION

This example demonstrates the importance of using an appropriate mathematical model to estimate
rate constants from data obtained in a laboratory-scale experiment. Uhlmann et al (1983), in

a well-planned study, used rectangular glass vessels (16 1) which were fed with discrete
amounts of a synthetic waste every 24 hrs. Equal volumes of ligquids were displaced from the
tanks at each addition, thereby maintaining constant reaction volume, and the vessel contents
were then stirred, After sufficient time, a steady level of BOD was achieved in the displaced
liquid. The experiment was therefore semicontinuous, as a consequence of the discrete
addition-displacement process; yet a continucus plug-flow model was used to determine the

rate constants from the data. Wood (1986) pointed out this ancmaly and, using a semicontinuous
model, found marked differences between the rate constants obtained from the two models for
comparable data sets. The outcome was not unexpected because the two model equations are quite
different -

Plug-Flow Sg -
- = exp (- kt) (la)
{Continuous) 1]
Discrete Addition 5o =
, , - (1)
{Semicontinuous) 83 exp (kE2) + £-1
5., 8, = BOD in the feed and displaced fluid, respectively

first-crder rats constant

mean residence~time

ratio of feed valume to reaction volume in
discrete addition model

oA
[ |

i
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Jatails 2f “he derivation of the semicontinucus model are given by Woed (1986). The experi-
ment was -arriad aut at £ive temperatures (4, 10, 20, 30 and 40° Q) , Zor four mean hydraulic
residence times %, 12, 20 and 40 days), and four BOD Loadings (1, 3, 23 and 125 g 300/m3.4);
and for each zombinacicn of these variables two vessels were illuminated Zor 16 hours per day
and two were Xept in the dark. Values for §; and 3, were determinaed as J0D (on filtered
sarmles) and as BCD. (on unfiltered samples). Arithmetic means of the rate censtant were
calsulated Srom She’four experimenty carried out for each combination of variables. As the
authors axplain, this averaging procedure was necessary because nelther 30Dg or CQD alone is
necessarily representative of the substrate guality:; moreover, upncertainties in sampling and
analysis, and differances between experimental units, are compensated. Iigure 1 shows data
for 20°< which has been analyvzed using both of the medels described above.
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Fig.l Comparison of rate constants k(d ~) from continuous model (e) and
semicontinuous model [4): 20°C data.

Interpretation of Rate Constants

For convenience, in the following discussion the term 53C will he used to refer to the semi-
continuous model and PP to the continuous plug-flow madel. The raesults for experiments at
20°C given in Figure 1| show similar treonds to those at other temperatures. (Space limitations
preclude o comprehensive coverage but Wood (1986} gives numorical values of SC and PP rate



constants for all experizmental omoiraticns.) Two mailn conclusicns zan be drawn Irea tna
results:

(a) the »F

rats ConSLANTS Ara
‘b  sne PF ¢
B

3ig

Ate gonsTARTS are Zependent on 30D loading, mean residence-~time
arature wharsas the

inading and temparacure.

The relationship between the SC rate 2onstant and BOD volume loading at a given temperature
appears to tend %owards an assymptetis value, suggesting a relationship of the fom -

“*.L
k b (2a)
L+ %
where k = S rate constant (d°1)
k* = limiting value of SC rate constant (d"l)
= BOD value loading (g/m?.d)
K = a parameter (g/m3.d)
k* and K are both temperature dspendent, as follows -
k¥ = 0.011+ 0.0312 T _ (2%)
kK™Y = 0.194+ 2.24 770 (2¢)
where T = Temperature (°QC)

The relationship between the PF rate constant and the experimental variables is more complex,
as follows -

- B
£
K ‘= (3N
A
where 2 = (0.327 + 10.277/T + 1/(L(0.25+ 0.476/T))
B a - (1.29 + 1.304/T+ (0.061 + 0.05T) /L)%
t = mean residence time (d)
L, T as defined above

Reacticn Qrder

‘As mentioned earlier, the rate limiting process in a waste stabjilization pond is assumed to be
a first-order removal of BOD. The use of the term 'first-order’ must be guestioned because of
the dependence of the rate constant on BOD loading as well as temperature, as confirmed in
studies by Thirumurthi (1969, 1374). In a genuine first-order reaction the rate constant only
depends on temperature, and is independent of factors such as reactant loading or mean resi-
dence time. (An exception arises in the case of a 'pseudo'’ first-order reaction for a second-
order system with a large excess of one of the reactants.) The kinetics of the waste stabi-
lization system would therefore appear to be non-linear.

The present author has examined several simple n-th order kinetic¢ medels and a Monod medel in
an attempt to resolve this problem but the results are not conclusive. A significant dicffi-
culty lies in the accuracy of the available input/output data hased on measurements of BODg;
as is well-known these measurements are far from precise and certainly do not achieve the
level of accuracy to enable a clear discrimination to be made between various potential kinetic
models. Until this difficulty is overcome, the first-order rate limiting step of BOD remowval
must be adopted as the basis for design and performance studies of large-scale waste stabili-
zation ponds. Therefore it is most important that the best estimates of the fixst-order rate
constant be obtained from the available data, with particular emphasis being placed on the use
of an appropriate medel for this purpose. As this case study shows, significant errors in the
rate constant can occur from the use of an inappropriate medel - no matter how carefully the
experimentation is planned and carried gut. Based on the study by Uhlmann et al (1983},
equations (2a). (2b) and (2¢) are recommended, in place of eguation (3), for design calcu-
lations. -



CASE 3TUDY II : MIXING IN A SEMICONTINUOUS SYSTEM

This case study describes a3 zmechodolegy for determiping the mixing in 2 semicontinuous system
from tracer measurements. Thioumurehi and Nashashibi (1967 used zeaction volumes of 21.6 1
in a study which involved a z2nce-daily addition cf synthetiz wasta with a corresponding dis-
placement of e2ffluent frcom the reactieon vessal tut, unlike %he previous study by Uhlman et al
(1983), no deliberate stirring cf the reaction volume took place fallowing each addition of
waste. The only stirring of the system was self-induced by “he act of pouring fresh waste
inte the reactor. Tracer experiments using scdium chloride were therefore carried sut to
characterize the mixing by a suitable mixing diffusion and used the solution of Wehner and
Wilhelm (1956) to estimate mixing parameters from the tracer data. Here, again, a model only
appropriate in the context of a continucus flow system has bgen used for a semicontinuous
system involving the discrete addition of fresh feed. Existing mixing medels based on
continuous residence-time theqry are well covered in the literature (see, for example,
Levenspiel (1984), for an up-to-date overview) but little has been published of direct rele-
vance to the discrete addition system: the methodology proposed here is meant to be a preli-
minary examination of this problem.

Description of Proposed Methodology

For convenience a discrete volume of liquid is referred to as a pulse. 3uppose that a
suitable tracer is dissolved in one of the inlet pulses and let the time of its injection be
designated as the origin for time measurement. All previcus pulses and all subsegquent pulsas
axe free from tracer. The segquence of effluent pulses is then monitorsd for tracer content
and the rasults expressed as a fraction of the original tracer inijected. In this way, the
rasidence-time histery of injected material can be asgertained, as follows:-

Let v = the volume of a pulse
¢j = tracer concentration in the injected pulse
¢k * tracer concentration of the k-th effluent pulse
tp = interval between pulses
fx fraction of ilnlet pulse with .residence-time k t

P
Then £, = ck/c‘ : (4)

i

This data, if required, can then be converted to a cumulative residence-time distribution by
simple summation.

Interpretation of Residence=Time Data

Following the practice used for continuous flow systems, it is useful to consider the limiting
cases of complete-mixing and zero-mixing, and then use them to formulate descriptions for
intermediate mixing.

(a) Complete-mixing. If the entering pulse of fluid first displaces an equal volume pulse of
the existing fluid in the system and then completely mixes with the residual £luid in the
system, this process can be described as follows:-

veu ot (V- Cp.p T Voo (5a)

where pulse volume

system volume

tracer concentration, entaring pulse
tracer concentration, displaced pulse

the k-th pulse after tracer injection

o e g<
|/ I B

This equation can be simplified into the form of a transfer function by the use of the back-
ward shift operator z~l which has the effect of replacing the ¢ term bv z ~.c_; the

resulting expression is:- k=1 k
L £
W1 1-(1-5)Yz ~ (5b)
where f = the ratio of pulse to system volume

.13
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Targe-mixing. If the ancering pulse simply displaces an equal volume of existiag system
A T - - - a R ..
id and subsequently retains its identity, without mixing w:ilh (i3 surroundings, che process
dascrised as foligws:-—

o] = 1 ' ° /6
b3 -‘k-f (5)
wnare T is the delay-time between pulse entry and exit.

The pulses ars assumed to leave in the same order as they entexr the system: in consequencs the
dalay~time (i.e residence=time) for each pulse is identically equal to T. This mixing Limit
is analcgous to the 'plug-flow' conditien in cantinuous flow systams.

{¢) Partial mixing, Intermediate degrees of mixing of the inlet pulse with its surroundings
can be characterized by regarding the total flow system as a structure of sub-regions, each of
which behaves as either a zero-mixed or completely-mixed entity. Once the structure is for-
milated it is not a difficult matter to combine the transfer function models of =ach of the
sub-regions into an overall transfer model for the whole system. This results in an input-
output transfer function model with the general functional relatiaonship:-

1

e B(z )

-1 A(z-l)

where A(z_l) and B(z"l) are polynemials in the transfer function operator z"l

(7)

Estimation of Transfer Function Model Parameters from Experimental Data

The practical problem of interest is the reverse of the process described above. From input/
output measurements of tracer concentration, 'bDest’ estimates are made of the palynomial co-
afficients in the transfer function model, Equation (7). The overall transfer function model
is then decomposed into sub-elements, each of which can be identified with one of the ideal
mixing models, Equations (5b) or (6). The method of estimation in this paper has been deve-
loped by Young (1984) and is based on instrumental variables: details cannot be given here but
can be obtained from his book.

The experimental tracer data were obtained by Nashashibi and Thirumurthi (1967) from a control
pond of the same dimensions as their waste stabilization ponds. The pond was first filled
with distilled water and the discrete addition process was begun with the Injection of a pulse
containing sodium chloride: thereafter a similar volume of distilled water was added daily and
the segquence of pulses of displaced effluent were monitored for sedium chloride, The results
of one experiment are shown in Figure 2, (A notable feature of thisg data is that the experi-
ment was terminated after 20 days when appreciable amounts of tracer were still being found in
the effluent pulses.)

The measured seguence of input/output tracer data was analysed with a computer package, 'MICRO-
CAPTAIN', which incorporates a recursive version of the estimation algorithm developed by
Young (1984). The user first nominates the orders of the polynomials Alz"1) and B(z %) in the
transfer function meodel, Equation (5), and the time delay parameter T, The package then
accepts the input/output tracer data in sequence and progressively estimates the coefficlents
in the polynomials a{z~l) and B(z"l) and their standard errors; it also provides a coefficient
of detsrmination which is a normalised measure of how well the model explains the data, and an
error variance norm which is a sensitive indicator of overparameterization. The user can
therefore scrasn several transfer function medels and choose the one giving the best compro-
mise between the coefficient of determination and the number of parameters specified for esti-
mation,

The transfer function model best desgcribing the experimental results from Thirumurthi's study
provaed to be a second-order polynomial in A{z~l), a third-order polynomial in B(z™*) and a time
delay of 2 days. ’ .

The coefficients in the polynomials are given below:-

az7ly = 1+ ay 27t o+ oa, 2"* ) (7a}
where a; = 1.0%4; a, = 0.104
-1 C el -2 _3
B{z™"Y = b, + bl z + b,z + b,z {(7h)

where b = 0.0038; bl = 0.0134; b, = 0.0208; b, = 0.0121
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Interpretation and Use of the Transfer Function Model

The coefficient of determination for the model is 0.999, as reflected in Fig.2 by
the close agreement betwean prediction and measurament. The second-order
polynominal A(z™l) can be factorised and the transfer model rearranged -

2y 0.056 . 0.890 . . (7e)

z=1 -0n.944 271 -n.110

where U = 0.075 u,_, + 0.268 ug.3 + 0.415 u_g4 + 0.242 ur_5

This 1s equivalent to two completely-mixed ragions in series with subseguent division of the
£luid into fractions with delay times of 2, 3, 4 and 5 days. With the residence=time thus
characterised, by combining equations (4) and (7c), the model can be used to estimate rate
conatants from input/output data from a pond with nen~ideal mixing - such as used by
Thirumurthi and Mashashibi (1967).
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ABSTRACT

This paper presents a prediction model for calculatinag the expected effluent performance of
a facultative waste stabilization pond. The mndel is intended to improve on current design
approaches throuch more appropriate recognition of physical and climatic factors which affect
the prediction of ﬂnnd performance, The impartance of hydraulic routing throuch a nond is
stressed along with wind mixing, thermal stratificatien, pond geaometry, and other basic
design parameters. The final form of the model fs a working equation based on analyses of
the various pand processes; hecause of the complexity of the final analytical model, it rust
be applied using computerized methods.

KEYWORDS

Facultative ponds; prediction model; effluent performance; design factors; physical and
environmental effects; computer appfﬁcation;

INTRODUCTION

Three techniques are commonly used in the design of a waste stabilization pond. One
technique is based on organic loading; a second involves the use of empirical relationships
based on actual pond performance data; and a third involves the use of a rational desian
model basad aon the assumotion of first order biochemical oxygen demand (BODS) removal rates,
However, many of these relationships have serious Timitations in predicting pond performance.
Therefore, the analytical development which fallows in this paper is intended to improve on
these current design approaches.

HYDRAULICS OF FLOW THROUGH PNND

The hydraulic behavior in ponds is usually simulated in one of two ways; the pond is assumed
to be either a plug flow reactor or a comoletely-mixed reactor. The equations which general-
1y are used to describe removal efficiency in pTug flow and completely-mixed reactors are
Tisted below: :

Xt

Plug flow: C/C, = e (1)

Cy = effluent BND5 concentration (kg/m3)
Co = influent 30D5 concentration (kg/m3)
K = first order reaction constant (d'1)
t = mean residence time in reactor (d)
Comoletelv-mixed: C,/C, = /(1 + %) (2)



The accuracy of these equations may vary substantially with actual pond
conditions and therefyre their applicaticn is limited.

The hydraulic flow pattarn s3hown in Figure i, as previousiy used by Ferrara and Harleman
{1981), is used as the basis for hydraulic fiow routing through the pond. However, instead
of reprasenting the active zone as one reactor, it is used here as two separate reactors, the
first being a plug flow reactor and the second being a completely mixed reactor. In addition,
the two-dimensional conceot in the active zone is expanded to include the depth dimension as
shown in Figures 2 and 3. The proposed model, then. consists of three separate reactors; a
plug flow reactor and a completely mixed reactor in the active zone and a compiete]y‘mixed
reactor in the return zone. Figure 2 represents the case where the pond inflow is directed
toward the bottom of the pond, which occurs in warmer periods when tharmal s;ratification is
most pronounced, whereas Figure 3 represents the case where the pond inflow {s directad
toward the top of the pond as in colder periods.

For purpases of modeling, pond parameters are identified and estimated as follows:

a =L/t
- a = plug flow parameter
L'= Tength of plug flow reactor in the active zone (m)
L = total pond length (m)
b=W/u
b = active zone width parametar
W'= width of active zone {m)
W = total pond width {m)
g=0/0 “p = 0/,

g = active zone depth parametar
D'= depth of active zaone (m)
D = total pond depth {m)

p, 1s used to estimate the flows in the active and return zones,

APPLICATION NF HYDRAULICS T0 BODS REMNVAL PPEDICTINN

Two separate flow patterns will usually exist in a pond at different times of the year as
shown in Figures 2 and 3. Thus separate equations must be generated te predict 8005 removal.

In the averflow case, the inflow to the pond and the return flow from reactor 3 both enter
reactor 1 and travel through in plug flow ragime. The equation which describes BQDS removal
in this reactor is ' ‘
Ce1 C
Cel affluent BOD5 concentration of reactor 1 (ka/m
Cﬂ = influent BODS concentration of reactor 1 (kq/m3)
q
ty = residence time in reactor 1 (d)

i}

. (=K1t , (3)
i)

first order reaction constant of reactor 1 (d'1)

To utilize this equation, the values of Ci7s Kyv and tq must be evaluated,

The concentration of BOD5 in the reactor influent is calculated by combining the mass of non-
settleable BODS contributed by &the recycle flow and the non-settleable BODS contributed by
the pond inflow, and dividing that sum by the active zore flow rate., This {5 exoressed in
equation form as

Cip = (€10 + (Coq)(p) / (1+40) (4)
i1 0 3 a3 3
pond inflow 8005 concentration (ka/m”)

i. = fraction of BODS in pond inflow which is assumed
to settle and deposit on the bottom of the pond

Ce3 = efflyent BODS concentration in reactor 3 (kq/m3)

()
u

5.18
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able 80085 in tha nand inflow settles out before Zhe flow anters reactor 1, and the
shar the 3005 “aurd ia +h2 recycle flaw is antirely non-sattlaabla.

TwQ 3ssumptions ara made reqgardinag the setileable 3005: the First is that 2]’ ¢f *he
3

The value af =1 will depend upon the four nond parametars which dafine the sfze of 2ach
reaztor and the flow tnrough it, The aporopriate aquation is

gy = {a) () (g)/(1+n) (5)
t = mean pond residence time (d)

The #irst order reaction constant K has been shown to vary tremendously in different studies,
Marais (1966) found that the data best fit the equation :

G = Ky (1.085)7%

pond liquid temperature (°C)

K first order reaction constant at temperature T gd'1)
K35 = first order reaction constant at 35°C (=1.247)

(6)

[}

#

This equation will be used to determine the value of K in sach of the three reactors,

After the flow passas through reactor 1. it enters reactor Z. The aquation which estimates
BODS removal in this reactor is
CeZ = Ce}/(1+K2t2) 5 : (N
Cop = effluent BNDS concentration of reactor 2 (ka/m”)
first order reaction constant in reactor 2 (d'])

o
[ BN ]
i " i

residence time in reactor 2 (d)

The value of Kz 1s determined using equation (6) and, if the Tiquid temperature in reactor 2
15 equal to the liquid temperature in reactor 1, then Kz will be assumed equal to K3. It
should be noted that this will probably not be true; it is 1ikely that Ky will be larger
than K2 since the BODS which could easily be metabolized was removed in reactor 1. leaving
the less reactive BODS for reactors 2 and 3. The value of tp is determined by the equation

t, = t(1-a){b)(a)/(T+0) (8)

The efflyent from reactor 2 is the pond efflyent, as well as the influent to reactor 3, The
affluent BODS concentration Ca?, however, will not be equivalent to the total effluent BODS
concentration, because the effluent will contain alcae which exerts an oxyaen demand. In
this paper, then, the term 'total effluent BND5 concentration' will consider the BONS con-
tribution from algae, while the term 'effluent BODS concentration’ will not include the
effect of algae.

Reactor 3 is the most complex of the threes reactors when considering the overflow case,

BODS loading comes from the influent from reactor 2, and by those oroducts of anaerobic fer-
mentation which do not Teave the pond as a gas. Because this reactor is the only one which
has the pond bottom as one of its boundaries, it is assumed that all of the anaerobic end
oroducts which do not leave the pond as a qas enter. this reactor only,

The equation which describes the activity in this reactor is

Coz = Cep * (55)(K(S)/{Qg) /(1¥Kqty) ‘ (9)
s = fraction of anaerobic fermentation products which

P do not leave the pond as a gas
KS = first order anaerobic reaction constant (d")
S = mass of sludge accumulatad at the bottom of the pond {kg)

K3 = aerobic first order reaction constant in reactor 3 (d")
residence time in reactor 3 (d)

o
L
i

The value of K3 will be estimated using equation (6), and ts will be determined using ths

5.20



aquation

ty = t{l - "Sig)ko (10)

3
In using squacion (3} to ietarmine K,, the temperature of the liquid in that reactor wiil
have ta be estimarad, 32ziusa tha vdlume of reactor 3 includes +<he lower level aof the pond,
wnare cogler watar regides, 4ha Tiquid temperaturs in reactor 3 wiil be assumed lower than
~he 1iquid temperatures in reactors | and 2. .

The discussion of 1iquid zamperatures will be temporakiWy set aside in order to first discuss
the unknown auantities found in equazion (9), The first term to be discussed is the mass of

sludge accumulation, S§. The rate of change of sTudoe mass at the bottom of the pond can be
described by the equation

ds/dT = (1 )(C Q) - (K)(S) (11)
T

time

Expressed in finite difference form, the equation becomes

AS/4T = (1.)(C)(q,) - (K )(D) (12)
or
(3-89 1/8T = (1)(C)(Qy) - (K)(3y+5,)/2 (13)
52 = sludge mass at time T2 (kg)

S

1 = sludge mass at time ™ (kq)
2= T

Anticipating that the sludge mass S, is known at time T,, and the objective is to determina
the value of S2 at time Tz. equatiol (13) is solved for 52' yielding

_ (GO UAT) + {530 1 - (K ) (aT)/2
(1 + (k) (aT)/2)

15, 51, and AT are gither known or established, the only unknown

AT = T

(14)

Assuming that C_, 0

variable s KS.O’ o’
The variable Kg has been found to be highly sensitive to temoerature. Below 17 %, farmen-
tation in the sludae is negligible, while at 23 °C or more, fermentation may become so

intense that sludge may be propelled to the pond's surface according to Mara (1974). It is

possible that the pond could become anaergbic if farmentation is infense enough,

Marais has generated an expression from a pond in South Africa that wil) be used to calculate
KS in this model.

dVg/dT = (€,)(s5)(K()(S) (15)
= volume of gas liberated (ft3)
= volume of gas liberated per unit mass BOD5
destroyed (Ft3/1b)
sg = fraction of anaerobic end products which Teave

the pond as a gas {= 1 - s )
The equation used by Marais to estimate the variable Ks is

. =20
KS(T ) s 0.002 (1.35) T, (16)

$
TS = average sludge temperature (OC)
To use this equation, however, the temperature of the sludge laver must be estimated, Uncer

very cold conditions, the sludge temperature may be 4 OC. the aporoximate temperature at
which water achieves its maximum density. Under summer conditions. the sludge Tayer will



remain cooler <han the liaquid at ine tco of Ine pond.

Basad upon daza saken “rom Scyth AFrizan ponds, Marais (1970) develoved a relationship be-
tween maximum daily cond surfacz tarsaratura and average sludge layer temperature as follows:

(Tg= 4) = 0.777 (T = & (7)

-

Tr = maximum Za1iy tamperatuyre it pond water

)

surface {“C)
1f equations (3), (&), (7), and {3} 2re combined, the following equation results:

L QUG Y G K1A)
a2

(18)
(1-+g_)(1+k‘2t2)(1+K3t3)(eKTt1) -p

This is the equation which will be applied to predict effluent BODS concentrations when the
flow is expected to stay taoward the top of the pond,

As stated earlier, equation (18) will not be applicable when the flow travels toward the
bottom of the pond. When flow travels toward the bottom of the pond in the warmer ronths,
the orientation of the active zone is altered in the model. In this case., ail three reactors
have the pond bottom as one of its boundaries; therefore, anaerobic fermentation products are
expected to enter each reactor in proportion to the bottom area which each reactor occupies.

The addition of anaerobic end products to the pluo flow reactor complicates the equation
which describes the activity within the reactnr. To simulate this situation, the reactor is
broken down into a large number of small plug flow reactors, with an eaual amount of ana-
erobic end products being added at the beginning of each small reactor. The followin
equation reflects the alteration of the basic plug flow equation to include the addition of
anaerobic end products:

Kt /N .
(s MK I(S)a)b) (e "1°T7T)
e G ¥ —E(Q‘o‘?ﬁ“:gm—f (19)

the number of small plug flow reactors into which
reactor 1 is divided

()
1]

=
]

The efflyent from the Nth reactor, which is equivalent to the effluent from the larae reactor,
can be evaluated by the equation

ey = Cyple TR 1Yy (20)
{s5)(Kg)152(a)'b) s (e Kt/
R THEINT
The summation in equation (20) is equivalent to
£ (e 0N T e B8N e Kty (21)
4
Combining equations (20) and (21) vields the equation
- M-

(s )k (M@ b (e “KIF/N e ity
CRIEI I

Previous1y'devgloned equations can be used to calculate the variables in equatidn (22) except
for t,, which is calculated differently in the underflow and overflow cases, In the under-
flaow case, the equation is
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ty = t(2)(8) (1-a)/(T+) (23)

In reactor 2, BQDS is contributed by anaerobic end products and by the effluent from
reactor 1. The completely-mixed equation which represents the activity in the reactor is

* (5, ) (X )(S)(1-a){Q) ‘ (24)
(Q,)(1+p)

1+K2t2

The value of t, is expressed by the equation
ty = t(1-a(b)(1-g)/1+p) ' (25)

Since reactor 3 is also assumed to be a completely-mixed reactor, the equation describing the
activity in the reactor will be similar to equation (25). It is

oz = Cap ¥ (5)(K)(S)(1-b) (26)

(Q,)(p)

1+K3t3

The residence time tq is calculated using the equation
ty = (1 - (5)(1-))/p (27)

If equations (4), (22), (24), and (26) are combined, the resulting equation and final form
of the prediction model is:

A+ (R)D +E+F) :

C =

ez (1+K2t2)(1+n)(1+K3t3) - (e_:K3t1(N;T7[N)(p)
A= (c)1-i) (e 'K1t1(N'])/N)(T+K3t3)
B =

(55) (k) (5170,
D = (e Kt =1I/Ny (g py

£ = (a)(b)le 1N Lo K1) (e, (K )
F = (14Kyty)(1-a) (b)

CONCLUSION

The above prediction model has been developed to stress the importance of hydraulic routing
and physical effects along with the usual basic design pararmeters. Use of the model requires
a com?uterized approach and therefore a computer program has been developed and tested using
actual pond data in an academic thesis bv Wagner {1983). Initia) mode] testing has indicated
that the model and program have applicability where properly applied,
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ABSTRACT

Waste stabilization ponds are frequently used for reducing the bactarial concentration of
wastewaters., An examination of their performance sucgests that they are inefficient in
removal due to a combination of mixing and the presence of organic compounds which reduce die-
off rates. -

An altermative approach to design is suggested which emphasises organic removal by methane
production followed by light-induced die-off in an aloal free aercbic pond.
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Mixing; Bacterial Die-off; Algal Growth; Pond Design

OBJECTIVES CF DESIGN

Wastewater treatment plants are designed to achieve a nurber of different objectives,
comonly cne or all of the ‘following:

a. Reduction of BOD

" b. Reduction of Suspended Solids
c. PReducticn of Nutrients

d. Reduction.of Pathogens

It is difficult to judge the efficiency of waste stabilization ponds in reducine the oxygen
demand since a large proportion of the organic matter is converted into algal cells,
Simulations of the impact of a stabilization pord effluent on a stream has shown that the
oxygen demand may exceed that of the untreated waste (Botero, 1979). From the viewpoint of
reducing oxygen demand it appears that the conversion to methane in anaercbic ponds is the
main contributicn; the conversion to algal cells in facultative ponds is of doubtful benefit.

Simjlarly the growth of algae in facultative nonds can contribute significant amounts of
Suspended Jolids to the effluent so that the overall change in SS i3 small.

The efficiency of waste stabilization ponds in removing nutrients is also poor since much of
the nitrcgen and phosphorus leaves the pond system in the form of algae. £ the nitrogen and
phosphorus content of the algae are included in the effluent then reroval efficlencies are
mich lower than conventional treatment,

It is in the removal of pathcgens that stabilizaticn pends appear to he pre-eminent. Removals
of Faecal Coliforms in conventional treatment are usually in the range 90 - 98% (Carringteon,
1980} whereas removals in pond systems are often 99.9 = 99.999% (Mara, 1977). For this reason



Taryy pord svstams ava designed on the bagis of rathocen removal, However It is deubtful if
axizting gend desicns are efficient in hacterial removal Compariscon of sacterial removal and
ratensisn times 15 shewn in Table 1 sugoest that conpared with other treacment processes ponds
ara semarkably mefliszciive,

TARLE ' Ceorravisen of Removal Pates in Different Vastewatar Treatment Processes

Process Petention. Time % Removal Removal rRats
Primary Sedimentation 4 hours + § hours + 95 20% per hour
+ Activatad 3ludoe 2 hours = 12 hours
Primary Secimentation ¢ hours + 1 hour + 95 25% ver hour
+ Percolating Filter 2 hours = 7 hours
Waste Stanilization 30 days 39.999 0% per day

Pond

The remainder of this paper considers the reascns for the poor removal rates and suggests an
altearnative approach to design witich may be more effective.

MECHANICS CF BACTERIAL REMOVAL

In considering the efficiency of ponds in reducing the bacterial concentration it is useful to
examine the mechanisms that may be involved., These are as follows:

a) Light-induced mortalitv - in some aguatic envivonments such as tha sea, it is apparent
that light 1s responsible for rapid die-off of bacteria (Gamesen and Gould, 1985). But light
penetration in stabilization ponds is limited to the top 10-15 am and as the highest bacterial
concentrations rarely occur in the surface layer it is unlikely that light is a major cause of
death in ponds. This is confirmed by typical values for die-off rates in ponds

(T9O values of 20 - 30 hours for E.coli) which approximate to dark values in freshwater and
seawater experiments.

b) pH - induced mortality - a mors recent explanation of bacterial death in ponds
(Smallman, L986) suggests that it is due to algal photosynthesis causing periods (6~12 hours
per day) of high pH. Results from his dialysis experiments showed significantly hicher
mortalities at pH levels above 9. He also showed that pH rose to 9 - 1d.3 during pericds of
intense photosynthetic activity.

¢} Starvation-induced mortality - experiments con bacterial die—off in fresh and marine waters
(Gameson, 1983) have shown that Tgn values of 1 - 2 days cocurred in the presence of low levels
(< 20 my/1l) of organic matter in the absence of light, predators or other sources of mortality.
When the concentration of organic matter was increased the Tgn values increased to 2 ~ 3 days.
Similar results from Le Moyne, 1972 indicate that at BOD levels above 20 - 30 mg/l growth of
coliforms can cccur at aporopriate temperatures,

Tt would therefore appear to be important to maintain low organic concentrations (BOD ¢ 20mg/1)
if starvation is to cause a rapid die—off.

d) Sedimentation = the primary stages in any pond system, especially where they are
anaercbic, act in a similar marnner to a primary sedimentation tank.and remove around 50% of
the incoming bacteria. It is doubtful whether this mechanism is significant in subsaguent
stages.

Fig. 1 presents a comparison of die-off rates in ponds and other freshwater environments. This
shows that dle~off in ponds is copparatively slow and this appears to be due to the presence of
organic matter which is coming frem the algae, Because of the tendency of algal cells to
release organic compounds into the water it is impossible to obtain the low BCD concentrations
required (< 20 mg/l) for rapid die-off by starvation.

In the absence of UV ard with only modest elevation of pH level it appears that the death rate
in stabilization ponds is due mainly to starvation and is limited by the organic concentration.
To achieve higher death rates would need some or all of the following

i. lower turbidities

ii. Higher pH

iii., Lower ECD
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EFFECTS CF MIXING

CZue to the low dilution rates the advective contribution to mixing in most ponds is negligible.
t is wind acticn that is chiefly responsible for mixing. This is generally sufficient to
snsure that ponds function as par=ly or completaly mixed reactors and thers is, therefore, 2
distribution of retenticn times. Fig. 1 shows the exit-age distributicn frem a qulp injsction
of tracer and shows thac significant proportions of the flocw have retenticn times of cnly
1, 2 or 3 days in a pond where the media retenticn is 5 days. Superimposed on the Srager curve
is the corresponding congentration of bacteria using an initial concentration of 102/1 and a
die=off rate of 2.0 per day. These rssulcts can be superimpesed to calculate the overall
bacterial concentration in the effluesnt and also to show the ceontribution that each dav's flow
makes to the effluent gualiry. The resulis of the calculation are presentsd in Table 2.

Bacterial Concentraticn Average Concentration Proportion of Bacterial Contribution

Day at end of Day during Day Effluent leaving in Effluent x 103
Q 1l x 109 - -

1 1.3 x 108 6 x 108 .188 1.13

2 1.8 x 107 7 x 107 . 200 .14

3 2.5 x 1c6 8 x 108 167 013

4 3.3 x 100 1 x 108 .125 L0015

5 4.5 x 104 1.5 x 102 .0%4 L0001

6 6.1 x 103 2 x10° .073 .CO0015

7 8.3 x 10% 2.5 x 103 .056 .CO0001L6

8 110 3 x 102 .038 0000002

9 15 60 .029 00000002
10 2 8 017 000000002
11 0.1 1 007 0000000002
Totals - - .974 1.3

The results show that short—circuiting has an important effect in controlling the bacterial
quality of the effluent from ponds., If the proportion of effluent leaving the pond after 1 day
could be halved then the bacterial concentration in the effluent weuld be reduced by 40%.

If the pond could be made to approximate to a plug flow regime without changing the retention
times, then the bacterial remval would be inproved from less than 90% to almost 99,39%,

The importance of mixing has previously been menticned by Marais, 1966 but its significance
has not been sufficiently stressed in manuals on pond design {Arthur, 1984). Also the greater
use of anaerchic ponds presents more opportunity to design systems which are less influenced
by wind~induced mixing.

The effects of the mixing pattern are not limited to their direct action on bacterial quality.
Completely mixed pends dilute the organic concentration of the influent immediately which tends
to limit or prevent any bacterial re-growth but is also ensures a minimum level which is
generally sufficiently high to prevent rapid starvation.

The tendency to camplete mix also influences the pattern of algal growth in that the spread of
retention times allows the maintenance of algae even in pends with mean retention periods as
low ags 3 ~ 5 days.

ALTERNATIVE APPROACH TO DESICN

In approaching the design of waste stabilization ponds it is useful to summarise the salient
points that have ererged frecm the above discussion.

a. Licht plays little part in increasing the death rate directly or indirectly through
raising the gH.

b. Die—off rates in ponds are generally lower than those cbtained in fresh or saline waters
in the dark. Comparable rates are cbtained only when the waters contain organic metter above
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30D levels of 20 my/l.

c. The presence of algae appears to be undesirable for a number of reascns. Excretion of
organic metabolites prevents the BOD from falling to starvation levels thersby encouraaging
macterial survival., Also algae add significantly to the suspercded solids and the oxygen
Jemand of the effluent, :

d. The nost successful mechanism of BCD removal is conversicn to methane in anaerchbic ponds.
Conversion to algal cells is not effective in improving the guality of pond effluents.

The first part of a pond system should therefore be z two-stage anaerobic reactor, preferably
plug flow which would remove the majority of the BCD as methane.

The use of an anaerobic stage has many advantages. Much greater depths can be used thus
reducing the land area recuired. Also deeper ponds are less susceptible to wind-induced
mixing. In this way it is possible to cbtain BOD rewovals that are sufficient to ensure
starvation conditions in the subsequent facultative stage. It would be necessary to use a
two-stage anaercbic pond system to do this but this need not be a disadvantage since the
overall retenticn time and land area will still be much less than conventional designs.

Tne overall aim of the anaerchic stage should be to reduce the BOD to less than 40 mg/l. This
would enable the second facultative stage to operate at a retenticn time of 3 - 4 days whilst
still providing the low BOD concentration to cause starvation. Assuming a deczy rate cf

0.2 per day and a retention time of 4 days the B0D of the effluent would be

0xel? - 15my

This short retention time would prevent the development of a significant algal peopulation.

This second stage would be designed to be aerobic. Since algal photosynthesis would not
contribute to the oxygen budget the design would be based upon the BOD loading not exceeding
the surface reaeration capacity. Cbvicusly wind velocities and frequencies will largely
determine reaeration rates but the values of X, (reaeration coefficient) in guiescent
conditicng vary between 0.2 and 0.9 per day anc?l sucgest that the allowable depth for aerchic
conditions would be at least 1 metre. (Padden and Gloyna, 1971).

The relative shallowness of this facultative stage would have the following secondary benefits:

a., Increased rate of bacterial mortality due to licht. Because of the low algal levels light
penetration would give significantly enhanced die-off.
b. Maximise mixing due to wind action which would reduce any tendency to short-circuiting.

COMCLUSIONS

It seems unlikely that there is an optinmum design of waste stabilization pond to suit all
conditicns and it therefore appears worthwhile to approach pond design in a variety of ways.

This alternative approach is an attempt to approach pond design by emphasising the importance
of mixing and organic ccntent in controlling the bacterial die-off. The importance of methane
preduction in BOD removal is emphasised. The undesirability of algae 13 also stressed both in
encouraging the survival of bacteria and in creating an cxygen demand in the pond effluent.

A simple comparison of the alternative design shows that it would require a smaller land area
{60 - 70%) than the conventional design.
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ABSTERACT

This study investigated the feasibility of improving waste stabilization ponds (WSP)
performance through the addition of attached-growth media in the pond water. An
artificial media consisting of fine strings of polyvinylidene chloride was empolyed as
an attached-growth media in the laboratory-scale and pilot-scale axperiments, Better
removal of organic, nutrient and suspended solids were obtained in the attached-growth
waste stabilization ponds (AGWSP). The AGWSP were found to be rather stable against
increased hydraulic loadings. However, the fecal coliform die-offs in the AGWSP units
were not significantly different frow those of the control units without attached-
growth media. )

KEYWORDS -

Waste stabilization ponds; attached media; £ilm thickness; crganic removal; fecal
coliform die-offs; kinetic models.

INTROPDUCTION

Conventional waste stabilization ponds (WSP) are a common method of wastewater
treatment for small communities and several types of industry. However, some
drawbacks of WSP, especially in facultative and maturation ponds, include the presenca
of low microorganism density in the pond water. Therefore, WSP are normally designed
and operated at relatively low organic loadings, resulting in a large land area
requirement for pond construction and the sensitivity of pond performance to increased
or shock loadings. This study was undertaken to investigate the feasibility of
improving WSP performance through the addition of attached-growth media in the peond
water. The WSP incorporating attached-growth media are called "attached-growth waste
stabilization ponds" (AGWSP). The attached-growth media served as habitat for the
growth of attached-growth bacteria and algae.

METHODS

Ap artificial media consisting of fine strings of ponlyvinylidene chloride was employed
in the experiment. The media modulus of each string is 0.09 mm and the rope woven's
diameter is 2 cm. The specific surface area and specific volume of the media are 7.33
m2/m and 0.3 L/m, respectively (Seo, 1986). The experiments were conducted using 4
laboratory-scale (working dimensions = 0.40 x 0.20 x 0.15 m» : length.x width w depth,
located indoor, temperatures = 22 ~ 259°C) and 1 pilot-scale (working dimensions = 4.0
x 2,0 x 1.0 m : length x width x depth, located cutdoor under ambient condition,
temperatures = 25 ~ 33°C) AGWSP units, Control laboratory-scale and pilot-scale units

5,31



withous attached-growth media were run in parallel for data compacison. The densities
of attached-grawsh in LShe laborvatory-~scale AGWSP units were varied at 3, 13, 20 and
40% of =ne reactor volume, and organic loadings (OL) applied to these raactors werea
varied at 20, 30, 100 and 200 kg COD,/ha-day. The hydraulic retenticn time (8) of the
laboratory-scale units was control lad at 5 days, while the pilot-scale uniis were
operated at 3 ¢f 3 and 10 days. Because of the limited quantity of media available,
the pilot-scale AGWSP unit was installed with only 5% of the attached~growth media,
but the OL varied at 100 and 200 kg COD/ha-day. A synthetic wastewater (glucose as
main carbon sourcae) Maving COD concentrations adijustable from 100 to 600 mg/L was
utilized as the influent feed to avoid fluctuaticn of the influent characteristics %o
the laboratory-scale units. Film rhickness of the attached media was determined
microgscopically by placing a string under a microscope equipped with a micrometer: the
measurements were done three times and the average reported for each data point.
Dissolved oxygen (RO) and pH were measured by DO meter (TOA Co.) and pH meter (Beckman
Co.), respectively. Other analyses were determined using the procedures ocutlined in
Standard Methods (APHA, 1981): chemical oxygen demand (COD), dichromate reflux
method; suspended solids (8S), filtration method; ammonia nitrogen (M), preliminary
distillation followed by acidimetric method; organic nitrogen, kjeldahl method;
nitrite nitrogen, diazotization method; nitrate nitrogen, copper-cadmium reduction
method; phosphorus (P), stannous chloride method; fecal coliform, most probable number
(MPN) method; chlerophyll a, trichromatic method; heterotrophic bacteria density,
standard plate count method.

All pond units were firstly acclimated by being fed with a mixture of a facultative
pond effluent (10%) and the synthetic wastewater (90%). Then, the laboratory-~scale
and pilot-scale AGWSP units were continuously fed with the synthetic wastewater and
campus wastewater, respectively. The acclimation pericd lasted approximately 30 days.
A steady state condition was congidered to exist when the filtered COD concentrationsg
of the AGWSP effluents became relatively constant for a period of 7 days. All experi-
mental data reported were obtained from the AGWSP units operating under steady starte
conditions. The campus wastewater having a filtered COD concentration of 80-100 mg/L
was used as feed to the pilot-scale units. Figure 1 shows the arrangement of a
laboratory~scale AGWSP unit.

-

I :  Synthetic wastewater storage tank

-+ 2 . Light arrangement { flucrescent lamp,

40 w‘, 12 h operation in a day )
Laboratory - 3cale AGWSP reactor

Atltachad - growth maedio

]

Q ol 25.0
ooll T ; ZRE
15.0 4 m
J_ Sim

_’....4 _L L)

3

4

3 : Flow controi valve
6 . Batfle
T +

8

infet
- 409 cm - Outlet
Scale 1:5

Fig.1 . Schematic profile of laboratory - scale AGWSP unit

RESULTS AND DISCUSSION

Bicmass Development

Biofilm thickness. Thickness of biofilm growth on the attached-growth wmedia was found
to linearly increase with time during the initial stage of operation (up to 30 days)
due to the higher attachment and growth rate of biomass. The biofilm thickness later
became constant, being about 60-63 um. Organic loadings seemed to have Some effects
on the piofilm thickness. For the laboratory-scale AGWSP units operating at organic
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loadings of 30 and 20 kg COD/ha-day, the corresgonding biofilm thickness were found to
be 61 and 33 um, respectively. The biofilm in rhe pilst-scale AGWSP unit cperating at
.30 kg COD/ha~day had thickness ranging from 50-30 um, a little higher froem that of
the laboratory-scale unit., The 53 of the campus wastewater Deing fed to the piloc-
scale AGWSP un:ts mignt be 2actacned o the attached-growth media, attributing ke an
ingrease in biofilm zhickness.

‘Chlorophyll a and heterotrophic bacteria. The eff=scts of varying the percentage of

at-ached-growth media in the laboracory-scale AGWSP? ynits with respect to Hiomass
composition are shown in Table L. It can be seen that the attached-growth
heterotrophic bacteria number increased with ingreasing percencage of media, while the
opposite occurred with dispersed-growth heterstrophic bacteria, A similar trend
was found with the chloreophyll 3 data also. These phenomena are understandable
because increasing the media volume provided more surface area for the growth of
attached bacteria and algae, but at the same time it interfered with the light
penetration and algae-bacterial symbiotic reactions in the pond water. Hence, the
dec¢reases in the number of dispersed-growth heterotrophic bacteria and algae {(or
chlorophyll a). However, as shown in Table 1, the overall densities of heterotrophic
bacteria and chlorophyll a were found to increase with increasing the percentages of
media volume, indicating the beneficial effacts of the attached media in yielding more
bicmass growth for waste stabilization.

Iabi= 1 DO, Heterotrovhic 3acreria and Thlorophvll i Concentrations in Laboratorv-Scalas AGASP Units’

3iomass (mg/L) Hevarotzophnic 3actaria (Ne./mL} | chlotaphyll a (mg/t)
Hedia o0 - o

(&3] (/L) | Attacheds f Diapq:sed-w N Artached- | Disperzed= i -Attached- | Dispersed-
Grawth Growth Tacal Graweh Graweh Total Growth Groweh Total
+] 1,16 - i76.1 176.1 - 7.2 x 1.05 7.2z J.Qs - 2.37 2.37
5 1.30 48.0 168.2 218.13 4.3 x 106 7.4 x 108 2.3 2 106 4,28 2.32 .64
10 | 1.13 32.3 177.3 [ 270.1] 7.3 x 10%) 6.3 x 105 | 14.1 x 108 g.60 |  2.52 3.12
20 | 0.4 191.§ 106,03 | 29%.6] 11.4 x 105 6.3 x 10% | 18.3 x 10% 1.07 2.13 3.26
40 0.51 278.2 99.0 377.2 1 15.4 x I.Ua 5.8 x }.05 21,2 x 105 1.71 2-04 3.75

"reasora at 10:00 3.m. with an 0L of 100 kg C30/ha.day

Based on the morphological examination, the dominant bacterial species of both
attached and dispersed types is the gram positive, small rod having average length of
1-2 ym. Chlorella was observed to be the dominant algal species of both the attached
and dispersed types in the AGWSP units. The DO concentrations in the AGWSP units were
observed to decrease with increasing percentage of attached-growth media (Table 1),
because higher bacterial biomass required more oxygen Lo oxidize the organic matter.
The pH in all units of AGWSP were satisfactory, ranging from 8.0-8.4.

Performance of AGWSP

COD removal. The data of COD removal at variocus organic loadings and media volumes
are shown in Table 2. As can be expected, there is an .optimum condition in the AGWSP
system that where maximum COD removal can be achieved. 1t appears from the data in
the AGWSP units having a 10% media volume was most effective in COD removal. Although
the AGWSP units with 20 and 40% media volumes had more biomass (Table 1), the
attached media protected most part of the pond volume frem light penetration,
Therefore, less algal photosynthesis occurred, leading to less oxygen production, and
consequently insufficient exygen supply to the bacteria or bhiomass responsible for
organic matter oxidation. It seems clear from Table 2 that the 40% attached media
volume in the AGWSP units did not bring much benefit in terms of COD removal, while
the 20% of attached media volume produced COD removal results mors or less similar to
those of the optimum condition, i.e. the 10% attached madia volume. Table 2 shows that
the pilot-scale AGWS? units had slightly higher percentages of CCD removal than those
of the laboratory-scale units when being operated at the same conditions. This
results were probably due to the higher temperature, wind aeration and the presence of
natural sunlight available to the pilot-scale AGWSP units which could enhance more
biological activiries in the pond water. The higher percentage of COD removal in the
pilot-scale AGWSP units with 5% attached media than those of the control units wasz due
to higher biomass present in the pond water, similar to the results of the laboratory-
scale units.



TR3LE 2 {00 Removal at Various Organig Loadings nd Media Volumes

* COD Removai (%}

P Madia -=
(3 oL j oL OL oI,

20 kg COD/ha-day | 30 kg CO0/ha-day | 100 kg CQD/ha-day I26 <g TCQ/ha-day
)----n—---p--- - - ———
- 76.2 ‘ 72.8 74.4 (80.%) 55.8 (68, 1)
| 5 80.0 ) 77.0 79.2 (85.8) 72.2 {74
©10 i 80.1 i 77.7 | 82.0 T4.1

20 80.5 77.0 ! 78.6 T0.2
} 40 } 78.1 J 76.3 f 76.1 ' §7.4

{ j = pilot-scale data; 8 = 5 days, exeept the pilot-scale data obtained from
an OL of 100 kg COD/ha.day (8 = 10 days)

Nutrient and 58 removal. The removal of total N (frem 40 to 62%) and total P (from 40
to 59%) were found to increase with increasing the percentage of attached media
volume. According to Oswald and Gotaas (1955), most of the total N that were removed
would be converted into biomass production, as shown in Table l. Since the pond water
pH were between 8.0-8.4, some of the total N could be lost through ammonia volatiliza-~
tion (Sawyer and McCarty, 1978), and a small portion through nitrification and
denitrification. Phosphorus would be partly incorporated into the biomass growth, and
some settled down to the bottom of the pond under the slightly alkaline condition of
pond water. The effluent SS concentrations of the laboratory~scale AGWSP units were
found to decrease with increasing the percentage of media volume in the pond water and
decreasing organic loading. The range of $S concentration was 90 - 180 mg/L. The
effluent S8 concentrations of the pilot-scale AGWSP units were about 530 - 80 mg/L.
These relatively low S8 concentrations in the pilot-scale AGWSP units could be due to
several reasons such as the pond depth, the influent 58 characteristics and other
environmental factors. However, all the control units were found to produce effluents
having S5 concentration about 10% higher than those of the AGWSP units.

Fecal coliform removal. Ouring the 1nvest1gatxon of fecal coliform :emoval, the raw
campus sewage having fecal coliform density in the range of 2.2 x 107 - 4.8 x 107
MPN/100 mL was used as feed to the acclimated laboratory-scale AGWSP, The results
shown in Table 3 indicated that there were about 2-3 log orders of fecal coliform
removal in both the laboratory-scale and the pilot-scale units. The attached-growth
media did not appear to yield significant benefits with respect to fecal coliform
removal in the AGWSP system. Although a large number of fecal coliform cells would be
clumped or attached to the media surface, the media volume also produced shading
effects, preventing the direct exposure of the fecal coliform cells to the ultraviolet
(UV) rays of the f[luorescent lamp and sunlight in cases of the laboratory-scale and
pilot-scale units, respectively. However, § was found to have a direct effect on
fecal coliform die-off in which the Run-2 data (9 = 10 days) consistently had fecal
coliform densities lower than those of the Run-1 (8 = 5 days).

TABLE 3 Fecal Coliform Die-offs in AGWSP Units

o e —— - e TR s P i T T gt S D s s e R i -
Effluent Fecal Coliform, MPN/lOO ral
Influent Fecal (-—memem e e
Media | Coliform Range, Lab-scale Pllot—scale
(% MPN/L00 Ml st m e e et e ]
*Run 1 **run 2 "Run 1 ** Run 2
0 2.2 x 10 1.7 x 10 /1.1 x 10, 4.2 x 107 | 1.5 x 10/
S 2.1 x 100 11.5 x 10, 18.2 x 10° 1 7.1 x 10
10 to 5.6 % 10S 4.9 x 10“ - -
20 7.9 x 10 8.1 x 10, - -
40 4.8 x 10 3.2 x 10% | 4.3 x 10° - -
e e m e e e e i e e b s s e 2 e e O e b bt oo LR
*3 = 8§ days; a9 =10 days

Increased Hydraulic Loading Response of AGWSP

The laboratory-scale AGWSP units were tested for their responses to increased hydrau-
li¢ loadings. At each influent COD concentration (i.e. 150, 300 and 600 mg/L), the
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hydraulis (sadings were varied at 130, 250, 500 and 1,340 m rHa—day, zorresponding to
the 3 values =D 108, 3, 3 and 1.3 days, rﬂssec_iae‘ 7. Tigure 2{a) shcws the effluent
filtered C2D zopesnivations of the AGWSP units subwec:eﬁ te increasad hydraulic
loadings, ccmpar: with the control units withour attached-growtht med:a. The AGWSP
units ¢onsisnen:ly preduced the effluents having C20 zoncentrations lawer than those
of the contral. The degree of performance stabilizy of the AGWSP uni%s against
increased nydrautlic Lvadings was found to incra2ase with increasing influenc COD
concentrations {or nlgher organic loadings). In case of the AGWSP unit receiving the
influent COD concentration of 600 mg/L and operating at the 9 value of 1.5 days, +the
effluent COD value was 265 mg/L which was 55 mg/L lower than that of the control unit.
To interpret the data of Figure 2(a) into a kinetic term, a Monod aguaticn was
utilized as follows (Ball, 1983):

T
e
i)

- PSS
Z{s + 5 (1)

Where R = substrate remaval per unit pond surface area, kg COR/ha-day; P = maximum
substrate removal per unit pond surface area, kg COD/ha-day; Ky = pseudo-half velocity
coefficient, mg/L; and S = effluent COD concentration, mg/L.

{a) Effluant COD {b) Lineweagver - Burk piot

- Q0,80 Cantrol { B =0]

- - AGW 2 Q.
mL ¢.a8 - AGWSP (80l Control (B =0) AGWSP (B=01)

Sq = Influent COD
< S t Etjyent COD "
- - .
E 240p Media fraction ‘103 e}
iy 600 mg/L
« o 120}FP = 1053 kg/na-doya 1201 P 21250 kg/ha-day .
— A ~] z 3
g 180 s Kq® 184 mg/l Kg * 152 ma/l 7
[x ] f -~
§ _____ i « 80f ) 2.0p o’/'
E a0 300 mg/L @ a s 7

—%] o ’/
_____________ -.— a (o] 40r [ ]
e Syt 150 mg/L o 40k a . 0 » :’l
— A — - - L
150 2%0 500 750 itoo & o098 o 0.977
Hydrouiic loadings { ML), m3/no- day . L P L L
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8, day s

Fig.2 . Effect of increased hydraulic loadings on COD removal in the loboratory -
scale AGWSP units

Rearranging Equation (1), the following (Lineweaver-Burk plot) can be written:

K

= =3 (2
&) )

-+
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el Ll

=] Rt

Using the data in Figure 2(a), the Lineweaver-Burk plots of the performance of both
the AGWSP and control units were made (Figure 2(b)). It was found that the P value of
the AGWSP unit (with 10% attached-growth media) was 1,250 kg COD/ha-day which is 197
kg COD/ha-day higher than that of the control unit. The higher P value of tha AGWSP
suggests the beneficial effects of the attached-growth media ¢r the attached-growth
microorganisms present in the pond water in the stabilization of organic matter and
resistance against increased hydraulic lcadings.



Kinetics of AGWSP Treatment

Becausa 3 relatively low 2 normally encounters in a WSP, the flow conditions in WS?
are neicher cempletely-mix nor plug-flow, but rather partially-mixed [lLow (Polprasert
and Bhattarai, 1385). A cenceptual medel of an AGWSP system is shown in Figure 3.

Sy — — 5 — 52
o %
Ky /7

| 1" a it

Dispersad portion Attached portion

Fig. 3 . Conceptual madel of AGWSP system

The shaded area in Figure 3 is assumed to represent the attached-growth portion of the
AGWSP system, while the unshaded area represents the dispersed-growth portion of the
system, According to Levenspiel (1972) and Wehner and Wilhelm (19%6), Equation {3)
can be used :to show the organic removal occurring in the dispersed-growth portion of
the AGWSP in Figure 3.

i

1 b4a exp(l/24) {3

§; (1 + a)z exp(a/2d) ~ (I =~ a)2 exp(=-a/2d)

where S;and S, = effluent and influent COD concentrations of the dispersaed-growth
portion, mg/L; 4 = dispersion number, dimensionless; a =/ 1 + %, (L - 3)3 d ;k; = COD
removal rate, day™‘; and 3 = fraction of attached-growth media volume in AGWSP. The
. COD removal in the attached-growth portion aof the AGWSP system is assumed to follow a
fixed-film model proposed by Eckenfelder (1966):

8,/8, = exp(-K, Sy Q) (4)

where 5, and S; = effluent and influent COD copncentrations of the attached portien,
mg/Lj ke = COD removal rate, day~!; §, = specific surface area of attached-qrowth
media, m%/m3; Q_ = Q/3v, volum?tric ffow rate per unit volume, m3/m3.day; Q = flow
rate, m®/day;V=reactor veolume, m®; y and z = empirical constants. Since Sa is constant
for a certain media, Equation (4) can be simplified as follows:

-2

T
Sp/5y = exp(=K; Q,

) - (5)

L. y
where K2 = K, SA

Combining Equations (3) and (3) and incorporating the temperature factor, the overall
COD removal ratio for an AGWSP system is obtained as follows:

7-24 Q;z)

o (1 + é)z exp(a/2d) - (1l = a)2 exp(=~a/2d)

4a exp(l/24) exp(—K; 1,08 (6)

mi w
[~

where a =+ 1 + 4k! 1.087720 (1 - g)ed; T = temperature, 9C; k| and kY = COD removal
rate at 20°C, day —,

The experimental data obtained from laboratory-scale experiments were used for the
multiple regression analysis to determine the constant values of kj, ki and z in
Equation (6). The overall regression coefficient (y) was 0.22. Substituting these
constant values into Bquation (8) the following equation is cobtained:

s, 4a exp(1/2d) exp(=(0.35) 1.0877%0 7045

N BT exp{a/2d) - (L - a)?* exp(-a/2d) (7
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whers a = y1 + 4(0.20)1.08-"<Y(1 - 3)ad

The dispersion number (d) of AGWSP units with 3 = 0.05 and 2 = 5 days was r=portzd to
be 0.17, similar £o that of the control unit (Kugaprasatham, 1387). <Zquation (7} was
validated with other sers (Z2 data points) of the laboratory-scale and pilot-scale
data., Most of the validatad data were found to be within the 95% confidence limits of

Equation (7) with a correlasion coefficient of 0.94.

SUMMARY AND CONCLUSICNS

The experimental resuits obtained from this study showed that improved performance of
WSP could be achizved through the installation of attached-growth media in the pond
water. The media enhanced the growth of attached biomass, increasing the biomass
volume in the pond water and consequently leading to better organic and nutrient
removal. The attached-growth media also attached or adsorbed scme of the dispersed-
growth microorganisms and other 5S particles, thus less SS congentrations present in
the AGWSP effluents. The AGWSP units were found to have better resistange to
increased hydraulic loadings than those of the control units. However, a distinctk
advantage with respect to fecal coliform removal could not be observed, probably
because of the c¢lumping of fecal coliform cells to the attached-growth media and some
shading effects of the media itself. The installation of attached-growth media would
inveolve an additional capital cost. The media would need to be cleansed periodically
to remove the excess scum and other non-volatile seolids accumulation into the media
surface, hence another operational cost. The conclusicons to be made from this experi-
ment are as follows:

1. The attached-growth media volume of 10% of the pond volume was found to be optimum
for the AGWSP units to achieve the maximum COD removal. However, the more the
percentage of attached-growth media, the higher the overall biomass (dispersed plus
attached) growth in the AGWSP system.

2. At the @ value of 5 days, organic Loading of 100 kg COD/ha-day, and optimum media
volume, the percent COD removal in the AGWSP units was found to be 82%, which was 8%
higher than that occurring in.the contrel unit without attached-growth media,

3. N and P removal in the AGWSP units were found to increase with increasing
percentage of attached-growth media due to their incorporation into the cell biomass
development.

4. Fecal coliform removal in the AGWSP units was found to be more or less comparable
to those in the control units.
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ABSTRACT

The hydraulic regime in two Portuguese facultative waste stabilization ponds, a primary
facultacive pond receiving raw sewage (in Portimdo) and a secondary poud receiving the
effluent froman anaerobic pound (in Vidigueira) was studied by means of 2 [luorescent dye
tracer technique. The resulting dispersion numbers, respectively for winter and summer, for
each pond were as follows: 0.395 and 0.371 in Portimao, and 0.374 and 0.523 in Vidigueira,
These results did not agree with those obtained from the available predictive equations in
the recent literature. From the point of view of design it is concluded that for pouds
geometrically similar to those investigated in this study the equation of Wehner-Wilhelm

can be used with a dispersion number of 0.6.

INTRODUCTION

Waste stabilization ponds (WSP) are bilochemical reactors whose main function is to remove
dissolved and settleable pollutants, as well as excreted pathogens. The treatment efficiency
of WSP depends on many interrelated factors, for example the nature of wastewater, the
hydraulic and organic loading rates and enviroomental conditions such as temperature and

solar radiation intensity. Howaever, another very important factor which has been given little
attention in the past by design engineers, is the hydraulic regime within WSP. The hydraulic
transport processes within a WSP are controlled hy the shape of the pond, the positioning of
the inlet(s) and outlet(s), the presence of dead spaces and the degree of wind-induced mixing.
These factors affect the dispersion and the average retention time within a pond, and
consequently its removal efficiency of organic matter (B0D) and pathogens.

DESIGN MODELS FOR WSP

An {mportant consequence of the complex interrelation of these different factors affecting
WSP performance is the current absence of a comprehensive design model. At the present tCime
dagign practice commonly follows one of the following two approaches:

(a) an empirical BOD loading approach based on the data collected from existing
WSP systems;

(b) a rztional approach which attempts to model pond performance using the kinetie
theory of chemical reactors.

Both these approaches have advantages and disadvantages. The empirical approach L5 simpler
but does not permit the extrapolation of pond performance data to all locations and
environmental conditions; it is however possibly the safer method at the current state or
knowladge. On the other hand the rational approach has not vet produced a model of general



apaligabiliicy, in spita oI the fact that 1s the more promising approach. 3ince WSP are
bilocinenmical Teaccers a vational approach must combirne casi: avdrodynamic laws (2gustions of
concinuicy ind motion) and the methods of chemical reactor i=sizn in order to 5e ipnle to
deseczrive the mass sollutant Sransport and removal in the issumed type of reactor {tacch or
continuous flaw! under che assumed hydraulic regime (ideal or non~ideal flow, sceady or
unsteady Liowi.

The biochemizal procasses within W3P are continuous rather than bartch, and the comparison

of a W8P to a steady flow reactor is a realistic approach and one which has bHeen issumed by
many authors. The qydraulic flow regimes assumed by past workers to occur in “WSP are complete
mixing, plug flow {both describing ideal flow conditions) and dispersed flow (which describes
non~ideal, or real, flow conditions). More recently [1l] thare has been an atrempc to model
WSP performance in a comprehensive way through a combined or finire stage model which
represants the mixing processes in a pond by a network of combinations of completsly mixed,
shoretgireuiting plug flow and dead flow stages. However, finite stage models require many
input parameters for which values may not be readily available, and they also require fairly
sophisticared computational analysis for their solution. They are not, therefore, generally
suitable for design purposes at their current state of development. The dispersed flow modal
is therefore a better approach to describe the hydraulic regime in WSP, and one that has been
supported by sevearal authors [3,4,5]. In the simplified one-dimensional dispersed flow model,
the diffusion is praoperticnal te the concentration gradient (Fick's law), and the staady-
state situation rot first order removal is described by the Wehner-Wilhelm equation in which
the dispersiou number (8) characterises the degree of non-ideality of flow within the pond

(8 = 0 for plug flow, and = = for complete mixing).

DETERMINATION OF POND DISPERSION NUMBERS

The method for estimacing § in a pond is based on the stimulus-response technique, by
injecting instantaneously a tracer in the pond I{nfluent. Turbulent dispersion and mixing
will cause an expansion of the cloud of the slug of tracer travelling downstream according to
the convective movement of the fluid and consequently the concentration of the tracer will
decrease, as showa {n Fig. .

Completaly nixed flow

y ¥ = u Large dispersion
5 E
&M -t \\(/" svmmas Small disperson
.
/ ’)f — UG HOwW
-
’
/
L
Point of tracer Paint of tracer
injection measurements

S e A
— ]

Fig, 1. The stimulus-response technique for detarmining dispersion numbars
(the shape of curve (a) changes with the magnitude of dispersion)

Different amounts of dispersion will produce different spreading patterns in the tracer curve
of non-ideal flow, as shown in Fig. 2. The boundary conditions, imposed by the flow
conditions at the injection and measurement points of the tracer, influence the shape of the
cutve, since they influence longitudinal dispersion. Various analytical methods have heen
suggested for the determination of & from the goncentration curves, Levenspiel [6] developed
a method of calculating the value of § from the variance of the dimensionless time 6 versus
dimensionless concentration C.. The variance of this family of curves in the case of closed
vessels (such as WSP) was found by Levenspiel to be:

o = 25 - 2521 - o!/%) (1)

Equation | {s the normally used by research workers to analyse their concentration-time data.
However, Levenspiel clearly states that it is valid "if the continuous distribution funmction
is measured only at a number of equidistant points". In other words, this means that
equation | can only be used when the time interval between successive effluent samples is

v



Plug flow i /ﬂ\(ﬂg aw
4#"“‘3—‘“— "Mﬂ

= Pt -

e o - deal
Law

Completely Nan ~ideal fiow

Campletely mixed
mixed
7 tlow

Seatl dispersicn

Fig. 2. Typical C-FE curves as a function of time t and
dimensionless time 8

essentially the same. (This was so in three of the experiments described herein, but in the

wintar experiment at Portimao it was not.) :

When the time interval between successive samples 1s not constant, a modified version of
equation | can be derived as follows, where an approximation considering nou-equidistant
values and normalized distribution is used:

py Eitei~p Citey-|

<Ci'ti—i)
T - rrLE(ef.dt =22 3 ()
n ¢+
. i i-l _
Q= Jede 3 L B (ti ci_l) 53)
i=2
not +ci_1’ e te
L (= ) - 5 . (ci_ti—l)
2 i=2
o5 = == -1 (4)
Q(e) *

Equation 4 Eor cg was used to obfain the values givan in Table 3 for the "modified Levenspiel"
model. Moreover it was found that, for the Portimao winter experiemnt, the Levansplel
equation (eq. 1) was not canvergent at values of 92 above 0.922: the function began to
oscillate widely above thiz valua, and a soluticn to the equation was not possible with a
value of ¢2 of 2.4, the value of that experiment. This demonstrated, in the case of nan-
equidistant sampling fntervals, the greatar appropriateness of aquation (4).

TRACER SELECTION

Tracers suitable for use in aquatie environments includa floats, chemical salta, radioisotopes,
fluormscent and nounfluorescent dyes and microbes. The avaluation of the suitability of a
tracer for watetr hodies [7] concerns some characteristics such as detactablliry, toxicity to
man and aquatic ovrganisms, the affect of water chemistry, photochemical and biological decay
rates, adsorption losses on equipment and sediments, and caost. Fluorescent dyes present a
major advantage as tracers for aquatic environments: they are detectable at very low
concentrations (such as 0.0l pg/l) which are generally not toxic.

Waste stabilization ponds are water bodies with 2 high content of mictoorganisms, arganic
matter and 55 and they are axposed to sunlight for long pericds. Therefore the selected
fluorescent tracer must present a low photochemical decay, a high resistance teo adsorption

on $5 and organic matter, and a low biodegradability. Fimally it should not be prohibitively
expensive. A review of the availlable fluorescent dyes led to the conclusion that sulpho-
rhodamine B was the most appropriate for use as a tracer in WSP.



ZAPERIMENTAL METHCDS

Experimental -onds

Two facultative ponds belonging to the W3P systams in Tidigueira and Portimae were investigated.

Vidigueira 1s a rural fown with a population of 5000, located at 38919'N and 7930'W and is

300 m above m.s.l. The Vidigueira WSP system :omprises an anaerobic pond and a facultative

poud which are shown schematically im Fig. J; their dimensions are given in Table l. Portimao
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Fig. 3. General scheme of the Vidigueira WSP system

TABLE 1. Geometry of the Vidigueira WSP system

Geometry Anaerobic Pond Facultative Pond
Shape Square Rectangular
Top dimensions 38.5 mx 8.5 m 94,5 m x 186.5 m
Liquid surface . 6.0 mx 36.0m 92.0 m x 184.0m
Middle depth 27.0m x 27,0 m 88.3 m x 180.3 m
Battom 2l.0 m x 21.0 m B4.5 m x 176.5 m
Total depth 3.5 m 2.0 m
Liquid depth 3.0m L.5 m
Inside bank slope (vih) 1:2 1:2.5
Volume 2,187 m3 23,860 o3
Mid-depth area 728 me 1,6 ha

ig a tourist resort, located at 3797'N, 8932'W and 21 m above m.s.l., with a strong seasonal
variation in population: 18,000 in summer and only 7,000 in winter. Its WSP system consists
of a single primary facultative pond followed by a maturation pond {(Fig. &, Table 2).

Tracer studies

Both facultative ponds were studied for two different seasonal periods: 9 weeks in winter

and 10 weeks Ipn summer for the Vidigueira pond; and 6 weeks in both summer and winter for the
Portimao pond. A slug of sulpho-rhodamine B dye (at sufficient concentration to give an
overall concentration in the pond of 10 pg/l) was added to the influent flow, and grab
samples were taken of the pond effluent and from various positions within the pond (Figs. 3
and 4). The timing of sampling for tracer analysis was altéred after the first experimental
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TABLE 2. Geometry of the Portimao WSP system

Ceometry Primary Facultative Pond Maturation Pond
Shape Approximately rectangular Ractangular
Top dimensioas 358.6 m ¢ 1233 m " 3122 mx 7073
Liquid surface 353.8 mx l18.5 m 307.1 m x 102.2 m
Middle depth 350.2 mx 1ll4.9 m 303.7 mx 98.8 m
Bottom 346.6 m x 111.3 m J00.2 mx 95.3 m
Total depth 2.0m 2.0m
Liquid dpeth 1.2 m 1.15 m
Inside bank slope (v:h) 1:3 1:3

Volume 48,285 m3 34,506 m3
Mid-depth area 4 ha 3 ha

in Vidigueira, where sampling started 24 hours afrer the tracer injection and proceeded daily.
In the next two campaigns (Portimdo/summer and Vidigueira/winter) samples were taken on the
same day of tracer injection (3 hours after) and once pey dav theresafter. This orocedure was
again altered for the last campaxgn (Portxmao/wxnter), when effluent samples for dye test were taken
automatically every nour during the first 36 hours and then avery two hours during the second
36 hours, after which samples were taken daily. After collection the effluent samples were
kept in dark bottles prior to anmalysis in a Turner Designs model 10-005 fluorometer. The meter
was zerved with a sample of effluent taken prior to dye injection.

Physicochemical analysis

Procedures described in Standard Methods (15th ed.) were used to measure the values of the
following parameters in both influent and effluent composite samples: pH, BODg, COD,
suspended solids (volatile and non-volatile), dissolved solids (volatile and non-volatile),
ammonlacal nitrogen and anilonic detergents (MBAS). The composite samples were collaected once
per week during the firstc campaign (Vidigueira/summer) and twice per week in the other
campaigng. Pond temperatures were obtained dally frem maximum and minimum thermometers
suspended at mid-depth in each pond.




Bacreviclogical analvsis

rab gamples
chnigues were

The faazzl 20liform removal efficiency of the ponds was defarmined
of =he influens and the effluent once per week., 3tandard membrane
usai sodium laurvl sulphate broth at 449C for 24 h).

T N

Tlow Teasursments

Tre influent raw sewage flow was measuyred daily in both WSP svstems. A {low metar and
vecorder (Manning L~3000A) was available ouly during the second campaign in Portimao. During
the sther campaigns the liquid depth in the chaonel (! @ ypstream of the Parshall flume) was
neasured and the flow determined using the standard flume flow equation.

EXPERIMENTAL RESULTS

Dispersion number and actual retention time

The values of the dispersion numbers and mean actual retentiou times calculated from the
computerised analysis of the tracer experiments are given in Table 3, in which 94 is the
design retention time, 8 the theoretical reteation time (pond volume/mean daily influenc flow
rate), and 9 the mean actual retention time. The experimental dispersion numbers found for

TABLE 3. Results of retention times and dispersion numbers

Tima Vidigueira Portimao Prim.
Parameter Fagultative Pond Facultative Pond
(days) Summe r Winter Summer Winter
Qd 49,7* 74.6% 21, 9%%* 76. k%
9 ) 78.9 27.1 13.5 12.4 .
9 27.7 20.4 16.9 17.7

8 g.523 0.574 0.371 0.395

* These values far the design retentica time are not far winter aud
summer (no seasonal distinction was assumed by the designer), but
for the initial and final (20 year) flows.

** These are the seasonal values for the first year.

tha facultative pond at Vidigueira are quite similar in both the summer and winter experiments
(the slightly higher values of § in winter are probably due to greater wind-inducad mixing).
They indicate that the flow in the pond is strongly affected by dispersion and it is far

from either plug flow or completely mixing. The long talls fo the retention time distribucion
curve [E(t)] shown in Figs. 3 and 6 suggest that there is a significant component of short-
circuiting. This 1is mainly due to the wrong positioning of the inlet and ocutlet devices (Fig.
3) which causes most of the influent to flow rapildly to the outlet (and consequently the mean
actual retention time 1is shorter than the theoretical detention time), while a small part of
the influent stays in the pond for a long time.

Significantly different values of § were found in the two experiments in Portimaoc. The higher
value found in winter may be explained by the regular turnover of the pond contents, which

was clearly visible to the naked eye (and which did not occur, at least to the same visible
-‘extent in summer). The transport of large sludge flocs from the pond bottom to the surface,
which was as a result almost completely covered with scum, was obsarved for several days
during the experiment. The resulrving mixing was obviously much greater in winter than in
summer. Such a phenomenon may also have occurred in Vidigueira (although if was neot so
clearly visible), but its effect (if any) would have besn masked to a large extent by the

very large difference in retention times that occurred there in summer and winter.

The dispersion number values found in these experiments do not agrees with the values obtained
from the predictive equation of Polprasert and Bhattarai [5], except in the case of Portimao
pond in summer, or the equation preseunted by Arceivala [8] for unbaffled ponds with a width
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greater than 30 m, which both predict dispersion numbers based on the geometry of the pond,
as shown 1in Table 4.

CONCLUSIONS

The design implications derivaed from the results of this study indicate that the dispersion
numbers in the Vidigueira and Portimdo ponds are around 0.6 (modified Lavenspiel model) or
less. From the Thirumurthi chart [3], chis has some advantage in design in that this value of
§ lies more or less in between zero (plug flow) and infinity (complete mixing). It appears
therefore that facultative ponds whose geometry is similar to these ponds and which are to
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TABLE 4. Experimental and predicted values of the dispersion number

DISPERSION NUMBER

Experiment Experimental Predicted
Modified Polprasert &
Levenspiel Levenspiel Bhgttarai Arceivala
Vidigueira :
Summe v 0.523 0.595 2.129 87.6
Winter 0.574 0.651 1.042 29.6
Portimao
Summert 0.371 0.316 - 0.332 5.0
Winter 0.3593 > 10 0.358 4.6

5,48



operata under breadly similar zlimacic comditions would ve best designed with a § value of
0.6 Ln che Wehner-wWilhelm equation.
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HIGH-RATE ALGAL PONDS
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ARSTRACT

Colour changes and other marked disturbances were observed at a high-rate
photosynthetic pond system at Alcochete, Portugal. Previous chemical and
microbiological tests made it possible to attribnte these occurrences to the
proliferation of purple sulfur bacteria, following the prohable production of
sulfide inside the ponds hy sulfate-reducing bacteria. Results from more recent
tests and obscrvations are presented, which confirm the earlier conclusions, in
addition to revealing a number of inadequacies in the ponds chosen operating
conditions, which are in all probability at the origin of the observed
disturhances. Corrective actions planned include a more efficient mixing of
pond contents, the strict prevention of contaminations with salty estuarine
waters and the control of residence times and bottom sludge accumulation.

KRYWORDS

High-rate photosynthetic ponds; purple sulfur bacteria; sulfate-reducers:
mixing; seawater contamination; sludge accumulation

INTRODUCTION

A three-pond high-rate photosynthetic system situated at Alcochete, a town in
the outskirts of Lishon, Portugal, has heen designed to treat the sewage of

13 000 inhahitants. Fach of the three parallel ponds has a closed-loop flow
regime with a total area of 4 700 m? and water depth of 45 cm. Alcochete stanrds
hy the Tagus estuary and sewage is intermittently pumped From a lower point in
the town to the treatment plant.

The flow movement in bhe ponds, with a design velocity of 3-5 em/s (da Costa,
et al., 1083), is hydraulically induced as the pre-zcreened and comminuted
sewage enters through nnzzles placed in a submerged distribution manifold, At
night, recircnlation pomps arc operated and Che becabod Liauid re-cnters tbhe
ponds through the manifold, inducing a predicted flow velocity of 10 em/s in
these,

Tn normal operating conditions, ponds show an intense green colonr, uniform or
patched, and concentration of soluble ROD_ at the outlet is under 40 mg/l. The
level of algae concontration is then above 300 mg/1 and ponds Aare almost
entirely aerobic and odorless.

However, at several occasions over the past three vears, colour changes have

L

been ohserved in these ponds, often accompanied by intense odors, accumulation



af sigae at nhe surface of the lisuld and ilavasions of inseccts. In an earliec
study ! Yrinheiro and Novais. 1[9%7i, if was a2stablished that the pink colour
appearing in the Alcochete ponds 13 Ane Lo the massive growth of plgmented
saliiur bactertia of thie Chromatiac-aae Jamily togoether with a2 drastic decline in
the alvae population. Both are n+ve rosulrn of nhe appearance of large amounts of
hydrngen sulfide in the ponds, for which sulfate-reducing bacteria, repeatedly
identified in liquid samples takan ac their outlet, are probably responsible.
Adequate conditions For the prolitferatian of the latter groups of bacteria
(anaerobiosis, organic nutrients, sulfate) were admitted to occur inside the
ponds as a consequence of high organic loads, defficient aeration, particularly
at their bottom, and contamination with salty, sulfate-rich estuarine waters.

It is the purpose of this paper to report on subsequent studies carried out
during 1986, aiming at the positive identification of the operational
defficiencies at the origin of the high-rate system's undesirabhle behaviour.

EXPERIMENTAL

Sampling was carried out weekly, in the morning. Grab samples were taken from
the incoming sewage at a point just before it enters the distribution system,
and from the effluent overflowing from ponds 1| and 2 into the discharge pipeline
Chemical analysis was done according to "Standard Methods" (1976). Chemicals
used were of analytical grade, whenever possihle. In all tests involving
Filtration steps WHATMAN GF/C glass microfibre Filters were used, Estimates of
hvdraulic and organic loads and mixing rates were hased on local measurements

of pumping capacity,duration-of daily pumping periods and cross-flow pond-channel
areas.

RESULTS AND NI3CUSSION

Periods of hright-green colouration were significantly shorter, in the whole of
the three ponds, than during the year of 19835. The predominant algae genera were
Fuglena and Chlorella, the latter more abondant from April 1986 on, with
occasional appearances of the Chlamvdomonas and Oscillatoria genera. When the
pond colour changed from green to pink, the algae practically disappeared from
the processed effldent and several genera of the Chromatiaceae multiplied,
namely Thiocystis, Thiospirillum and Chromatium.

The outburst of the pink colour in pond 2 in late March 1986 (fig. 1) followed
the pattern previously described {(Pinheiro and Novais, 1985}, It was sudden,
joined by intense sulfide oadors and preceded by a short period of grey-brown
colouration. In the ligquid leaving the pond, sulfide and alkalinity levels rose,
while chloerophvll a, suspended solids and sulfate concentrations dropped. The
latter was almost immediately masked by a salinity peak, highly visible in the
sewage fed to the pond on the same occasion (fig. 2). The following pink period
was apparently one of less efficient sewage treatment, as shown by the COD
levels in filtered, pond effluent samples, which increased from an average of
830 to around 150 ma/l. Also, as sulfide was consumed, the suspended solids
concentration steadily rose, as the purple hacteria population developed.

Apart from odors and high COD levels, the observed colour changes have other
inconvenients., The treated wastewater colouration itself iz usually less
acceptable than the green tint conferred by the algae and the elimination of
pathogenics could also be slower in a predominantly anaerobic medium, in spite
of the toxic action of sulfide. On the other hand, the harvesting methods and
subsequent uses planned for algae might prove themselves useless on purple
bacteria.

The large and brief salinity peaks detected in the sewage Ffed to the ponds (fig,
2} confirm that massive leakage of estuarine waters into the Alcochete
wastewater network does occur during short periods of high tide. Twice, on

these occasions, the algae. culture responded with extensive autoflocculation.

In addition to this, c¢onsiderable amounts of sulfate are brought into the ponds,
an effect which could start the sulfate-reducers action in the lower, anaerobic
strata, with the resulting outburst of sulfide. This apparently happened in the
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sewage istell sinca incrzased sulfide levels often followed salinity peaks
{fig. 2).

Field measure~ents raken chroughout the spring of 1036 revealed very low mixing
levels in the ponds., as caa he seen from the values given oa Table 1. With the
recirculation pumps at work, mixing soeeds reach 0,53 cm/s, which is still
largely insufficiens, \s a result, the continuous operation of these pumps
during several wesks hetwsen Fehruary and April 1084, failed both to prevent
colour transitions from green to pink and to accelerate the recovery of the
alzae population, after a take over by the purple sulfur hacteria.

TARLE 1 Operational Parameters of the
Alcochete Hlish-rate Svstem (Feb-July 1284)

Values
Parameter
Max. Med. Min.
Total area (m') 14 000 - A 700
Fed sewage con (mg/ LY 1 072 677y 230
Rnns Img/1) 600 240 10
Suspended
solids (mg/l) 530 331 133
Hvdranlic load (m /m" .day) J,0u6 0, 240 0,010
' 1 { N . -
Nrganic load kg RO s/ha 347 148 {53
.day
.day
Residence time (days) 23.7 11.3 4.7
Mixing® speed (cm/s) 0.6 - 0.2
duration 2.8 _ 1.8

hours/day
“without recirculatbion

Residence times nearly always far above the design value of .5 days (Table () are
a consequence of sewage flow rates lower than the installed capacity of the Al-
cochete wastewater treatment plant. Given this, and until the community meets
this capacity, at least one of the ponds could remain inoperative for the most
part of the year, being meanwhile properly maintained or used for further
studies. Hesides this, the low dilution rates are apparently inconvenient
because of algae culture instability. In one extreme case, during February and
March 1086, the sewage feed to the ponds was interrupted for three weeks, for
technical reasons. Though evaporation was negligible, the algae population grew
to around 400 mg/l in pond 2 (fig. 1) with autoflocculation and colour
transittion teo pink fellowing shortly. Such a process may well be accelerated in
Summer when sowage Flow rates are minimom, Cempervatuore and insolation are high
and evaporation is nut negligible.

Excessive amounts of sludge were found to settle at the bottom of each pond,
just ahead of the point where the sewage enters it. Thicknesses around 10 cm
were regularly measured around that zone, ceontrasting with the 3-5 cm readings
taken in other parts of the pond. As found before (Pinheiro and Novais, 1985},
sand made up most of this sludge’s dry weight. $till, though these highly
settleable solids may not contribute greatly to the pond's organic load, they
reduce the height of its aerobic zone precisely where aeration is most needed.
In periods of lower photosvnthetic activity, sulfate reduction may start here.

CONCLUSIONS

As a result of the ohbservations detailed here, the need arises for a major
revision of the Alcochete scwaze treatment plant's nperation ennditions.
Particular attention must be given to re-designing the mixing system and to
planning the use of less pond area for sewage processing, whenever possible.

The source of salt water contamination was locatrd and eliminated in late
September 1286, However, in an aging sewage disposal network such as Alcochete's



pther snch sourecs miaonn ecaxily apnear. The monitoring of salinity levels in
the raw sewage i3, thus, deairabie. 33 a means of reducing sludge accumulation
in the nonds. additional pr=-treatmencs, such as a sand remover or a primary
settling tank, ar= another possihbilizty to be considered.
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ABSTRACT

Swine wastas from a swine breeding installations were treated in a pilot system of high rate al
gal ponds, and the Albazod hiomass produced was hayvested by autoflocculation and centrifuga-
tion. The chemical composition of Albazod biomass was determined in order to evaluata the potan
tial of Albazod for utilization as a proteln supplement to animal feed. The more lmportant com-
ponent in the Albazod blomass was crude protein and it varies agcording to decention time (thare
is an increasing of crude protein when the detention time decreases). Besides the high protein
content (for 3'days of detention time we have obtainad 41.46% of dry wmatrfer for crude protein),
tha Albazod bilomass is rich in minerals, which will enhance its potential as a favaurable {ngre-
dient for animal feed,

.
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High rata algal ponds, Albazod biomass, chemical composition, gswine wastes, animal feed, protein.

INTRODUCTION

Swine breeding installations are an important source of aquatic pollution in many regions (Groe~

.neweg et al, 1980; Jomes and Patni, 1972; Cheung and somg, L981; Fallowfiald and Garret, 1985)In Por

tugal, they rapresent about 13.4% of the total pollution produced (Gaspar et al., 1984). The
treatment of swine wastes is therefore an urgent necessity to prevent the transmission of ani-
mal and human diseases and to praserve enviroomental quality (Oliveiras, st al., 1983).

Several processes of biological depuration are suggested to trzat swine wastes according to the
desirable objectives (Monteiro, 1979). Waste stabilization pond systems are normally adopted
(high efficiency inr the treatment, relativaly very inexpensive to construct, simplicity in the
exploration and maintenance, without energy consumption and reuse of the treated water for agri
cultural irrigation). Howaver thase systams don't take into account byproduct recovery origi-~
nated in the treatment of the wastewaters (Miller et al., 1977).

With the world pollution increase and shortage in animal protains aad thair increasing cost,
there 1s a pecullar interest for using the microalgae growing in wastewatsars (wastewafera-sys-—
tems) as a protein source for animal feed (Behr and Soeder, 1981; Burlew, l953; Shelef, 1982;
Soeder, 1980; 1984). In addition vo this application, aicroalgae can be used in aquaculture (De
Pauw and De Leenheer, 1985; Edwards, 1980 a,b; Edwards at al., 1981; Groenaweg and Schluter,
1971), as biofertilizer in agriculture (Edwards 2t al., 198l), as an a2nergy source in biogas ¢d
gestors (Benemann and Hallenbeck, 1978 ; Goluekz and Oswald, 193%9), or a3 a source of chemicals
(Aaronson et al., 13980).

In this point of view we began in 1984 to study the trzatment of wastewatsy from the tomato con

Or
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cencrita industyr in high rata algal ponds (Redrigues and Oliveira, 1987) and in 13835 the creat
mant of 71z wasces {Redrizues and Oliveira, 1983). R
Tha aim of this paper is to study the chemical composicion of che Albazod {term iztToduced by

Soadar, .%84 o designats rotal particulate mattsr in high race algal ponds, L.2, alzze(=mlaro-
alzz2), zacteria, zooplameton plus datvitus) harvestad Sy cencrifugation and separazad by aute
floceuiation ia high rate algal ponds, &s a manner to e¢valuate the potestial of Albazoad biomass
for utilizatien as a prot2in supplement to animal feed.

The 2ffluent obtainad after Albazod harvested is normally clear and it can be reused for irriga
tion 2f crops on tha land.

MATERIAL AND METHODS

The pilot system of high rate algal ponds was installed at the "campus" of the Faculty of Scien
ces and Tachmology, in the Department of Environmental Engineeripg, at Monte da Caparica. It is
cowposed by to miniponds, each with a surface area of about 2.4 m%and. an average depth of l5cm
(Rodrigies and Oliveira, 1984). They are shallow receways (Soeder, 1981} and the suspansion 1is
permanently stirred by means of paddlewheals.

The pig wastas used in this study was ccllected in MAJOPOR, a swine breeding located in Santo Es
tevao das Galés, near Malveira {(about 50 km from Monte da Caparica), whera the solids of greater
dimensiong wers geparatad by a sieve with a mesh width of 2.36 um. This procedure eliminated
mainly the slowly degradable or non degradable mattar. In the campus the liquid phase of the
affluent was dilutad with tap water (dilution 1:1Q) and it was pumped into the miniponds between
5.00 a,m. and 8.00 p.m,

In the way to datermine the treatment afficiency of the pig waste and the chemical composition
of Albazod, in the miniponds, two sets of experiments were performed from July to August, 1985
In the first set (July) theoretical detention times in each pond of 5.0 and 7.0 days were used,
while in the sacond sat (August) theoretical detention timas of 3.0 and 6.0 days wera used.

The Albazod was harvested by centrifugation of one liter of the effluent, during 10 to 15 minu-
tes at 3000 = 4000 g. The effluent obtained after centrifugacion was analysed (Rodrigues and
Oliveira, 1985) and the Albazod was washed two tilmes with distilled water, to separate theeffluent
from che Albazod, In July, we left settling two liters of effluent in decantation ampoules to
compare the chemical composition of the Albazod harvestad by centrifugation and autoflocculatien,

The concentrated Albazod was dried in a vacuum oven at 809C and 1 atm during 8 hours. After
drying, 2ach sample was ground and homogenised. The powdar samples weres maintained in the dark.
In these samples several analyses ware made to detarmine the chemical composition of the Alba-
zod. We have used the follawing procedures (Oliveira, 1971; Oliveira et al.., 1983):

- Moisture, by drying at 103 * 29C in an slectric oven up to constant weight;

~ Total nitrogen, by the Kjaldahl method;

- Proteinaceous nitrogen, by pracipitation with trichlovoacatic acid followad by nitrogen de-
termination by the Kjeldahl method;

- Proceiné (Crude and Pure), using the factor 6.25 to convert the nitrogen value to protain;

- Fats, by extraction using petroleum ether in a Soxhlet apparatus;

- Cellulose, by the method of Balluci;

- Carbohydrates, calculated by difference batween the dry matter versus the crude protein, fat
and fixed residus together;

-

- Nitrogen-fres extract, calculated by difference between total carbohydrate and fiber;

— Foced enmergy, caleulated from the values of crude protain, fat and carbohydrata, according to the Atwater method;

- Fixed residue, by calcimation at 325+232C for two hours; and

~ Total phosphorus, by the vanado-molybdane method.



RESLLTS

The results af =ha zeziarmination 2f the chemical composition of Albazod biomass are present in
Tables | to 2, Ia Fiz.. we cumpare the results obctained in July {3 and 7 days of detention time)
harvestad by auzsilocculaticn and centrifugacion. In Fig.2 we can see the discribution of che-
nical cempesitiun of albazod narvestad by centrifugation with 3, 3, 6 and 7 days of detentiom
time.

TABLE !. Thamical Composition of Albazod (7 dry matrer) Harvested in
HRAP wich 5 days of Datention Time

Harvagciog autoflocculation Centrifugation

Fraction Avarapel Range Averaga* Ranga

Moisture 71.47 5.95-10,05 6.62 6.25~ 7,30
Tortal nitrogan 5.20 4,69~ 5,67 6.08. 5.76~ 6.39
Cruda protein 32.48  29.31-35.44 37.97 36.00-39.94
Proceinaceous nitrogen 4,31 4.05- 4,61 4,61 4,37- 5.05
Pura protein 26.92  25.31-28.8l 28.83 27.31-31.56
Noa protein nitrogen 5.56 0.30~ 8.81 10.50 8.69-12.31
Fats 4.75 1.89- 8,32 6.71 5.25~ 8.18
Carbohydrates 30.59  26.94-32.26 27.85  26.77-28.93
Fiber 5.43 3.23- 8.43 7.74 6.84— 8.64
N~free axtracts 25.14 19.03-29.03 20,11 19.93-20.29
Ash 32,18 30.41-34.08 6.43  24.33-29.07
Phaosphorus 3.27 3.14- 3.38 3.1 3.00- 3.19
Food energy (cal/100g) 275 268 = 282 293 288 ~ 297
N/P 1.59 1,39 -1.81 1.92 1.81 -2.03

(1) Mean of three values

TABLE2, Chemical Composition of Albazod (Zdry matter)Harvested in
HRAP with 7 days of Detention Time

Harvesting _ Autoflocculation Cantrifugation

Fraction Averagel  Range Averagel Range

Moisture 9.36 6.65=11.10 6.90 6.10- 8.25
Total nitrogen 4,84 4.68- 5.09 3.61 5.06~ 5,91
Crude protein 30.22 29,25-31.81" 35.04 31.63-36.94
Proteinaceous nitrogen 4.28 3.99- 4.52 4,79 4.37- 5,00
Pure protein 26.77  24.94-28.25 29.94 27.31-31.25
Non protein nitrogen 3.45 2.56- 4.31 5.10 1.19- 7.44
Fats 2.31 0.75~ 4.02 3.73 0.93= 6.60
Carbohydrates 32.00 29.51=34.06 31.21 29,12~32.85
Fiber 8.76 7.50-11.30 8.16 4.92-10,84
N-free extracts 23.24  19.99=26.39 23.06  20.41-27.93
Ash 35.48 33.54-36.90 28,12 25.32-31.10.
Phospharus 3.15 2.87- 3.36 3.23 2.80- 3.65
Foad edergy (cal/l00Qg) 235 222 - 245 269 25L - 289
N/P ] 1.54 1.41 =1.77 1.75 1.43 -2.08

(1) Mean of four values
(2) Mean of five values

DISCUSSION

The results obtained for the chemical analysis of Albazod vary to some extant as a consequence
for instance of the detention time. There is also variation for each detention time as a conse-
quence of climatic and physico-chemical conditions of the high rate algal ponds units.

An important fraction of Albazed biomass consists of crude protein, whose content increases when
the detention time decrzases. We have obtained valuas of 35.04%7 of dry maccer for 7 days of de-
tention time and 41.467% of dry matrer for 3 days. Fats, represent the minor fraction, among the major
constituents of Albazod biomass. .

Carbohydrates present high values, They were determined by diffarance betwean the other consti-
tuents and the total hiomass, including manomeric glucides and cellulose and ocher complex subs
tancas.
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TABLE 3. Themical Composition 2f Albazed 5 d=r matter) Harvestad
by Cencrifugacion in HRA2 wich 3 and 4 davs »f Datantion Time

Datantion Time 1 ]

Fraction Averagal Rangs iveraged Ranga

Moisturs 7.48 4,20= 7.70 4,30 3.25= 3.10
Total nitrogen %,563 5.87- 7.30 5.57 5.48- 5.83
Crude protain 41.46 36.69~48.75 35.41 34.25-36.44
Proteinaceous nitrogen  +.69 4,16~ 5,32 4.86 4.34- 5.13
Pure protein 29.33 26.00-33.25 30.35 28.38-32.06
Non protein nitrogen 12.14 8.50~15.50 5.07 3.69- 7.32
Fats 4.93 3.08=-10.58 4,73 1.10-10.95
Carbohydraces 29.30 24,35=-33.11 34,27 28.02-37.62
Fiber 8.07 6.56~ 9.24 8.30 4,44=10.28
N-free extracts 2L.73 15.78-24.04 25,97 17.74-33.18
Ash 23.81 17.94=27.12 25.60 24.39=-26.78
Phosphorus 2.53 2.09- 2.84 2.76 2.56=- 2.88
Food energy 297 271 - 328 288 270 - 307
N/P 2.69 2.07- 3.55 2.05 1.%0- 2=-20

(1) Mean of 5 values
(2) Mean of 4 values

The values obtained for fiber are high probably as a consequence of the presance of green algae
(specially Monoraphidium, Scnadasmus and Chlorella) that predominate in Albazod biomass. Green
algae have rigid cell walls, composed of polysaccharides, particularly cellulosa and hemicelly
leose, which limit the ytilization of the Albazod biomass as a protein source for non~-ruminant
animals, by the decrease of digestibilicy they induce.

Albazod biomass harvestad by centrifugation presents a highar nuctritive value than the Albazod
harvestad by autoflocculation. Minerals are an important fraction in Albazod biomass harvested
by autoflocculation, also as a consequence of some nutrients precipitation, at high pH values,
resulting from an active photosynthesis. .

CONCLUSIONS

Swine breeding units are significant sources of pollutiom in the aquatie anviroument. Swine
wastes represent a considerable polluting load, which can be treated in high rats algal ponds
with a high efficiency and low detention times (Rodrigues and Oliveira, 1985). Albazod biomass
harvested by centrifugation or autoflocculation in high rate algal ponds, has significant con-
tent of proteins and minerals. 5o, if can be used as an ingredient for animal feed, due to 1its
high nutritional value. The utilization of high rate algal pounds in the traatment of swine was-
tes is potentially, a effective reducing factor of treatment cost, as Albazod biomass produced
can be recycled for pig rations and treated warer can be used in irrigation or even in aquacul-
ture.
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HIGH RATE OXIDATION PONDS - THE ISRAZLI EXPERIENCE

G. Shelef and Y. Azov
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Haifa, 32000, Israel

ABSTRACT

The use of high rate oxidation ponds as means for wastewater reclamarion and algal biomass
production was extensively studied in Israel. The work started from laboratory scale facilities
through outdoor minipounds, pilot plant pands, field scale ponds and a full scale pound. The
regearch involved optimal operational desfgn of high rate oxidation ponds for various locations
and constraints, harvesting of the algal biomass and feeding and toxilcological studies of the
biomass produced. We have found that the system ig reliable and efficient as biological wasate~
water treatment system and could be very valuable {f operated according to envirommental and
climatic constraints of the given area it 1s designed for.

KEYWORDS

High rate oxidation ponds, scaling up, facilities, productivity, operation, design

INTRODUCTION

The pioneering work of William J. Oswald on High Rate Oxidation Pond (HROP) at the Universiry
of California during the 60's has been extensively continued in Israel where the climatic
conditions, the need for both reclaimed water and recovered proteins, the high cost of energy
and the restrictions in available land (such as needed for ordinarvy stabilization ponds) all
directed to the utilization of this concept. Harvesting and processing of the algal-bacterial
biomass to produce valuable proteinacecus animal feed in one hand and clear effluent of qualicty
high enough to allow irrigation of unrestricted crops (including edible vegetables) are discussed
in other papers because of the limited scope of this one. Both tha technology and economics

of the HROP method were found most encouraging and it is envisioned that when investments

in sewage treatment works in Israel will be resumed full scale HROP plants will be constructed
in small and intermediate size communities.

DESCRIPTION OF FACILITIES AND RESZARCH CONDUCTED

The work in Israel which had started in 1968 at the Hebrew University of Jerusalem (Shelef et
al. 1973), coantinuing at the Haifa Technion from 1970 to 1981 (Shelef et al. 1974-198l), cons-
titutes one of the most comprehensive studies of HROP, It has involved extensive laboratory
work and outdoovr studies with continuous, year vound operation of ponds gof various sizes:

A, Outdoor miniponds (fig. 1), and eight '"bath" ponds (0.34m2 and 0,92 m raspactivaly),- wera
used to study basic charactaeristics of the system such as: 1, Effects of temperature and solar
radfation on HROP performance. 2. Nutriemts limiting algal production. 3. Organic load at
different climatic conditions. 4. Optimal mixing rate. 3. Blological population composition

of HROP under different conditioms, 6. Effect of aeration on HROP performance.
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B. Three pilot plant 832 wera somstruczad: The Jerugalem Pilot ?lang gond (LiQ 2™, fiz. 2)
and two Taechnion pilot 2lanc nés (120 md and 150 mz. fig. 3). The pi.oz plant pouds were
used to verify the coucliusicns o che miniponds experimentzs and to 3tudy z2oncinucus year round
operation of HROP. The »>ilaz 2iant ponds were operatad in ovder fo avaluate optimal cperational
conditions of HROP ia terms of zartention time, depth and organic load.
C. Two field scals pouds in daifa 3ay (1000 mi aageh, fig. 4) in which che conclugions of the
pilot plant eperational strategies were put Into practice. The £ield scale ponds wera alzo used

for harvesting larze quancticies of algal biomass used for different f2eding experimencs (see

belaw).
0. A full scale HROP (1Q hectares) in Ellar (Fig. 5).
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Fig. 1l: Outdoor miniponds at the Technion (0.34 mz)
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Detail degeriseicn sf facilicdzs, rasaar candueted, results and conclusions werse
published in the follewing publicacisns: Shel T al. 1973, Shelef et al. 1974-1931,
Shelef et al, 1980a, azov ac 31, 1330, Azov & 3haraf, 1982, Azov =t al. 1982, Sukenik &
Shalef, 1984. .

The Technion comprahensive gtudy oo Combined Algal Wastewatser Treatment and Reclamation
- Protein Production iavelved also alzal 9iomass 7arvasting using various sizes of squipment
units,including: five Ilotation units, shree cengriiuzes and two drum dryers as well as
nicrestraining units, zross~ilow filtration unlt aad oscher physical separation units, Extensive
animal feeding experimentcs and autritional srudiss has baan zarried out by Hepher and
Sandbank with fish (Hepher et al., 1978, Fandbank & Hephex, 1978, 1980), by Mokady =t al.
(1978, 1980) with broiler chicken, by Hurwitz and Lipstain (1980) with laying hends and by
Tinkel et al. (1979) with Macrobrachium. The f{esding and nutritional studies were preceded
and followad by extensive toxicological studies carried out by Yannai et al. (1978, 1980).
The Technion studies have been expanded to include the use of HROP for animal wastes
treatment (Shelef, 1979) of dairy wastes (Shelef & Sandbank, 1979) and of nitrogenous
industrial wastes (Shelef et al., 1980b).

The HROP Dilemma

High rate oxidation pond Lis a unique and complicated system as its economics rest upon
achieving twoe goals: secondary wastewater treatment and algal biomass production, both at
minimal investment and operational costs. Actually, HROP is a combination of intensified
oxidation ponds with algal reactor. Theoretically, it seems that both objectivas are
complementary because algaes supply the oxygen demand for the aerobic degradation of the
wastewater borne organic matrer, so that maximizing algal production should have resulted
in maximizing HROP performance as a wastewater trgatment system. However, if one intends to
design a HROP that will have equal performance year round, the system should ba ruled out in
any locarfon, other than the tropics with uniform climatic and solar conditions over the
whole year. Otherwise, seasonal changes in wateyr temperature and solar radiation have always
significant effects on HROP performances. Considering seasonal variations of these parameters
in Haifa (£1iz. 6) it was gshown that expected algal productivity and optimal retention time
will change considerably with the season (Azov and Shelef, 1982). Flg. 7 summarizes theoretical
cansiderations of seasonal effects ou algal productivity and optimal retention time in Haifa.
The upper curve represents mid-summer conditions of high solar radiation and high waterx
temperature which lead to high algal productivity at short retentionm time. The middle curve
represents fall and spring conditions while the lower curve represents mid winter conditions
of low solar radiation and temperatures which result in much lower algal productivity at
longer retention time.
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Fig. 6: Seasonal variations in solar radiation and temperature at Haifa (Lat. BZQN)
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In order to put these canstraints inco practice, the HROP should be operatad at short
tetention times during summer and laong retention times during winter. Because sewage {low
rate into HROP {s practically uniform year round, the only way to obtain the desirable
retention tine Is by varying the dimensions of the pond, i,e. depth and surface area. Theo-
retically for counstant vear round sewage inflaow, best HROP performance is expected if the
pond is ashallow and large during winter aperdtion and vice-versa during summer operationm.
However, this approach 1s not practical as the large area needed for winter operation will
rule out the economics of the system,

During our long and extensive HROP research in Israel we have designa& and analyzed diff-~
erent approaches to IROPoperation that will cope with the above comnstraints in.e¢onomically
sound ways. The most plausible HROP operation strategies are summarized in table 1, and
figure 8.

Table 1: Year round operation of HROP at various operational modes

Season Winter Spring Summer Fall

mode* I II IIL1v I II  III v L II IIT 1V I IT 1111 IV
Ratention 3 4 8.7 4.7 3 4 4,4 3.2 3 4 2,2 2.3 3 4 3.8 3.4
time (days)

Depthcm) 43 45 43 52 45 43 45 40 43 43 45 28 45 43 4% 38

TSS (mg/1) 290 240 235 235 380 370 315 400 325 350 385 415 320 380 400 3s0
Algae (mg/l) 32 95 110 110 210 155 185 210 140 175 165 225 150 170 190 220
Net primary

prod%ctivity 4.8 10.7 5,7 12,2 31.5 17.4 18.9 26,3 21,0 19.7 33.7 27.4 22.5 19.1 22.3 24.%
gr/m=/day

Algae in 11 4@ 47 47 55 42 39 53 43 50 43 34 47 45 47 sl
T5S (%)

Protein in 46 52 51 &1 47 48 55 51 46 49 32 38 53 51 %6 36
TSS (%)

BOD removal 36 92 96 94 93 %6 94 94 94 95 93 94 93 94 95 %4
(%)

* 1 - Constant retantion time of 3 days
IT- Constant retention time of 4 days
III~ Seasonal variations of retention time by varying pond's area at constant depth
IV - 3easonal variations of recention tima by varying pond's depth at constant area
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The different operational modes presented above may serve different purposas at differenc
HROP locations. Geunerally, a constant retention time is most adequate for troplcal climates
where seasonal varilations in water temperature are minfmal. As seasonal variations in solar
radiation and temperature become more significant, the attractiveness of a variable retentiom
time strategy increases, As for such zones, a counstant 3 day ratention time produces the least
biomass with relatively lew algal percentage in 1t (about 38%), bacause of the virtually lack
of algal production during winter months which will cause their washout at 3 days retention
rime, Moreover, it will require additlional energy input during the saeverest winter months to
supply oxygen for complete aerobic degradation of the organlc wastes., However, this mode has
the least land regquirements and should be preferred in locations where land cost over energy
cost 1s large encugh to compensate far the additional energy input vequired during wintaer
operation. A slightly longer retentlon time (3.75 days), will require additional area but may
avoid the need for additional energy input. The third altarnative presented is a dual function
HROP. According to this methed the year is divided into two majer seasous, cold and warm,
where retention time in the cold season is doubled gver that of the warm season (say 6 days
instead of 3). This is accomplished by operating two ponds in parallel during the cold season
for every pond operating during the warm season., During the warm season the idled ponds are
filled with clarified effluents of the operating ponds and usad far edible fish cultura. This
Strategy has double the land regquirement of the constant 3-day retentlon time sgratagy but
will ogerate aerobically year—-round with higher crops af total bicmass and algae. This
approach could be of special interest in agricultural leacations. Fish production during the
warm season can amount to 100 tons for the given community of 100,000 inhabitants.

In most locations the variable depth strategy should be preferrad for optimal year round
HROP operation. This operational mode is bazsad on a pond having constant area year round.
Seasonal required changes in retention time ara produced by varying pond depth using a
variable leval overflow weir. This strategy is relatively easy to oparate and responds better
than any other operational modes for seasonal variations im light intensity and temparature.
Total bilomass productionm, algal praduction and protein percentage in total biomass were the
highest for this strategy compared to all others studled by us.
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CONCLUSIONS .

Tha nigh rate oxidation pond may sarve as an afficient wastewatar treatment 3ysien
combined with the preducrion of valuabla by products. According to envirommental and
aconomical coastraints it is possible o dasign a HROP that «will achieve Doth goals in a
Yalfable manner, The algal-bacterial Siomass produced in HROP may e used for sumerous
Purposes such as protein rich animal Ifeed, raw material for the extraction ¢f natural
pigﬁen:s, farty acids, vitamins ete, natural food for fish larvae, sail feryilizers ate.

An adequate zperational strategy 1s essential for the economic operation of HROP ar different
locaticns., I* 13 recommended that seasonal variations in solar radiation and temperature wiil
be taken imto account by changing the retentiou time in the pond. This may be done by

either gperating deeper ponds (at longer retention times) during the cold seasom or by using
several ponds during the cold seasou and using the idled ponds in summer for commercial fish

raising,
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HARVESTING OF ALGAE FRCM HIGH-RATE PONDS
BY FLOCCULATION-FLOTATION
E. SANDBANK and G. SHELEF

Environmental Engineering and Water Resources Research Center,
Technion, Israel Institute of Technology
Haifa 32000, Israel

ABSTRACT

Mieroalgae grown in stabilization ponds and in high rate ¢xidation pends (HROP) treating
wastewater, were harvested by floceulation with aluminium sulfate and floated in a
laboratory electro-flotation unit, where bubbles were produced electrolytically. It was
shoun that the higher the solids concentration, the lower is the air: solids ratio needad to
achieve 90% algae removal, The simultaneous flocculation of suspended algae and ralease of
bubbles while flocs grow, give equal suspended solids removal as the classical flush miving
flocculation followed " by slow mixing-flotation stage. Air: solid ratios between 0.009 and
0.013 were sufficient for flocs flotation by dissolved air flotation (DAF) and electire
flotation. Continuous flocculation-flotation in a DAF pilot plant unit showed that flush
mixing can be replaced by injection of chemicals in-line provided a retention of 15 sec is
given before the inflow to the flotation tank. Slow mixing could be eliminated altogether

when bubbles were generated simultaneously with the flocculation stage, DAF was further
sinplified, replacing the air compressor used for pressuring air into water, by a venturi
suction at the undespressive side of the punp in the praessurised line. DAF in its

simplifiad version is opreferred for algae harvesting in fresh water algae cultures and in
HROP systems, whils it is recognized that electroflotation may be preferred in harvesting
marine microalgae.

KEYWORDS

Harvesting of microalgae; Algae removal; Flocculation; Flotation; Dissolved Air Flotation;
Electroflotation.

INTRODUCTICN

Ideally, methods for microalgae harvesting from stabilization ponds and High Rate Oxidetien
Ponds (HROP) should match the simplicity and low energy demands of pond systems. However,
the techno-gconomic problem of harvesting micro-algae lies in the nature of pond effluents
with dilute suspensions with 0.015% to 0,05% algal-bacterial solids of microscopic size
(5-25u). In order to discharge pond effluents into receiving water bodies, microalgse have
to be removed to avold an increase in the oxygen demand and nutrients loading during alzal
biomass decomposition. On the other hand, recovery of the biomass can b2 of a significant
economic value. Algse removal can be done by many solid-liquid separation pfocesses such as

microscreeps (Kromanik et al., 1979}, paper filtration (Dodd, 1977), sedimentaticn in
"isolatien ponds” (Benemann it al 1980}, centrifugation and a variety of other methods
described by Mohn, (1378), but since the first comprehensive work on algal harvesting
{Golveko =2t al., 1965), the most reliable and c¢ost =effective methods are based cn

flocculation followed by sedimentation or fletation, especially in the field of wasteuater
treatment.



If microalgae are to 02 uged as a potential acurca of animal autrisntz (Qewald et al., 19683)
(3halef a2t al., 1977) as raw aaterizl Jor the extracticsn of <hemicals {Aaronson et al.,
1980, algae removal can be considered as 3 “harvesting procasz”™. Alrsady in the fifties,
flocculation-flotation was proposed for harvesting alzae /‘Coow, 195L). Work carried out by
Yan Youren 2t al., (13635) indicated <that algae =zould e succesfuily separated by
floczulation-flotation.

These pracesses waere adopted by Wachs et al., (1972}, after abserving thar floceulated algae
have a natural tendency to float, and flocculation-flotaticn was adopted thereaftar for

production of microalgae for feeding experiments (Shelef 27 al., 1976). Flocgulation-
flotation has alzo been used to harvest nicroalgae from animal wastes treated in HROP
(Lincoln et al., 1977) and f{rom cultures of marine aicroalgae (Sukenik et al., 1384).

Although the bagic principles used in the present work are still the same, the main purpose
of this work is to demonstrate the avolution of the process and the modifications recently
introduced to simplify the flocculation-DAF process and equipment thus improving its
aconomics and enhance the use of wastewater borne microalgae harvesting.

MATERIALS AND METHOQDS

Flocculation iz a prerequisite for microalgae flotation and in order to study both processes
together, flotation was performed in a2 laboratory electroflotation jartest unit.

This unit was assembled using a Phipps and Pard, multiple-stirrer. Each of the aix jars was
provided with a pair of 4 ¢m® electrodes which were connected in series to a rectifisr
(2A-24V), and perspex paddles replaced the original metal paddles. Flocculation was
perforned on HROP effuent with alum, stirring at 80 8/PM during { ninute and at 20 RPM for
10 additional minutes, followed by either 10 minutes settling or 10 minutes of bubbles
degagement by aelectrolysis.

Algal removal effociency was determined by the % light transaittance at 420 nm.

Experiments were performed to determine the air: solids (A/3) ratio needed to float algae
flocs at different algal concentrations, and the effect of performing flocculation while
bubbles are simultaneously degaged during floe formation.

Electroflotation was also performed using a 2 m™® unit, with stainless steel titanium dioxide
electrodes covering the bottom of the unit at various electrical charges varying from & *to
36 coulombs 1%, Dissolved air flotation was performed on a 1000 ]l unit which was built
criginally following DAF principles (Vrablik,-1959), and design data by bare et al., (1975},
te which modifications were done to simplify the equipments and define operational
conditions. In one experiment the recirculated pressurized flow was kept constant at 8 1
per minute at 3 atm pressure while the in flow rate was varied. This results in diffsrent
A:S ratios and different loads of solids. Results were measured by T3S determinations.

RESULTS AND DISCU3SICN

Aluminium sulfate was used throughout these experiments, because the algas harvested with
alum have a lower inorganic content as compared to algae harvested with Cal(OH)x and alum in
Israel is cheaper than FeCls. More recently polyacrilamide based flocculants have been
succesfully used for algae herevesting, (Viviers et al., 1981, Sandbank et al., 1987) and
Chitosan, a derivative of chitin shows promise because it is not toxic (Venkataraman &t al.,
1980}, As shown in Figure 1, alum floccuylation has a marked pH dependence with an optimal
PH range of 5.5-5.8. This agrees with results of Me¢Garry (1970}, Al-Layla et al., (1975)
and Moraine et al., (1980). Polyelectrolytes and chitosan are less pH dependant and usualy
are effective at the typical HROP effluent pH ranges of 7.2 to B8.5. Since they are
efficient flocculants and dewaterstability of the float is better than with alum,
polyelectrolytes have a wide scope of application provided they compete price-wise and thev
do not leave toxic residues in the flocs if the alpgal biomazs is intended for animal fosd.

In this respect, it should be noted that an approval of a flocculant as a nomn-toxic far
water treatment puroposes is not sufficent when algal biomass has to be used as feed, since
toxic residues may not remain in the filtered water but still accumulatz in the harvestable
flocs.
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Results of the alectroflotation jar-tests indicate (Fig. 3), that the higher the algal
concentrations, (say 270 mg/l and 360 mg/l, the lower air: solids (A:3) ratio (0.008) is
needed to achieve 907 removal, as compared to A:5 of 0.02 in suspensicns with 90 and 180
mng/l. This should be related to the higher probability of particles collision in the
suspensions with high concentraticns of algae.

As shouwn in Figure 4, rapid mixing followed by the simultaneous release of bubblas into the
flocculation tank during flodculation, achieves the same removal efficiency as that obtained
by rapid or flash mixing, slow mixing during 10 min. and subsequent release of bubbles.

The entrapoment of bubbles inside the flocs during floc formation leads to a marked increase
in the upflow velecity of flocs as compared to the velogity of flocs with bubbles absorbed
on their surface, (Vrablik, 19%9). This same effect can be obtained when entrapping bubbles
of superszaturated Oz produced photosynthetically by algae within the pond. The practical
meaning of this experiment is that rapid mixing is gufficient before flotation and that
there 1is no need for a separate slow mixing chamber. Ten minutes retention in the flotation
unit are sufficient for flocculation-flotation. This concept was tried on a 2 n*
electroflotation unit (Tabla 1) and in a 1 m* DAF unit. Results obtained with the
electroflotation unit shoued good removal efficiencies at the following operational
¢onditions: 150 mg/l alum, 20 ampere, 12 coulomb/l, 1¢ minutes retention, 6 m/h surface
loading; while harvesting micrcalgae from pond effluents containing 300 mg/l T.5.S.
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- Results of simultaneous flocculation - electroflotation in a 2 n®

Table 1.
- pilot plant unit.
Optical Effluent
Electric charge | density
" Current, amp |coulombs/1 (Klett % Efficienty T3 CoD
420 nm) g/m¥ g/m™
.15 g/1 Alum
Pond effluent 0,604 303 950
10 [ 0,071 88.2 41 131
20 12 0,050 91.11 30.5 129
40 24 ¢,060 20.90 32.5 116
60 38 0,058 90 . 4 29.5 122
0.20 271 alum
Pond effluent 0,540 288 890
5 3 0,096 82.2 32.5 130
10 [} q,Cs6 a7.7 31.% -
20 12 0,046 g1.4 28.0 -
30 18 0,051 80.5 26.0 -
4Q 24 4,039 Q2.7 21.5 -

The electroflotation process could find applications for harvesting of marine microalgae as
a source of lipids for example, because lass enargy is needed for electrolysis at a high
conductivity of the liquid media.

the cathode is prone to scale

~ Electroflotation showed to have two major disadvantages: 1)
formation and 2) power rectifiers are relatively evpensive. An important advantage is that

gas generation rate is directly related to current and can ba easily changed according to
oxygen concentration in the pond, in order to maximally use the photosynthetically generated

" supersaturated oxygen.
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The results of the DAF operatsd at a2 constant recirculation flow, while shanging the aain
flow of pond afflusnt, showed that at an hydraulic load of & m3/m2/h and 10 ain., retention
time resulted in al optimal A:S ratio of 0.0137 (Table 2).

Table 2. Effect of variating the A:S ratio in a DAF harvesting microalgae from
HROP affluent.

TS8ine - T554re.100 1
Inflow Solids load A/S
(@ = l/min (gr/min/a?) TSSine

150 52.5 0.4gr/52.5=0.009 78.6
100 35.0 ¢.0137 86.0 -~ 90.9

75 26.2 0.0183 83

50 17.5 0.0274 74.2

38 13.3 0.0361 80.0

25 8.7 0.0548 59.8

Operation of the modified DAF unit (Fig. &) at the following conditions: a 107% recirculation
rate; 3 atm. pressure; 10 min. retention, final pH 5:3; 160 mg/l alum; in-line injection of
alum and acid with a retention of 15 sec. in the feeding line; and 0.0137 A:S ratio gave the
following results, (Table 3).

Table 3 - Supernatant gquality of the DAF unit treating HROP =ffluent.

Vs3 TSS Total N PQa coD BOD
HROP effluent 327.7 388.¢ 76.7 34.0 Gha. 4 139
DAF unit outflow 21.3 35.4 26.3 3.9 113.5 8
% removal 93.5 90.9 65.7 88.5 82.4 94.1
i .

The s3so0lid concentration in the floc varied from 3 to 5% and could be increased by overnight
decantation to 6-9 percent solids. This high solid content 1is of high importance
considering the further dewatering and drying stages needed for commercial high value
proteinaceous animal feed,
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CONCLUSIONS
!

Flocculation-flaotation is a technically feasible process for harvesting microalgae from
HROP. Providing an initial concentrating factor of 300 to 600 which is the most important
step for any further dewatering and drying of algal byproducts and for producing adegquate
-effluent gquality for discharge into receiving water bodiss. Optimal c¢onditions for
floceulation and bubble entrappment or attachment have to be determined by Jar test
esperiments. Bubble entrappment can be achieved by releasing the pressurized stream in the
flocculation area of a DAF tank so that the upflow velocity of the flocs increased. This
results in shorter retention time and the slow mixing tank can be avoided altogether. Rapid
mixing is possible by in-line injection of chemicals, making the rapid mixing tank and
stirrer superflous. The teplacement of the air compressor by venturi suction, further
simplifies the system. If one maxinmizes oxygen bubbles of released from supersaturated pond
effluents, flotation could be done with minimum recirculation. Simplified DAF is to be
preferred to electroflotation for harvesting algae from HROP., However the lattsr pay f{ind
applications for harvesting marine microalgae grown in saline culture media in mixtures of
sea and wastewatar or in supplementing oxygen to HROF oxvgen supersaturalad effluentg.
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REMOVAL OF OQRGANIC3 BY THE COMBINED PROCESS OF A STABILIZATION POND
AND A HIGH-RATE QXIDATICN POND AT A SEA-BASED WASTE OISPCSAL SITE
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ABSTRACT

Wastewater was collected from the sea-based North Port Waste Disposal Site, Osaka City, and a
bench~scale treatment of the combined process of a stabilization pond and a high-rate oxidaticn
was applied for more than 120 days. The maximum BOD removal rate coefficient and COD~-manganese
removal rate coefficient were 0.090 /day and C.018 /day, respectively. These values were obtitained’
when the retention time of the stabilization pond was 25 days. But, if the retention time was
beyond or below 25 days, bath removal rate coefficients were smaller. Therefore, we concluded
that the optimum retention time of a stabilization pond was 25 days. This was reconfirmed by the
Gel~Permeation Chromatography of the treated wastewater, a method for evaluating wastewater
treatability proposed by Tambo and Kamei (Water Research, 12, 931-950, 1978). Furthermore, the
Gel-Permeation Chromatography pattern of the treated wastewater in the bench-scale experiment
coincided with that obtained by the actual field test., In addition, judging from Tambo's evalu-
ation method, 1t could be coencluded that higher-molecular organics were decomposed biologically
into lower-molecular organics at the middle and bottom layer of the stabilization pond. 30D and
COD-manganese values of below 10 mg/l and about 130 mg/l, respectively appear to be the maximum
affective level of the combined process.

KEYWORDS

Wastewater treatment; sea-based waste disposal site; stabilization pond; high-rate oxidation
pond; gel-permeation chromatography

INTRODUCTICN

In this decade, adequate sites for waste filling in inland areas have dramatically decreased with
the development of urbanization in Japan. Consequently, we have turned to the sea for waste
disposal sites and their construction has started at a few cities.

Sea-based waste disposal sites are located and constructed in the sea: being independent artifi-
cial islands, they are never connected to land., Both the sea bottom is soft and water depth is
usually between 4 and 8 m, making it -from the point of both technical and economical views-
difficult to construct concrete basins in this environment for wastewater treatment. Besides,
there are large quantities of the generated wastewater during waste dumping but they reduce when
the inner water area is filled completely. The combined process of a stabilization pond (EP) and
A high-rate oxidation pond (HROP) is thought to be the best wastewater treatment process for
sea-based waste disposal gite.,

We constructed it in 1973, and reported the 30D removal mechanisms in the HROP (Yamada and Hornda,

1978} and pradiction method for wastewater's quality (Yamamoto e% al,, 1984). The efflusnt BOD
value is consistantly below 30 mg/l. -
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Howaver, the i{rorovement 38 ~—he treated wastewater's CCD-manganese (CCD-Mn) value is required
racently., Furthermere, we musT ssnsiryct a new waste disposal site until 1987, There are rany
points which mus?® te zolved So imgprove e treatad wastewater's quality. dmong them, we marked
the role of “he ZP a3z a sretreatment sroc2ss fnr che HAOP, The volume of the 5P is proporticnal
to the progress »f seaz-filling, becauss, axcept fir the HROP and the land produced by sea-
filling, the remaining inner water area is the 3P. Therefore, it is necessary te obtain 5P's de-
sign eriteria. For this purpose, we studied bench-scale experiments and the actual process,

MATERIALS AND METHOLS

Site Description

The North Port Waste Dispozal Site is heing constructed outside the breakwaters in the sea west
of Osaka City (Fig. 1). The site covers a total area of 2,080,00Q m] out of which 420,000 m” is
used as a refuse fill site (Site I) and the rest accommodates dredged seoil from river and port
facility construction and maintenance warks. At Site I, about 1,000 tons of garbage and inerganic
rubbish, 600 tons of refuse incineration ash, 200-500 tons of sewage sludge, and 400 tons of
sewage sludge incineration ash have been disposed daily since 1973.

The amount of generated wastewater is nearly proportional to the amount of dumped waste with
wagtewater concentration increasing gradually according to the development of sea=filling. The
generated wastewater was treated by a combined process 2f a SP and a HROP., The HROP uses five,
3,800 kgcg/day, floating aeratora and was made by dividing a part of the 3P. Its volume and
average depth are about 70,000 m™ and 5 m, respectively.

N

up  roup |, Group ,Groug Group

3hin Yodo River — 1 ro2 oyt a
~ 40 . . .
M 1] L}
Usaka Bay _ & g0p :
. ' '
g *r : '.
oeal & 10 k :
saka '
G|
City g 0.2r ‘ :
L 0.4r : Do
+ L t . s {
North Port 0'510 20 30 34
Wagte Disposal Site Fracktion number
1 km Fig. 2. Gel-permeation chromatogram of
b= ? the wastewater generated at the
North Port Washte Disposal Site
Fig. 1. The leccation of the North Port (8. Neovember 1982) used for the
Waste Disposal Site. bench-scale experiments.

Bench~Scale Experiment : T - -

Wastewater Wastswater generated at Site I was used in this study. Itz characteristics are shown
in Table 1. These show that the generated wastewater was sea wa%ter which has been highly polluted
with organics. However, the selfpurification seems to have been vigorously performed judging

from the value of viable cell count. The wastewater's color was blackishegreen and itz smell was
a mixture of hydrogen sulfide and the odor of decay. The wastewater's Gel-Permeation Chromatogram

(GPC), Fig. 2, is a typical shape of raw organic wastewater such as sewage (Tambo and Kamel,
1978).

TABLE 1 Characteristics of Wastewabter Generated at The Morth Port Waste Disposal
Site (B, Movember 1982) Used for The Bench-3cale Experiment

Ttems Yalue Items Value Items Value
pH 8.05 ROD 1,750 NO, N 0.14
ar” 12,700 TOO 670 PRL 176
88 26 NH =N 11 Viable Cell L leos

CCD-Mn 612 NOE—N <0.01 Count ‘

Units: Viable Cell Count, Colony Forming Units (cfu)/aml; all items except pH are mg/l.
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Test unit Ninekty liters 2f wvastewater were stored in the SP for the set number of days, after
which each of them was <ranssorrted the HROP., The experimental 3Ps were made of 2 m length of 25
cm PYC pipes., Samples were z:llzoted from Shree layers, 10 om (surface), 84 om (middle) amd 122
cm {bottom) under the water surface L2avel., The HRCPs were made of PYC vessels 50 cm long, A4 com
wide and 30 cm high. The water deoth was 28 cm. Aeration was performed continuously at the rate
of 3 1/min., All uni%s w~epre zoversed wifth itransparent board to prevent svaporaticn and lightad 12
br/day. The luminousg intensity on the surface of the 3SP= and HROPs was 800 lux and 1,2C0 lux,
respectively.

Analysis Unless otherwise specified, analysis were performed according to the Standard Methods
for the Examination of Water and Wastewater (1880}. Chlorophyll a (Chlo.a) was determined by
Saijo's method (197%), The incubation condition for viable cell count was at 25 'C for 5 days.
After incubation, colonies whieh appeared on esach plate were counted and the viable count (i.e.,
colony forming unit) per ml was obtained,

For GPC analysis, the water-swollen Sephadex G-15 was packed to 90 em in a 2.6 ¢m dia-meter and
1 m long glass column. This was used as fraction column. Prior to GPC separation, water samples
were first filtered with 2 0.45 um membrane filter paper and, if necessary, concentrated by a
rotary evaporator at 40 'C. The volume of each fraction when eluted with distilled water was 10
ml. Up to 40 fractions were taken. The TOC and UV absorbance at 260 nm (E260) of each fraction
was measured.

Field Experiment

We prepared a pond at Sifte I. Its surface area and average depth were about 11,300 m2 and 2 m,
respectively. We dumped primarily refuse incineration ash and inorganic rubbish into the pond
from 15 October to 31 December 1982, The average dumping amount per day was 1,100 tons. Summing
up, about 52,000 tons of waste were dumped in this period. The pond was filled except for the
small SP. The wastewater produced during filling was pumped and treated by the HROP in Site I,
But after the filling, pumping was stopped %to monitor the changes in water characteristics.

RESULTS AND DISCUSSION

Bench-Scale Experiment

3P treatment Table 2 shows the results obtained in the SP experiments. Concurrent, uniform
decreases in BOD, COD-Mn and TOC values through the course of the experiment were not found
¢learly. Chlo.a values increased gradually. The 5P, especially the surface layer, slowly became
to an aerobic §P, though thiz was not evident in the changes in DO level, The viable cell count
decreased at each individually analysed day except 10lst day, and the number counted in the
middle and bottom layers were more than in the surface layer. Nevertheless, BoD, COD-Mn and TCC
values did not decline: Wwhy the viable cell count decreased is not evident, The pH was almost
stable betwesn 7,20~7.35 except for 123rd day. During this period, between a pH of 7.35 and 7.55
the ammonification of KJN may have occured.

Several proceduras have been proposed and used to determine the reduction of organics in SPs ¢
Eckenfelder and Ford, 1970; Thirumurthi, 1979), resulting in considerable controversy aver which
is the most suitable design c¢riteria (Mara, 1974; Mara and Gromiec, 1975). In these formulas, we
selected the following,

%’= e-KbT and —%—: e—c(cT
Ce = BOD or COD-Mn in treated wastewater (mg/l),
Ci = BOD or COD-Mn in raw wastewater (mg/l),
Kb = first-order BOD removal rate coefficient (l/day),
K¢ = first-order COD-Mn removal rate coefficient (1l/day),

T = retention time (days).

The Kb and Kc value in the SP are shown in Fiz., 3. They were calculated from the data in Table 2.
Kb in the surface layer was 0.010 /day, the middle layer was 0,011 /day and the bottom layer was
0.015 /day. The Kb value increased in accordance with the water depth., In the 3P, it is widely
said that the change of structure from a high-molecular to lower molecular compounds happens

more often in the anaerobic zone than the upper aerchic or microasrobic zone. If organic com-
pounds of high-molecular order whiech are less responsible to bacterial activity, are decomposed
into lower molecular compounds in middle and bottom layers, it should follow that the ¥b values
in these layers are larger than that in the surface layer. Theraefore, we thought that this
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TASLE 2 Changes in Water Chapactacisfticg (= the 3tabllizasion Pord Ixoerizent

Taya Sampling Water oC =13 Tulo.a rads] TIDe e Yiabie Zell
Layer#* Temp. e aunit**
o mg/l m_q/m3 mgll mafl gl ctu/ml
25 Surfacs 13.2 0.2 7.35 9.5 30 4l 290 3.9x10°
Middle 19.8 0.2 7.25 0.3 813 481 290 2.1<10°°
Bo ttom 19.8 0.2 7.35 0.3 se8 s22 230 2.ax100
45 Surface 14.6 0.1 7.35 12 788 471 160  3.3x10°0
Middle 1.4 0.1 7.25 11 300 527 310 4.0x10%C
Bottom 4.4 0.1 7.25 56 B82S  sa7 180  4.7x10°0
74 Surface 11.4 0.2 7.35 173 750 491 230 3.0x10°
Middle 1.3 0.2 7.35 119 613 502 240  4.0x10°
Bottom 1.0 0.2 7.25 15 575 547 230 3.0x10°
101 Surface 13.4 - 0.3 7.25 89 619 542 308 <10°
Middle 13.6 0.2 7.25 119 831 %63 338 <10®
Bottom 3.2 0.2 7.20 170 625 537 300 <10°
123 Surface 14.2 0.1 7.45 154 650 426 270 <10°
Middle 13.9 0.1 7.58 - 600 451 250  5.0x10°
Bo ttom 4.1 0.1 7.35 96 619 512 280  3.7x10°

*; Burface, Middle and Bottom are 10 ¢m, 84 cm and 182 ¢m under the water surface
lavel, respectively. **; c¢fu is the abbreviation of Colony Forming Unit.

0.01% 0.0030

- o

3 3

= =~ 0.0020

< 0.0to et ] £ 5.0010 : 1 )
0 100 200 0 100 200
Length under the water Length under the water
surface, cm surface, cm

Fig. 3. Calculated values of BOD removal rate coefficient(Kh) and COD-Mn removal rate
coefficient(Xc) obtained from stabilization pond experiment,

reaction is performed more often in middle and bottom layers. This can be confirmed by the fact
that viable cell count in the middle and the bottom layers was greater than in the surface layer,

Ke in the surface layer was 0.0027 /day, the middle layer was 0.0022 /day, and the bottom layer
was 0,0010 /day, K¢ value decreased in accordance with the water depth. This is directly oppo-~
gite to our findings for Kb.

Grouping of organlc compounds for the treatabillty evaluation can be performed by a GPC (Tambo
and Kamei, 1978}, By using Sephadex G-15 gel with a twe stage elution of dimstilled water and
0.1M-NH OH solutions, general organic¢ compounds in a wastewater system are characteristically
separated into six segments. Cn the GPC obtained by the 2.5 x 90 em gel column, those six char-
acteristics segments are marked with respect to the elution fraciion number, and the treatability
of each segments is characterized by the ratio of TUC/E260. In these segments, we use four
divisions for evaluating the treatability of the wastewater: Group 1, Group 2, Group 3, and
Group 4. Group 1 can be almost entirely removed by the chemical coagulation. The ratic of
TOC/E260 is usually about 100. Group 2 responds poorly to removal by asrobic biological ftreat-
ment (ABP), however, activated carbon adsorption (ACA) is very effactive. Group 3 can be very
effectively removed by the ABP. In this case, the ratio of TOC/F260 is 1,000 or more. It car be
also removed effectively by ACA. Group 4 is very effectively removed by ACA. The ratio of TOG/
E28Q is about 50. In Group 1, Group 2 and Group 4, only a portion of TOC which is insensitive to
£260 can be removed by ABP.

From the abave, we can use Tambo's evaluation method to conclude that the Key to the pretreatment

process for ABP is how fast or effectively Group 3 increases. We show the GPC pattern of water
treated in an 8P for 25 days (Fig. 4). Both in the middle and bottom lavers, Group 3's ratio of
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TNC/CTEY increassd o mepa han 1,200 when compared wxikth the ratio, c¢alculated fram Fig. 2, of
raw wastewatsr, Uroup 2. whigh is not effectively treated By ASP. turned into biologically treat-
ania Groap 3. This shows that higher-molecular compounds wers decomposed into lower-molecular
asmpounds, Tharef~re, we zan conclude that the decompositicn of higher-molecular compounds
gezured in tne miadle and bothtom layers of the SP through £%5 days. However, if retention time in
tha SP -ontisuad sevond 23th day, the GPC pattern did not show an improvement of biological
treatability. Refz2ring from Tambo and Kamei (1978), the GPC pattern in the surface layer shows
the typical wastewater pattern when less than optimum ireatment by an ABP is used. We can see
that Group 3's ratio of TOC/E250 is about 2C0, while Group 1, Group 2 and Group 4 have ratios of
about %0.

From the above, we can conclude that the role of the SP is the improvement of wastewater's bio-
logical treatability under anaercbic condition.

4 4 a4
10 Surface layer 10 Middle layer 10 Bottom layer
3 3 3
% 10 § 10 § 10
? 2 s 2 S 2
3 10 g 1w 3 10
& 2] Fad
1l 1 1
T 3 4 0=y a T T a
Group number . Group number Group number

Fig. 4. Gel-permeation chromatogram pattern of the water treated in the astabilizaticn
pond for 25 days.

The Combined Treatment  Table 3 shows the results obtained in the combined é&berimenb of the 3P
and the HROP. The decrease in BOD and TOC values as the experiment proceeded is evident. Also,
COD-Mn valuas decreased but were slightly scattered. The cause of this scattering may have baen
the productien of nitrite-nitrogen by nitrification, judging from the changes in pH values. The
Chlo.a value increased slightly. As turbulent conditions prevent phytoplankton's growth {(Middle~
brooks et al., 1982), they were not found in our experiments. The viable cell count decreased.
Organic compounds which can be utilize easily by bacteria, the source of 30D, were consumed.

The value of Kb and Kec in the combined experiment of the SP and the HROP are shown in Fig. 5.
They are calculated from data in Tables 2 and 3. When the wastewater was pretreated in the 5P,

TABLE 3 Changes in Water Characteristics in The Combined Process Fxperiment
of The Btahilization Pond and The High-Rate Oxidation Pond

"Days Mo, of SP Pre- Water Do pH Chlo.a BOD CoD- TOC Viable Cell

trontment days®* Temp. Mn Count**
’c mg/1l mg/m3 me/l mg/l  mg/l cfu/ml
25 0 19.9 7.8 8.15 2.0 . 250 241 170 5.4x10%°
45 "o 14,8 9.2 8.20 - 48 226 90 8.6x10"
74 ) 11.4  10.7 8.10 0.1 6.0 176 70 8.0x10"¢
101 0 13.9 9.7 6.35  17.7 2.2 276 90  6.7x107
123 ) 14.8  10.3 7.70 - 1,9 131 105 4.3x10°
a5 25 15.8 8.5 8.50 0.1 50 295 100  1.1x10%°
74 25 12.8  10.2 8.75 2.2 7.0 191 100  1.1x10%%
101 25 15.8 9.4 7.75 7.6 2.9 241 85 -
123 25 14.9 9.7 7.95 - 8.4 301 105 3.3x10°
74 45 12.8  10.4 8.75 0.1 4R 251 150  4.2xiott
101 a5 15.8 9.4 8.50 9.9 7.5 186 95 5.5x10°
123 45 15.1  10.1 8.5S - 5.6 216 100 8.7%10
101 74 15.6 9.0 8.25 4.1 38 286 135  1.3x10°
123 74 15.1 2.7 8.20 9.9 24 281 125  7.6x10"
123 101 14.5 9.5 8.35 75 195 321 150 1.3x10°

*; SP is the abbreviatisn of stabilization pond.
**; cfu is the abbreviation of colony forming unit.
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Fig. 5. Calculated values of BOU removal rate coefficients [(Kb) and COD-
Mn removal rate coefficients (Kc) obtained from high-rate oxi-
dation pond experiment pretreated in stabilization pond (SP).

the initial B0D and COD-Mn values were 1,730 mg/l and 612 mg/l, respectively, When the wastewater
was pretreated in the 3P for 25 days, for example, the calculated average values of BOD amd CCD-
Mn at 25 days in Table 2, 634 mg/l and 473 mg/l, respectively ware used as the assumed initial
values to compute Kb and Ke. :

The maximum Kb value of 0.090 /day was obtained when wastewater was pretreated in the 8P for 2%
days. But beyond or below 25 days, Kb values became smaller. For this reason, if the wastewater
was pretreated in the SP for 25 days then treated in the HROP, the BOD was most effectively
removed. This result coincides with the result obtained from the GPC pattern's changes shown in
Fig.4. Twenty~five days of pretreatment in the SP gives the wastewater characteristics which
signify the most affective improvement for the ABP.

The GPC pattern of water treated in the HROP for 49 days after pretreatment in the SP for 285
days are shown in Fig. 6. Group 3 disappeared completaly.

TOC/E260
P
(o]

01 ! [x( 1, 1[ ln
t 1 2 3 a4
Group number

Gel-vermeation chromatogram pattern of the water treated in the
high-rate oxidation pond for 49 days after pretreated in the
stabilization pond for 2% days.

Fig. 6.

The maximum K¢ values of 0.018 /day were obtained when the wastewater was pretreated in an SP
for between 25 and 45 days. The Ke value declined beyond or below these days. The COD-Mn value
of 130 mg/l appears to be the maximum effective level of the combined process; nevertheless, the
BO0 value was below 10 mg/1.

From the above, we can conclude that the optimum retention time of the SP as a pretreatmant
process for the HROP is between 2% and 45 days.

Field EZxperiment

BOD and CCD-Mn values incrzased with the developrent of waste £illing. The maximum BOD value was
1,800 mg/1l, which was obtained when the filling finished, then the BOD values reduced gradually.
On the other hand, the maximum COD-Mn value of 500 mg/l was obtained between 30 days after the
start of the waste dumping and 15 days after the end of the filling. Then, COD<Mn value
decreased gradually.

The GPC pattern of the wastawater collected at the end of the fill{ng is shown in Fig., 7. The
values of BOD and COD-Mn were 1,800 mg/l and $0C mg/l, respectively. The major por%tion was found
in Group 2 and the ratio of TOC/E260 at Group 3 was about 400. The wastewater's biodegradability .
was low. However, after 1 month had passed {Fig. 8), Group 3 increased instead of a decrease in
Group 2. Additionally, the ratio of TCGC/E260 was at the high levels of around 3,000. The waste-
water's biologmical treatability was improved. .
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Fig. 7. Gel=permaation chromatagram pattern

of the wastewater collecfted at “he

end of the waste filling of an
experimental pond in the North Port
Waste Dispesal Site (6, January 1983).

Fig. 8. Gel-permeation chromatogram pattern
of the wastewater collected 1 wont
after the end of the waste filling of
an experimental pond in the [lorth Part
Waste Disposal Site (14, February 19R83).

The retention time in the SP, 1 month, is near to the optimum days for improvement of the
biological treatability obtained in our bench-scale experiments.

CONCLUSION

Using wastewater generated from a sea-based waste dispogal site, both bench-scale experimants
and actual field experiments were performed to research the organies removal mechanisms active
in the combined process of a 5P and a HROP. Also, the SP was evaluated as a pretreatment precess
for HROPs. The following results were obtained.

1) In the 3P, judging from the CPC's pattern changes, the decomposition of higher-molecular
compounds occurs in the middle and bottom layers.

2) when used as a pretreatment process for the HROF, the optimum retention time in the SP was
between 25 and 45 days. This result was obtained from kinetic analysis of the bench-scale experi-
ments, and the GPC pattern's changes of both the bench-scale experiments and actual field tests.
3) BQOD and CQD-Mn values of below 10 mg/l and about 130 mg/l respectively appear to be the
maximum effective level of the combined process.

We confirmed that Tambo's proposal (1978) is useful for studying the treatability of the waste-
watar, Furthermore, we constructed a combined process of a 3P and a HRQP at a new waste disposal
gite in 1986 by using the obtained walges of Kb and Ks. and the optimum retention time in the 8P,
The volume of 3P and HROP are 73,900 m™ and 369,000 m~, respectively. The HROP has six floating
aerators of 3,600 kgoz/day each.
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ABSTRACT

Results both from an pilot-plant investigation and from full-scale stabilization ponds
operating with phosphate precipitation are presented. Since the removal of organic matter by
coagulation is more important than that by biodegradation, the ponds may be heavily loaded.
Biodegradation during winter can be improved by pond aeration, and chemical precipitation in
an aerated pond may give a very good and stable effluent.
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INTRODUCTION

The use of traditional stabilization ponds is quite limited in Scandinavia, primarily as a
result of the low temperature and snow and ice cover during winter time. Several pond-
systems were closed in the 60-ties and 70-ties when more advanced plants, based upon
chemical and biological/chemical treatment, were buile,

The renewed interest in pond systems, is based on the urge to find reliable, stable, easy-
to-operate and cheap wastewater treatment metheds for small communities, tourist resorts,
mountalin recreational areas and so on. In many of these situations, the environmental
protection authorities have found it necessary to use very strict effluent quality criteria
in order to protect the often small and sensitive receiving waters that one can find in the
mountain areas. In addition to suspended and organic matter, phosphorus has normally to he
removed.

PHOSPHORUS REMOVAL IN STABILIZATION PONDS

Phosphorus removal may be combined with stabilization pond treatment by three different
modes, pre-~pond precipitation, in-pond precipitation and post-pond precipitation, see
fig. 1. :

The basis for the pre-pond and in-pond precipitation modes, is the fact that a very con-
siderable amount of the organic pollutants ian municipal wastewater is present in cnlioidal
and particulate form. By the addition of precipitating chemicals, like aluminium, iren or
lime, not only will the phosphate precipitate, but the particulate organic matter will
coagulate as well. This is demonstrated in table 1 which shows the treatment results from 356

Norwegian non-biological chemical precipitation plants (Pdegaard, 1987).



Addition of peecipitant

Mode 1 LL* ! ‘ .
Pre-pond precipitation —‘kf‘ :J_W 7

Addition of precipitant

Mode 2 . -
In-pond pracipitatics N N

Addition of precipitant
Mode 3

Post-pond precipitation

Fig. 1. Three modes of combining chemical precipitation and stabilization ponds.

TABLE | Treatment results from S6 Norwegian chemical treatment plants (@degaard, 1987)

Mumber 55 ao0ob caon TOT. P
PrOCHAS | 14 ) 55 37 i
planta n in ane A n in aut A} n in out L) n in 21112 A}
PPL’ 21 294 172 7 84,37 210 | 216 42 g0,6 | 101 111 92 76.6) 3181 5,5 [Q.34 | 90,2
SPZ’ 33 371 218 22 39,9 | 37 238 35 34,9} 3221¢ 404 74 3,61 412} 7,.1 {9,509,
PP ) 5P 5 665 187 % 97,6} 497 | 129 3 133,0 8§25 | 180 33 76,9 ) 757 1 6,1 142,52 | 3L,6
1) Primary precipitation 2) Secondary preacipltacion

3) Number of wyamplaes that the avarage valuss ars based upon,

The advantage of the post-pond precipitation system is the improved clarification of the
gtabilization pond effluent.

Pilot study

A comprehensive pilot-plant investigation was carried out in order evaluate the three
different treatment modes. The results from these experiments are presented in detail

elsewhere (Balmer & Vik, 1978). In table 2 are only summarized the mean results over the
year obtained in the high-rate ponds.

TABLE 2 Mean results from pilot experiments in high rate ponds over one year of aperation
(res.time = 4 d)(Balmer & Vik, 1978)

Type of Mean pond Hean org. Effluent quality
effluent resid.time load CO0ye COO0f Tot?P POy-P 5S
q 9C00/m2:d  ma0/1 mq0/1 mgP/1 maP/1_ mq/l
Raw - - 278 - 5.4 - 219
Effluent
Ko prec. 3.9 60 189 96 4,7 3.8 73
In-pand prec. 4.1 58 85 54 0.55 0.22 is
Pre-pond prec. 3.9 22 a3 50 3.72 Q.11 46
Post-pond prec. 1.8 50 64 - Q.47 - 19

The best results were obtained by the post-precipitation mode, but both the pre—pond and the
in-pond precipitation systems produced effluents almost of the same quality. The difference
could be attributed to the better final particle separation in the post-pond precipitation

. mode,

At the very high load applied, the pond without precipitation only gave about 32 Z COD-
reduction, 13 7 TotP-reduction and 65 7 35-reduction on a yearly basis, not much more than
one would expect from primary treatment,

It is interesting to note then, that when alum was added to the influent of such a high=-
loaded pond, the effluent quality improved dramatically both in organic matter, phosphorus

and suspended solids, with treatment efficiencies in the range of 70 3 for COD, 90 Z for
TotP and 83 % for S3.

(s3]
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The organiz matter removal in the in—pond pracipitation mode was aetually almost the same as
in the pre-pond precipitation, even if the orzanic load in the latter was much lower as a
consequence of the pre-precipitation taking place. This demonstrates that at these high
lcadings, the coagulation of erganic matter plays a much more important role than the
biodegradation in the ponds.

It is demonstrated, however, that hoth the pre-pond and the in-pond precipitation systems
resyltad in relatively high 2ffluent SS-concentrations and that considerable improvemenc i
both COD and phosphorus Teduction could have been obtained with improved clarification of
the effluent. This is also demonstrated by the fact that the results in the post-pond
pracipitation were a little bit superior to the other systems.

PRACTICAL EVALUATION OF DIFFERENT TREATMENT MODES

When returning to the application of the pond precipitation systems for small communities
and especially for tourist recreational areas, it is very important to focus on the practi-
cal aspects of the different modes. Three matters should be addressead: The need for operator
attendance, the sludge production and the possibility of odour.

The pre-pond and post-pond precipitation modes both require a traditional chemical treatment
atep either before or after the pond system. We kmow from experience that traditional
chemical treatment plants require considerable qualified operator attendance in order to
control the dosage of precipitant.

Even if the post-pond precipitation system may produce excellent treatment results, it is
not without problems. Differences in water quality between day and night and floating algae
due to oxygen supersaturation may cause operational problems in the post-precipitation step.
High organic leading in the poads may also lead to adour probleams.

The principal advantage if the pre-pond precipitation system is that the major part of the
sludge is taken out in the pre-pracipitation step and that the sludge accumulation conse—
quently is low. This is demonstrated in table 3 where the measured sludge accumulation in
the different high-rate ponds of the pilot plant investigation is shown.

TABLE 3 Sludpge accumulation in experimental high-rate ponds (res.time = 4 4) after
one year of pperation (Balmer & Vik, 1978)

Height af accumulated sludge

Infl.end Hiddle £ffl.end TS in pond
cm cm cm 4
No precipit, 20-30 10-15 5-10 4.5
Pre.pond prec. 5 5-170 8 1-2
[n-pand nrec. ] 60 30 3-5

Table 3 also demonstrates the major drawback of the in-pond precipitation mode, the large
sludge accumulation. A high-rate pond of 4 days detention time would have to be desludged at
least once a year. When the in-pond precipitation system is used in recreational areas, with
highly variable loads, however, the pond is usually designed for the peak hydraulic load.
This means that the pond may accumulate sludge for many years without the need for desludg-
ing, since the sludge accumulation is propertional to average load. The big advantages of
the in-pond precipitation system, are that this kind of plant requires much less operator
attendance and that both investment cost and operating cost are low., This mode has therefore
gained the highest popularity in practice.

EXPERIENCES WITH FULL~SCALE PRECIPITATION PONDS

In table 4, the basic data for seven full-scale precipitation pond plants in Norway and
Sweden are shown. The systems included shows a great variety in size, shape and pond
configuration. All the plants are ice-covered during the winter, The Losby and Kjeller ponds
were high-rate precipitation pond systems for residential areas, built as temporary
solutions while waiting for connection to a bigger, central plant. The Stugun and LungsjYen
plants are also built for the permaneantly living population of the two communitics. In these
four plants the hydraulic load is as normal for residential areas. Except for the one in
Lungsjden, the mean organic load is quite high in these plants,



The plants at Vordseter, Idsaasdalen and 3jerncike are all serving touristic areas with a

tremendous rariatiou in load. it Zdsagsdalan, Zer instance, the permanent lead is about 40
inhabitants whila the load at i%s maximum, in springtime, is about 1200 inhabitants.

The Nordseter plant, t3 which we shall recturn in more detail later, has undergone several

changes since L% was buile in 1972. The results shown in table 5 are those obtained during
1973 to 1977 when the plant operated as a1 traditional in-pond precipitation plant.

TABLE 4 Operating condirions nf various precipitation ponds in Scandinavia

Laocation Pond Numb . Max. Hean Mean Mean aorg. Load at Mean prac. Point
area of flow resid. load max PE dosage of prec,
n2 ponds__ PE m3/d  time,d gtop/m?-d4 /e q/m3 addit. %)

Losby, N+ 6700 1 1800 550 18 29 3.7 15527 1

Kietler, #}) 13000 1 §400 2100 3 140 2.0 gs2) 1

Mordseter N 8000 3 800 260 31 9 19.0 1502) 7

Stugun,$ . 8300 3 1000 260 30 24 9.3 1002) 2

Lungsjden,s 1425 2 70 19 110 1.5 20.3 353) 1

£dsaasdal,$ 5800 3 1200 56 157 3.3 5.7 3504) 2

Biernrike,S 5750 3 1500 80 124 3.5 4.5 1502) 2

1) These plants are na longer in operation. 2) Al,(S04)y . 14-18H,0. 3)Fey ;. 4) Ca(0H),.

5) Inlet to pond numbaer.

TABLE 5 Mean treatment results in some Scandinavian in-pond precipitation plants

LOCATION €oD. g/m? Tot P, g/m° $3, g/md Ref.

in out % in out L in qut X
Losby, N 426 136 58 | 8.1 7.2 70 | 283 53 81 | Bdegaard, 1973
Ljetier.n 864 285 59 | 8.3 1.7 81 | §72 48 93 | Baimer et al, 1678
Nordseter,N!) 265 83 59 | 4.9 1.2 76 | 1s2 30 80 | --eo-- L
Stugun,3 652 109 83 7.1 1.1 85 - - - Hanzus, 1984
Lungs jden,S 109 ag 27 3.1 4.39 87 - - - _———— -
Edsaasdal,s 398 126 68 5.2 0.38 94 - ~ . O T
Bjararike,$ 292 66 17| 3.6 6.32 91 - . R I S

1) The results represent the situation before the plant was altered in 19792,
See fig. J and fig. 4 for later results,

Table 5 shows that the effluent quality of the different plants does not seem to be corre-

lated to the load in any way. The treatment results regarding organic matter are about what
one would expect from pure chemical treatment plants, or a little poorer, primarily caused
by the organic suspended solid concentration in the effluent, The variation in the purifica-

tion efficiency of total phosphorus can be explained by inadequate dosage of precipitant in
the cases where the total phophorus in the effluent is higher than 1 mgP/1.

The full scale experiences seem to confirm the ones from the pilot investigation, in that
the precipitation ponds are primarily chemical treatment plants, and te a much lesser extent
biological treatment plants. The loading may therefore be quite high compared to traditional
biological oxidation ponds. The high load results, however, in two distinct disadvantages:
a) The necessecity of frequent desludging
b) The possibility of anaerobiasis and odour as a consequence of this. '
In order to deal whit these problems, some modifications to the traditional design may be

implemented, such as those carried out at the Nordseter plant, to which we shall return
later.



The processs of desludging i{s dormally carried out as follows:
1. The pond to be desludged is drained for water.
2. The borrom sludge is allowed to dry up for some tize.
3. The sludge is moved by Iront loaders o an area where it is allowed to f{reeze during
winter. :
Freezing of sludge represents an excellent dewatering alternative, and desludging is
therefore often carried out in aucumn Just before the temperature falls below zero.

EXPERIENCES FRQM THE NORDSETER PLANT

The plant at Nordseter, Norway is situated in a recreational district 700-1000 m above sea-
level. It was constructed in 1972 in order to provide treatment for hotels and cottages in
the area. A military camp was also connected to the plant in 1975. The load is consequently
highly variable. The plant was originally designed to treat the wastewater from 600 PE. This
has after some process modifications been raised to 800 PE in 1979 and 1300 PE in 1986.

The plant has three ponds with a total surface area of 8000 m2, see fig. 2. The precipitant,

a technical grade alum, was from the start added to the pipe between the first and the
second pond (fig. 2).

Flow weasuring cank
Chemical dosing Scos remaver

poing from 178477 N

Rew 2ecators
fraa (986

L Aeratory
Chesical da!‘mq/& :Q,
peint 197%-1985 - .
----------- H
paant :
arsay= Sarwal water Flow
- Fyepays

Fig. 2. The lay—out of the Nordseter plant

Table 5 shows typical results from the first period of its operation.

The average treatment results were quite good, but the effluent quality varied a lot over
the season especially with respeck to organic matter. Occasional poor phosphate removal
could be attributed to dosing equipment failure. The BOD-removal was found to be excellent
in the summer, but during the ice cover periods, the treatment results reduced to the same
level as couyld be expected from a treatment plant with chemical precipitation only.

In order to improve the effluent quality, especially with suspect to organic matter,
asrators were installed in 1979 at the outlet of dam 2 and 3, in order to meet the oxygen

demand in the critical late winter period when the loading is high (tourist season) and the
photosyntetic activity is low (ice cover).

The treatment results over the period from 1979-1985 are shown in fig. 3 and 4. The results
are remarkable both with respect to effluent quality and stability.

When looking at the results in fig., 3 and 4 in more detail, one can find a consistent drop
in treatment efficiency in May, being the month when the ice-cover melts. It can be seen
that the COD-removal during the winter~time is poorer than during summer-time indicating, as
one might expect, a more advanced blodegradation during the aerobic period in summer than
the possible anaergbiasis pnder ice-cover in winter. On the contrary, the SS-concentration
is higher during summer as a result of algae in the effluent.

Since the recipient is a sensitive and small mountain brooke, the environmental authorities
have set very strict effluent criteria when they allowed the load to be raised to 1300 PE in
1986. The average yearly effluent concentraticns of shall not be higher than 10 ag BOD7/L
and 0.4 mgP/1 and the maximum concentration shall not exceed 20 mgBOD7/1l and 0.8 mg P/1.



VNG —

g 020

500 b . -
il i
(nfluaat *}\ v -
400 v / .
W —

Pl o -

500

oy e— and
3 55/1 N N

500}_ Percent ramoval o

r'y
-
00 - n
o \.--—""*--
00 [nfluent . /-‘
100 = i
EFflugnt —-—

5
ERLE S \ / Percant -
: A
L]

-~

resoval

-“'\-—.

£FFluent -l‘__ ’
""."'.'T-‘T e S e B b e ®

L I

JF 4 A % 4 4 A § 0 N D

Rege gt n e e ST T g

P O N N T A

1ag

»
£

0

50

40

20

100

ae

64

20

10 A“—A-\:‘___A\ /‘--.A e S 1
P/l / l\ e Pearzann 4
. !
sk R \'-...,_ reagval -
'\\.
Influent \\ .
5 \ 4
| \
s F N 7 e
rilod = 20
Effluant
-y
e M 4. ‘ ——a
q — g
JF % A % 1 3 a4 5 0 ® D
Fig, 3. Variation over the year of

influent, effluent and percent
removal based upon mean value for
each month in the period 1979-
1985 at Nordseter precipitation—
pond plant, .

In order to meet these very strict criteria, bath the chemical and the biological process
had to optimized. The changes now carried out are as follows: :

a, The chemicals are now added flow-proportional to the inlet of the first pond.
b. The bottom of the half of the first pond closest to the inlet has been asphalted and

the two halves of the first pend has been divided in order to be able to desludge the

first part separately.

¢. Aerators have been installed at the outlet of the first pond, as well as those

already at the outlet of pond 2 and 3,

CONCLUSIONS

It is demonstrated by the Scandinavian experiences that good treatment results for small
communities and touristic areas can be obtained by the use of precipitation ponds even under

cold climate, The following conclusions and recommendations could be put forward based on
our experiences:

a}) The in-pond precipitation mode is the simplest and cheapest and may give
satisfactory results (70-90 Z BOD-reduction, 85-95 % Tot P-redyction).

The pond system should be divided in at least two, preferably three ponds and a
maximum of flexibility with respect to by-pass possibilities and choice of precipi-
tant dosing point should be incorporated in the design.

Chemical precipitation plays a more important role than biodegradation in the removal
of organics in precipitation ponds. The design load should therefore be determined by
the acceptable frequency of desludging and acceptable odour emission.

The sludge accumulation is in the order of 1-1.% m3/PE+year. In ultra high-rate
systems (mean residence time < 6 d or < 3 m2/PE calculated on the pond following
chemical addition only), and high~rate systems (total mean residence time £30d or

< 10 m,2/PE), the chemicals should be added flow proportional to the inlet of the

b)

c)

d)

first pond which preferably should be deeper (1.7-2.

serve as sludge storage.

0 m) than the others in order to

In moderately loaded systems (total mean residence time 30-60 davs or 10-20 mZ/PE)
the easiest operation is achieved by constant dosing of precipitant to the inlet of
the second pond, since the first pond equalizes both flow and quality of the water.

.42
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£) Odour must be expected from ultra high rate and high rate systems. Odour nuisance zan
be greatly reduced by aerating the effluents of each poud. This will alse result in
improved removal of organic matter.
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AERATION AND WATZR HYACINTHS IN WASTE STARILIZATION PONDS
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ARSTRACT

The investigation was based on two facultative stabilization ponds initially designed
to oparate in parallel, and now receive wastewatar in excess of their capacities Efrom
a fast expanding housing astate in the Caribbean Island of Trinidad. Bacause of the
detarioration of the affluent guality relative to agceptable standards, an attempt was
made to upgrade the ponds using water dyacinths at the sarly stages. Howaevar, from the
rasults, it was clear that the introduction of water hyacinths in the test pond did not
lead to any substantial improvement in the effluent because of the high leading on the pond.
Therefore the ponds were modified to operate in series with surface aerators installed
in the first pond. Initially, the effluent guality was monitored in terms of total suspended
solids, volatile suspended so0lids, biochemical oxygen demand, faecal coliform bacteria,
pH and dissolved oxygen with aeration in the first pond and no aguatic plants in the second
pond. Although thers was a significant improvement in the efflyent quality, the values
ramained above tiHe standards. As a result, water hyacinths weare introduced ia the second
pond and tha effluent quality monitored together with asration in the first pond. The
affluent gquality improved with total suspended solids and biochemical oxygen demand valves
both as low as 10 mg/l in certain months, but additional treatmant needed to reduce faecal
galiform,

KEYWORDS

Sewage treatment; upgrading stabilization ponds, aerated lagoons, watasr hyacinths.

INTRODUCTION

In any country, the protection of water resources againat pollution is essential to the
developrent of a sound ecanomy and for tha maintenance of goad public health, and it is
important that pollution be controlled. In daveloping countries, as the standard of living
increases, household privies, septic tanks, package treatment plants and other sophisticated
methods of disposing excrata may create economic and health problems.

Waste stabilization ponds are shallow man-made basins utilising natural processes  &and
are used in many paris of the world to freat wastewater from both small and large communities.
For tropical developing countries, the factors which make the stakcilization pond treatment
mast suitable are, land may be inexpensive especially in rural areas, law operating cost,
maintenance raguirements are minimal, shozctage of technical skill apnd severe financial
constraints. A properly designed pond system will provide an effluent to the regquired
quality with low operating costs. Howaver, in many places, the existing stakilization ponds
are either badly designed, or overloaded due to expanding population. The primary objective
of this satudy i3 to improve the effluent quality of a poorly designed overlcaded waste
stabilization pond system in the Caribbean island of Trinidad.

7.1
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Stabilization ponds averloads inersasad grganic loadiag ar =aduzad Lamparatura
aften produce adours 2nd  lasuff.icrant organic lead removals. Aeration and mixing provide
distriouszion 2fF dissalved 2xvgen for decompesition o©f organic matter wihen oxygenation
by aljae and wind mix:ing ara ast sufiiciant., Aerated lagoons {or ponds) ara evolved from
faculrativa stapilizawion ponds and they are activated sludge units operated without sludge
return., floariag aera-ors are most Zormonly used to supply the necessary oxygen and mixing,
and ara spaced %o pravide unifarm nlending for dispersion of disselved oxygen and suspanaion
of microbial solids.

WATER HYACINTHS IN STABLLIZATICN PONDS

Aquatic plants can be grown in waste stabilization ponds for the purpose of purifying
wastewater, Among the different aquatic plants, water hyacinth (Eichhornia Crassipes)
is tha most popular plant grown in wastewater ponds., The water hyacinth is a free floating
frash water plant growing in the natural state in many c¢ountries of the world. It is one
of the fastest growing plant in existence, resistant to many insacts and diseases and
could thrive in raw sawage. Water hyacinth systems are considered to combine filtration
and fixed~Eilm -biological conversion processes. The suspended solids passing through the
roots get entrapped, accumulate and finally settle by means of gravity. The organic pollutants
ara degraded into carbon dioxide, ammonia, phosphate and sulphate as end products which
are absorbed by water hyacinths through the roots. Ponds with watar hyacinths growth are
"much more affective than conventional treatment procasses in the removal of pollutants.
Also, they are capable of controlling algal overgrowth, thus preventing the presence of
large amounts of algae in the effluent.

Tharafore, water hyacinths have been used to upgrade full-size stabilization ponds receiviag
domestic sewage. Dinges {1978) used water hyacinth in the [inal treatment unit to upgrade
tha effluant from a large system conszisting of an activated sludge plant and twe aerated
tanks operating in parallel followsd by three stabilization ponds. In another study McDonald
and Wolverton (1980) found significant improvement in the effluent quality when water
hyacinths coverad the entire lagoon. Recently Orth et al (1987) obtained ancouraging rasults
from pilot scale studies using water hyacinths for the treatment of raw wastewater discharged
by small factories and housing areas of an industrial estate,.

ARRANGEMENT OF PONDS AT TRINCITY, TRINIDAD

The investigations were based on a treatment system which consists of two facultative
stabilization ponds initially designed to oparata in parallel and now receive wastewatar
in excess of their capagities from a fast expanding Housing estate in Trineity in the
island of Trinidad. Whan the pond system was constructed in 1973, each pond was 92 m long,
66 m wide and 1 m deep. The ponds were designed £o treat 1140 m3/d of sawage with S-day
bio~chemical oxygen demand (BODs) and suspended solids loadings of 325 kg/d and 1380 kg/d
respectively from about 1100 houses. At present the pond system receives a sewage flow
of 3000 m3/d from about 2500 houses and from a commarcial complex. If the expansion programme
of the housing estate continues, it 1s anticipated that there will be about 6200 houses
by the ysar 2000. Also, around 50 hectares have been earmarked for coomercial and industrial
davelopment. The pond system was adaquate in the early stages of the development, but
clearly falls snort of what 1is required for the treatmant of wastewater emanating from
the complated estate and the future projections. The flow rates and the corresponding
hydraulic parameters for one pond are prssented in Table L.

Table 1 Hydraulic Parameters for Different Flows

Sawage flow Retention time Application rate Loading rate
mJ/d d mJ/mZd m3/m d
1140 5.2 17.27 0.19
22%0 2.6 34.09 0.38
3000 2.0 4% .45 0.51

~1
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Bacause of tine detarioration in the effluent quality relative to the acceptable standards
. from bota ponds, :zie affluent from one of the ponds was monitored tefore and aftar intro-

duction of water ayacinths and some of tha results are givaen in Table 2 (Thomas and

Phelps, 1987).

Tabla 2 Initial Parformance Results

Without Water dyacinths With Water Hyacinths
Component Maan Reduction Mean Reduction
L %
Total suspendead
Solids 35 41
BODs 78 69
Faecal coliform 79 90

From the results, i1t was ¢lear that the introduction of watar hyacinths in the test pand
did not lead to any substantial improvement in tha effluent quality because of the hijgh
loading on the pond. Therefore, it was avidant that to improve the effluent guality, it
was necaessary to either build additional ponds or to introduce new treatment [acilities
and processas. Bacause thare {3 no more land available for expansion and to keap tae
capital c¢ost as well as operational and maintenance costs to a minimum, it was decided
to retain and upgrade the existing ponds.

AERATION AND WATER HYACINTHS IN POND UPGRADING
A convenient and fairly economical method of increasing the capacity of a waste stabilization
pond is to convert it to an aerated lagoon by the use of floating mechanical aerators.
Thereafore, in ordar to investigate this, the ponds wera modified to operate in series
with six 1.5 kw surface aerators installed in the first pond and the modified arrangement is
shown in Figura 1.

>
A4 A .Y v
Aerated Aquatic
Pond Pond

T ,E: l Effluent to River
-+

Raw gewage inflow

Pig. 1 Layout of ponda

The depth of the aerated pond was increased to 3 m and operational parameters for the
present flow of 3000 m3/d are given in Table 3,



Table 3 Ogperating Data on the Modified Pond System

First Pond Second Pond

Iaflow rate (mi/d) 3000 1000
Length (m) 90 20
Wideh (m) : 66 86
Mean depth (m) 3.0 1.0
Surface area (m?) 5949 5940
Cross sectional area (m?) 198 66
Hydraulie - retention time (4} 5.9 2.0

- loading rate (m3/m2d) 0.51 0.51

- application rate (mJ/mzd) 15.15 45.45

The effluent quality was monitored in terms of the parameters total suspended solids,
volatile suspended solids, BODsg, faecal coliform, pH, and disselved oxygen. Although there
was a significant improvement in the effluent gquality, the concentrations remained abave
the acceptable standards. As a result, water hyacinths were introduced for the full coverage
in the second pond and the affluent quality examined together with aeration in the firs%
pond.

It was found that the ratio of BODg to total suspended solids decreased in genaral from

influent to effluent with aeration in the £irst pond alone as well as with aseration in
tha first pond and water hyacinths in the sacond pand as shawn in Table 4.

Table 4 Ratio of BOD«s to Total Suspended Solids

. With aeration in the =~ With aeration in the first
first pond . pond and water hyacinths
in the second pond

Influent 0.38 0.90
Effluent ) Q.46 Q.56

The general reduction in the ratio from influent to effluent is due to the conversion
‘'of the volatile organic matter in the ponds to the non-volatile suspended matter. However,
the increasa in ratio observed in the effluent with water hyacinths in the second pond
is due to the reduction of algal solids in the effluent. The non-volatile suspended so0lids
averaged about 20% in the wastewater and a reduction of 63% of volatile suspended solids
was with aeration only in the first pond, whereas a reduction of about 873 was raecorded
with both aeration in the first pond and water hyacinths in the second pond.

Water hyacinth systems are capable of producing effluents with total suspended solids
concentrations and BAD concentrations both as low as 10 mg/l as is evident from the effluant
measured over a seven-month periocd and shown in Figures 2 and 3 respectively.

The dispersed points on the Figures 2 and 3 indicate varying degree of total suspended
solids and BODg removal due to differing conditions on the pond system. Initially with
aeration only in the first pond, the total suspended solids reduction averaged $43% and
with the water hyacinth growth in the second pond the 4otal suspendad solids raduction
improved to 87%. The mean BODs; concentration of the effluent was 31 mg/l with a reduction
of 333% with aeration in the first pond. With water hyacinths in the second pond, the effluent
BODgs averaged 14 mg/l with a rsduction of 92%.

The percentage reductions in total suspended solids and B0Dg recorded with' aeration in
the first pond and water hyacinth growth in the second pond are higher than the values
reported in an earlier study (Thomas and Phelps, 1987). However, the percentage reductions

@
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are about :he sace as 1nosa obtained by Wolverton and McDonald (1979) Erom an investization
an A single azuatiz pacd wizh 34 days retention time. Average 300g loading and tis zsewoval
rates for the presant szudy are shown in Figure 4.,
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FIG. 4 BODg Removal as a function
of BODy loading

Thg average results of faecal coliform tests are compared with the calculated values at
27°C in Table 5.

Table 5 Faecal Coliform Concentrations

Influent Concentration Calculated effluent Experimental =ffluent
per 100 ml concentration concentration
per 100 ml per 100 ml

With aeration in the first pond _
2.6 % 107 0.26 x 103 1.40 x 10%

With aeration in the first pand
and water hvacinths in the S
second pond B

2.60 x 107 0.26 x 10° ‘ 1.10 x 103

~J
.
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Although apou: %% rsaducsion in [aescal zoliform was recordad in poth cases, the effluent
faecal zolifsrm zoneganczations did not satisfy the required standards. This iz [n agreement

with Mara (197%) =2na: aaratad ponds are not particularly affective In ramoving {aecal
colifosrm and Zurcher tSosatTent may De necessary.

values averaged 7.4 and 3.1 raspectivaly and with aeracion in tha first pond and wacter
hyacinths in =ne second pond, the influent and effluent pH values averaged 7.3 and 7.7
respactivaly. The increase 2f 0.7 units with only aeration was due to the depletion of
carbon  disxide in the sgecond pond b5y the algal photosynthesis, whersas the increasa
of only 0.2 units in the other case was due .o the water hyacinths in the second pond.

During th axperiments witi aeration :ia %the first pond, the influent and effluent p»H

The dissolved oxygen coantent of %he affluent decreased from an average value to 7.% mg/l
with aeracion in the first pond 0 3.3 mg/l with aeration in the first pond and water
hyacinth growth in the sacond pond. This is becauss the oxygen produced by water hyacinths
during photosynthesis does not c¢ontributa to the oxidation process within the pond, thus
greating anaerobic conditieons in the second pond.

SUMMARY AND CONCLUSIONS

From the results described above, the applicability of aeration and water hyacinths in
waste stabilization ponds can be confirmed even with a high organic loading on the pond
gystem. Lmproved effluent quality results were obtained with the two ponds modified to
oparate in series with aeration in the first pond and water hyacinths grown in the sezond
pond asz a rasult of reduced organic loading on the agquatic pond. This i3 in agreement
with the conclusion made by the authors {Thomas and Phelps, 1987) in a previous study. High
percentage reductions of total suspended solids, S5S-day biochemical oxygen demand and
faecal coliform were racorded with the effluent total suspended solids concentration
and S5-day biochemical oxygen demand both as low as 10 mg/l. However, to achieve an zaccephable
level for fascal coliform concentration additional treatment in the form of maruration
ponds or disinfection 1is needed. Environmental impacts that could result £rom the use
of water hyacinths in sewage ponds include odours, presence of fliles and mosquito nuisance.
For rural areas and housing estates especially in tropical c¢limatas, the use of aeration
and watar hyacinths in a stabilization pond system is suggested.
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ABSTRACT

Floating macrophytes cultured in ponds used for secondary wastewater treatment (30Ds removal)
apparently serve two functions: they provide a substrate for bacterial attachment, and their
vascular lacunae act as a conduit for the transport of 03 from the atmosphere to the
wastewater. In the present stvudy, fleating macrophytes systems containing pennywort
(Hydrocotyle umbellata) were found to be 10% more affective (on an annual average) at removing
wastewater carbon (BODs) than thosa containing the more productive water hyacinth (Eichhornia
crassipes). This enhancement in 30Dg removal is thought to be due CO‘pennywort's superior 0>
transport capability. In a separate six month long study, plant harvesting was found to hava
no effect on BODs removal in a water hyacinth-based trzatment system. These data demonstrate
that opsrational strategles used {n floating macrophyte-based nutrient removal systems (i.e.,
frequent harvest of hizhly productive plants) are inappropriate for those systems utilized for
carbon rewmoval.

KEYWORDS

BODs removal; water hyacinth; pennywort; Oz transport; plant havvaest,

INTRODUCTION

Floating aquatic macrophyte~based treatment systems (FAMS) comsist of shallow (0.5-1.0 m)
ponds containing aquatic plants which receive wastewater at a retention time ranging from one
day to several weeks. In the United States, FAMS are most commonly used as an advanced
treatment process, to remove nitrogen (N) and phosphorus (P) from secondary domestic effluent.
The plant which has been utilized to the greatest extent in FAMS is the water hyacinth
(Eichhornia crassipes), a productive tropical plant with a high nutrient uptaks capabilicy
(Reddy, 1987). Water hyacinths ara frequently harvestsd from FAMS in otder to promote plant
growth and to provide an ultimate means of removing nutrients from the wastewater (Boyd, 1970;
Dinges, 1978; Wolverton and McDonald, 1979; Duffer, 1982; DeBusk et al., 1981,1983; Hauser,
1984; Reddy et al., 1985; Hayes et al., 1987). .

Recent pilot-scale studies have shown that FAMS can also be used to remove carbon (BODg) from
primary domestic effluent. In contrast to FAMS used for advanced wastewater treatment (e.2.,
P uptake), in which plant assimilation i{s a dominant contaminant removal process, FAMS used
for BODg removal are thought to function as fixed film reactors, with tha submersed plant
structures acting as a substrate for bacteria (Stowell et al., 1981; Tchobanoglous, 1987).
The plants may also supply some of the 0, raquired for the oxidaticn of wastewater carbon.
Several reseatchers have noted that many floating macrophytes can tTansport atmospheric O
from the foliage into the root zene (Armstrong, 1964; Moorhead and Reddy, 1987). Oxygen not
required for toot respiration may diffuse into the wastewatar and be utilized by bacteria for
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METHODS

The fallowing outdoor tank studies were conducted ar the Communirty Wasta Ressarch Facility of
rthe WALT DISNZY WORLD Resort Complex, located near Orlando, TL, USA.

Experizent I

Two batch incubations (each 2 to 3 weeks long) were conducted in four 1000 L =anks (1.7 a?
surface area, 0.5 m deep) to compare BODg removal in systems with and without Floating
macrophytes, In the first incubation, two tanks were filled with prlmary domestic affluent
and stocked with water hyacinths at a standing crop of 10 kg (fw) m Two othar taoks were
filled with primary effluent and covered with an opagque screen, whlch was situated so as to
block sunlight but not interfere with atmosphere-water gas exchange. Bilochemical 0; demand
(BODs5) concencrations (APHA, 1985) of the wastewater were measured four times over a 135 day
period. Dissolved 0, measurements of the wastewatar werz alsa pariodically conducted at 0909
hr at a depth of 10 e¢m. The second incubatica, 21 days long, was simlilar to the first, except
that the tank devoid of macrophytes was not screened,.

Experdiment IT

BODs removal by two FAMS, one containing water hyacinth and the other, the floating macraphyte
pennywort (Hydroecotyle umbellata), was examined for a one year period. Plants of each specles
wers stocked at a standing crop of 10 kg n~% into duplicate, 1000 L tanks. Primary sewage
effluent in the batch fed tanks was changed at 3 to & day dintervals. Initial and final BODjg
concentrations of the wastewater wera measured weekly. The plants were weighad at 2-+4 week
intervals, harvested, and rastocked to 10 kg m~2. Four plant samples ware collected monthly
from each tank for the determination of dry weight/wet weight raties and average root length,

Expetiment ITT

The effect of plant harvest on BODs removal was evaluated in four, 3000 L (5.9 m? surface
area, 0.5 m deep) tanks which received a semi-continuous flow (1.5 L min'l; 15 min 2n:l3 min
off) of primary sewage effluent. Water hyacinths wers stocked into the tanks at a standing
erop of 15 kg mZ, Standing crop changes were astimated semi-monthly by welghing the plants
contained within Ffleating (0.25 m?) plastic mesh cages (three cages per tank). In one set of
duplicate tanks, the plants were harvested back to 15 kg m~% at each welghing. In the other
set of tanks, plant harvesting was not conducted, Influsnt and effluent BODs cencentrations
were measured twice and once weekly, respectively.

RESULTS

Experiment T

During the first week of the incubation, BODs remeval from primary sewage effluent in tanks
containing water hyacinth was more rapid than that in the screened tanks without macrophytes
(Fig. 1). However, aftar 14 days, 94% of the BODs had been removed from the wastewater in
both treatments. Wastewater 0, concentrations were low during the study, averaging
approximately 0.5 mg L"! in tanks both with and without macrophytes.

BODs removal from the tanks without macrophytes was enhanced slightly when ne shading was
employed. However, the BODg removal rate in this treatment was still not equal to that of the
tanks containing water hyacinth (Fig. 1). Wastewater 0p concentrations ian the water hyacinth
treatment ranged from 0.2 to 0.3 mg 1"l during the incubation. In the tanks without
macrophytes, 0; concentrations varied markedly, averaging 0.3, 11.0 and 3.4 mg L% durin

weeks 1, 2, and 3 of the study.

Experiment IT

The small tank FAMS contalning pennywort were found to be more effective at removing BODs ftom
wastewater than those contalning water hyacinth, with BODs removal rates averaging 88% and 797
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Fig. 1. BODs removal (X , *1 §.D.) from primary domestic effluent in
tanks with (open circles) and without (closed cireles) water hyacinth.
Incubations in tanks wichout water hyacinth wers conductad boch with
(top) and without (bottom) an opaque cover.

in the pennywort and water hyacinch treatments, respectively (Fig. 2). Influent BGDg
concentration averaged 191 mg L~' during the year, with effluent concentrations ranging from 3
to 38 mg L™! in the pennywort systems and from L3 to 80 mg L™ in the water hyacinth systems.
On a mass basis, annual BODs removal averaged 2354 and 281 kg ha=! day~! in the water hyacinth’
and pennywort treatments, respectively. Wastewater BODg removal was typilcally greater during
the summer than during the winter for both spacies (Fig. 2).

The productivity of water hyacinth was greater than that of pennywort during all months excapt
January and February (Fig. 2). Annual mean ylelds were 14.2 and 6.9 3 dry wt m=>? day"l for
water hyacinth and pennywort, respectively. Water hyacinths had a more extensive rocot mass
than pennywort 1in the present study: root length for water hyacinth ranged from 3.6 to 7.5
(mean of 5.6 cm), whereas the oot length of pennywort varied from 2.1 to 2.9 ca (mean of 2.5
em) .

™
E]

Experiment TIT

Semi-monthly water hyacinth harvestinz had no affect on 30Ds5 removal duriag this six month
study (Fiz. 3). The influent wastewater 30Ds concentration averaged 180 ng L1, with effluent
concentrations averaging 65 and 72 mg L=! in nen-harvested and harvested treatmonts,
respectively, Mass BODg removal for these treatments averaged 330 kg BODg na” day"k, or
approximately 80% of the influent loading.
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Fig. 2. Annual biomass production and BODg removal frem
primary domestic effluent in tanks containing watar
hyacinth (open circles) and pennywort (closed cirzcles).

In contrast with BODs remowal, plant harvest had a marked effact on water hyacinth biomass
production. Avetage water hyacinth yield in the harvested treatment over the six mouth study
was 13.3 g dry wt m~2 day™'. In the non-harvested trzatment, yields averaged only 6.3 g dry
wt w2 day“L. The non-harvested plants grew £rom an initial stocking of 10 kg m™° to a
standing crop of 32 kg m~2 by mid-March (Fig. 4). In the harvested treatment, tha water
hyacinth standing crop fluctuated from between 15 and 21 kg m~? for the six month period.

DISCUSSIOW

Stowell et al., (1981) suggested that FAMS functlon in a manner similar to a horizontal
trickling filter, with submersed plant tissues acting as a support medium for bacteria, The
data from Expsriment I in the presant study show that the presence of floating macrophytes

- does indzed snhance BODs removal from primary sewage effluent., However, because the
heterotrophic organisms which oxidize carbon in FAMS have not been charactarized as to their
type and location, the importance of floating macrophytes as a substrate remains speculative,

The role of floating macrophytes in transporting Os from the atmosphers to the water colum
is better documented. Moorhead and Reddy (1987) racently reported that from 100 to 4€0 mg Oy
™2 hr™! can be releasad from water hyacinth root tissues into rthe surrounding medium.
Because the presence of floating macrophvtes inhibits photosynthetic 0y preoduction by

. microalzae and also reduces direct atmosphare-water gas exchange, the transport of 0y through
the plants is probably crucial im supporting the owldation of wastewater carbon by bacteria
(Reddy, 1984; Weber and Ichobanoglous, 1986).
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Fig. 3. Influent (open squares) and effluent BODs conceatrations of
primary domestic effluent in harvested (open circlas)- and non-
harvested (closed circles) water hyacinth culture tanks.

32—
28 ¢~

24 |-

20 - f P/: A
‘?/ 7 8
4% o/d Y /i/é/ '/i

L 1988 1987

Fig. 4. Plant standing crop in harvested (opea circles) and non-
harvested (closed circles) water hyacinth culture tanks.

7.13



zentinvous O
ixygea

J; zan be utilizaed by
val was attained with no

Floacing macrophytes which pessass a3 igh ¢
supply mav actually be an "ideal” subsir for an aersbpic :

concantration data from Zxperimen thar maczeochyzse-3
bactaria as quickly as 1t enters :3e rRhizosphers, since nizh 202: ramu
sbserved increase {in wastawatar O

i+
i
o
o]
fal
o
ol
o1
i!
fu
e
s
0
w

Laboratory studies have shown that Op Iranspor: {per uniz walghz af root :135 e) by the
floating macrophyte pennywert accurs at a rtate 2.8 times that 2f water hyacinch (Meorhead and
Reddy, 1987). This higher 0 transport rate probably accounts for the superior BODs removal,
and higher wastewater 0; concentrztions observed in Experimen:t I in the tanks containing
sennywort. .

In. the present study, we found roots of pennywort to be shorter as well as less highly
branched than those of water hyacinth. Thus, in stands of agual standing crop biomass, the
total substrate avallable for bacterial attachment on pennywort i1s probably lower than that on
water hyacinth. This difference in available substrate may explain why B30Dg removal in
pennywort systems exceeded that in water hyacinth systems by only l0%, even though the
difference in 0y transport rates is 3-fold.

Plant harvest is routipely practiced in most FAMS in order to maximize macrophyte growth and
uptake of certain wastewater contaminants (Wolverton and McDonald, 1979; Hayes et al., 1987).
Harvest wmay affect wastewater carbomn removal by disrupting the substrate or by influencing 0,
transport. Young water hyacinth plants transport Oz at a higher rate (per unit weight of root
tissue) than older plants (Moorhead and Reddy, 1987), which suggests that Q; transport f{n FAMS,
and hence, BODs removal, can be enhanced by maintaining a standing crop of young plants
through frequent harvest. Although semi-wonthly harvesting was found to stimulate water
hyacinth biomass production {in the present study, no effect on BODg removal was observed, The
plant yield and BODg removal data from Experiments II and IIT indicate that macrophyte growth
rate has no effect on BODg remowal.

In summary, FAMS containing pennywort were found to remove BODs from primary domestic effluent
at a higher rate than those containing warer hyacinth. It is likely that thers exist other
floating species, particularly those with large, diffuse root mats and high Oy transport
capability, which are superior to pennywort in promoting wastewater BODg removal. The poor
relationship found berween planc harvest and carbon removal affords consliderable flexibilitw
to the operation of FAMS used for secondary wastewater treatment, TFor example, frequent
harvesting in such systems would be conducted oanly when the removal of P or heavy metals is
required, or when the value of the macrophyte-based product is high.
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REMOVAL OF HEAVY  METAL AND SEWAGE SLUDGE WUSING THE
MUD SNATLS, CIPANGOCPALUDINA CIINENSIS MALLFATA REEVE, IN PADDY
FIFEIDS AS ARTIFICIAL WETLANDS.

Y. Kurihara and T. Suzuki

Blological Institute, Faculty of Science,
Tohoku University, Sendai, 980 Javan

ABSTRACT

The effects of the application of reed-sewage sludge compost on the heavy metal
incorporation and the growth of young snails bern from the adult mud snails, Clpangopaludira
chinensis malleata REEVE, wut into submerged paddy soil were investigated, The biomass and
growth of the snails in paddy soll with a Compeost wers superior to those in soil witheout a
compost. *The 2n and Cu concentrations in the flesh portion of snails were extremely high as
compared with these in the paddy soil surrournding the snails.. This may be beCause snail
ingest sewage sludge which is a main organic Component of the composts and sewage sludge
usually contains large amounts of Zn and Cu, suggesting that this type of snail may be
useful in eliminating sewage sludge ard Zn and Cu in paddy soil when composted sewage sludge
has been applied.

KEYWCRDS

Mud snail; Cipangopaludina chinensis malleata REEVE; heavy metal; C3; In; Cu; vaddy field;
reed-sludge compost; Phragmites australis.

INTRCOUCTION

Application of composted sludge to agricultural lamd as fertilizer is now becomirg popular
as a way of disposing of sewage sludge produced at sewage treatment plants. The authors
have succeeded in inCreasing the yield of rice plants by applyving a reed-sludge compost,
which was made of sewage sludge and Phragmites australis (a principal plant in Japanese
wetlands), to the paddy fields as ‘an artificial wetland (Xurihara et al., 1986).
Application of the reed-sludge compost to agricultural lard seems to bs an imgortant sewage
treatment method from the viewpoints of biological treatment of sawage and Crop production,
because such an applicaticn means that inorganic nutrient substances in a sewage that flow
in wetlards are uptaken into Phracmites (Wathugala et al., 1985) and a sludge produced from
municipal sewage are used in agricultural land as fertilizer, The problems in this case are
the growth inhibition of crops due to the pollution of soil with heavy metals and toxic
effects of the heavy metals on the human bedy via the crops. Paddy fields in Japan, on the
other hand, are inhabited by a great amount of mud snails, Cipangoovaludina. Thev had been
relished by many Japanese as a protain sourcs, since they did not damage rice plants and
were quite edible. However, they have become almost extinct cver the past fifteen years
because of the intrcduction of agricultural machirery,

In this paper, scmc results will be prosanted on the biolegical treatment of sludge apolied
to paddy fields and biolegical eliminaticn of heavy metals in paddy soil through the use of
these mud snails,



- MATERTALS T METHCDS

The field experiment was Zonductad on fine-textured gray lowland soil ab Mivegi Prefacturs
in northeastern Jaoan. Tha sgil nad cz. 3.0% total C, <a, 3.3% total N, and pd 4.3-7.0.
It had a clay Iracticn dominaced by smectife and 33.5 me/100g of CEC. The paddy fisld used
far the experiment {4 x 2 @¥) was divided into 2 equal porticrs, and one of them was applied
with_compostad sewage sludge Containing marsh , Phragmitass australis, at the rate of 1
kg/m%, which correspords to the Customary amount for applicacion in Japan, cn May 20th ard
both plots were planted with rice plants (Sasanishiki) at hill intervals of 27 cm on May
27th. Plots with ard without compost thus prapared were manually weeded. Adult’ snails,
Cipangovaludina chinens:is malleata REEVE (shell width : 32:1 mm), were put into each
prapared plot on Juna 4th at the density of 5 individuals ver m2. Each plot was enclosed
with plastic ret marriers permitting water flow ut preventing the migraticn of the snalls
from one plot to another. All young snails bom £rom these adult snails that wers put in
the paddy field were collected on July 29th and immediately had their maximum shell widths
measured, and then they were returned to the place from which they were taken, Flesh
portion on the dry weight basis was calculated from a formula for the relationship between
shell width and the dry weicht of the flesh portian, and shell weight was calculated from a
ratio of shell to flesh porticon on the dry weight basis.

To Lnvestigate the effect of pooulat,_on density con the maximum amount of sludge assimilated
hy the snails, the small-size group with a2 12 -~ 13 mm shell width, medium-size of 15 - 18 mm
and large-size of 27 - 32 mm, all of which had been starved for more than one week, were
placed into each of 10 cm diameter vessels f£illed with water at the varied densities. As
much sludge as the snails could consume was supplied and the food consumphion and defecation
during the 2-day pericd were measurad at a cConstant temperature of 25°C, The aszimilation
was measured as the difference between dry weights of the sludge consumed and feces
excratad., Ths sludge assimilation under the continucus feedis 29 condition was also examined.
Twenty medium-size snails ( 2;&8 g D. W, of flesh porticn per m“) and 2 larga-size ones (224 g
D. W. of flesh portion per m which had already teen starved, were placed in the vessels
with 10.5 ¢m dianeter sepa:atc-ly and the daily changes in the rate of assimilation ware
recorded under the daily supply of as much sludge as the snails could Consume,

For measurement of heavy metal contents, all newborn snails were collectad on September
25th, just prior to harvesting the rice plants. The flesh portion and the shell of snails
dried at 70°C for 3 days was grourd, digesting the powders of flesh porticn and shell in
aquarsgia after pre-digesting in aquaregia using Uniseal, and analyzed for C4, n, CQu, Ni,
Ph, Cr, Mn and Fe by atomic absorption spectrophotometry. Heavy metal Concentrations in
the paddy field soils wers also measured ab this time.

1t

RESULTS

1. Sludge Consunption By Snails.,

Without compost With compost
L0 40
N=68.3/m?
- - F=240g/m?
.2 30+ =% 30+
s s 5=5.28g/m?
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Fig.,1. The size distributions of shell width of the newborn
snails from plots with (right) and without (left) reed-
sludge compeost. N @ the number of individuals, F : dry
welght of the flesh portions, § : dry weight of the shells
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The size distribution of shell widih of the young sznalils Zsollscisd Zrom plots with and
without compost is illustrated in Fig.l. The growth of smails & T with compost was
supericr to that in the plof without compest, suggesting Shat e feed on the sludge
which ars main organic component of the ra2ed-sludge <ompost. iswever, veary little
difference in the numbers of irdividuals betwesn both plots Could be discarmed.
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Fig.2, The relaticnship betwesn the maximum shell width and the
dry weight of the flesh portion of newborn snails.,

Next, the relationship petween the maximum shell width and the dry weight of the flash
portion were indicated as shown in Fig.2, wherz a high correlaticn is apparent when the log
ate

shell width iz taken as absgissa and the log dry welight of the flesh porition as ordinate,
The ratio of shell to flesh portion on the dry weight basis was measured as 2.2 = 0.48 (n

20).

TABLE 1. Rates Of Sludgs Assimilaticns Of Snails Per Unit Weight
Of rlesn Porticn Urnder Continuous reading Condltlions
At Beglinning &nd Latoer lerm Of Exverimental Feriodg

Shell width Sludge assimilaticn rake®
(mg/g dry wt./day)
{Density) ~ Beginning After 15th day
Medium-size 15.5-17.9.mm 9.98 +1.40%* 5.06 z 1.02
{238 a/m
Large-sice 28.4—36.57511 7.53 £ 1.24%* 4.08 + 0.97
{224 g/m*)

* The values ars means oL § samples with their S.D.
** Correspord to the maximum amount assimilated.



The eilzct 2f i 3 i zarding tme Thrze sire oroups Is
Llustrated in Fig.] (akove). The amount of daily assimilaticn per unili Zody welznh shcwed
harp decliine when the population density was low., Howsever, cha decline in the

imilagicn rate was retarded when densifty exfzeded v 70 g per nf.  Tha rate of
assimilaticn per mit area increased remarkably with the increase in posul

cooulation density and
arproached a maximum val e when th2 population density increasss 7‘20 g per m* Ifor smalle
size snails, 100 g per m” for the medium:size ones and 130 g per m© for the larger cnes.
The maximum values of assimilation par m® per day were 3.6 g for small-size spails, 2.3 g
for the medium-~size ones and 1.5 g for the larger cres (Fig.3, elow).
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Fig.3. The affect of populaticn density on the rate of sludge
assimilation per unit waight of flesh portion of the
snails on the drv hasis {(above) and per unit area (below)

O+ gnall-size group, A ¢ medium-size group,
0 : large-size group.

The daily changes in the amounts of sludge assimilated by medium-size and large-size grouss
under the daily supply of sludge wers examired., The amount of sludge assimilated by Doth
siz2 groups decreasad gradually with time at the earlier term and eventually it showed a
steady valua aftar a 15-day cultivation, Table 1 shows the amounts of assimilaticn per day
at the baginning and the lattsr term of the experimental pericds. It seemed from the tabla
that the assimilation rate of btoth size groups urder the continuous fesding at the latter
term dropred to about 32% of the assimilation rate at the beginning.




2, Beavs Meral JorreaTriticrns Do Sralls,

zavy metal Concentrations in the flesh sortison and zhe shell of
% Ircn the plots applied with Compost o Zeprazmoer 2551, ‘together
wish the nezvy =3 Ioncantration in the paddy soil. Zn and Cu I2ncantracions wera
extremely = n pertion of the snails as compared with The Zoncentraticons in the
shell and the 3cii. Id concentration in the shell was higher than That in the Zlash
porticn and the zool, Sus for other heavy metals, the values in the flasi porticn were much
lower than these Zor trha soil,

et D G -z
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MewWoorn snairli In

TABLE 2, Heavy Metal Concentraticns In Paddy Soil, Flesh Pertion
Ard Shell Or Mewporn Snails

Heavy metal concentrations { pg/g dry weight)

cd Zn Cu Ni b Cr Mn Fa
Paddy soil 0.40 108 20.1 11,8 18.3 15.1 365 29700
Spail
flesh pertion  0.73 703 301 trace trace 3.4 31.3 27
shell 3.48 99 7.5 - - - - -

- : not cdeftermined

From the values of bicmass of snails (Fig.l) and the heavy metal concantrations (Table Z),
the quantitiss of C4, Zn and Cu accumulated in the newborn snails (including the £lash
portions and the shells) per mZ of plot applied with compost were calculatad to be 20.12 g
for Cd, 2210 pg for Zn and 762 g for Cu,

DISCUSSICNS

Of the results obtained from the present study, the most important is that the ¢4, Zn and Cu
concentrations, aespecially the latter two, in the flesh portion of the snails were
exceedingly high as compared with the concentraticns in the paddy soil surrounding the
snails, The high Zn and Cu ConCentraticns in the flesh portion of yourg snails is assumed
to be the result of the selective intake of sewage sludge by the snails, causing an
accumulation of Zn ard Cu originated from the sludge, In fact, the concentraticm of IZn ard
Cu in sewage sludge is known to be particularly high, for example 681 mg/Kg for Zn and 232
mg/Kg for Cu in the sewage sludge produced from domestic sewage freatment plants in Japan
(Mori, 1986). These results indicate that snails living in paddy field wheze compos:zed
sewage sludge has been applied are unfit as human food.

As indicated in the results, the amount of sewage sludge assimilated and the amounts of ¢4,
Zn and Cu accumulated in the newborn snail populatien showed a considerably high value.
Therefore, if large gquantities of snails are introduced into the paddy soil, it can be
expacted that a Considerable portion of the heavy metals tegether with sewage sludge can be
eliminated from the paddy field ecosystem by the harvesting of snails,

According to the results inFig.3 {below), the maximum daily amounf of sludge (on the dry |

btasis) to bezassimilated by snails at the density of over 70 g per m* for small-size snails,
100 g per m“ for the medium-size ones and 130 ¢ per m2_ for tha larger cnes were 3.6 g, 2.3 g
and 1.5 g per @*, respactively, Since tha assimilation rate under the conkinuous feading
conditicn dropped to 52 % of the maximum (Table 1), the amount of sludgs to he e%imirvated by
the snails during the period from June to September would amount é'_o 225 g per m* for small-
size spails, 144 g per m® for the medium-size ones ard 94 g per m“ for the larger cres.

SinCe 1 kg of the read-sludgs Compest applied to 4 n? of raddy fi=ld contains 120 g of
sludge on the dry basls (Xurihara et al., 1986) and it includas 0.3 mg of Cd, 82 mg of Zn
and 28 mg of Cu, the bicg\ass of snail (small- or medivm-siza) which cCorraspend to 100 g of
the flesh porticn per m< ceould exhaust the amount of the sludge applied, and the heavy
metals accumulated in the flesh porticn and the shell weuld be caluculated to be 0.84 mg for
Cd, 92 mg for Zn ard 32 mg for Cu (from Table 2) which are almost equivalent to Lhe amount
in the sludge applied, tased ¢n the assumpticn that the amount of heavy metals accumulated
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in the snails is in proportiosn 22 ha zicomass of the snail. Although thess values were
derived from thesa cotained frocm the ;:ec:;.:‘.q experiment, 1t is suggested that larze amounts
of sludge and feavy metals sroduced from 1he sewage reabtment :)lan can be 2liminated oy
the srails,  Since migraterwy bdizd, 2gmef which do nct damage zice plant, coming over =he
maddy field in summer and aurumn scmefimes Consuma a large amounts of these snails, it is
expected that the harvesting oy 2urets would make human harvesting pnot necassary. It iz,
therafore, hoped that the mud sna:..., Cipangepaludina, can act as a link in the -'recyclin
system between urban amd agricultuiral activities
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DEEP WASTEWATER RESERVOIRS IN ISRAEL:
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ABSTRACT

Ma'ale Kishon, one of the largest reservoirs storing wastewater for jrrigatien in Isrzel, has
surface area of 1.3 km3, depth of 9 m and volume of 12 million @, Secondary effluent enters
the northern basin and after a mean retention period of & weeks, flows into the southern one.
Due to this two basins structure, changes taking place during the water storage can be
detected. The differences Dbetween the ftwo basins were gquantitatively studied by an
iyterdisciplinary tean.

The sanitary, physico-chemical and biological variables indicated an improvement in water
quality, leading to an increased eccsystem stability and a safer environmentsl performance.
These results suggest, that deep reservoirs of the type hare described, serving for wastewater
disposal and reuse may have a wide application also in other countries having warm,
subtropical ¢limate.

KEYWORDS

Wastewater reservoirs; limnology: hypertrovmhic; selfpurification; wastewater reuse for
irrigation. -

INTRODUCTION

Storage of wastewater in deep reservoirs is widely used in Israel. Secondary effluents are
collected during the winter and spring and reused for irrigation of industrial crops in the
sufmmer.

Ma'ale Kishon, one of the largest reservoirs in this c¢ountry, has a surface area of 1.3 km3,
an average depth of 9 m and a volume of 12 million m3. The reservoir is divided into two
basins, northern and southern., %ffluent enters the northern basin and after a retention periad
of approximately 6 weeks, flows into the southern one.

An interdisciplinary team investigated the resevvoir in detail. Part of these studies dealing
with the comparative limnology of the two basins is the odjective of (he present paper.



METHODS

Rasearch trips were held monthly or biweexly, during the period April 1585 - July 1985,
Measurements and sampling were done from a floating rafs anchored in the middle of each bhasin.
Profiles of dissolved oxvgen (Y51 Medel 38), »H {(Radiometar Model 29), light penetration
(Lambda Li-Cor 133 Quantum Mecar) and primary preoductivisy (light and dark bottles, oxvgen
method) were measured on site Setween 9 and 13 AM. Watar for laberatory amalyses and primary
productivity experiments was sampled by a transparent Wildco Alpha Bottle (Model 1120) and
filtered to remove most of the filtar feeders. Duplicara light and dark bottles were exposed
for l-4 hours, according to season, at the surface, 2.3 and 1.0 m depth. BOD, COD, TSS, N8a+,
NO5T, P0,~, SPC and coliform bacteria were determined according to Standavd Methods (1930).
Algal cells were counted using hemocytometer and chlorophvli-a was determined after sxtraction
with hot methanol as descrited in Zren gt al. (1984). Zooplankton was collected by the same
Wildeo Alpha Bottle {a transparent plastic tube of 2.3 1 capacity) and filtered through a
80 um net. These samples wera first preserved in 4% formaldshyde and after a few days
transfered to 707 alcohol.

In order to, summarize the differences between the profile measurements in the two basins, the
values of DO, pH, chlorophyll-a, gross primary productivity and respiration in each basin were
averaged over the whole investigation period (13 visits) - for each depth separately.

Light penetration was expressed as compensation depth, which is accepted as an approximate
limit of euphotic zone, whare nat oxygen is produced by algse.

RESULTIS

Part of the variables characterizing both basins of the reservoir is summarized in Tabla 1.
The reduction aof organic matter content (BOD, COD), suspensions {T33) and mineral nutrients
(¥H,*, NQz~, P0,”) was connected with a number of changes. Concentrations of heterotrophic
bacteria (SPC) and algae decreased in the saguthern basin by 30 and 407 respectively. The
counts of the herbivorous rotifers and daphnids decreased by 75 and 447 respectively and on
the contrary, the counts of the omnivorous-carnivorous c¢yclopoid species increased in the
southern basin by 1347, Water transparency, expressed as compensation depth, improved by 377.
In parallel, the numbers of coliforms decrszased by 967,

Averaged profile data of DO, pH, chlorophyll, gross primary productivity and respiration are
given in Figs. 1-3.

Mean content of dissclved oxygen in the upper meter of the reservoir fluctuated between 7 and
8 mg 17! in the southern basin, and between 4 and § mg 1°' in the northern basin. Integral of
the area under the curve (expressing mean amount of DO in the water column found during a
single measurement at early midday) - was by 357 higher in the southern basin (Fig., 1). Mean
pH (Fig. 2) was in all depths slightly higher inm the southern basin. Chlerophyll-a content is
presented in Fig. 3. Mean surface concentrations of 50-70 wug 1"} were similar in the two
basins but below the depth of 1 m, the southern basin had less ¢hlorophyll-a than the
northern. Integral of the area under the curve (expressing mean amount of chlorophyll-a in a
5 m thick water layer during a single measurement), was by 297 lower in the southern basin.
Gross primary productivity (GPP) and respirarion (R) in both basins are compared 1in Figs. &
and 5. Mean GPP and R calculated for the upper, I m thick water layer (9°°-13°7 AM), were
lower in the scuthern basin by 31 and 487 respecrively.
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Fig. 1. Mean concentrations of dissolved oxygen (early midday) as a function

of the depth. N - northern basin; 5 - southern basin.

TABLE 1 Data on the Two Basins of Ma'ale ¥ighon Reservoir (April 1985 - Julv 1986)
Variable Northern Basin Southern Basin % Change
No. of Average 5D No. of  Average 3D
Samples Samples

BOD mg 171 14 15.0 14.2 13 5.5 .9 - 63
coD mg 171 17 68,0 16.7 13 53.0 .0 - 22
TSS mg 171 15 18.0 19.5 14 13.0 . - 28
NH,* mg 17} 9 46.6 6.3 9 30.0 & - 36
NO4 mg 171 9 0.5 - 9 3.0 - + 83
P0,~ ng 171 8 22.4 5.0 8 16.8 4.5 - 25
Coliforms,* cells ml™+ 10 10,000 14 400.0 - 96
SPCA* calls m1~l 13 2.2x107  2.1x107 13 1.1x107  1.3x107 - 50
Algae®* cells m1”l 13 2.5x10%  2,ux10? 13 1.5x10%  2.2x10% - 40
Zooplankton, %¥%%

specimens 1-1

Rotifers 70 155.2 470.6 71 39,0 162.8 - 75

Daphnids 70 36.6 62.7 71 20.5 59.1 - 4h

Cyclopoids 70 6.2 16.6 71 15.8 41.4 +154
Compensation
Depth em 10 233 50 10 356 94 + 35

!

i Geamettic mean.

#% 13 visits mean, calculated for the upper, one meter thick water layer.

% 13 visits mean, calculated for the whole water column.

8.3
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Wastaewatar vreserveizr af <he tvoe ners described belongs to the categery of hypertraphic water
bodies, exhibizing nizn = netracion af biomass, high rate of metabolic activities and wide
fluctuatiens in the bYiolozical ind physico-chemical variables (Barica and Mur, 1930). In such
conditions the progressive limnological changes comnected with the self-purification process
are masked and diffizult =: Jemonstrats.

The particular structure of Ma'ale Kishon Reservoir, having two basins coperated in chain,
provided a unique opportunity to determine water quality improvement within the system and to
raelate it with the respective changes in the limnological variables. Moroever, the averaging
of profile measurements over a long time intervall, allowed an integrated comparison of the
twa hasins.

The self-purification process expressed in reduction of organic matter, suspensions and
mineral nutrients, resulted {n an increased transparency of the water column, higher mean
content of oxygen, decreased concentration of bacteria, algae and zooplankton as well as
decreased biological productivity and respiration. The above changes conform with the
definition of an increased ecosystem stability (Odum, 1971) and improve the environmental
performance of a reservoir,

Our present results and former experience (Dor, 1986; Eren 2t al., 1986; Dor gt al., in press)
suggest, that deep vreservoirs serving for the wastewater dispesal and reuse, may be
successfully operated in warm, subtropical climates. However, applicability of the here
provided quantitative evaluations to the other systems of this kind - still has to be tested,
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ig. 4. Mean rate of gross primary productivity as a function of the depth.
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ABSTRACT

Domestic sewages and some types of agroindustrial waste, although representing
high polluticn sources, could become important energectic and protein sources
because they are wastes deriving from foods which still contain significant
amount of organic matter and nutrients used by human beings.

Based on this concept, different scale experiments (laboratory, semi-pilot and
pilot scale) have been carried ouft to verify the viability of the system which
composed anaerobic pond, algae pond and zooplankton pond for the treatment of
domestic sewage and at the same time to reuse zooplankton as animal food.
Scenedesmus sp and Daphnia sp were introduced into the algzae and zooplankton
pond, respectively, to be maintained as predominant biological element,

The best operational performance was obtained when the zooplankton poud was
operated wich semicontinuous flow system, renewing 307 of the zooplankton pond
water with effluent of algae pond avery 2 or 3 days.

The productivity of Daphnia sp in this operational condition reached around
35 mg/% in dry weight. Lt corresponds to 700 kg of microcrustaceans production
per day for a c¢ity with 100000 inkhabitants.

BOD removal efficiency obrained during the experiment was 95-97% and total N
and total P removals were 42~597 and 37-48%, respectively, The final effluent
showed high transparency. In the zooplankton pond the algae concentration was
reduced from 100 cells/ml to 10°% cells/mf which corrasponds to 99,997 of
removal efficiency.

KEYWORDS

Stabilization pond; polyculture; aquaculture; domastic sewage treatment; algae
culture; Daphnia culture.

INTRODUCTION

The domestic wastewater and some type of agroinduscrial wastes, althougzh they
are not significative pollutants, may become an important energefic and proteain
source, since they vaesult from food which contains high amounts of organic
matter and nutrients used by livinz beings.



Basa<d oa this concaent, CETISA has been daveloping a series of experizesuts in
rhe last ten years aiming at purifyiag waszawater by recycling the polluctants
ind tTansforming them into usaful praduczzis,

Ywom L3377 to 1980, pilot scale experimants wer2 carriad out in accaleratad
shotasyathatic ponds with tha view of treating domestic wastes and making use of
atgal protein (Xawai, Jursidini and Grizco, 1934). This study showed that,
alrhougn the final guality of the effluent indicaced a highly sacisfactory
quality in terms of terciary ctreatment, it requivrsd relatively sophisticatred
equipment for the present 3vazilian 2conomical situation.

As 31 alternmative to solve this problem, the use of the polyeculturas systam was
taken into accouunt, based on acquatic food chain in which fictoplanktzon aad
zoopkankton participate.

Several papers have baen internationally published aon this subject, however,
in most cases, i0 laboracory scale (Tarifeno-$ilva et al., 1982; Gordomn et al,, 1932).

The techunical information to be presented in this paper refers to the
experiments carrisd out in semi-pilot and pilot scale from 1984 to 1986.

EXPERIMENTAL PRCCEDURES
Before the experimental phase in semi-pilot scale, a series of "in vitro™"
axperiments was conducted in batch and continuous flow aiming at idsntifying
the biological behaviour of the speclies for establishing the operational basic
paranmetars of the pilot system,.

At the beginning, the poszibility of using the rotifer Brachienus sp and of the
clodocera Daphnia sp was vaised due to their high ability of reproduction and
filtration, besides there was much information available. The laboratory assay has
proved to work better wizh Daphnia similis om account of the pepulational
stability and the purifying ability which it presents in the wastewater,

Semi-~Pilot Scale Laboratory

An experiméntal unit, the flow sheet of which is shown in Figure 1, has beaen
installed at CETESB, in Sa2¢ Paulo.

PRIMARY
TREATED WASTE

K §

TLLUMINATION

1000 L 804 rom
DISTRIBUTION ALGAE REACTOR ZOOPLANKXTON  700PL ANKTON
TANK REACTOR I REACTOR 1L

PERILSTATIC PUMP

Fig. 1. Flowshe=st of semi-pilot scale experimental unit

The domestic waste treatad at primary level at SABESP -~ Sae Paulo State Basic
Sanitatrion Agency's Waste Treatment Plant flowed through the distribution tank,
the algae reactor and next through the zooplankton reactors I and IT by means
of a perilsratic pump. Commom fluorescent lamps were installed te keep a
constant illuminatisn of 5 XKlux on the surface of the algas reactor and 2 slow
circulation of water through air bubbling was kept constant. The ligquid volumes
in this reactors we=we kept at 700 &, 82 2 and 40 1 and the detention times were
5, 4 and 2 days, raspectively. Chlorella sp and Daphnia similis cultures were
used in amounts cempatible with the reactors.
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The pilot scz2l2 2xpaviment was carried in SANASA. Inicially, prelimiazary
2xparinents war: mai2 ia a system made up by anasTtodic, facultativz and
zooplankzon pands, oparated in series, by maintaining da2tention fimes of 3, 7
and 3 davs, raipsctively. During six months of oparation (frem November 1234 =5
April 1333}, cher2 were some operational problems due €2 some instaditizy in
the behawior of zhe Tacultative pond interfering negacivaly in the praductivity
of Daoania 3p.
On account of :shis. an experimeatal system was implemanted aceording o the
flow=-sheet balow (Figure 2):
LARAW
WASTE
A e
ais” 4
P +o
37 md ggm? 62m?
ANAEROBIC FACULTATIVE RACULTATIVE
PONO POND I POND IT

Fig. 2. Flowsheet of pilot scale polyculture system

All units were built in mascnry. Some of the wastes, mostly domestiz, which got
to the plant was introduced into the system after gratiag. The connections
between the units were made of PVC pipes equipped with valves which kaept a
difference in leval of 20 to 50 cm between valves. A slow circulation of warar
wdas kept in rhe facultative ponds I and II, by using hydrauliec pumps.

During the experiment; the first three units, corresponding to the anaeroblce,
facultative ponds I and Il were always operated in continuous flow with a
detention time of 3, 7 and S5 days, respectively. The zooplaukton pounds were
operated in the following way: -

Pond 1 - daily replacement of 307 of its volume by effluent from faculrative

pond II; Pond 2 - replacement of 507 of its volume by effluent from facultative
pound II every other day; Pond 3 - the same every three davs; Pond 4 - the same
every four days; Pond 5 - the same every five days; Pond 6 - the same every six

days. This periodical replacement correspouded to the detention time of 3, 4,
6, 8, 10 and 12 days.

A mixed culture of Scenedesmus sp and Chlorella sp was inoculated in facultativas
ponds I and II. In the zooplankton ponds Daphnia similis was seedad (it was
offered by fish pisciculturisc Mr. Sainen, Mogi das Cruzes, Sao Paulo).

The sample collection of the influent and effluent from the First three units
were carvied out on a 24 hours basis every 10 davs and instantadeous sample
c¢ollections at the outlet of the zooplankton ponds, after a slow mixing of the
medium.

RESULTS

Semi~Pilot Scale

According to the data shown in Table 1, we canm see that the B0D and the total
coliform bacteria were raduced, in tha average, 95 and 99,97 respectively. The
algae in the zooplankton reactor I ware reduced, in the average, from 2 x 109
org/mi to 3 » 10- org/m2, which corresponds to a removal atficiency of 99,997,
The population of microcrustaceans, in the average, wais avouund 15 org/ml and dry
welght at 0,02 mg/mi, enough to keep & high transparency of the water during
most of the experimental period.



TABLE 1  Analvtical Resulcs of Operational Parametars
Obtainad by Jemi-Pilot 3cais ZIxpariment,
REACTOR %ALGAE ALGAE pde ] 00 TOTAL

{REACTOR | AEACTOR  |REACTOR I [REACTOR X |ErpicieNCY
PARAMETERS INFLUENT  |EFFLUENT |EFFLUENT | EFFLUENT %
TEMPERATURE {7C) 19,5
300 (mg/t) 125 29 12 7 94,0
COLIF, FECAL ’ s ‘ 4 99,9
(NMP /100 ) ‘o 1o 10 0 '
ALGAE CONC. . 2510 8107 . 99,3
{orq./ mi)
ZOOPLANKT. CONC, - . .
{org / m1) )

According to the obtained values, we can estimate that each Daphnia removes
around 2 x 102 alzal cells a day, in addirion to the bacteria, fungi, nrotozoa
and organic particles naturally present in the waste as a vesult of their
predatory habits.

It is important to notice that 30 days after the beginning of this experiment
there was a Brachionus sp contamination from the wastes which temporarily
damaged the operation of the experimental system. A further investigation
showed the anaerobic conditions of the wastes for some days, most of these
rotiferous which cannor survive in the absence of dissolved oxigenm ara
destroyed,

Pilot Scale

Table 2 shows average BOD removal efficiencies (953 to 97%Z); COD (79 teo 88%):
Toral ¥ (42 to 33%7) and Total ? (37 to 487%) that have been obtained during che
experimental operation.

In general, from two to three days aftar the introduction of the affluent from
the facultative pond into the zooplankton ponds, a high proliferarion of
Daphnia was detected; this increaased water tramspartency considerably.

Near the outlets of the ponds the densiries of these organisms ranged,
depending on the pond, from 0.2 to 3 org/ml and the algae from the facultativa
pond were reduced from 109 cells/m2 to around 102 cells/ml. In terms of dry
weight, the productivity of zeocoplankton was around 20 to 43 mg/i.

Talking into account the little variation in the removal efficiency of
pollutants in the zooplankton ponds, added to the zooplankton reproductivity
potential, we can suppose that the operation on 50% of the volume renewal
basis at every 2 or 3 days would work satisfactorily.

Considering a zooplankton average production around 35 mg/2Z, in dry weight,

this would correspond to avround 7 g of microcrustaceans in terms capita/day

contribution, thus, for-a 100 thousand inhabitant town, the daily productian
of these microorganisms would thecretically veach 700 kg.

At the end of May a gradual reduction of the Daphomia populatiaon iu the
tooplankton ponds was detacted. This was due to the beginning of winter., It
cape near extintion between July and the middle of September, when springtime
starts. Sinee thsn a slow vecovery of this population has been observed.



TASLI I Tr2a=mear I0lzaiwtiv a2 Palveulture Svstam

POND . ANAER. | 13T TAc, Z00PLANKTON PONDS j
L XAH) 2oND 204D
SEWAGE il il . 5 3 3 3 R
PARAMETER SE i ST - < ?
BOD (mg/2)| 284.0( 118.8 6.5 32.3 15,01 14,541 13.21 14.5 8.2 12.9
REMQV.EFFIC. (7) 95 95 95 95 97 25
CoD (mg/2)| 534.0| 234.0 196.3 125.4 f1i4.4 ) 91.3 j118.3 | 89.3 | 80.4 | 93.3 |
REMOV.EFFIC. (2D 79 83 83 33 85 32 !
N. KJELDHAL(mg/2) 153.77] 12.35 3.03 §.31 8.38{ 7.63 7.64l 8.38] 7.251 6.33
REMOV.EFFIC. (%) 44 42 42 47 53 39
N. NO, (mg/2) 0.0d 0.002 0.017 0,073 0.39] 0.21] o0.s82] 0.29] 0.33 0.36
N. ¥o, (mg/1) 0.0 0.00 Q.00 0.078{ 0.05f 0Q.05{ 0.07f 0.05{ 0.10{ 0.07
TOTAL P (mg/%) 4,45 4,79 3.98 3.40 2,730 2,601 2.83 2.80f 2.30] 2.50
REMOV.EFFIC. (2) 39 | 42 40 37 48 A
SESTON  (mg/D)| - - - - 20.6 | 43.1 | 29.3 | 27.2 | 30.5 | 40.6
pH 7.0 7.0 7.4 7.5 7.9 8.1 8.2 8.0 3.0 3.0
- DETENTION rzyfg . - 3 7 5 3 4 6 8 10 12
oA

During the period of the experimental operation, no significative contaminations
by predatory organisms, ¢.g. Brachionus sp have baen detected.

DISCUSSICN

Based on the experiments carried out in the presant study as well as on data
collected in the literature, it is possible to state that the good performance
of the zooplankton pond depends conmnsiderablv on operatiounal couditions of the
facultative pond.

Small scale experimental tanks, as those used ian this experiment, do not
satisfactorily repreésent the full scale due to the limitations of the hydraulic.
factors, associated with the climatic conditions, which has hiandared the
evaluation of performance of the biological processes under study.

In the State of Sao Paulo, the ponds are the most usad system of treating
domestic wastes (there are around 100 ponds cperating at preseat). According
to the data obtained along several years, we could see that the facultative
pond generally presents higher operational stability when it is operated with
moderate loads (CETES3, 1979; ¥Xawal et al., 1981).

Based on this practical information and assuming a detention time of five days
for the zovoplankton pond,it is possible to admit a polyculture system with a
total detention time of approximately 30 days, out of which 5 days in the
gnaerobic pond, 20 days for the facultative pond and 5 days for the =zooplankton
pond. Neotwithstanding the problem of buildiang cost, the adoption af
multicellular pond system as indicated in the following diagram, would provida
more operational stability and management flexibility,
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Out of the factors which limit the use of the polyculture system, we can point out
the following as the most critical ones:

a) Reduction of Dzphnia reproduction rate during winter (Jume, July and August).
Although the average temperature io the coldest month ranges from 15 to
179C, sudden drops often occur, causing sharp reduction in the reproduction
rate of this kind of organisms, in the State of $ao Paulo;

b) Daphnia contamination of the facultative pond. Duriang the operational
period the passage of these organisms from one pond to another through
animals and handling is almost inevitable. Ian this circumstance, the
facultative pond would be temporarily transformed iato another zooplankton
pond, working favorably from Cladocera production point of wview, yet it
wauld be inoperative in tevms of treatability ian joint systems.

CONCLUSION

The experiments carried out In the present study suggest that the use of
polyculture system as one af the alternatives for treating wastes in ponds,
still depends on future investizations. These investigations should be
developed in full scale for a long period of time which will make possible to
solve operatiomal problems and to determine design parameters (including
microcrustacean collection process and commercialization) for the practical
application of the system uuder discussion.
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IRRIGATICN RELSE QF POND EFFLUENTS I[N CEVELOPING COUNTRIES
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ABSTRACT

The large-scale reuse of sewage for irrigation, often without adequate safeguards, Is
commanplace in many acrid and semiarid regions of the world. A UNDP/World Bank global rasearch
project has reviewed available epldemiological data aand formulated a risk model to evaluate
sanitary control options for effluent Lrrigation. The study concluded thar wastewater
treatment processes that effectively remove all or most of the pathogens in wastewater praovide
a major or total reduction in the negative health effects caused by raw wastewater resuse.
Furthermore, the study found the recommended criteria for effective wastewater treatment for
irrigation teuse in developlng countries to he, in order of priority: (1) maximum removal of
helminths; (2) effective reduction in bacterial and viral pathogens; and (3) freedom from ador
and appearance nuisances (i.e,, reduction of BOD). Multicell stabilization ponds are suited
to meet all three criteria., Research sponsored by the UNDP/World Bank project has shown that
‘well-designed and operated multicell scabilization poends achieve virtually total removal of
helminchs and a greater than 99.99 percent reduction of enteric bacteria. Waste stabilization
ponds ean produce an odor—free effluent rich in nutrients and attractive for agricultural

use. Most suitable iIn hot developing countries, ponds are a particularly rtobust, flexible,
and almost fajil-safe treatment system having low construction and operation costs. Research
{s now focusing on management and policy issumeg requicged to affectively achieve controlled
irrigation reuse.

KEYWORDS

Wastewater Creatment; waste stabilization ponds; reuse; {rrigation; water quality guidelines;
pathogen vremoval.

REUSE OF WASTEWATER IN AGRICULTURE

‘The latge-scale reuse of domestic sewage for irrigation Is commonplace in many arid and
semiarid reglons of the world as a result of {increasing population pressures, water shortages,
and agricultural demand. Twenty million mu (1,33 million ha) are irrigated with ounicipal
wastewater in China alone (Wang, 1984). 1In the Unfited States more than 3,400 reuse slites have
been ldentifled (Jewell and Seabrook, 1979), The data summarized in Table | show the extent
of effluent frrigation ia both developing and developed countriess. These data {ndlcate that
sizeable agricultural activity based on wastewater reuse can be developed arouad major
metropolitan areas, The relative Importance of wastewater as a source of irrigation water in
arid reglons is {llustrated by the data tn Table 2, which gives sewage as a percentage of
total irrigation water. These data also {llustrate the extent to which land application can
serve as a wastewater dlsposal option.

Although wastawater rause in agriculture {s commonplace, there are some crucial distincticons
in how it fs implemented. In the industrialized countries, reuse is planned, strict water
quality and treatment standards are observed, and restrictions ars made on crops allowed to be
grown., Countries practlicing controlled irrigation reuse are Germany, Isvael, and the United
States (especially thne states of Arizona and California)., In che developing countries,
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Data on Efiluent Irrigation World-wide

Zounccy and City

Irrigaced Area

{ha)
Arzeantina, Mendoza 5,700
Australla, Melbourme 10,900
3anrain, Tubli 300
Chile, Santiago 16,000
China, all clties 1,330,000
Garmany, Braunaschwelg 3,000
other cities 25,000
India, Calcutta 12,500
all citias 73,000
Israel, several clties 3,800
Kuwait, several citiles 12,000 *
Mexico, Mexico City 90,000
all cicies 250,000 *
Peru, Lima 6,800 *
Saudi Arabila, Riyadh 2,830
South Africa, Johammesburg 1,800
Sudan, Khartoum 2,800
Tunisia, Tunis 4,450 *
other cities 2,900 *
United 3tates, Chandler, Arizona 2,800
Bakersfield, Calif. 2,250
Fresno, Calif, 1,625
Santa Rosa, Calif. 1,600
Lubbock, Texas 3,000
Muskegon, Michigan 2,200

* includes planned expansion of existing reuse

(Sources:

Ayers and Wescott,

1985; Bartone, 1985%; Cowan and Johmson, 1985; Gacrge

et al., 1983; Kayser, 1983; Kalthem and Jamaan, 1985; Shende, 1985; Shuval et al.,

19863 Wang, 1984)

TABLE 2

Data on Significance of Effluent Irrigation in Several Countries

Country (City)

Volume reused

« 4 of toral % of total

(MCM/¥ ) sewaga Ltrrigation
Australia 149 11 -
China 16,000 27 -
Chile (Santlago) 190 100 100 *=
Germany 100 3 10
India 730 33 -
Israel 152 85 18
Mexico (Mexico DF) 1,500 100 80
South Africa 70 16 -
Tunisia (Tunis) 68 * 75 * -
USA (Arizouna) 790 * - 27 *

* planned expansion of existing reuse
**% dry season conditions

(Sources:
1985; Wang, 1984)

with a few notable exceptions,

Ambrose and Lynn, 1986; Shuval et al., 1986; Strauss, 1986; Strom,

reuse occurs without effective controls and safeguards. In

view of this, the global UNDP/World Bank Intagrated Resoutrce Recovery (Waste Recycling)
Project included studies on wastewater rezuse for azriculture and aguaculture in its research

pPTOgramnm.

measures requirad for publie health protection.

The project focused on the public health aspects of reuse and the sanitary control

In addition, an evaluation of policy

frameworks and institutional artangements for effective wastewater reclamation and rause
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srograms L3 sow undecrvay.

Baneflizs of Wastewatag 2epu3a 0 Arsiculture

Wastewatar recycling Yv means of agvicultural irrigation offers a number of potential
benefizs. Tha major dlrect seca{its of effluenr {rrigation are (a) the increase in
agricultural production due to incr2ased irvigated area, multiple plancing seasons, and/or
increased productivity per uanls area; (h) the znvironmental damages avoidad due to irrigation
reuse instead of other disposal options; and (c) the conservation of scarce water resources
for other nizher-value uses. Furthermere, many indirect benefits are realized since
wagtewater irrigation in developing countries contribuces to an improved food supply, which is
accompanied by nutritional and health benefits, and to a betrer ecological balance berween the
eity and its rural hinterlands, resulting in rural jobs, settlement opportunities, and food
production close to the city.

WATER QUALITY, HEALTH, aAND ENVIRONMENTAL ISSUES

Some potentlal negative effects of wastewater irrigation merit attention., These include the
risk of transmission of communicable diseases to sewage farm workers, persons consuming
produce grown In wastewater-irrigated flelds, nearby dwellers, livestock grazing on sewage-
irrigated pasture land, and humans consuming meat or milk from such animals.

Toxic chemicals, including heavy metals, may be present {n industrial and some municipal
vastewaters, In addition to potential phytotoxic effects, there Is coacern that they amight
accumulate in food crops and endanger the consumer populaction. Industrial wastewaters should
be isolated from the general municipal sewerage or receive appropriate pretreatment prior to
belng discharged to sewers where sewage farming is practiced. OQther chemicals ia wastewater
can lead to salinization problems or can affect soil structure.

Consideration must also be given to the pollution (pathogenic microorganisms and chemicals
carried by the wastewater stream) that effluent irrigation might concribute to surface water
and groundwater adjacent to or underlying areas irrigated with wastewater., Finally, effluent
quality may affect the choice of irrigation technology and practice.

Public Health Considerations

A comprehensive review of available epidemiological dara was carrled out as part of the
UNDP/World Bank Resource Recovery Project. Based on the findings, a risk model was formulated
to evaluate sanitary control options for effluent irrigarion (Shuval et al., 1986), The
epidemiological wodel indicates that in the developing countries the highest risk of pathogen
transmissioa, infection, and sickness is assoclated with the helminths, followed in otrder of
{importance by bacterial {nfections and viral i{nfections, Although certain health risks are
clearly associated with the use of raw wastewatetr in agriculture, as is evidenced by Woerld
Bank investigations of typhold in Santiago, Chile, the epldemlologlcal evidence compiled In
the study suggests that the strinogent wastewactsr i{irrigation standards applied in many of the
industrialized countries are overly restrictive.

The UNDP/World Baok study by Shuval et al. (1986) suggests a guideline for unrestricted
wastewater lcrigation based on an effluent with less than one nematode agg (Ascarls ar
Trichuris) per liter and a geometric mean fecal coliform concentration of 1,000 per 100 ml.
For restricted irrigation, such as for trees, industrial crops, fodder crops, fruit trees and
pasture, less than one nematode egg per liter is recommended as a guideline, These
recommended guldelines were endorsed by a group of experts at 3 meeting coavened in Engelberg,
Switzerland, in June 1985 by the World Bank, UNDP, WHO, UNEP, and the International Reference
Centre for Waste Disposal (IRCWD, 1985). If these guldelines were routinely applied, no undue
health risk of infectlous disease transmissien in effluent irrigation projects would arise,

Technical and Policy Opticns for Ramedial Measures

A number of tachaological and policy options for reducing and controlling the health risks
associaced with wastewater reusa in agriculture ware also evaluated by the UNDP/World Bank
study (Shuval et al., 1986). The following ramedial measures ware found to be the most
effective for reducing possible negative health effects assoclated with raw wastewater
irrigation: (a) wastewatar treatment and/or storage practices aimed ar effectively raducing
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the coacentracion af cha ariarity natiogens to low levels (e.g. the above guidelines); (b)
restrictions on the zy-e af rops {Trigatad S0 as to prevent consumers {rom belng =2xposed
diractly fo vegetanle 2r salia orops sutza raw; and (¢) modificatioas of irrigation
cachniques and 3rscedur2s 3o 35 to prevsnt oT ainimize direcs contact between wastewatar aad

crops.

Crop restrictions and modiffcation af [rrizacicon technliques have been highly =ffective f{n
redueing infectloa frem wascawater irrigation in developed countries with loug traditicns of
civie discipline and affacrtive methods of law enforcement. Such regulations work particularly
waell om centrally managed seawage farms ot irrigacion districcs. However, they would be
difficult to enforce among small subsistence sewage farms on the peripheries of developing
country cities, {rop production on such Iarms is greatly influenced by nearby vegetable
markets and depends heavily on sustained sources of inexpensive fertilizer, which can be
provided by wastewater. This spontaneous economic demand makes 1t difficult to implement
enforcement actions.

There are defilolte advantages to options that can be engineered and managed centrally and that
do not require changing the life style, customs, and personal behavior of large populations to
to be effective. The wastewatar treatmenC option meets the following criteria: it is
centrally engineered and managed and also provides protection for all exposed populations,
from farmers to the public at large.

Only wastewater treatment that effectively removes helminths and also reduces pathogentic
bacteria and viruses to an acceptable level can reduce the overall negative occupational and
consumer health effects of wastewater irrigation., Clearly, the acceptability of treatment
systems that can remove bacteria and viruses to some degree will depend on health profiles,
immunitcies, and the prioritiss of the populations to be protected.

WASTE STABILLIZATION PONDS AND EFFLUENT REUSE

Conventional wastewater treatment processes, with the exception of disinfection, are not
gffective for the removal of pathogens from sawage. Most conventional treatment plants are
designad for maximum reduction of BOD (and in fndustrialized countries for maximua removal of
nutrients!). Chlorination of sewage is not generally applicable in most developing countries
becaugse of operational and logistical problems, and it can only be applied effectively to
secondary treated effluents, However, the UNDP/World Bank study has shown that waste
atabllizaticn ponds can be designed to remove virtually all helminths and a large number of
bacteria and viruses., These ponds also produce a nuisance—free effluent rich {in nutriengs.
For developing countries, particularly in areas where vegetables are eaten raw, stabllizarion
ponds are a preferred means of dealing with the health effects of wastewater irrigation. The
highest level of overall protectlon is provided by multicell stabilization pond systems that
can meet the effluent quality guidelines tecommended for unrestricted irrigzation. The data in
Table 3 demonstrate the excellent fecal coliform removal performance of multicell pond systems
having detention times greater than 25 days. Research at the San Juan ponds (Lima, Pern)
supported by the UNDP/World Baak Project shows that the Engelberg guideline for unrestricted
irrigation can be achieved in a five—pond system even with average dally water temperatures
dropplng to 18-19°C (Bartone et al., 1985). The San Juan pond research confirmed that fecal
coliform removal efficiencies greater than 99.99 percent are obtained with appropriately
designed pond systems, and that similar removal rates apply for Salmonella. In addition to
the reuse of theg San Juan pond =ffluents for irrigation, 1t was also demonstrated that
fisheulture for tilapla and catrp 1s sanitarily acceptable in the advanced maturatlion ponds
(Colntreau et agl., 1987).

Waste stabilization ponds are particularly suicable for hot developing countries since ponds
provide a robust, flexible, almest fall-safe treatment system having low constructlon and
operation costs., In general, for hot climates a minimum 20-day, 4-cell stablization pound
system should afford an adequate level of protection for unrestricted irrigation (Shuval et
al., 1986). Although the land requirements for such multicell pond systems may be large, such
systems are feasible, as Is shown by the data in Table 4.

I1f restricted irrigation 1is being planned, then pond systems can be designed principally for
helminth removal. An i{ntermediate flrst=stage apaerobic pond with a detention time of I-2
days followed by a facultative pond of 7-10 days detention will remeove virtually all helminths
(Shuval et al., 1986). At the San Juan ponds it was demonstrated that complete
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TABLE 1 Rapgroag
Wastae 3-apillzation

[

Pond Systam No. of Zffluent
cells quallicy

(F.0./100ml) *

Australia, Melbourne 8=11 00
Brazil, ZXTRABES 5 30.
France, Cogolin 3 100
Jordan, Amman 9 0
Peru, Lima 3 100
Tunisia, Tunis 4 200

* F.C. = Fecal Coliforums

(Sources: Bartome et al., 1985; Cadillon and Tremea, 1985; Mara and Silva, 1986;
Strauss, 1986; Water Sclence Labs, 1977)

TABLE & Data on Large-scale Pond Installations

City Flow Pond area Type *
(m/s) (ha)

Melbourne, Australia 2,2 1,499 AN+F+M
Auckland, New Zealand 2.4 530 F
Stockton, Califoraia, USA 2.9 230 -
Amman, Jardan 1.4 200 AN+T+M
Mexicall, Mexico 1.2 140 AN+F
Napa, California, USA 0.4 140 F+M

* AN = anaerobie, F = facultatlive, M = maturation

(Sources: Bartone, 1%85b; Croxford, 1978; Mara, 1975; Thorton et al., 1983)
helminth removal was accomplished by a facultative pond 1In series with a maturation pond with
a total of 5.5 days detentlon time (Yanez et al., 1980). The San Juan pond experience
suggests that all human enteric parasites, both helminths and protozoa, can be effectively
eliminated from effluents using a two pond series with 10 day detention time and baffled
effluent weirs to prevent the breakthrough of solids (Barcone, 1985a)., In lsrael, initial
anaerobic ponds in serles with deep storage resarvolrs (greater than 60-90 days detention
time) have also proven very effective for pathogen control (Shuval et al., 1986). Finally,
where raw sewage irrigation cannot be eliminated but must be controlled, first-stags
construction of anaeroble ponds with 1-2 days detention will remove an estimated %0-55 percent
of at least the exposure to, if not the incidence of, hookworam and other helminth infactions
(Shuval et al., 1986). The immediate health benefit-cost ratio of this option is high, even
if such temporary plants are not completely free from nuisances.

Effluent Qualicy and Irrigation Practice

Wastewater irrigation will also supply almost all of the nitrogea and most of the phosphorus
and potassium required by many crops, as well as f{mportant mlcronutrients. Pond effluents,
because of their combined soluble BOD and algal blomass contenc, have high fertilizer value
and the algae act as a slow-release fertilizer. These nutrieats are important to the
agricultural economy of developing countries where fertilizer costs ara a major burden in cash
outlay for farmers., The fertilizer value of wastewater has been estimated at 3-5 US cents per
cubic meter in some casas (Shuval et al., 1986; Screir, 1986}, Organic matter in the
wastewatar can also contribute to soll tileh and overall long-term fertility, Because of the
amount of nitrogen in wastewater, however, problems could occur late In the growing s=asoan
with certain crops such as cotton owilng to excesslve vegetative growth (Ayers and Wescott,

1985).

The total soluble salt content of municipal effluent is always higher than that of the supply
water, and waste stabilization ponds in hot, dry climates may contribute substantially to this



1

i zalinity because of the large surface araa f{ar avapnratioa., The use of deeper
pleb aelp to reduce this impact. Excess lrrigzclion wacar salinlty may couttibuze o
34 aricn problems and impair crop growth, In arid 4nd semiarid zonmes, the lack of
aufficie rafnfall and the scarcity of {rrigacicon wates may l2ad to inadequate leaching aad
=2 the accumulacion of excess salts in the crnp rtoot zone unless speclal sceps are takan to
avoid ic. !

Ia arid and semiarid areas, rhe low-rate application of effluant {8 recommendad fot isrigating
craps. Wich highly efficient irrigation, the application rata could be about 2,500 m~/ha/yr
(zhac {3, the effﬁuent of about 73 persons at 90 1l/¢/d could irrigate one hectare). A range
of 5,000-10,000 m”/ha/yr {3 probably mere typlical for {rrigation'in developing countries whara
ridge and furrow irrigation is commoun. If greater irrigation efilciencles are to be achleved,
then closed—conduit svstems, such as spriunkler, trickle, drip, or root-zome irrigation
systems, are needed which can deliver water to crops on demand. -Howaver, such pressurized
systems are susceptible to clogging by suspended sclids i{s wastewater. Algae present in
stabilizacion pond effluents may contribute to clogging in cases where this {rrigation
rachnology Is used., The clogging praoblem in pressurized systems can be resolved by
appropriate orifice size selection, by the use of gravel filters to remove suspended sollds
from the effluents, or by scraen filters of 60-mesh to 200-mesh inserted bhefore manifolds
and/ot individual laterals (Shuval et 2l., 1936), WNew bubbler irrigation technclogy has
recently been developed that avoids clogging problems and maintains the desirable features of
other closed-conduit systems (Hillel, 1987). No emitters of any kind are used, and che water
ig simply allowed to "bubble out” of open vertical tubes of 1-3 ¢m in diameter. Bubbler
{rrigation {s a low—cost, low-maintenance, high-efficieacy system that may be very suitabls
for irrigaticn with pond effluents.

PLANNING AND MANAGEMENT ISSUES

While wastewater taclamatien and reuse is becoming an i{ncreasingly important {ssue {n arid and
semiarid developing countries, it is necessary to consider L(t within zn overall water
resources development and management framework. Many {rrigstion reuse projects are not
properly concelved and tisk failure due to one or more of ths followlng causes:

(a2) lack of national policias and strategies for reuse;

(b) Lnsufficlent attention to soclal, lustitutional, and organizational. aspects;
(c) inadequate financlal basls to znsure long-terw sustainability;

{d) unduly expensive technologlcal choices; and

(e) fallure to properly consider public health; and enviroamental issues.

Thus fat the maln emphasis has been on the technological, public health and environmental
issues, which of course are essentlal considerations, but they can only be dealt with
effectively within a broader framework of natlonal reuse policy 1z part of watar resources
planning and managzment. Countries that gverlook or {gnore the -euse question are missing the
point, In dry climates, {f reuse is not planned and reuse policies not defined, reuse will
almost surely take place anyway out of economic necessity--but without adequate sanitary
controls., Examples abound of local farmers breaking lato sewer iaterceptors beth withia aad
an the outskirts of urbaa areas to steal the effluents for watering their crops. These ars
ofren vegetable crops destined for local markers that will be consumed raw. In addition,
indirect reuse is occurring everywhere, Highly polluted rivers serve as major water sources
for large~scale irrigation projacts.

While the composite benefits of using effluents for irrigation are obvious, institutional and
organizational facfors present certaln difficulties. Lines of responsibility and cost
allocation formula have to be worked out among the various sectors fnvolved: the
Munieipallry, which must otherwise pay for more costly or less effective freatmen: and
disposal options; the Farmer, who receives addizional irrigation water; and the 3tatz, which
is concerned with alleviating the water scarcity and protecting environmencal qualitf.

Hutually beneficial soluticas have been found., A vecent World Bank project evaluation
recommended that policles be adopted for setring up regional orzanizations ro operate
resecvoirs, pumping srations, and conveyance systems and for allocating treated offluent in
accordance with agreed criteria (Stredic, 1986). Reglonal organizations of this type, which
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T » mot onrly provide the framework and administrative mechanicms
2 wvastawatar utilization but alse permit 2ffective monitoring and
T aczad, the qualicy of water, and the associated public health

function as closed
necassary for aifaqcl
cantrol of zhe :rops
effacts.

R R

Although the responsibility for collecting, trsating and disposing of urban sewage c»rreaponds
to the nmualcipalicy, leecal farmers are often able and willing to pay for rhe effluents thay
use for {rrigacica (but not to subsidize all the disposal costs of che municipality). 3uch
paymencs should cover {ncremental treatment required for reuse purposes plus addizional
conveyance costs. This may take the form of direct watar use zaviffs paid to the sewage
entity or water resources management authority, or of a willingness to share in the invescment
in the treatment works which are a preraquisite to obtaining reuse permits. Cost sharing can
be in the form of elther cash payments or in-kind contributions such as land for siting
treatment or storage facilicies., Experiences in Peru also indicate that local farmers may be
willing to perform operational and maintenance tasks associated with treatment, storage, and
conveyance works as an in-kind contribucion.

Benefit-cost studies made in Peru showed that the irrigation components {n reuse schemes wera
feasible even L{f land and operation and maintenance for treatment was charged to farmers, but
they were not economically viable if the fuyll cost of investment in treatment facilitles were
charged against the agricultural component. In this case feasibility depends an the
alternative minimum cost of treatment reaquired for disposal without reuse.

Finally, the legislative {ramework for effluent reuse can also influence project

feasibility. Authorities in Mexico are able to impose effective crop restrictions in
Irrigation Discrices there because they are smpowered to withhold water from farmers not
observing the regulations. In Chile, by comparison, the water law vests water rights in the
farmers (landowners), and the sanitary authorities have littla leverage. The authorities have
never been successful in imposing crop restrictions even though lettuce and other vegetables
irrigated by raw sewage have been implicated in annual typhoid epidemics f{n Santiago according
to World Bank studies (Shuval et al., 1986). Rather than seeking an integrated solutionm, the
Santiago waler utlllity may have to assume the full cost of treatment and conveyance %o a new
discharge point, which will preclude farmers' access to the effluent=—a nonoptimal solutian
for all concerned.

CONCLUS IONS

In both permanently and seasonally arid areas, wastewater irrigation has numerous beneflits,
most notably Increased agricultural productivity, improved food supply, and reduced
environmental pollution. 1In the final analysis, the total societal beneflts of wastewater
reuse in irrigation undoubtedly exceed the corresponding negative effects that can be easily
contrelled, To ensure that negative effects are successfully controlled, however, a number of
policy lssues must be addressed and resolved.

Technological [ssues: The principal issues for developing country officials and thelr
advisors are related to selection of sewage treatment tschnology and other remedial measures,
choice of appropriate irrigation technology, and close matching of capaclty with demand.
Treatment cholces should be based on the following criteria inm grder of priority: wmaximum
helminth removal; effective reduction of bacteria and virus; and a nuisance-free effluent. In
hot climates, waste stabilization ponds can efticiently meat all three criteria.

Environmental Issues: Environmental standards and criteria for wastewater reuse In industrial
countries are often adopted by developing countries without critical review of their
applicabllity. Standards and control policies should be established based on an appropriate
risk~benefit analysis. .

Ecovomic and Financial Issugs: The principal issues are complare economic costing, financial
and economic benefit-cost analysis, and cost recovery within 2 dual-purpose project——
wastewater disposal and agricultural productivity. The latter requires equitable allocation
of costs among benefleclaries, namely municipalities and farmers.

Sgcial Issuss: Public acceptance of =2ffluent irrigacion may depend on cultural or religious
attitudes tCoward excreta disposal and traditional recycling practices, {ssues that should be
dealt with in the early stages of project {denrification. Health promotion and education
components may have to be built into reuse projects. Farmers' willingness to pay for
reclaimed water must be estimated if ratifonal cost rescovery policies are ro be implementad.
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Zffluent irrigation projects require aa
framework., Raspoasibiliries pust be assigned and capacifty created
Jf treatment systems and for moanitoring and anforcement of

Watar Planning and Manasamans Issues: Reuse should fall within an {ntegrated, multisectoral
policy framework Inr wacar dezvalopment in che country that includes the clear definition of
reuse priorities and strategias as well as coherent laws and rsgulacions.
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ABSTRACT

Stabilization Pond (SP) effluent 1s the most ismmediatsly available addirional water rasgource
for irrigation in semiarid areas ag Israel., Evolutlion of SP design in Israel has been dirscted
by the needs of the irrigation reuse, which led to the enlargement of the storags capacity and
improvement of tresatment efficiency. The use of raw sewage for irrigation may endanger public
healith, but safe use of wastewatar c¢an be achieved by various degrees of rreatzwent which can
adequate affluyents qualiry to sanitary standardsa, Algae and zooplankton in 5P effluents may
¢log drip irrigation networks but there are several alternatives to overcome the problem. The
future challange is to transform wastewater from a potential pollutant with diasposal problems,
into reclaimed effluent of high quality f£it for unrestricted irrigation, by means of a cheap or
even economically profirable system which should include blomass production,

KEYWORDS

Stabilizatlon Ponds, Stablilizarion Reservoirg, Wastewatar Irrigation, Wastewater Irrigation
Standards, Blomass Production.

WHY STABILIZATION POND ZFFLUENT FOR IRRIGATION

Israel is currently utilizing practically all of its conventional water resources of about 1600
million m3 per year. Renovatad or reclaimed wastewater constitutes the most immediately
available additional water, particularly for agriculture which already utilizea 70 X of the
Israeli water resources (Table I). OQut of 260 willion m3 of potential municipal effluent only
170 will be treated and only 90 will be reused for irrigation in 1987. However, big efforrs to
reclaim and reuse the effluent are underway, and Teuse of 430 million m3 per year is planned
for the year 2010 (Water Commission, 1385; Schwartz, 1986).

Solar energy is the sole free and abundant energy resource Iin the courtry, Thua, SP have been
the natural option in contrast with the high energy consuming mechanical treatment systema,
Moreover, since irrigation is carried out Iin Israel only in the dry summer while the need 1s
for the year~long effluent £low, seasonal storage i3 unavoidable, The use of SP as storage
devices started even at the earliest development of the country. Stabilization pondz and
stabilization reservoirs are responsible for the total or partial treatment of most of the
treated sewage in Israel (Table II).

EVOLUTION OF STABILIZATION PONDS DESIGN IN ISRAEL

Irrigation as the end-use of effluent: detarmined the way SP design evolved in Israel (Fig.l).

The peed to rise storage capacity was one of the main acting forces, Improvement of treatment
efficiency was also necessary to overcome the high land costs of big 5P, and to allow massive
teuge aof effluents and uarestricted irrigation without affecting the eavironment quality and



public health.

Table I, Water balance in tsrael®

Millicn a3 / year,

|Year 1985 | 1990 | 2010
RESOURCES

Aquifar 1,210 980 380
Surface watars 700 6380 725
Brackish waters 175 200 240
Wastewater 60 150 430
TOTAL 2,145 | 2,010 | 2,375
DEMAND

Municipal 435 430 780
Indusatzrial 100 115 135
Irrigation 1,445 | 1,230 | 1,250
Judea & Sammaria - 105 125 130
Losses 69 50 30
TOTAL 2,145 | 2,010 | 2,375

rtz (1986).

* Source: Schwa

Table II. Inventary of sewage ftreatment syétems in Israel.*®

-

Conected

Rind of treatment No.of units Sewage volume
\ sattlements| a3/year
4 h4 X 1000 4
Activated sludge 1 3.2 6 0.6 5,750 3.4
Trickling filcers 1 0.2 1t 0,1 1,095 0.6
Act., sludge & Tr. filters 1 0.2 g{ 0.,8] 21,324 | 12.7
Extended aeration 4 0,8 6y 0.6 9,225 5.5
Aerated lagoons 24 4,9 46y 4.3 29,813 | 17.7
Oxidation ditches 1 0,2 1 0.1 700 0.4
Recirculation ponds i 0.2 14y 1,3} 25,000 ; l4.8
Compact Act. sludge 21 4.3 21 1.9 318 0.2
Sadiment. pond + Sta. pond | 268 | 54,5| 331| 30.8{ 47,979 | 28.4
Stabilization ponds 33 6.7 42 3.9 1,563 0.9
Sed. pond + Sta. reservoir 23 4.7 26| 2.4 5,138 3.0
Septic tank + Sta. reservolr 4 0.8 41 0.4 228 g.1
Stabilization reservoir 10 2.0 11 1.0 1,685 1.0
Sep. tank + Percolat.ditcha| 58 | 11.8 581 5.4 533 0.3
Sedimentation pond 13 2,6 14 1.3 796 0.5
Septic tank 29 5.9 29 2.7 703 0.4
Ground percolation tank - - 456( 42.4 17,007 10.1
—+-

TOTAL Atagz 100 |1,075{100 | 168,865 |100
+*.
* Source: Water Commission (1983).
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Rising Storage Capacity

"Classical SP" (60 cm deep, 5 days ratention time) had two main problems: growing of vegetation
from the bottom of the pond and low storage capacity, Deep SP (1.5 m deep) resolved these two
problems and also increased the retention time. In Israel they are generally used following a
small anaerobiec sedimentation pond. Loading of the sedimentation pond is about 1500 kg
BOD/ha/day and of the SP 150 kg BOD/ha/day. Extra Deep SP (2.5 to 5 m deep) represent a2
further step in increasing storage capaclty, and are specilally sultable to irregular terrains
(Wachs & Berend, 1968).

Stabilization Reservolrs (SR) were introduced in the early '70s and more than 100 of them are
in operation in Israel today. They were 1initlally conceived just as storage reservolrs, but
soou their high treatment capacity becaxe evidence (Table III), Sturage capaclty vary from
50,000 @? to 1.5 million m3 and depth from 6 to 12 m. SR may receive raw sewage, partially

treated wastewater, fleoods, fish pond outflows and other marginal waters, EHowever, the mosat
common unilt in small rural settlements is made of two parallel anaerobic sedimentation ponds,
one SP and one SR (Fig. 2). SR are filled all year round and emptied 1in two or three summer
months. Then water level decreases at almost 10 co per day, leading te strong changes in the
reservoir ecology and, as a consequence, 4n effluent qualiey, SR are relatively new and there
are only few and inadequate criteria for their design. Shelef et al. (1977) developad a simple
model based on four compartments (BOD, Sludge, Algae, Dissolved Oxygen) and showed chat both
loading and depth are key factors determining SR performance, A research program i3 presently
underway to develop a new comprehensive model based on a deeper insight of SR limmolozy (Shelef
and Juanico, 1987).

D
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Table ITII. 3tabilization Zaservolr affecr om affluent guality. As
outflow quality Ls variable, given values are approximated averages,

*
RESERVOIR] vOLIM=| DEPFTH TNELAW QUTFLOW OXYGEN
(gource|m3¥X1000 . 30D coD 30D COD |CONDITION
Hasidim(l 500 8.5 a0 230 3 120 aarobic
Kishon (2{12,000 10 75 170 9 60 aerobic
Gatahot (4 30 5.3 80 260 30 150 facultat,
Adashim(3 560 7 250 500 110 360 lfac./anae
Genigax (& 900 3 6Q0 1100 200 500 |anaerobic
*

1) Eren (1978), 2) Rebhun (1986), 3) Shelef gt al. (1377},
4) Shelef and Juanico {1987).
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Fig, 2 . Scheme of L. Getahot Kibbutz treatment and storage
system, typlcal of small rural settlements,

Big regiomal SR were the solution for seasonal storage of wastewater from bilg cities or wide
areas, Einan (5 million m3) and Maale Kishon (12 million m3) were the first SR of this kind in
the country. The Kishon Complex (Fig., 3) 1is the largest wastewater reclamation system for
agriculture irrigation in Istael. The municipal sewage of Haifa (about 15 millicn cubic meters
/ vear) dis treated through parallel tricklinz filters and activated sludge. These effluents
are chlorimated, and pumped as the only inflow to the Maale Kishon S5R. Thils SR has a long
retention time and is divided in two halves by a dam which prevents short-circuiting and
fac{litates oparation. The outflow frem this SR {3 again chlorinated and driven to an
Operaticonal Reservoir. Tais second rezservolr receives waters from several sources, and supplies
directly to the Ilrrigation network.
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Fig. 3. Scheme of the {ishon Complex for tha treatzent
and storage of effluents from the city of Baifa,

Improving Treatment Efficiency

The Recirculation SP system (RSP) (Shelef st al., 1978) 1is a series of SP where the first ome
receives not only the raw sewage but alse effluents recirculated frem the last pond {n the
series., Thus, the first pond can receive loadings up to 400 kg 3QD/ha/day and a facultative
ragime inscead of an anaerobic onme 13 maintaned. A further advance in this directiom was the

step fFeeding. It was noted that in a series of five RP the largest part of the sewage treatment
(e.g. BOD reduction) occurred {n the first one or two ponds. Thus, the rav sewage was splited
and part of it fed directly to the third pond. This allowed an additional load of the geries
without affecting the final outflew quality., RSP are presently used to treat the sewage from
the Great Tel Aviv., Effluents are clarified, driven to polishing ponds and sent to groundwater
racharge for later uyse in agricultural irrigation.

The High Rate SP (HRSP) (Shelef et al., 1978) are a 3till more intensive form of 5P. Their
shallow depth (0.2 to 0.5 m) makes a gr=at part of the cross-section of the pond availlable for
photosynthesis, and moderate mechanical agitation improves mass transfer ameng the components
of tha systenm. Retention time can be reduced to 2-7 days and organlc loading 1nereasaed to
400-800 kg 20D/ha/day. The high algsl-bacterial biomass can be recovared as animal protein
rich feead,

Some systems combine the high efficifency of wmechanical treatment with the buffer and storage
capacity of pond treatment, as in the above mentioned Kishon Complex. Another case is the
Beershava City Treatmeat Plant, composed of aerated lagoons whose effluents are driven to
polishing SP and later storage in a SR,

PUBLIC HEALTH ASPECTS OF IRRIGATION WITH EFFLUENTS

The storage and reuse of SP effluents implies the potential or actual contact of part of the
population with the effluents, Raw sewage 18 a pathway for water-borne diseases, but proper
treatment overcomes this problea, Kort and Betzer (1972) found that Chclera bacteria died in
SP after 24 h, and that chlorination teats performed in SP effluents inoculated with Vibrio
cholerae showed that chlorine at 1 mg/l effectively killed bacteria after 30 wmin contact,
Twenty years ago it was regarded as useless to chlorinate SP effluents because of the possible
high chlorine demand of algae, but Kotr (1973) showed that the algal cell wall is resistant to
chlorine penetration for abodt 2 h, In $P effluents, 8 mg/l chlorine 1 h coatact reduce E. coli
B by three orders of magnitude. Kott (1975) also studied the atorage of trickling filter
effluents in a SR, Eggs of worms, cystes of amoeba and other relatively heavy orgzanisms
settle within the reservoir. Enteric viruses and bacteria die off in the SR but not enough to
allow unrestticted irrigation. Enterie viruses are aliminstad by 20 ag/l chlorine 2 h contact,
or by 40 mgfl 1 h contact., Kott (e, eit,) recommends chlorination of trickling filrer
effluents with 20 mg/l chlorine 2 h contact, and storage in a SR up to the final alimination of
viruses (about 2 months). Israel standards for wastewater irrigation (Shelef, 1977) include
chlorination together with effluent quality parameters.(Tabla IV},
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Tabkle IV, Summary of Israell Standards for Irtdigaciom 7ith
Wastewater Zffluents (Shelaf, 1977},

Sroup A } B c D
Total 30Ds ag/1 60 45 40 25
O4ssolved BODg mg/ 1 - - 20 15
Suspended Solids 2g/1 50 40 35 20
Total Coliforms / 100 ml - - 100 12
Dissolved QOxygen ag/1 0.5 0.5 0.5 2.5
€12 contact minutes - - 60 120
€12 residual, mg/l after

60 min contact time - - 0.15 Q.5
Minimum distance to
regidential area @ 300 250 - -
Minimum distance to
paved road o 30 25 - -

A:Cotton, sugar-beet, grains, seeds, dried fodder and other crops.
Forest and wooded areas not used for recreation.

B:Green fodder, olives, dates, peanuts, Peeled frults such as almonds,
eitrus, nuts, bananas. OUrnamental trezes and recreational forest.

C:Fruits (Irrigation under the trees and should be stopped two weeks
before pileking time). Vegetables with peels, eaten often after
cooking or for consarving industry. Parks, zolf courses, lawms
(irrigation area closed to public 24 h after irrigation).

D:Unrestricted irrigacion.

Fagtal et al. (1983), Margalirh et al. {1983) and othery, performed a multidisciplinary
research on populations of areas irriEEEed with efflusats, Thirty kibbutzim with and without
effluent irrigation systems totalizing 13,500 {inhabitants were coverad. The degree of exposura
of residential areas 4in the proximity of sprinkler effluent irrigated fields te airborne
azerosols was described by an Exposurs Index which includes distance af irrigated fields, wind
direction and velocity, gize of drrigated f£field, and length of Hirrigation period, No
correlation was found between enteric disease rates 1n the population and the aerosol Exposure
Index. A seroepidemiolegical survey of antibodles of echoviruses showed no relation with the
exposure of people to wastewater, even considering the persons encharged of the waatewater
irrigation system.

EFFECTS ON THE IRRIGATION NETWORK

The high concentration of algzae and zooplankton in SP and SR effluents may cause serious
clogging problems in the drip drrigation systems. "Farmers take SR effluents not £rem the
surface of the reservolr but from the 0,7 o 1.5 o depth layer whare suspended asolids are
fewer, Several kinds of filters are used, but experlence recommends filters with automatic
counter current cleaning mechanisms, together with appropriate pressure and pariodical cleaning
of all the irrigation network with chemicals (Thirosh, 1986).

THE FRONTIERS OF RESEARCH ON 5P EFFLUENT REUSE

Alrhough unrestricted irrigation with SP effluents is gtill not performed in Israel all efforts
are oriented to do so, Algae and zooplankton recovered by phvsico—chemical and biological means
would provide high quality effluents and a very valuable by-product (Shelef and Scedar, 1930).
Fish culture in SP and SR would, too, work as a living filter for plankton and suspended solids
recover, offering clean water and very valuable yields (Hepher and Schroeder, 1977; Milstein et
al., 1985),

The challenge we face is to traonsform sewage from a potential environmental pollutant which
creates disposal problems, dnto high quality effluent for unrestricted irrigaticn and blomass
production, by means of a system not only cheap but even economically profitable, The solution
should be a balanced combination of technolozies where the  Stabilization Ponds and

8,28



Stapiiization Zaserveiss »lay the central rols, A comprehensive model of such a system is
necessary fn 3¢izT o oncinize it from both ctechnical and economic points of wlew. Although
this model may Tecsme i1 5ophisticated one, the final dasign of the system wmay be very simple
and of use a2van 1z ruval areas ol underdeveloped countries.
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REUSE OF STABILIZATICN FOND ESFFLUENT FOR CITRUS RETICULATA
(ORANGE ), FCREST AND AVENUE PLANTS

L.K. Kale % A,3, 8al

Matisnal Envirommental Engineering Resesarch Instituta,
Nagpur - 440 020, India .

ABSTRACT
Utilisation of domestic sewage, treated in a stabilization pond, faor growing
orange (Gitrus retigulata var - Nagpur Oramgs), forest and avenue plants was

imitiated at the National Ervirormental Engineerinmg Research Institute,
Nagpyr in 1978, The irrigation guality of the stabjlization pond effluent
(SPE) was compared with that of well waters at NEERI and at the grange farms
af Katal and Warud (35 to 5% km morth of Nagpur). The SFPE was found to be
comparable with these well waters, . 3gils an NEERI fields were alss found
caomparable with those of somg of the arange farms at Waryd and Katol, Irriga-
tion scheduling was formulated for orange at MEERI, Tg study effects of SPE
irrigation, seme of the arange plants were irrigated with well water and
othera with the SPE, FfFruiting an most aof %the planta was not regulated;
effluent irrigated plant leaves exhibited gimilar osmotic concentration but
higher succulence than well water irrigatsd plant leaves; there was an
increase in potassium, decreass in sodium and no effect in calcium gantant

in the water extracta of 3PE irrigated leaves. Amongst the farest and asvenus
plants, Cassia siamia, Peltoochorum inerme, Enterolobium saman, Caauarina
equisetifolia, fucalyptus, citrodora Lagerstrcemia scecigsa, Jecminalia
catapoa and Leucsena glauca responded well ta 3Pt irrigation, though tha
responde varied witnh the soll condibtions, A garden devsloped around pilot
3ewage treatment plants clearly demonstrates asciemtific reuse of treatsd
segwage for creating an appealing landscape ard beautification of otherwise
discarded areas,

KEYWORDS

Stabilization pend effluent, irrigation ascheduling, evapctranspiration, leaf
succulance, effluent irrigation .

INTRODUCTIGON

Water pollution control and envirecmmental preservation are impertant ressarch
ebjectives of the Natignal Environmental Engineering Research Instituts (NEERL)
Nagpur. In this context, the importance of develoging controlled recycling
was recagnised and a project, on utilisation of city Sswage, treatsd in a
stabilization pond, was initiated in 1978 Ffar irrvigzaticon of erange, forest,
avenue and ornamental plants. 3ome important features of this work are pre-—
sented in the present paper .
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MATERIALS A8D CETHIOSE

jeyage treabtment, sites z2-2 zlamk s3ecizs far irrigation

A zart af the gity s=zuwage I3cs akilizatian pend; vet 2
smagiler sart of the Sewags is ; zilot treatmant plants.
The effluents are used for irrigatisn of arange, 2 fsy other grchard plants,
Farea: and avenue spacies and an arnazmental garden, There are 3 wells for
irrigation of the Ipstitute's mair garden ard a number of orange and sapctia
(Achras zapata) plants, Figure ! snows the lavaub of the area,

£
F
o

The work was initiated in Jupe 1978 on fiels-1 with plant spacings larger
than the conventicnal for use sf heavy machinery %o remove bushy and wild
growth after the rainy seasan., In Junms 137% olantation was carried out on
Field=II using the conventienal gpacimge (5.5 x 5.5 =), Plamts on Fiald-I
were irrigatad with the stabilization pend effluent (3PE), PRlants on
Field=Il were irrigated with well waters dyring the first year, In 1980,
these plants uere divided into 2 groups @ (1) plants on the eastern side
of the constructed drain receiving well water irrigation and (2) plants an
the westarn 3ide of the constructed drain receiving SPE irrigatian .

Quring 1979-80 avenue plants uere planted along the main road to the
lnstitute and along the road from the main gate (IG) te the Guest Housa.
During 1981, a number of Farsst and avenue plants were planted on Field-I1I
for SFE irrigation. Ornamental flouering plants uers planted on a small araa
surrounding the pilot sewage treatment plants, the effluent from which waa
used for irrigation of thess garden planta, Plant species on various asitas
are listed in Table 1 .

Characteristics of 3PE, well waters and soils

The 3PEG well waters at NEERL and those from orange farms at Warud and Katol
were analysed for important irrigatien quality parameters, The SPE was alse
analysed for other parametsrs such as algas, nutrients and soms metals that
are fourd in well waters only in insignificant amounts, 3tandard Methods
(1975 ) uere used for these determimations, Seilewater extracts (1:2) uere
analysed Far Ffisld=I at MEERI and some of the orange Farms at Warud and
Katal., 3oils on fields and other sites at MEERI yers alse analysed For
other paramesters auch as texture, exchangeable calcium, cation exchangs
capacity (CEC), nmutrients and organic mafter. Soil propecrtieés of watar
retenticn agaimat 5 1bs/in2 (5 psi) and 220 lbs/in2 (220 psi) corresponding
to the soil water contents at field capacity and vilting respectively, were
determimed using pressure plate equipment {Richards,19%4). After the irrige-
tion, the losa of water from the soil through evapotranspiration was alae
manitared using 30 to 45 cms logng tensiomatera. (lethods described by

Black (1985) and Jacksan (1958) were used for the seil amalysis and tansio=
meter investigatians,

Scheduling af irrigation for granae plantg

Fer scheduling of irripation Ffor grange plants, daily mean gotentlal
gvapotranspiration (ET_ in mm/day) at Nagpur was computed For sach month
uzing the modiflied ® Penman Methed (FAQ,1977), Corresponding values for
daily mean c¢rop evapotranzpiration (ET-zrop) were computed using the relaticn
ETecrop = ET_ x ke where 'ke'! is the crop coefficient which is taken 0,6 far
orange nlants {(Jater Mapagement Unit, 1978) .

Quantity of irrigatiagn water to be given was determined an the basis of
Wwetting 50 cms of Lthe top sell to the Pield capacity. After this, next
irrigaticn was civen anly when the water cortent in the top S50 cms seil vas
reduced to abeut wilting percentage throuoh evapotranspiration. The quantiiy
of water svapciranspired divided by tne ET~crep (mm/day) during each meorth
gave the irrigatinn interval during each amcnth .

3.32
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TABLE 1 Liszt of Plant Speciea Planted on Various Fislds,
Isacsides and in the Garden atound the Pilgot Plants

3l.Mo.  Zeizntifis nane of Number of Plarts Planted agn different sitezs
the sisri specias wm——e—e- - ——— - -
Fisld I Field I1 Fisld [II Aoadside srden
araund
Pilet
Flant
1, Aegnhras ZTapata Linm , 3 30 - - -
2. Avyerrhoa zarambola Linn, - - 135 - -
3, Bauhimia purpurea Linm, a - - - -
4, Cassia fistula Linn . - - 4 - -~
5, Cassia siamez Lam ., - - 10 - -
6. Casyarina equisetifonlia L - - - 2
Linn.
7. LCitrus asurantifolia 1 35 - - 2
{Christmjswirgle
8 , Citrus reticulata 106 %50 - - -
Variety - Hagpuv
9. Cocas nucifara Linn . 10 - - - -
10. Delcnix recia Rafin, 4 - 3 - 6
11. Ehblica officingdis - - 16 - -
Gartm.
12. Entsrolobium saman Prain. - - 18 - -
13. Eucalyptus zitricdpora Hook, 4 - - - -
14, Laderstroemia ggecicsa pers.?2 - 15 - 1
15, Leucaena glauca Benth, - - 30 - -
16, Melia azadirachta Linn 4 - 14 - -
17, Mimusens slenal Linn, - - - - 4
18, Mimuscos hexandra Raxb, 3 2 - - -
18, Oreodgxa reqia H.B. & K, - - - 18 5
20, Peltacharum inerme Nives - - 20 - -
21. Polyalthia lonoifalia Thu, = - - 18 12
22, Pongamia glabra Vent, - - 15 - -
23. Zaidium guajava Linn . 8 - - - -
24, Putranijiva rexburehii Wall, - - 6 - -
25. 3Sapgindus mukarossi Gaertn, - - 18 - -
25. 3araca indica - - - 20 -

auct nan Linn.

27. Syzy aium cuminii - - 32 - -
(Uinn) sSkeels

28, Terminaliz catapoa Linn, 5 - 15 - 2




Effect of 3FL ircisatis~ 57 succulence and lszaf-water extract gharacteristics

Tar thege studias, 3 ciapis of She same age uwere 3elected from each cof the
two groucs of plants sor Fizld-II, From =zach of these plants, tuo 3ats af 3
Full groun, green lzaves wers =2ollected, Ome set was proceszed to make

100 mlgf water extiract =7 the lsaves using, for grinding, acid washed sand
and distilled watsr. Thae filiered leaf extract was anzlysed for ET, soluble
Ma*, K* and Ca™*, The other set of leavss was processed for determination aof
leaf succulemes gravimeszrically (% water in fresh leaves),

Perfarmance of avenue, forest and garden plants

Inferences on %he suyitab:lity of the 3PL irrigatioen For avenue, Forest and
garden plants were Graun from field mbservations supperted by soil analysis,
Suitability of some af these plants for 97k irrigation was gvaluated under
different soil canditions enceuntered on the Field=-11II .,

Gardan arcund the pilot sewacs treatment plants

Tha pilet plants indigcated in Fig, I are hased an agrobic treatment of dames-
tic sevage and include an exidation ditch, a trickling filter unit, a rota-
ting bioleoical disc and a surface aerator. 7The area around these units has
been convertad inta a small but planned arnamertal garden dezveloped singe
January 1980 .,

RESULTS & DIsCcUsoallN

Irrivation guality of 3PE amd well waters

Analyais of the =PE, well waters at MEERI and those from orange farms at
Warud and Katsl fgr impertant irrigation quality parameters i3 presanted
in Table 2 .

TABLE 2 Important Irrigation Quality Parameters of 3PE
and well waters at NEERI, Warud and Katol

Parameters® 3PE Well Maters
NEERI Warud Katal
1 2 3 1 2 1 2
aH 8.3 7.9 7.3 7.8 7.5 7.5 7.5 7.6
EC c.7¢ 0.94 1.1 1.05 0.75 0.72 0.56 .55
Cat+ + Mg*+ .5 5.84 4.25 3,99 4,7 4,4 4,8 4,7
K+ 6.25 0,015 0.009 0,005 . o1 0.001 0.00s 0. 007
Na* . 2.0 4,5 2.3 2,66 2.68 2,69 0.47 0,56
SAR* 1.10 2.83 5,174 5.78 1.75 1,80 0.30 0.36
* EC ¢ Electrical conductivity in mmhos / cm .
-+
*% SAR i Sodium Adsgrption Ratiog = «—mme—r- L1 M

It is observed that the EC of vell waters at MNEER! and Warud is higher than
that of the SPE, All the well watsrs contain snly trace amounts of
potassium, which i3 one ef the essential plant nutrients, 3=PE contains
moderate amcunts of gotassium, 3PE yas also analysed For other parameters
that are found in well waters gnly in insignificant amounts, These para-
meters and their concentrations in SPE are 3 blue green alpas,~ 2850
cells/ml, grteen algae 4250 cells/ml,total coliforms- 1.8 x 10°/100 mls
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, botal « N, =%, =Ph, =Cu, - Zn and -~ Ni =
0.1 mg/l respszively, This means that 37
~ytriants, algae, arganic matiesr and trace
metala that nay Lm A ole bialasgical creperties to the so0il
(E1liott, 1977). The ¢z 3tingrs af 300 ang soms trace metzls in the 3PE
are acceptable according to pusllzhed suidelines. (National Academy of
jeimnces, 1973). Tha GFE i3 thus cemparable &9 or better than well waters
at MNEEAT, Warpud and Katpl.
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3a@il Characteristics

Analysis af 1:2 scil~uater sxtract, aresented in Table J indicates that with
regard ts the £C, sodium, alkalinity and chloride contents, ths asoils an
Fieldel at NEEZRI are czomparabls uwith or better than soma of the soils of
orange farms at Warud and Katal, Addiiionmal characteristics of the 3gils an
orange fields and other sites at MNEEARI were shexture - silty loam to clay,
exchangaeakle calcium - 52 meq/100 g, cation exchange capacity (CEC) = 55 meq/
100 g, total N - 0,04 %, total P-0,08 %, erganic matter - 1.5 % , The values
for soil water contents at field capzcity ranged fram 17.4 ta 31.8 % for
Field=1, 30 to 33.5 % for Field II and 19.9 tc 34.1 % for the road side
soils, The values for water content in the soilas at wilting rangsed from
16,3 to 24.9 5 for Field I, 15.3 to 30.1 % for Field-II and 13,1 o 22,4 5
for the roadside soils. 5 i3 found that assessment of the soil water can-
tent at the stage of wilting simply by the 'feel'! by hand as hasz been often
dome on many farms may not aluayse be 2 g¢arrect Indigaticn aof neged far ircrpi-
gation .

These results also indicate that soils on sither side af the comatructed
drain are similer and amenable for gtudying effects of 3Pt irrigaticn and
2 general irrigation schaduling can be farmulated.

TABLE 3 Characteristics of 1:2 soil-water extract for scils
from fields at NEERI, Warud and Katcl

3iteg**
Parametera™® NEERT Warud Farms Katol Farms
FPigld Smoo=smessssmosslessmTessm—- Smme—e—— e e o
"?ld D1 0-11 T State
Govt,
farm
pH 8.0 5,0 7.7 7.5 7.9
EC+, - 0.25 0.34 0.24 0.22 8,25
Ca’™ + my 0.25 0.28 0. 21 0,32 0.35
Na* 0.87  0.33 0.43 0.07 0. 08
K+ 0.003 0,03 g.018 0,025 0,03
Alkalinity 0.47 0.70 0.4C Q.30 0.55
cl= 0.08 0. 035 0,05 0.033 C. 05
*¥ £C in mmhes / om and other parameters in meq/100 g soil .
*

D-1, D~I1 and T are used for idemtity of the farm owners .,

Scheduling of irrigation for arszngs plants at NEERI, Naecpur .

Based on then water rpetention propertias of the sgils on various sites at
NEERD, the water contents in ths soil at the field capacity and wilting were
taken a= 30 and 22 % respectively for the purpase of irrigatisn screduling,
The carrespending values for water quantities work out %o be 150 m» and '
110 mm respectively for 50 em3s of the soil depih, =0 that, svery time after
irrigatiar, 40 mm water is subjected to evapotranspiration, With these



consiceratinma, the schezuling 2f irsigaiiom was fzazgrad “ar orange p¢an*3
and presented in Table 4 .

TAHLE 4 Scheduling af irrigaiisn 3z grange :Lanca,NEERI,Magpu:.

fonth tTo ; ET—creasn Tcta; irrigation
mm/day mm/ day meont ‘y interval in
(ETe x 2.5) ET-cr days
mm., 402ETder op'qumy

January 4.9 2.94 31.14 13
February 5,98 3.58 103,23 11
March 8,67 5,20 161.20 8
April 2.8 5.88 175,480 7
May 12.86 7.71 238,81 5
June 8.26 4,95 148,35 8
July 4,26 2.55 79.08 185
August 4,035 2,43 . 75.33 15
September 4,45 2.90 g87.Cc0 14
Gctober 4,84 2,90 Bg9.9 14
November 4,47 2.88 80. 40 11
ODecember 4.35 2.61 80, 31 15

" ity Wi . i

Total ...1812.68

During the initiasl period of about cne year, irrigation was given when the
seil vatser content, as indicated by tensiometers and determined gravimetri-
cally, was close Lo the wilting percentare. Though measurement of axact
guantity of water given to each plant vas not dope, the pump and irrigatien
efficiency ware caonsidered to approx.mate the quantlty in confirmation with
designed irtigation scheduling. Gradually, the irrigatien pattern was
regulated with experience, It may be pointed nut here that Nagpur receives
maoderate to heavy rains durirg the peried July to October and irrigation is
required enly For thes dry spell in these four months, Alsa, the reoet depth,
which depsnds upon plant type, its age and the 3¢il physical condition, bhas
been assumed to be 50 cms im the present study. The evapotranspiraticn loas
of 40 m is based eon individual discretion and does not indicate any cenerali~
zatiaon far MNagpur Tegian,

Leaf water extract and succulence characteristic

3ince Fruiting on the orange plants was not regulated, physiological studies
were restricted to the deteramination of leaf succulence znd analysis aof leaf
extract, The results are paesented in Table 3.

TABLE 8 &ffect of SPE irrigation on the characteristics ef the leaf-uater
extract and succulance

Type of Analysis of water extract of leaves Leaf
irrigation e bl e ot e i suycculence
PE (Pond EC Na™ KT ca™t (% water in

effluent and

fresh leaves
W (well-water) mOhos/em e mg/g fresh ut.of leaves— d )

FE = 1 ‘os 0.65 0.18 2.52 U.20 63.9
PE - 2 . 0.7C 0.17 1415 0.29 51,9
PE - 3 . 0.84 .17 2.65 0.72 51.8
PE - 4 ‘e 0.56 o.M 1.99 0.32 4.1
PE = 5 .o 0.85 a.21 2,46 G.53 50.8
Uy -1 .o 0,54 0.26 0.89 0.21 57.8
U = 2 - 0.57 4,48 1.6 .21 39.3
Yu - 3 v C.74 0.56 1.7 0.25 38,3
UJ -~ 4 e 0,54 0.32 0.89 0.29 50,7
Wlem 5 are 0.64 0.33 1.15 C.42 53.1




asasogrotior of nutrisnts and water, The reiative abs
duai ioma is alse influenced by 3PE irrigatiomy sedi
irn the l&a? extragcts of well uater -r*igauad slants, gotaasius 13 more in
thoss= F the effluent irrigated plants, while calcium absecrction i3 neot
affectzd.

stimn 2f the indivie
1

Tha 3FE irpigated plants generally exhiZit mare suc cuieHCn Loan the wall
wasar irvina=ed plants. This may be secavsa 2af the higher £2 of well waters
T25ulting ir higher gsmatic gencenttatian in %7e sgil 3oiu_ion and reducsd

asn
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Sepformance of the avenue, Fforest and garden plants

Based on the so0il characterisiics of the Field IIT and the arsa around the
pilot wastewater treatment plants, the suitability of abPL ir:igatian for
avenue, forest anmd garden plants was evaluated. The regults ars pressnted
in Table 8§ . With this experience, it should be pessible to selsct a2

TABLE 5 Suitability af some of the avenue, Forest and garden
planta for 3PE irpigation under spegific soil conditicgns

3pil conmditians; flant species in descanding order of
1:2 Yoil-iater extract suitability
aH ¢ 7.5 to 8.4 Capsia fistula Linn, Nyctanthes
arbor~tristis L,,Cardenia flaorida L,
£C (mmhas/cm )2 0.3 Citrys reticulats Blarco
ta 0.5 Citrus aurant.folia (Christm)3uingle
Seluble scdium (meq/100 g
spil
R 3 Py 0004 T P8 A S, e e b e e o o - —
pH : 8.3 to 9.0 Terminalia catapoas Linn,
Lanarstroemia indica L ,
£EC : 0,31 to 1.0 Bauhinia purpures L.
Tabernaemontanz caoramaria R.0Or,
3oluble sodium : 1.0 to Jasminum sambac {Linn.) Ait,
2.0 Tussaenda frondesa Linn ,
pH ! 9,1 to 9.8 Enterolokium sanam Prain,,
Jyzyglum cuminil Linn, Skee]s
EC ¢ 1.0 to 2.0 Lagersircemia spgcigsa Pers
Cestrum diurnum Linn ,
Joluble @ 2,0 to Tecgma sfans (Linn, ) H.B. & K,
Sodium 3.5 Casuarina equisatifolia Linn,

Himusops elenni Linn ,
Leucasna glauca ssnth
Lassia giamea Lam ,

suitable plant spaciss for effective SPE irrigatioen fc; a given site .

The ares, around the pilot wastewater treatment plants has nou develop

ints a good garden, there are suitable sgecies of forest, avenue and
ornamental fleowerine plants along the cuter border and at the inside zaor-
ners. In the interior, there are tua rectangular launs bardered by Rases
and Dahelias in different colgurs and 3lzes with small nparrow beds of
seascnal Flowering plants of attractives coleurs., Arpches of Beugzinvelia,
Pojyaltihniz loncifolia along tne small paths, addit’ onal circUlar beds of
szazonala inmciuding Canpa, with Ixora, Lacersirmemia indica and

Mussasnda - all this i35 a treat and aestnetic Lonic to Lhe treatment plant
Operaters and visitors .
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g2 Tiwe wa3 39ant in makinmg proper arrangements foar on spot availa-
F2 ~gnd afflusnt pefore initiation of the detailed studies, The
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In the initiazl atzges,trsre were gaps in ilrricatisn an acceunt of practical
prehblems, mevefare, the investigaticns have taken a natural course wiin
emphasls siven £o the water retention properiies of the 30il ard irciga
sghediling ained 3% securing maximum planmt survival, In most af the ¢
countries, wasiewater Lreatment in stabilization ponds Followed by lanc
apolication i3 likely %to be practically possiple. GCelng an scanomically
feasihle uay af protecting the water supplies against gollution, datailed
studies on utilization of pond effluent resulting in long~term Henefits of
canservetion and regycling deserve to be carried gut. The work conmiributed
for this publication is exgpected to help in planning such studies,
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CLOGGING PHENQMENON IN IRRIGATION 3YSTEMS REUSING POND EFFLUENTS
AND ITS PREVENTICN

A. Adin

Human Environmental Sciences Division,
School of Applied Science and Technology,
The Hebrew University of Jerusalem, Jerusalem, Israel

ABSTRACT

The clogging of emitters, orifices or laterals has turned out to be the main obstacle for
further use of low rate applicators in wastewater irrigation. Granular filtration and screen
filtration were studied and compared for particulate removal using small-scale pitot
experiments. The removal ratio of particles larger than 10 um in direct granular filtration was
relatively large while smaller particles were hardly removed. Particles in the [0-60 um size
range were removed by 40-50 percent in depth and by 80 percent when surface filtration
prevailed. Screen filters removed only 1-2 percent of the material but this was sufficient to
cause their clogging. A release of particles from the screen into the effluent was observed,
resulting in greater number of larger particles and thus greater clogging potential down the
irrigation line. Deep-bed granular coarse media filters may serve for the control of particle
size in effluents of oxidation ponds - deep reservoir systems while the conventional strainers
are less recommended for this purpose.

KEYWQRDS

Trickle drrigatien; water reuse; filtraticn; oxidation paonds; particle analysis; wastewater .
treatment.

INTRODUCTION

The design and manufacture of filtration equipment for low rate application, and particularly
for drip irrigation systems, has lately become an integral part of the water systems industry,
The reason for this development is that the clogging of orifices, holes or lateral lines of the
systems has turned out to be the main obstacle for further use of low rate applicators in
irrigation. The problem is becoming even worse now, mainly in arid and semi-arid countries, as
a result of increasing expleitation of marginal waters of secondary quality such as wastewater
effluents from coxidation ponds and seasonal effluent reservoirs

Research work and field cbservations concerning the performance of drip irrigation systems,
utilizing wastewater effluents, indicate that the causes of clogging of low rate anplicators
may be divided into three main categories: a) suspended mattar, b) chemical precipitation, and
c) bacterial growth. Suspended matter seems, in most cases, to be the major cause of clogging
(Adin, 1987).
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iZfarant “ypes of filters (no chemical pretveatment) avs survanily lewng used to cope with the
izgging problam. Most of them are hasad on straining mechanmisms -nete filtar (strainer) pores
25 %o 2e szrained. This iiif zes them frem granular
z
£

are smaller Gthan most of the part
£ filters wera

,
icLig

iltars, which operate on the prinmciple of in-depth filtzac.on.

studied in this investigation.

+

This paper presents and discusses experimental results of granular filtzaction versus screen
Filtration of wastewater affluents used in an oxidation ponds - deep reserveir - trickle
irrigation system.

EXPERIMENTAL SYSTEM

The experimental equipment for the pilot scale filtrazion studies was comprised of a feeding
system and filter columns. The effluents were poured into a feeding fank in which they were
pumped by a small centrifugal pump to a constant head tank to maintain an available head of
2.0 m above the filter beds. Three 55 mm diameter plexiglas columns were  operated
simultaneously so that studies could be carried out on the same feed. The transpert columns
allowed visual chservation of suspended solids accumulation in the bed during filtration
experiments. The <£filters were operated at a constant flow rate in the conventional downward
direction. The flow tate, measured by a flowmeter, was adjusted manually by a wvalve connected
to the outlet of each filter colump. Head-~loss development was measured using piesometer tubes
connected to the autlet and inlet of each filter. The filter columms were 0.6 m long and the
bed was restricted to 0.45 m to allew room for expansion during backwash. When screen
filtration experiments were conducted, the filter columns were replaced by 45 mm diameter
sereen filter devices. The granular media were uniform local sands of 0.70, 0.84 and 1.20 mm
effective grain size with uniformity coefficients of 1.28, 1.23 and 1.21, respectively. The
screen filters were of common 80 and 130 pm polyester media.

HIAG/ROYCO PG-320, multi-channel particle size analyzer, was used for measuring particle size
distribution, applying stancdard procedur=s for wastewater effluents previously daveloped in
this laboratory. HIAC sensors opsrate on the light blockage principle znd are commonly able to
measure particles lavzer than 1 um. Particles counts were carried out wusing 1-60 pm  and
occasionally 3-300 um HIAC sensors. In the range of 1-26 um measurements were taken in
intervals of 1 um, while the rest up to 60 um was taken as one interval., Influent and filtrata
quality were also monitored by turbidity measurements with HACH 2100A turbidimeter and by
gravimetric suspended solids determinations,

Effluents from an open deep reservoir (Naan Reservoir) storing stabilization ponds effluents
were usad in this investigation (effluent storing in open, deep reservoirs are commonly used in
Israel to enable collection of effluents during the winter for reutilization in the dry summer
season).

GRANULAR FILTRATION RESULTS

The effect of filtration rate on head-loss development for a 0.7 mm shallow (150 mm) sand bed
is shown in Fig. l. The head-loss curves show the characteristic exponential form, indicating
that surface removal predominated. Water production per unit area decreased with the increase
of the filtration rate, due te rapid head-loss build-up. The raw water contained a few very
large particles, clearly observed through the transparent column, which quickly clegged the
media surface forming a dark layer. Filter runs were short2 due ta the rapid head-loss
development: 80 minutes for the low filtration rate (2.2 1/m /s) and only 30 minutes for the
higher rate (4.4 i/m [s).
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Fig. 1. Head~loss development during filtration of wastewater
reservoir §ffluents for d%fferent tates.
vi=2.2 /m'/s; vo=i.4 1Um /s,
Effective grain size = 0.7 mm,
TSS of incoming effluent = 104 mg/l.

The effect of filtratien rate on total suspended solids and parficles removal was also studied,
using gravimetriec and PSD measurements in influent and filtrate. Fig. 2 presents particle
removal efficiency as a function of particle size for the filtration rates mentioned above. The
results show better removal efficiancy of particles in the lower filtratiom rate for all
particles sizes, The difference in percentage becomes smaller as particle size gests larger. A
minimum removal efficiency was observed in the size range of 1-2 um, while the removal
efficiency of larger particles increased significantly up %to 9-10 um. An instantaneous
phenomenon of more particles in the filtrate than in the effluent was observed in the higher
filtration rate in the size range of 1-3 um. Particles larger than 10 um were removed with a
constant removal efficiency ‘of about 807 most probably by the layer formed on the medium
surface.

Although significant removal of large size particles was noted, the removal efficiency in tarms
of suspended sclids concentration was very low, about 207 for 2.2 1l/m /s and only 107 for
4.4 1/m /s filtration rate due to massive breakthrough of the fine particles.

From a certain date of the experiments the wvery large filter clogging particles in the
regervoir effluent, i.e. the filter influent, were not observed., The filter runs were very long
and no significant head-loss was developed across the filters. The removal efficiency in terms
of TSS was very low, about 10Z. No change in turbidity was observed pointing again at the
colloidal nature of the raw water. The effect of filtraticn rate increases on particle removal
as a function of particle size resultad in removal efficiency decrease. The effect of media
grain size on particulate removal when no clogging phenomena were observed was interesting:
larger grain sizes clearly showed better removal efficiency of verv fine particles (1-10 um).
For particles larger than 10 pm (up to 60 um) there was no difference in the rate of particle
removal. The percentages of particles removed in the above experiments were much lower than in
the experiments whaere cleogging of the media surface occurred throughout the whole size range
suggesting thal. the surface filter cake increased the removal efficiency. On the other hand,
filter runs here were longer and, therafore, more econemical in this respect than those
observed while surface removal predeminated.
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Fig. 2. Removal ratio versus particle size for different
filtration rates,
Wastewater reservoir effluents:
vy=2.2 1/m /s; vy=b. b 1/n'/s.
Effective grain size = 0.7 mm.
T3S of incoming effluent = 104 mg/l.

SCREEN TILTRATION RESULTS

Screen filters with 130 um polyester media were clogged after a short pericd ‘of time (1/2 hr)
with a Ffiltration rate of 6.6 1l/m /s. The cause of the immediate clogging was the wvery large
particles which formed a compressed cake on the screen. T3S removal by the 130 pum screen was no
more than 2%. A phenomencn of more particles leaving the screen in the size range of 13-20 um
was obsarved, pointing out at a possible detachment mechanism as previously repevtad by Adin
and Alon (1985). In the latter work, particles were counted in twg separate analysas of
100 mg/l algal suspensions and the results were comparad with counts of the particles which
remained in the filtrates of two different screens. The particle dimensions ranged from less
than 1 pm wup t? 60 um, The rasults are depicted in Figures 3 and 4. For Ehe 80 pm screen 1300
particles per mm were counted befoere filtration and 1183 garticlas pexr nmn were counted in the
filtrate. Tor the %30 um  screen, 1245 particles per mm were counted before filtration, and
1710 particles per mm were counted in the filtrate. As can be observed, the particles in the
filtrate in certain size ranges outnumbered the particles in the influent.
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DISCUSSION

“The comparison of reservoir particle removal efficiency as a function of particle size for
different filtration rates resulted in lower efficiency for the higher rate, probably due to
the higher hydrodynamic shear forces developed in the bed, affecting more the smaller particle
range. The tendency of the removal curves toward a minimun efficiency in the 1-1 um range
(Fig. 2) supports the experimental and theoretical studies of other investigators (Habibian and
O'Melia, 1975; Fitzpatrick and Swanson, 1983) which peint out a3 minimum particle transport
efficiency 4in between the rtange whers gravity mechanisms and diffusion mechanisms dominate.
But, it is worthwhile to mention that no information based on direct particle size measurements
was gathered asbout the behavior of submicron’ particles in the filter bed.



The instantaneous zhenemenon sczasionally observed of more particles in the filtrate than in
the original filcar influent may be also attributable to the sheer forces developed in the bed
causing the breaking of ugzregsctas and colonies of algae into single cells or the rupture of
small particles from aiological flocs. Sheer forces within the filter bed may also explain the
clear observation of lavger zrain sizes removing fine patti“'es berter than small grain sizes
for both types of affluents, alchough the larger specific surface of the latter. This mav be
attributed to the lower sheer forces due i3 lower interstitial velocity, caused by the
smallar veduction of the larger pores, enabling mere effective attachment even for very fine
particles to the deposits accumulatad arsund media grains.

Microscopic analysis confirms the formation of larger particles in the filtrate of screens. The
phenomenon can be explained by reccgnizing the dominance of a detachment mechanism. As a result
of the dominance cof this mechanism, aggragatas are forced through the scraen to appear in the
filtrate, thus forming pores in the filtrate cake.

It is worth noting that the detachment phenomenon may cause clegging in drip irrigation svystem
components which are placed after the Eilters, and in the drippers themselves, GEvidence for
this was received from farmers and others whe attempted to evaluate the reascas for clogging by
field observations.

CONCLUSTONS

l. Deep-bed granular media filters may be used for the control of particle size in effluents
of an oxidation ponds - deep reserveir syst2m. The particulates removal efficiency thraugh the
beds increased with filter grain size and depth and decrsased with Ffiltration velocity,
affecting more the lowar particle size rangs,

2. The removal ratio of particles larger than 10 um in direct granular effluent filtration is
relatively large while smaller particles are hardly removed. A minimum removal efficlency
exists in the 1-2 um size range. Patticles in the 10-80 um size range were removed by 40-30
percent in "pure'" in-depth filtration and by more than 80 percent when surfacs filtration
conditions were developed.

3. Screen filters performed very poorly - about one percent removal efficiency. This ona
percent was sufficient to cause surface clogging. The release of particles from the screen into
the effluent during the formation of a filter cake resulted in particle size distribution and
counts different than those observed in the influent. The greater number of larger particles in
the effluent might increase clogging down the irrigation line, and ih the various compoenents of
the system that should ba protected by the filters,
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ABSTRACT
A general survey of maintenance requirements and problems of wastewater lagoons has been
conducted in France with a view to preparing an operation manual for plant owhers and
local operators. An outline of the pond maintenance situation in France is given, and
the main information and recommandations contained in the manual are presented in this
paper.

KEYWORDS

Wastawater, wastewater stabilization ponds, lagooning, operation, maintenancs, operation
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PRESENTATION

Over 1400 lagoon systems are presently operated in France. Nearly all of them were built
after 1978, 90 % of the plants in operation are used for the treatment of wastewatasr
in small rural communities (less than 2000 inhabitants). Such a rapid development of
lagooning among small communities is largely due to the relatively cheap and simple opera-
ting procedure involved : Basically, lagoons operate without any energy input, comprise
no electromechanical devices and do not require specialized technicians for routine main-
tenance. The technique is therefore usually well suited to the educational level of lacal-
ly available operaters. For instance unskilled municipal workers assigned to the ponds
maintenance, in addition te other tasks, would be suitable in the case of a small plant,

In this connection, it appeared important to provide plant owners, operators and local
services in charge of technical assistance, with information on "good practice" in pond
managrment, The preparation of an operation manual was undertaken in 1984, bhased on a
general survey ol the maintenance requirements and problems of lagoons. The manual was
publighed in 1985 (Ministire de l'Agriculture, 1985). Informaticn present=d in the follo-
wing cghapters refers to this work. The proper maintenance of lagoens includes actiens
at various levels:

- appropriate design of ponds

- regular routine maintanance

- occasional desludging operations

- prevention and ceontrol of possible troubles in ponds.

DPOND DESIGN AND MAINTENANCE TASKS

Maintenance tasks should always be born in mind when planning and designing ponds : it

P.1



iz f{or instance most important that WSP? projects should include wide anough access for
2ngines around the ponds, <asily get-at-able pretreatment units, £low measurement f{aci-
ligies for both niluent and effluent, and so on... When the lageoon system includes a

pend planted wish rooted macrophytes, the pond shape and plants localization should :ze
designed, =zaking into account maintenance constraints.

ROUTINE MAINTENANCE TASKS

songist in c¢leaning the pretreatment units (uysually reduced to a simple

in the upkeep of the pond surroundings (contrgl of vegetation on dike
and accessways!). It i3 recommended that pretrsatment units be designed to need only one
weekly cleaning operation. Routine maintenance also includes a control of water flow
and water level in ponds, observations on the presence of fleatting matter or vegetation,
on dikes condition (notice local damages, presence of burrowing animals) and on abnormal
odours.

These chiafly
barscreen) and

Observations should be reported on standard forms and appropriate control actions should
be undertaken, in connection, if needed, with the local technical assistance department
(SATESE) .

Routine maintenance tasks are summarized in table 1, which alseo indicates the approximate
time needed, for an "average" French waste treatment lagoon, i.e serving a populaticn
of around 600 inhabitants.

TABLE ! : Summary of routine maintenance tasks
Task Frequency Tima needed nb of operators |total nbof
man-days/year
General checking and pre- 1/week 1 h. T 7
treatment cleaning
Control of vegetation 4/year 1 4. 1 4
around ponds
Centrol of dike vegata- 2/year 1 4. 1 2

tion (inner face)

Various (small frepairs,
removal of floatting, 5
materials,...)

Cutting of macrophytes
in macrophytes ponds

1/year 1 d. 2 2

The use of macrophytes ponds entails additional maintenance (2 days per year). Including
this, the total number of man days required amounts to approximately 20 days per year.
The corresponding maintenance cost, including the small equipment needed is about I15FF/
inhab. eq./year (1985 prices). ' :

OCCASIONNAL DESLUDGING
Sludges accumulate 1a ponds : an average of 1

lagoon will operate indefinitly without occasional desludging.
with veary low frequency.

to 2 ¢m/year in the primary lagoon. No
Howaver, this can be done

Usually, sludge management will consist in :

.2



- Timely sounding of siudge <hickness ia the various parts of the ponds.

- Suppressien of maiar sludge deposits, which usvally accumulate near the inlet, or in
some corner of <he primary lagoon., This has to be done once avery 1 to 3 years according
to the plant operating conditions {shape of the ponds., type of network) and does not

necessitate emptying the lagoons (simple pumping with a vacuum tank).

- General desludging with %total emptying of the ponds. This is a heavy but very low fre-
quency ogeration (not enough reference cases yet available in France ; perhaps once
every 10 years). It is important to plan these works with c¢onsideration to possible

sites for sludge disposal (application to agricultural land is recommended).

PREVENTION AND CONTROL OF TROUBLES IN PONDS
Disfunctionning may cccur in ponds, and regular maintenance will contribute towards early
detection, and consequently, easier control, This implies however that the operator is
informed of how to detect disfunctioning, and what to do. Such information has therfore
been included in the operation manval, for the most frequent troubles likely to impair
pond efficiency, which are =

~ Water level going down, due to defective tightness or over-sizing of ponds

~ Development of anaerobic conditions in algal ponds resulting in odour problems

Coleonization of algal ponds by aquatic vegetation (either rooted or floating plants)

~ Degradation of embankments by musk rats and other burrowing animals

)

Mosquito breeding in ponds

]

Algal blooms impairing tShe quality of the treated effluent
In most cases, these trcubles can be avoided or minimized with appropriate preventive
maintenance aperations.

CONCLUSION
I+ clearly appears that pond maintenance should not be disregarded on the ground that
it is a priori simple and cheap. Proper maintenance is essential to the permanent and
reliable efficiency of lagoons, Therefore, both designers and plant owners should have
a full knowledge of pond maintenance requirements.
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STABILIZATION PONDS IN SOUTH-WEST FRANCE: EFFLUENT QUALITY
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ABSTRACT

Long-term surveys were performed on three stabilization ponds. Experimental
results concerning effluent quality are briefly presented and discussed.

KEYWORDS

Wastewater, biological treatment; wastewater stabilization ponds; lagooning;
effluent gquality; France.

PRESENTATION QF THE SURVEYS
In South-West France, long term surveys were rarely performed on small
"natural" wastewater stabilization ponds. We present here data collected from
three plants, typical of what is usually encountered in rural areas. Plant
characteristics are summarized by Table 1.

TABLE 1l: Plant Characteristics

Design Sewerage Imhoff Total Number Hater
Place Department capacity system tank area of depth

(pers.) (un./sep.) {(Yes/No) {se.m) basins {m)
COURLAY 2-5avres 500 Unitary NO 5000 3 1-1.6
FENERY 2-8avres 200 . Part. sep. YES 1600 4 1.0
HOSTENS Gironde 350 Separated YES 2500 1 1.4

e ke ket ek e AN P . o i e S W D b Y e T e e R A T oy ok e e R i e 7 A e i e Sy i o Y A L g e A Tl st ey AR e

In Courlay and Fenery, the surveys were performed simultanecusly. As they
exceeded one vear, the first 12 months only were considered for the statisti-
cal interpretation of results. On each plant, the organic load is about 40
kgBOD/ha.d (design load: 50 kg/ha.d).

EXPERIMEMENTAL RESULTS

Some representative environmental data and experimental results appear on
figures 1 to 7 and on Table 2. For more consistency, they mainly concern one
plant only (Courlay).

TC

o w
(m) 0 t(m)

A J Q 4. A

Fig. l Courlay monthly raxnfall FlgHZ.ICourlay. Water temperaturc

P.3



Flow = IN

10 | 73/h = OUT
1
20 | )
10 | h
0 TL . ﬂ ﬂnﬂﬂ o JL a0 3 ‘f_ls\[{¢ an]ﬂJ 1 M‘q“.ﬁﬁ £{m)
0 J A J I ] A

Pig. 3. Courlay: Measured flows of raw (in) and treated {(out) effluent
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Fig. 4. Courlay: Treated effluent 35 and (soluble) COD and BOD

log N/100 ml
1061
Faecal colif.
1041 -+ = — Faecal strept. ~
102 -
10°

."Fig.S. Courlay: Treated effluent "faecal" coliformg and streptococed
(log. scale)

TABLE 2: Bacteriology of Effluants'frcm Courlay and Fénery Ponds
{nb. of organisms/100 ml, computed from a log-normal distribution)

oy e A o e T o i TR S . ol e o A e T e o ek Y Mk Sy i e T ol U i ko S o L o T ok o e Yl T A e A e Sl g S e e Al

COURLAY FENERY
SUMMER WINTER SUMMER WINTER

c37 C44 SF c37 C44 FS c37 C44 3F £37 C44 F3
Median , i
value 250 30 30 22000 2500 1800 13 4 5 860 130 SG
Ngg 11000 1500 1900 1.6. 1.6, 4.3. 130 37 62 26000 6000 2100

10 10 10

C37 = "total" coliforms; Cd44 = "faecal" coliforms; FS$ = "faecal" streptococei.
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MAIN CONCLUSIONS

1 -~ The poor results f£rom l-basin systems are confirmed (the Hostens pond Ls
now completed to 3 basins).

2 - Hydraulical overloading may appear in Winter in the case of upitary or
defective separated sewerage systems. It results in reduced residence times.

3 -~ Seascnal variations of effluent gquality are mainly related here to algal
pullulation. They <concern abkove all suspended sclids (higher in Summer) and
nitrogen (inversion of the ammonium/org.N ratio in April-May and Sept.-Oct.).
Effluent total N, soluble COD and BOD show less changes.

4 -~ Because of unwanted waters entering sewers, the flow of pollutants leaving
the pond system is usually higher during the Winter period than in Summer.

5 - Effluent median values for 3-4 basin systems are around 15-20 mg/l for SS
and 40-50 mg/l 'for soluble COD, SS and COD less than 50-60 and 80-350 mg/l
respectively are found from 90% of samples. Values over 100 mg/l for both
parameters are exceptional.

§ - DBacterial concentrations in the effluent widely vary all over the vyear,
with a range of 5-6 decimal log-units {(DLU) for coliforms in Courlay (3 ponds,
hydraulic overload), 3-4 DLU in Fénery {4 ponds), 2 DLU in Hostens (1 pond).
Seasonal differences are about 1.5-2 DLU £for the 3-4 pond systems, Poor
results concerning bacterial elimination are obtained from the 1 basin plant.
7 - In Summer, effluents from 3 and 4 basin plants meet the Engelberg criteria
for an unrestrlcted reuse of water by irrigation. They are below limits for
bathing waters.
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SEWAGE STABILISATION PONDS IN
ARABIA AND KENYA

L.J. Smith
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ABSTRACT

Experience of pond design and operation in Arabia and Kenya is illustrated and described,

In Saudi Arabia major stabilisation pond installations were built for the Three Cities Project .-

at Hofuf, Buraidah and Qatif. Features of the inlecr works, embankment design and operational
facilities are illustrated by photographs and drawings. Summaries of results, comment aon
performance achieved and implicatioms for future stabilisation pond design are noted.

Recently commissioned ponds in Aden for both domestic and industrial sewages are featured and
points of interest indiecated.

The basis of the most recent designs now ready for tender for appllca:xona in Aden and Seiyum,
P.D.R, Yemen are provided,

Conclusions are drawm regardlng the future potential of pond treatment for dlsposal of waste
water for re-use in irrigation.

KEYWORDS

Stabilisation ponds; anaerobic pouds; facultative ponds; maturation ponds; Arabia; Aden,
Yemen; Kenya.

APPLICATION AND ADVANTAGES OF PONDS

Sewage stabilisation ponds are an appropriate form of sewage treatment in regions where:-

Large areas of land are available at low cost.

There is high incidence of sunllghc. - :

There are minimal facilities for maintenance oE complex mechanical equipment and process
systems,

B B s
.

. The particular advantages of pond systems in such situations are:-

1. Low capital and operating cost.

2. Simplicity of operation and maintenance,
3. Constant availabilitv of treatment,

4. Good pathogen removal.

The pond systems illustvated by photaographs and drawings and detailed below in Table 1 are
designed for situations in which the above criteria apply and those plants which are in
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operation have fulfilled their sbjectives with che advantages enumerated.

6 1mx84mx1,.25m

TABLE 1 Srabilisation ?ond Svstems designed v John Taylor & Sous
LOCATION Population | Design | ¥o. and Type of | Influent | Total |Total | Loading| Retention
(date served Daily Ponds 30D Volume! Area | kg 30D days
commissioned) ix 1000 Flow kg/day of of /day
ML/d Ponds | Ponds .
Ml ' |ha.
SAUDI ARABIA
Buraidah 60 10.9 2 No. Facult, 3240 155 11.5 | 282/ha | 14.2
(1980) Irraqular - in
parallel,
2 No, Maturation - 78 5.9 - 7.1
Irregular - in
parallel,
Hofuf 130 29.5 2 No. Facult. 7020 422 33.8 | 208/ha | 146.3
(1978) 54002 b4mx !, 25m
2 No. Maturation| - 21 16.9 - 7.2
320mx264mx1.,25m __
In parallel.
Qatif 20 4,5 2 No. Faculre, 1080 65 5.2 208/ha 14 .4
{1982) 165mx158mx 1,25
In parallel.
2 No, Maturation| = 33 2.6 - 7.3
165mx80mx1.25m
In parallel,
P.D.R. YEMEN
Sheikh Othmany 139 17.4 2 No. Anasrobic 6255 23.4 Q.78 { 0.27/m? 1.35
Aden. Irregular - in
{1985) parallel,
4 No. Facult, 3753 119 9.5 | 395/ha 6.8
Irregular - in
parallel,
4 No.See.Facult.
Irregular ~ in 100 8.0 | 214/ha 5.7
parallel. Total
Ga'ar 16 2.0 ! No. Anaerobic 720 2.9 0.10| 0.25/m? 1.45
(not yet 40mx24mx3m
constructed) 1 No. Faculrt, 432 10.6 0.85) 508/ha 5.3
130mx65mx1,.25m ‘
! No.Sec.Facult, 10.6 0.85| 254/ha 5.3
130mx65mx1,25m
Zingibar 12 1.5 1 No. Anaerobic 540 1.9 0.06| Q.28/m3| 1.27
{not yet 33mx 1 9mx3m
constructed) 1 No. Facult. 324 8.6 0.691 470/ha 5.7
125mx55mx1.25m
1 No.See,Facult, 8.6 0.69( 235/ha 5.7
125mx 5 5mx1.25m Total
Seiyun 21 2.5 2 No. anaerobic 345 6.3 0.21] 0,15/a? 2.5
(not yet 32,5mx32. 5mx3m
congtructed) 1 No. Facule, 378 17.2 1.38 | 201/ha 6.9
164mx84me1,25m
3 No. Maturation} - 19.2 1.54} = 7.7
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TABLE 1a Stabilisation Pond Svstems designed by John Tayler 3 Sons
}
LOCATION Population| Design | No. and Type of Influent] Total | Tecalj Loading Retentxoq
(date served Daily Ponds BOD Volumel Area | kg 3CD days
commissioned)| x 1000 Flow kg/day | of af /day
ML1/4 Ponds | Zonds
Ml ha.
XENYA
Nyahururu kR 2.6 2 No. Aerated 1395 18,4 [ 0.23 | 0.076/ 7.1
(1986) 48nx48oxbm o
1 No. Facult, 3385 29.7 1,70 | 232/ha 1.4
288mx59mx 1.7 5m - . .
1 No.Maturation 134 30.1 1.72 11.6
302mx57mx! . 75m
Bura 7 1.26 1 No. Facule. 385 13.2 0.76 507 /ha 10.5
(operating) 172meb4ux1 . 75m
2 No.Maturation 66 6.7 0,38 5.3
87mx44mx1, 75m
Kisii 32 2.9 4 No. Anaerobic 1440 20.7 0,52 | 0.07/m? 5.0 min.|’
(not yet to 36mxI6mxbm '
constructed) 4.2. ) _
varies
seasom
ally <
! No. Faculr. 432 26,0 1.30 | 332/ha 6.2 min..
130mx 130mx 2m
2 No.Maturationm 28.0 {0.93 6.7 min
60me 7 8mx3m
88mx53mx3m

dnother 5 pond schemes have been designed for Kenya over the past 10 years, 4 of which are in

operation.

SELECTIVE DEPLOYMENT

These are much smaller with 2 for military establishments,

It is important to Tecognise those situations in which stabilisation ponds are not om appro-
priate form of treatment and particular disadvantages in addition to the obvicusly large land

take are:-

1.
2.
3.

Where sewage effluent is seen as an

OPERATING RESULTS

Loss of water by evaporation or seepage.
High algal content of effluent,.
Uncavetain and variable effluent

quality.

important resource for irrigation or other re-use ponds
may, therefore, be unsuitable as witness the adoption of more sophisticated and compact treat-
ments in many places in Arabia,

As one of the important ob;ectxves of pond treatment is operational simplicity it follows that
a great deal of analytical data is not normally available unless special surveys are funded by
outside agencies.

Few results are available from the plants cited and these are set out {(on Poster) but must be
regarded with due reservation,
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ABSTRACT

A pilot plant was constructed to lnvestigate the use of algal-bacterial systems to treat
munjcipal wastewaters in arid regiana3 The pilet plant consists of sand and oil traps, weiS
tanks, two facultative ponds (250 =” holding capacity each), two high-rate ponds (25 =
holding capacity each), four sedimentation tanks, a sludge digestor, and seuch auxiliacy
faciliti=es as a pumping station Efor wastewater supply, drainage dystems, and a sice
labavatorcy. The main ohjactives of the study are to determine the deslgn parameters neaded
for large-scale algal-bacterial ponds in hot climates and to determine the degree of treatment
and disinfection attained in tha syscem by operating the pilot plant. After che algae la
separated from the treated water, the final effluent will be used for irrigation, and algae
will be used as a soil conditioner.

Investigations during start-up, test runs and experiments completed s0 far focused on the
growth of algae and removal of biochemical oxygen demand, chemical oxygen demand, and
suspended solids. During the 20-month experimental program, various operacing pactecnsg,

{ncluding series operation of Fagultative and high-rate ponds, will be i{nvestigated. Resulcs

obtained so far indicate significant reductions in pollution concentrations.

KEYWORDS

Algal-bacterial systems, wastewater LTeatment, wastswater reuse, facultative ponds, high-rate
pond, pilot plant, algae removal.

INTRODUCTION

Algal-bactarial ponds are now widely used in the Arablan Gulf countries te treat wastewatar
because these ponding system have proved to be efficfent and popular in hot climates. But
data on the actual design and operation of the ponds under local coadit{ons (weather,
composition of the sewage, wmicrobilal strains, operating pacterns) were lacklng. Therefore,
research was started to determine the design and operational paramecers needed for large-scale
algal-bacterial ponds Ln a hot clipate, and to derermine if the degree of treatment and
disinfection of the wastewater attained in the system 43 sufficient so the water can be used
for irrigation. Properly controlled pilot plant experimeants were used to obtain reliable
results. Typical munici{pal wastewater from the Kuwalt City sewage system was chosen for the
pilot plant experiments,

" The ponding system will be based on the results of the research; 1t is expected to help

pollution concrol if esrablished conventional treatment plants are shut down, and to be used
in communities not connected to the sswage traatment system. The harvested algae will be used
for soil conditioning after they are separated from the treated effluent.

The experimental program to asctudy the continuous operation of the plant under various
operating pacterns and weather conditions will last 20 nmonths. Prior te the continuous



running experiments, test rtuna and plant start-up were completed. So far, the facultative and
high-rate ponds have beean operatsad iandividually for five months and three experimental runsg
have been complecad.

METHODOLOGY

The pilot plant system consists of oil and sand traps (2.5 @ x 2 m x ! @ deep), two weir Zanks
to measure the flows into the units, twe fagultative ponds (each 10 m x 10 =m surface and with
variable depeh from 0.5-2.5 m), two oval high-rate ponds (each 10 p= 5 m with variable depth
from 0.15-0.9 m) equipped with paddle wheels, a digestor ( 2.5 m” holding capacity), a flow
mixing and division box, and four sedimentation tanks ( each 6 m x 1 m x 1.8 o deep). The
piping system allows the following operating patterns: (2} individual operation of the
faculrative ponds; (b) series operatioa of the facultative ponds; (c) individual operacion of
the high-rats ponds; (d) seriss operation of the facultative and high-rate pondg {n different
combinations; (e) series operation of the digestor and the high-rate ponds.

The pilot plant is supplied with typical municipal wastewater with the grit removed, Flant
loading can vary up to 10 1/s.

Simultaneously with the operation of this system, experimeats c¢an be performed to study algae
strains and condicions for continuous malntenance of the algae culture in four separate 400 1
containers aqulpped with aesration.

Pond performance 18 monitorsd continuglly by wastewater analyses and microblalogical
eaxaninacions carried out at on=-sice and central laboratocies.

The raw sewage and the effluenta from the four ponds are analyzed twice a week to determine
bilochemical oxygen demand (BODS), filtered and unfiltered chemical oxygen demand (COD),
disselved organic carbon (DOC), suspended solids (353), volarile suspended solids, phosphate,
sulfate, ammeonia nitrogen, organie nitrogen, chloride, and alkalinitv. In addition to these
analyses, in-situy measursments were made fwice a day to deteruine flow rate, wvacter depch,
temperature, pH, dissolved oxygen, and several atmospheric pavameters. The microbiological
examinations included daily counts of algae, total coliform, and total bacteria.

A tesr run of the pilot plant to detsrmined the hydraulic parameters of the system, such as
flow rates, veloclty, and hydrauliec efficiency. The start-up experiments f{ocusad on
building up the biological system to prepare the units for efficient treatment. Experiments
ware tun under diffarent operating conditfons with variable detention time, flow rate, watar
depth in ponds, weather conditions ( all seasons), and paddle wheel operation.

RESULTS AND OBSCRVATIONS

In these experiments, water depth varied between 1.5 and 2.0 m In the facultative ponds and
between 0,30 and 0.45 m in the high-rate ponds. The detention time varied between 8 and 16
days for the facultative ponds and between & and 16 days far the high-rate ponds. During
atart~up, the ponds were filled ro half the requived depth with fresh water, and then raw
Revage was fed ar the taat value of the flow rate. For the high-vate ponds, 3ome algae
culture from the 400 1 containers was added as {noculum. Stable conditions ware reached
fairly rapidly, and the biological system was bullt up within tuwo weeks.

The strength of the mewage in Kuwalt was very high, i.e., the raw gewage BOD variled between
300 and 600 mg/l. This caused the washout of algae {n the high-rate ponds in the winter
months when detention time was eight days or less. The resulrs of the wastewater analyses
revealed thac more than 60% BOD and mora than 30X COD were removed., Relatively high values of
unfiltered COD aad suspendad sollds in the high-race ponds acve caused by algae, which can be
removed by physical trestment methods. Although the phosphate and chloride concentrations did
not change significantly 4{n any of rthe ponda, aulfate concentrationas weve reduced by 507 in
the facultative poands, but increased by about 30% in the high-rare ponds. This {s due to
the oxidation of sulfide ions in the high-rate paonds and the conversion of sulfate to sulfide
because of anaerobic conditions in facultative ponds. High—rate ponda were more affective in
reducing the concentration of nitrogen compounds than the facyltative ponds. Alkalintey was
inereased in the facultative ponds, but decreased in the high-race ponds.

The results of the microbiological experiments indicate that, {n all ponds, total bacterial
counts were about 10X of that of the raw sewage. Similarly, a reduction of more than 957 in
total coliform counts was observed. The main algal populatisa in the facultative ponds is
scenedesnyg 4nd chlamydomgnas; while {a che highw-rate ponds, it (s oaly scenedesmus.



CONCLUSIONS

The results of the completed experiments indicate that a ponding system 1s a viable
alternative for wastswatar treatment in arid ragions. Series operation of facultative and
high-rate ponds looks promising since che organle loads on the high-rata ponds will be
significancly reduced; a 530-60Z reduction in BOD and COD should be expected through each pond.
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ABSTRACT

This paper intends to present the main problems studied in the environmental impact
assessment of the discharge of the tertiary effluent from a stabilisation pond systemto
be built for the city of Faro (Algarve) into Ria Formesa, a shallow coastal water hody
af high ecological, econcaical and touristic value.

The environmental assessment enmphasized the analysis of the impacts that may affect the
shellfish beds as well as the flora and fauna, which are mainly the decrease of salinity,
the increace of nutrients content and the afflux of pathogseus-

Despite the impossibility of quantitative assessment, the study concluded that the effects
of the variation of salinity and nutrients content will not bte very significant, Veing
the effect of the pathogens a possible source of contamination of the shellfish beds.
Recommendations are presented including an adequate consitruction and operation of the
treatment plant, a tight sanitary control of the shellfish vefore human consumptiom and s
monitorinz of the future situationm.

1. INTRODUCTION

The need to improve the water quality of Ria Formosa and to ameliorate the sanitary
conditions of the population led the local authorities as well as the central departments
concerned with these problems towards the development of a solution to the sewerage and
sewage treatment works for the ¢ity of Faro.

The consequences of the discharge of the treated effluent into the Ria required special
consideration, thus leading to the preparation of an environmental 1impact assesswent
together with the detailed design of the works,which include astabilisation pond system
for the sewage treatment. -

This paper focuses on the main environmental problems that were analysed im that study,
the conclusions of the impact assessment and the recommendations for future action.

2. GENERAL DESCRIPTION QF THE SEWAGZ TREATMENT PLANT

The treatment plant under consideration is located 1.3 Km Zast of the city of Faro,in a
wide flat area close %o Ria Formosa.

The plant was designed to cope with a population of 87 145 inhabitants in peak season
and 69 005 inhebitants in low season, at the year 2000, an expansion of it being forsseen
at a later stage.

After preliminary treatment (screening and degritting) the works include three stabilisation
ponds in series.lhe first pond is anaserchic, with an area of ahout 1 ha. The second pond
is a facultative one and its area is about 14 ha. The last one is a maturaticn pond with
8 ha, being its main objective the reduction of faecalorganisms of the sewage L0 2nsure a
safe discharge into the receiving water body. The final discarge to Ria Formosa is
provided by a small vutfall. ’

The effluent from the facultative pond is expected to have BOD. of 37 and 50 mz/L  at
peax season and low season, respectively, in the year 2000. The final effluent, in the



wear, is expected :2 zontain 495 and 5 SCO Zaecal coliforms’ per 100 =zl ia the same
3eascns.

3. REIZVANT CHARAGTERIZTICS OF THE RECEIVING WATER BCoY
Aia Formosa is a natural reserve enclosing an extensive shallow water body and a2 large
arsa of marshes, bota vital to saveral species of birds coming from tze Nortiof Zurope
in sheir migrations, having natural conditions to the spawning and sreeding oI fisn and
shellfish.
The water body is surrounded at the marins-sideby 4 sand barrierwith several permanent
openings to the sea and is fed by very small watercourses, with flow only from October
to April, the freshwater contribution seing therefore ipgsigaificant.
The level of the tide and the directicn and intensity of the currents vary very quickly,
which leads te the absence of species with low resistance to eavironmental changes. The
water of the Ria is entirely renewed in a *idal cycle, with pH and salinity identical to
sesa values, high dissolved oxygen concentration and very low levels of nutrients and
heavy metals.
At inner zones of the Ria near Faro there are bad aesthetical and organoleptic conditions
and the bacterial counts are extremely high, showing the influence of crude domestic
sewage. The bacteriological gquality of the water in several points of the Riaisclearly
inadequate to safe shellfish breeding, activity which is very important both at regicnal
and national level.

4, ASSESSMENT OF THE MAIN ENVIRONMENTAL IMPACTS ASSOCIATED WITH THE
EFFLUENT DISCHARGE

The mogt important problems which may result from the discharge of the treated offluent
into Ria Formosa and that degerved particular consideration in the environmental impact
assessment were the following:

a) Decrease of salinity in the zone close to the discarge;
b} Increase of nutrients in the zone close to the discharge;
¢) Influence of the microbial contamination of the Ria by the treated effluent.

We will now make a summary of the main ¢onclusions of the environmental impact assessment
in respect to each of these items.

a) Decrease of salinity in the zone close to the discharge

The effluent is expected to have a low concentration in chleride and therefore a low
salinity and will be discharged into a water body with high salinity (about 36 %e).

The volume of water of the Ria is completely changed during a tidal c¢ycle and a  great
part of the flara and the fauna of the Ria (namely shellfish) is resistant to graat
salinity changes.

Therefore we believe that the =ffect of the effluent discharge,as far as sgsalinity is
concerned,will be limited to the zone adjacent to the outfall and to the initial peried
of operation of the treatment plant, being its consequences the migration or adaptatioen
of gsome species less resistant to salinity changes.

) Increase of nutrients in the zone close *o the discharrce

In estuarine ecasystems, nitrogen appears to be the limiting factor for the growth of
algae. If the water has low organic pollution and high dissolved oxygen content the
hroduction of nitrates is the prevailing procens. The phosphorus is mainly involved in
processes of absorption and release into sclution by the gediments, a buffer mechanisnm
acting to control those processes.

In Ria Formosa the nutrients are present in very low levelss the prevailing mechanisn
for N compounds is nitrification and P contents of the water is very small.

Due to the high retention time at the maturation pond, it is expected a reduction of
80 to 90% of N and a decrease of 60 to 70% of phosphates.

These facts, as well as the intensive water renovation occuring during each tidal cycle,
lead us to accept that any eventual impacts of the effluent discharge will not be
significant and that they will be confined to the zone close to the outlall.

¢) Influence of the microbial contamination of Ria Formosa by the trzated effluent

Conventional zseaware tresatment systems do not eliminate completely faecal pathogens from
the wastewater and although several biolegical mechanisms (like action of predators and
antiseptic activity of certain algal secretions) as well as the sensitivity fo physical
and chemical changes (insolation, salinity,nutrients) contribute to their severe reduction
after discharge, the effects of the presence of pathogens cannot be ignoredin Ria Formosa
where several shellfish beds are located only a few quilometers away from the outfall
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discharge.

The lagooning system is sxpestad to -emove at least $9% of ¢oliform bacteria and about
99% of viruses, thess one 3eing mainly concentrated on the sewage sludges by adsorziizn.
The removal of ¢ysts and zarasits 2¢53 by sedimentation in lagoons will be total, due <o
their high demsity.

Although this treatment z2lant will provide a global improvement of the sanitary conditions
of the central area of the 2ia it cannot be denied that some restrictions on the shelifish
grown in this area must 2e loplemented, like its compulsory purification at the »lants
already working at Faro aand Qlhao.

5. RECOMMENDATIONS FQR FURTHZR ACTICR

~ The construction and operation of the future treatment plant according to the best
techniques of engineering is undoubtly a precious instrument for the improvement of the
aesthetical and sanitary conditions in Ria Formasa;

- A strong quality control of shellfish must be implemented, to ensure its asuitability
to human consumption, acsording to ZEC Directive 79/923;

- The impossibility of quantitative prediction of the environmental impacts of the e¢ffluent
digcharge, due to the complex hydrodynamics of the Ria, strongly advises the monitoring
and periodical assessment of the future situation. That ronitoring should rely mostly
on regular surveys already carried out by some oficial entities and must include
additionally bacteriological control of the water and shellfish near the discharge and
studies on the evolution of flora and fauna in the area.
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ABSTRACT

The bioprocesses of steel industry wastes self-purificaticn in bufler ponds
have been studied. The representatives of &-7 divisions of microalgae and
many functioral groupg of bacteria have been found in the ponds ecosystems.
The iamportant role of a mew functional group, of so called "lytic"
microorganisma. in the regulation of microecoaystems and in bactarial
gelf-purification was established.

It was found out, that the activity of self-purification bioprocesses in the
gtudied buffer ponds depends on variety of ecological faciors. The main
limiting factor has been shown %o be high turbidity of water and deficit of
golved phosphates and oxygen in it.

To intensify self-purification bioprocesmes of steel industiry wastes in
buffer ponds the regulation of concentration organic and mineral formg of
main biegenic elements (C,¥,P) and their correlation, wafter clarification
and aeration were recommended and effectively used.

KELIORDS

Buffer ponds, steel industry wastes, microalgae, bdacteria, oxygen, bicgenic
elements, gelf-purification, opitimization.

IXTRODUCTICH

The buffer ponds are known %o play an important role in the protection of
natural environment from steel industry wastes pollution (De Falco, 1975
Bagnyuk, 1984). But, the qualitaitive and quantitative composition of these
ponds microbiocenosgls, their capability to self-purificaticn and limdting
factors were atudied unsufficiently.

The objectives of our study were %o carry out the complex {hydrochemical,
algclogical and microbiological) research of steel industry buffer ponds,
to clear up some aspectsg of the gelf-purification bioprocesses acilvity and
to elaborate the methods of it's intensification.

RESULTS

Zcogystems of gteel industry buffer ponrds are delermined by the structure
peculiarities and wide variety of biotic and abiotic factors relationshipa.
In these ponds phyto- and heterofrophic microorganisms populations of high

adaptivity to chemical wasies ingredients and integral activity are formed
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an account of zans~ and phenotypical vardability an tne cae 2and and
spontaneous mechanisms of ecological selection on the other.
Oxidative-reductiva, aydrolytic and transferagse Termentative reactions
resulting in remeving of certain quantity of organic, mineral and bilologlical
admiztures Zake slace in these ponds alongwith dilution, sedimentation and
other kxrown physico~chemical processes determining mnatier Sranafermzation.
The micrvalgae, the nuabers and primary production of which are censiieradbly
lower %han that in river, and many functiomal groups of bacteria such as
ones uiilizing oil products, phenols, c¢yanides, thioccyanides, izon,
manganese inhabit in the ponds ecosystems (Table 1),

YMoreover, a new functional group of go called "lytic.microorganisma® which
takes part in the regulation of microecogystems and in bacterial
gelf-purification of wastes has been found (Bagnyuk et al,1983),

TARLE 1. The phytoplapkion numbersg (105 cellsg ner 1 1) and nrimary
_ production (the amount oI O, mg per 1 1 for £4a) in the gteel
industry ouiier ovonds (June - Augusgt)

River— Pond 1 fond L.l Place lower
derived . water discharge
water . inteo river
The phyteplankton  1842,0145,0 &4,019,5 285,0x49,6 516,8+635,1
numbers e - : C o ” -
The primary 5,5+%,0 0,5£0,02 1,040,04 3,610,8
production - ‘ N . _ _ . T

The abundance of filamentous and mycoplagma-like forms of microorganisms,
gapable of giving rias %to blcgenic precipitation of iron and mangsnese as
their hydroxides has heen detected in huffer ponds phytoplankton (Fig. 1).

Fig. 1. The filamentous ironbacteria with of iron oxides
concretions (a) and saprophytic mycoplasma with
iron-wnanganese oxideg deposits (b) on the
plagmarlemna, XBOCO,

TI - trichomes of the irconbacteria;
CI «~ concretions of the ironoxides;
Ub ~ the aycoplasmas bodys

MO0 - manganege oxides deposita.

In apite of differsnt ecological conditions in buffer pondsg, the qualifative

and gquantitative composition of their heterotrophic microbiocenocses had
significant alikeness.
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The general quantity of micreorganisms, bagic orgenic pollutants degiruciors
in juffer ponds vaver-reached 12 millions cells per zl, hetereirophic
microcrganigag - 450 <hcugands xells per ml. The peiroleum=-, phenol- and
thioeyanidutilized bacieria amoun’ts reached tens thousandsg cells per 1 al

of water in the same jonds (Bagnyuk,1984).

AS a reguli of our investization of aveelplants buffer ponds it was
agtablighed, that Lil were present both in river-derived water used
technologicaly, and in ‘he buffar ponds water. ioreover, parallel with I
lyging saprophytic bacteria (Micrococcusllysodeikticus 2665), aigroorgmmisms,
which capable to lyse conditionally pathogenic bacterieflora (Staphylococcus
gureus § <41 and Froteus vulgariqyoxic gpecies), have been found in water
thickness (Table 2). The significant increase of LU observed in September

wag in agreement with the increase of heterotrophic microflora density giving
rige by the blue-green algaes "water-bloom”.

PABLE 2. The amount of lytic microorganisms (cells per ml) in the water £xoam
the ateel plians buifer pond

Month of Places of L ¥, counted ont

sampling sampling . lysodeik- 5. aureus P, vulgaris
: ticus
J anuary river 7500460 4560+1C0 -
pond 49Q0+90 2600453 -
July river " 70810 1550150 4442
. pond 128+5 120+4 1 58+2,5
river 10100+100 9500+50. 1200%250
September pond 6636190 3470+123 10550+217

Activity of self-purification bioprocesses in the studied ponds varies in
large ranges according to ecological (seagon, degree and kind of pollution).
Thug, i1t has been shown by the method of igolated water mamples that every
24 hours 6,%3-7%,2 % of o0il products, 6~80,5 % of phenols, 7-33 % of cyanides
and thiocyanides.were destroyed biochemically, and 13,3~70 %.of ammonium
nitrogen were utilized in the water mass of the ponds..
The maim factors limiting bioprocesses of gtesl industry wastes
gelf-purification are high turbidity, deficit of solfed phosgphates and oxygen.
It Lag been calculated that oxygen was gupplied to water by photosynthetic
(0,5-2,6 mg/l per 24 hours) and atmospheric (Q,5-4,0 mg/l per 24 hours)
aeration. For 24 hours the procesases of water pubstances oxidatlon required
25,4=100 72 of dissolved oxygen.

As in aerobic ponds oxygen, required for organic matters oxydation by
microbiocenoses is produced by phytoplankton, self-purification bioprocesses
salculations are based on the prognosis of phytoplankton growth

oinich-3jsnokzentsky, Khosrovjanis, 1984).

he microalgae reproduction prognosis is.discribed ag a power series of main
dimenpionless parameters values, determining phytoplankion evolutions
limiting blogenic element concentration, temperature, water clarity, time of
process.
However, the calculations of steel industry buffer pcnds gelf-purification
bioprocesses is advisable to base not on BOD, but on one of the limiting
polliutants. e consider, thet in the integral process of melf-purificaiion
both direct and indirect oxydation reactions, hydrolisis and trsnsformation
of organic, as well as mineral admixtures, may proceed even without free
oxygen. Thus, nitrates, sulphates, phosphates, carbonates, chlorides and ions
of metalsmay be used as electrons, acceptors in orzanic matters oxidative
degtruction by microorganisms.

It has beeg gho'm on the example of two buffer pouds in which 105 and

1100 mln.o¥ of respectively treated waagtes were accumulated for cooling and
pretreatment than in order to oxidize residual quantity of bivalent ferrum,
01l and phennls about 1340 tons of diseolved oxygen for the first pondas and
more then 9 thousands ftona for the gecond are required. But the real level of
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primary productis»n and atmospherls ae-ztion in the ponds, provides only
8~35 % of total oxygan demand. Ths =enticrned above oxygen deficit nay be
eliminated either by zneumatis zeraiion which is expensive or by special
measursesg providing iniengification of gelf-purilicavion bioprocesses. The
latter 13 smors sdvisable from the ecological and economical pointg of view.
The addition of soluble phosphates to wastewater leads to increase of phyto-
and bactarioplank*ton numbers and vital activity, hence about 25-~50 % added
pposphate was eliminated. A% the same time ihe acceleration of. .-
gelf-purification, water softing effect and ifs gaturation by oxygen were
obgerved when cowmpared with control.

The generalized mathematical model of final biclogical purifications
management of ateesl industiry total wagtes, primary purified on the local
sewage plants, has been developed. The model is based on the point asystems
of matrix differential equationa:

%% = AD (u)

%% = 131'13 (w) + B, (x) + B3T; |
-3% = C,0 (u) + 0y (u )X + C3 (ugl2;
$% = o ()X - P(XD(w);

where: - -

¥V = water volume

T = water temperature

D (u) = enlrance and exit water flaws vector

u = flows of water management (fresh water additvion, discharge into
. river, recirculation, removing of sludge): :

z = pollutants, blogenic elements and soluble oxygen vector 4,B,C,D,F
« water and warm end matters balances matrixes -
u, » phosphatizaltion of buffer ponds water
x = bacteria~destructors of pollutmmis and phytoplankion biomass vector.

In the model the meteorological and hydrological data, horizontal and vertical
pond structure, balance of solved oxygen and main biogenic elements, the
growth equation of phytoplankton micrvalgae and bacteria, which are organic
natiter destructors, are taking into considerstion. The salculations bamed on
the many factors correlation-regressive analysis permit to identify end chooe:
the most advigable measures to intensiry pretreetwment of wastes from
mechanical, organic and mineral admixbtures and its evabilization by 1,3-2,0
times. Among the most reliable are follows: regulation of concentration .
betwesn organic or mineral forms of biogenic elements (C,N,P), water’
clarification and aeration.

CONCLUSION

The edaptated algo-bacterial communities of orgenisma purlfying water from
organi¢ and mineral pollutants inhabit in steel industry buffer ponds used
for dilution, cooling, sedimentation and matural stabilization of industry
wagtes., The regulation both content and correlation of biogenic elements
(C,IT,P) in water allows to intenmgify the biochemical processes of buffer
pongitphytoheterotrophic biocenoses and hence to improve the water purificatim
quality.

For purpoase of control and management of self-purlification in bufifer ponds
automatic monitoring sgystem is recommended. The minimal set of parameters
which is necessary to establish the optimal regime of weter quality is chosen
on the base of the mentioned above model and they are transfered to the
manager block. Thus the possibility of reiterative water use in the
recirculated vechnological cycles is enaured.

An ecological and Vechnological analysis of causal and resulting relationships
between technogenic systems and environment made on the base of the principle

of cost minimizing contrihute %o creatin%, the modern gelf-regulated
ecological and indugirial complexes and %0 maintenance its balance.
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THE ATTENUATION QF UNDERGROUND WATER CONTAMINATION IN A VINASSE
CLAY-LINED POND

P.M. Buchler

Depe. of Chemical Engineering, S3o Paulo University, P.0. Box
8178, 530 Paulo, S§P, 01000, Brazil

ABSTRACT

Vinasse, the liquid residue from sugar cane alcohol destillation, is a major industrial
pollutant in developing countries., The use of ethanol as an alternacive automotive fuel in
Brazil led to the construction of large number of stabilization ponds for the trearment of
this macerial prior to river disposal. But, because of tha infiltration of this high BOD
residue into the underground, the water for human consuptionm has been highly contaminated. The
objective of this work is to study a Brazilian clay which can be used both a3 an impermeable
layer and also adsorb the organic components of vinasse. The results show that both the
organic components of vinasse and the vinasse itself are adsorbed by the tetramethylammonium
(TMA) derivative of a Brazilian sodium bentonite, Similar experiments performed with Wyoming
bentonite show that the Brazilian clay {s less efective than the American one because of its
lower content on the clay mineral smectitre. A computer simulation shows that the clay liner
do not have to be replaced before one year of operation. This is very convenient because the
alecohol industry works for 8 months approximately. Therefore when the distillery is not imn
operation the clay liner can be replaced,

KEYWORDS

Vinasse; organic load; bentonite; smectite; clay liner; underground infiltration; cane sugar
alcohol,

INTRODUCTION

Vinasse is the residue from sugar cane alcohol destillation. It is a high Boo effluent because
of its organic content (50,000 mg/l). Before the oil embargo of 1973 most of the vinasse
produced in Brazil was used as a weak fertilizer., But because of the high cost of imported oil
the automobile factories were encouraged to produce cars and trucks running on alcohol. The
amount of vinasse produced increased so much that the excess had to be treated in stabiliza-
tion ponds prior te river disposal. Bur the infiltration to underground water and
leakage of these ponds is causing death of fishes and contamination of drinkig water, Experi-
ments performed by the author (Buchler and Perry, 1986) had shown that the Wyoming bentonite
saturated with TMA can adsorb most organic components of vinasse. The objective of the present
study is to show that the Brazilianm bentonite tested, in spite of its lower purity, can
replace the Wyoming bentonite at a lower cost.

LITERATURE REVIEW

. There is no information in the literature about the adsorption of vinasse on bentonites, But a
substancial amount of data is available on the adsorption of the organic components of vinasse
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on bentonites reactad with several 4iffarant cations (Theng, 1974), The TMA derivacives of
sodium bentonites are specialv active on rthe adsorption of polar organic molacules (McBride,
1985). Therefore the adsorption is high on the surface of this clay mineral. ™A is a
hydrophobic cation therefore i3 more Likely to atract organic molecules which are aot too
miscible with water. This is specialy true in the adsorption of alcohols (German and Harding,
1969) and amino acids cm benconites (Sieskind, 1985 and Talibudeen, 1934). The adsorpticn of
zlucose is not so intense (Greanland, 19356) because it is a highly hydrated molacula as
compared with the mechylated glucose which is more intensively adsorbed by calcium bentonite.
Dextran, which is the gum most frequently found in sugar cane, follows the 'chain lenght rulae"
which means that the high molecular weight dextran found in vinasse is well adsorbed (Olness,
1975). Studies with glycarol (Brindley, 1966) show that the problems of its adsorption comes
from the presence of 3 OH groups which maka the molecule too bulky to fic into the interbasal
space.

MATERIALS AND METHODS

The materials in the laboratory experiments are: chemical grade glycerol, ethamol, glucose,
fructose and phenol; c¢linical grade dextran and glycine and also vinasse from a local
destillery, The sodim bentonite is reacted with TMA for 24 hours under agitation. The
suspeusion is centrifuged and washed several times until no excess of TMA i3 present. The
procedure to adsorb the organic components and the vinasse is similar to the one outlined
above. The concentration of organics before and after adsorption on the clay surface is
measured in a fully automatic digital total ovganic carbon analyser.

RESULTS

Figure 1 shows the X-ray difratogram of the Brazilian bentonite, The pegk at 15.22 L is

caracteristic of the interbasal spacing of smectite. The peaks at 7.13 § and 4.25 A show
kaolinite and quartz as impurities, The content of sodium smectite is 70% approximately.
Figure 2 shows the adsorption isotherms of the pure componeunts and also the isotherm of

vinasse,
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DISCUSSION

The temperature used 1o the gresent sxceriments fs 37°¢ «high Lls the average tsmperature In a
tropical country whmara nosht cane sugar olantations are locatad.lLower femperatures 4o occur
hut they are the excegtian tather than the geparal rule. Jesi{des, since the adsorpticn
capacities are lowasr far Si{gher ts=mgeraturss M@ Jresant results areg consaervative. The
ghenolic bodlies present in tne vipasse (as simuizced oy onenol) are strongly adsorbed by the
TMA derivative of the 3Srazilian Bentonits. Qther comodnents are adsorbed to a lesser extent.
The results for vinasse are surprisingly high singe we would expsct an average value for the
adsgrptlon capscity as zompared witn tne componrents. The suspeanded organic solids in the
vinasse are responsible far the higher value of the gdsorption. Actually the suspended sollds
are filterd by the clay liner and not adsarbed.

CONCLUSIONS

The impermeability of the clay and Lts capaclity to adsorb organics makes it useful as a
liner. Besides, as the computer simulation shows, the clay liner can be removed after one
year af aperation and therefore the system loocks economical for a developing country.
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ABSTRACT

A survey on the watertightness of waste stabilization pends in France and specific field
investigations on c¢logging have lead to some recommendations for the designer. On average,
25 % of the French lagoons have leaking problems. The main reasons for this situatien
are apn insuffisant preliminapy geotechnical study and insuffisant inictial influent flow.
In some cases, clogging may occur and reduce the leaks after a few months.

KEYWORDS

Waste stabilizavion ponds, leaks, clogging, civil enginneers.

INTRODUCTION

Watertightness is generally a civil engineer’s main concern when he has to deal with waste
stabilization ponds. Leakage may pollute the groundwater and even hamper the filling of
the basgsins. Technical solutions do exist (soil compaction, soil improvement, synthetic
membrane...), but they generally increase costs. Thus, an attractive possibility to reduce
these expenses c¢ould seemingly be found in clogging the bassins after the filling. 3ludge
deposits bring about physical, chemical and Ubiological c¢logging (Kristiansen R., 1981~
Chang =2t al., 1974) and create a low-permeability layer which can have a major effect
on the infiltration rate {(Gril, 1982).

Recommendaticns on watertightness with clogging are given for the designer on the basis
of both an inquiry inteo the situation in France and specific field investigations.

SURVEY ON THE WATERTIGHTNESS OF WASTE STABILIZATION PONDS IN FRANCE

We questioned the SATESE (the French service departements for the sewage works) about
the amount, the causes and the localisations of the leaks in the 612 waste stabilizatien
pends built between 1983 and 1986,

Figure 1 indicates the geographical distriburion of these lagoons., On average, 25 % of
them hnd watertightness problems. This high mean value does however considerably vary
according to the rvegions (figure 2). A part of these regional fluctuactions can be related
to the soil types. So, in the Landes (5W of France) where soils are malnly sandy, the
percentage ol lenking problems amounts to N0 %.

The answers on the survey indicate that Jeaks can be accounted for by :

- an insuffisant preliminary geotechnical investigation : 3% X

- ordered works which had besn badly carried out: 28 %

- an insuffisant initial influent flow or a delayed filling of the bassins : 25 %
- various causes (rodent holes...} : 12 3

The leaks are mainly located at the bettem of the bassins (47 Z) and at the dikes
(42 %), rarely at the contact between the dike and the botzam (11 3).
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FIELD STUDIES

The in-situ approach is composed of two parts
-~ the observation of the clogging of lagoon bassinsg as soon as thay are getting filled
- the ztudy a posteriori of already clogged wastewater ponds,

* Qbservation of the clegging : it ceonsits in following the evolutionm in time of the infil-
tration rate in the Ffirst 'bassin as scon as filled. We have selected ten lagoops, built
up in gummer-autumn 1896 and which presented a priori high leaking risks. They were characteri-
zed by a soil prospection. Just before filling the bassins with wastewater, we tried $to
measyre the soll permeability in the bottom with clear water, by using the in-situ percolation
test (W.S. Department of Haalth, 1959).

But this method presents a lot of difficulties (destructuration of the compacted layer,
necessity of a large number of measures, long saturation time). Better initial values
were obtained by drawing up the input-output balance of the water fluxes for a bassin
just after its filling with clear water. The input flow was cut so that the infiltration
rate could be estimated by measuring the decrease in the bassin water level related to
time (rain and evaporation are taken into account). This method is also valid to follow
the evolution of the infiltration rate periodically when clogging occurs.

The principal restriction comes from the difficulties to have a precise measure of the
decrease in the water leval with low sofll permeapilities. The practical limit is K=10"%m/s. In
our cases, the_initial permeabilities varied beween K=5x10+C m/s and K=102 m/s with a mean
value of K=10 '7m/s. Only one of the ten initially considered lagoons had finally the adequate
characteristics to study the clogging (in particular large initial leaks and groundwater
table far under the bassin's bottom),

It may be too early to give here any indication on how permeability has evolved since
the filling of this bassin in october 1384.

* Study of a cloggzed lagoon : the influence of clogging may be illustrated by the example
of HARSKIRCHEN's lagoon (NE of France), whose main characteristics are

- date when it was brought into service : 1983

- number of eguivalent inhabitants : 1300 at the filling, 21C0 today among whom 5C0 seasonal

- waste and rainfallwater are ¢ollected in the same pipes

- mean {low by dry weather : 400 m3/day in summer ; 300 m3/day in winter

- total suspended solids in the influents : 160 mg/liter

soil characteristics : sand and silt (heterogenous composition) with a 30 em added on
clay layer (theorically “"imperveous"”)

- surface of the bassins : bassin ! : 6000 m? ; bhassin 2 : 6000 m? ; bassin 3 : 2000 m?

- water table level : 1 meter under the bottom of the bassins.
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For more than a year, thes f{irst pond =2ould not pe filled. At the naoment however, all of
the three bassins are {ull and den':t leak. The zeasursd sediment thickness in the first
hassin varies from a faw sentimeters in the middlsa, t3 more than 40 cm at the inflow and the
outflow. The mean permeability of the depositis iz near 1079 m/s. This low value can be
related to the small particle size and 2o the nigh ratio of organic matzar (15 %),

The example that we gave nere shows that deposits may clogg a lagoon asven with a considerable
initial leak. But the forming of tha clogged layer needsa period during which the groundwater
can be highly polluted.

CONCLUSIONS

The gsurvey carriedout at the SATESE in France showed that watertightness problems of natural
lagoon basginsg do exist.

One lagoon out of four is leaking when getting filled and this, mainly at the bottom of
the bagsing. The main reasons for this situation as indicated in the survey are an insuffisant
praliminary geotechnical study, badly carried out works and an insuffisant initial inf'luent
flow or a delayed filling of the bassins.

Considering also the results of the fileld studies and the CEMAGREF's experience in these
civil engineering problems, fellowing recommendations can be given

* Necessity of a preliminary geotechnical study : pits for soil investigations should
at least be dug and in-situ permeability tests be carried out (CTGREF, 1980). When the
seil permeability X is higher than 10'7méwatertight ess must be Iimproved by seil compactien,
soil improvement or a synthetic membrane. For 107°<K < 10-7 m/s, it seems that clogging may
generally occur and rapidly decrease the initial 1leaks. However, the optimal situation
remainsg when K <10-8 n/s. Furthermore, knowing the groundwater table level is very important
in order to evaluate the contamination risks.

* Nacessity of an immediate filling of the bassing aftepr their achievement : if this condition
{s not respected, shrinkage C(issures may ocecur in sun exposed sails and the vegetation
will perforate rthe impervious layer. Often, only a part of the inhablitants are initially
linked up to the stabilization pond so that the sewage inflow iz smaller than the leak.
In such situations, the bassins must be f{illed with clear water provided for example by
a nearby river.

* Clogging effects : [irst, there will be no clogging without any sewaga inflow. Secondly,
the sgedimentation rate is difficult to prediet in a general case. It seems that far the
firgst bassin of a 500 equivalent inhabitant lagoon receiving only domestic sewage, the
mean value is close to a $ c¢m/year deposit. However, there can be a ratio of ten between
the sediment thickness in the middle of a bassin and the sides. The sludge deposit and
the clogged soil under 1t have a low permeability (we measured K < 1077m/s).
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THE EFFECT OF pE ON THE PERFORMANCE OF HIGR RATE OXIDATION PONDS
Y. Azov* and G, Shelef®

*invirounental and Water Resources Engineering, Technion
Haifa 32000, Israel

ABSTRACT

A common observation in high rate oxidation ponds (HROP) is that pH rise will usually be fol-
loved by decresse in algal production and in overall pond performance. It was found that the
pH has minor direct effects on algal production but has major indirect effects as it deter—
mines the ratics of the carbonate system species and the dissocilation of ammenia in the pond.
Thus, incressed pH values may cause carbon limitation of algal production or free ammonia
inhibition of algal photoaynthesis in HROP,

.

KEYWORDS

Oxidation ponds; pH; photosynthesis; biomass productien; carbon dioxide; ammonia.

INTRODUCTION

High rate oxidation pond (HROP) is an intensive bilological wastewater treatment process which
conbines both water reclamation and algal bilomasa production (Oswald,1972, Shelef et al.,
1980) . Among the many parameters which determine the performance of HROP, the pH 1a ona of
the most complicated. It has indirect effects which are not easily defined. One can includae
among the pH effects the availability of inorganic carbon to the algae (Azov et al., 1982),
toxicity of ammonia to the living biomase (Azov and Goldman, 1982), availahility 9f phosphorus
to the algae (Bogan et al.,1960), precipitation of calcium and magnesia salts and in gsome
cases leads to the determination of algal species dominating the pond (Azov et al,,1980).

The pH of the water determines the ratigs of the carbonate system species in the pond as well
a8 the rtatios of free ammonia (NHs) to ammonium fon (NHI). We ghall demoustrate the effects
of these processes on HROF performance.

MATERIALS AND METHODS

Laboratory experiments were conducted using algase grown in fully contrelled chemostazes. The
basic experimental procedure envolved algal photosynthesis rate measurementz using the labeled
carbon method. A detailed descriptioun of the continuous culture apparatus, the culturing pro-
tocols and the experimental analyses are given elsewhere (Azov and Goldman, 1982, Azov, 1982).

Qutdoor experimen:s were conducted in pilot plant EROP (120 m? each) and in some of 36 minf~

ponds 0.35 m? each. A detailed description of the outdoor facilities and the experimental
procedures and analyses is given elsewhere (Azov et al., 1982),
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pH AND CARBON AVAILABILITY

Laboratpry experiments indicated decrease in algal photosyntheses at eslevated pH values when
total dissolved inorganie carbom (DIC) concentration in the media wasg 40 we/l (Fiz. 1). How-
aver, it was found rhat actually, pH affeccad algal growth by determining the concentration
of free COz in the watar, hencs, determining the availability of carbon to algal photasyn-
thesis. When total DIC concencrations in the experiments were caleulated to produce squal
amounts of free CO; at different pH values, o pH effects on algal photosynthesis could be
observed (Fig. l). Outdoor experiments confirmed the laboratory results, Algal cultures
grown outdoors at constant pH value of 7.5 using HCL to suppress pH elevation by photosyn-
thesis, could not maintain further growth after water alkalinity decreased helow 0.2mM (on
the Sth day). Ou the other hand, using CO2 as pE ragulator brought about further growth of
the algae over control ponds (Fig, 2).
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20 mg/1.

3. Ingressing pH values at increasing
inorganic carben concentrations
caleulated to produce 0.1 mg C/1
of free CO2 at each pH value.

L. Concentrations of 1norganie carbon
in experiment B,

AMMONTA TOXICITY

Numerous experiments with different algal species indicated a general phenomenon of ammonia
toxicity to algal photoaynthesis, At constant total ammonla concentration (NH. + NH3) of SmM,
a dramatic effect of pH on algal photosynthesis was observed. Carbon assimilation was reduced
by 907% between pH values of 8.2 to 8.7 (Fig. 3). However, when free ammonia (NHj) concentra-
tions were calculated for each pH value if could be ghown that pH had no other effect than
determining the relatlve congcentration of the toxie agent - NHi, in the media (Fig. 3). The
possible effects of ammonia toxicity on HROP performance is demonstrated fm TFigyre 4, In
batech cultures, algal photosynthesis will cause a pH rise up to values of 10 — 11. When high
concentration of ammonia 1is present in the sewage feed, inhibition of photosynthesis by free
ammonia will cccur, following pH rise. Ar certain pH values, photosynthesis is Inhibited al-
most completaly concomitant with no further pH rise, After a few days when ammonia concentra-
tion is reduced due to evaporation and algal consumption, photosynthesis will be renewed caus-
ing further pH rise. ’
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CONCLUSIONS

The high photosynthetic activity of algae in HROP increases pH to values that may affect the
performance of the pond. Carbon limitation may occur in long retention times when organie
ecarbou supply is low, In regular operation, the additicnal carbon which derive from biode=-
gradation of the organic matter could prevent carbon limitatiocn even at Inereased pH values,
The high ammonia concentrations ia certain domestic wastewater feed into HROP may cause algal
photosynthesis inhibition at elevated pH values.
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ABSTRACT

In this research, the sand filtration process is focused on as ong of the techniques for raising the
quality of oxidation pond effluent. Based on the data of down-flow filtration experiments, a mathe-
matical model for DO and deposit is developed, and the behavior of the deposit In the sand filter is
analyzed. The decomposition of the deposit follows a first—order reaction at 2 filtraticn rate higher
than 5 m/day, while it follows a zero-order reaction at a rate lower than 1 m/day. From the relation-
ship between deposit and head loss, the maxdimum quantity of the depogit is determined ta be around 0.3
ke/m? at the rate of 0.5-1 m/day and 02 kg/n® at the rate of 5-10 a/day. .

KEY WORDS

Sand [iltration, mathematical model, oxidation pond, deposit, head loss, dscomposition

INTRQDUCTION

Send filtration is avajlable for the treatment of oxidation pond water because of its high officiency
of removal of S5 material. To evaluate this treatment, information on the deposit and head loss is
required. Deposit is decomposed to some extent during the filtration period before clogging, Then,
mathematical models for the behavior of the deposit are developed and analysed.

EXPERIMENTAL PROCEDURES AND DEVELOPMENT OF MATHEMATICAL MODEL

Experimental procedures The experiments used for model verification sre the same aa the psper titled
by "Water Quality Improvement of Secondary Zffluent by an Oxidation Pond with Subsequent Sand Filtra-
tion Treatment"(Fujii et al.,1987). The layou: of experimental equipment is shown in Figsd., The
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detention time of :he sxidation pord was 3.3 days, and the effluent was filtered through the szand
‘j_te" at the rate of 7.5 =a 10 a/day. The sonditions ard results of s2ach rum are summarized in Table
1. , U0 and head isss wers zeasured and the final deposit mass was cobtained in avery mm.

Model ard diffsrential scustions For the estimation of deposit behavier, a mathematical zcdel mased
on meterial talance is daveloped as shewn in Table 2. In the model, 3§ is divided into VS8 and asr.
The ratio of VS5 W 33 in imtTuent is determined to be 0.913 from the avermge valus seasured in zend
water. From tracer evperiaerts, the flow patfern is determined to be complete mixing in the watuer
zone and piston flow in the sand layer. 3Jince the deposit is almest completely concentrated near <he
gsand surface, the very tiin layer Just below the surface is assumed to be a reaction layer where all
reactions oceuwr. The sedimentation of V5SS and ssh, the decospositicn of V3S, the consumption of DO ard
the gasification of supersaturated D0 sre considered to be reactions in this medel. The VSS decomposi-
tion rate is proporticmai to the VSS concentration.

Table ' Condition and results of each filtration experiment

Run 1 Run 2 Run 3 Bun 4 Run 5 Run 6 flun 7

Filtration rate im/day) 10 5 3 T 1 0.5 0.5

Period Jul. 9 Aug. 3 Aug.28 Sep.28 Sep.28 Sep.28  Jun. 11

~Jul,10 -Aug. 6 =Sep. 6 -0¢t.22 -0ct.27 -Nov.18 =Nov.10

Run length (day-s) 1.0 2.3 8.7 2. 29. 63. 152.
38 loading (g/ 223 313 849 515 640 640 1684
Final Daposit(measured)(g/m ) 205 288 462 354 401 354 793
(simulated)(g/m?) | 211 282 455 348 440 357 1066

Remarks fish fish

Table 2 Model for sand filtration and fundamental differential equations

Lo,Xo,Do 3 dL1/dt=(Lo-L1)/T-sL1/H-rL1 (1M
influent z_,...l(g/m ) .

© “tomplete mixing 4X1/dt=(Xo-X1)/T~sX1/H (2)

water | D1 L13 X1 H(=0.1m) dD1/dt=(Do=D1)/T-k-arll (3)

zone || 'U Ce/n’) | k =ko((D1-Ds) /D) (0/U%)®  (4)

(m/hr) AN

;/dejreasa L2/ / A2 reactlon dL2/dt=UL1+aL1~rL2 (5)

:222 "\L—"-J,’ tf,al’p‘id)-z layer (g/n?) 3 dX2/dt=UK1+sX1 (6)

22 Q. Leffluent  (g/87) - 4pp/gtednt/dt-ar(dL2/dt)/0 (7

Lo,Xo,Do = VS8, ash & D0 in influent (g/mjg H = depth of water zone (02 a)

L1,X1,D1 = V8S,ash & DO in water zone (g/mz) T = detention time of water zone { hr )

D2 = DO concentration in effluent (g/m ) a = (D0 consumed)/(VS3 decoaposed) (=1.28)

12,52 = V38 & ash storage in sand layer nB s = gettling coefficient ( =0.01 m/hr )

Ds = saturation value of DO = decomposition rate constant ( 1/hr )
U = filtration velocity (m/hr), U= 0.0AZ m/hr ¥o,n,m = parameter for gasification of DO
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Fig. 2 The results of simulation in the effluent DO concentration

Numerical caleulation and verification The data on Run 1, Run 2 and Run 3 (0-88 hrs) are used for the
verification of the model. The differential equstions are solved using the RKG method. The valuas of
r, ko, n and m are determined to minimize the sum of the gguares in calculation errors. Then, ko of
01 1/hr, noof 2 and m of 1 are determined in these three cases. r is Q.0034, 00022 and 0.0027 1/mr
in Runs 1 to 3, respectively., The calculation results(Fig.2) show that a time-series variation of DO
is precisely simulated with this medel. The final czalculated deposits are 211 and 282 g/n* for Runs !
and 2, while the measured ones are 205 and 283 g/m® for Runs 1 and 2, regpectively. The errors are
less than 3 %, and thus the reliability of the model is demonstrated in this experiment.




Since the modeling of decompeositicon i3 diffi-wlt at a low rate, the deposit variation in Run 4-7 i3
obtaired from the following procedure . Tirst, <he D0 concentration for the case without bioleogizal
reacticns is caleuwlatad Irom dodified diffarearial equations, in which the decompesition rate constant
r is given as zers. Ihe difference between <ie reasured D0 concentration amd the calculated ~ns is
congidered tw be the oxygen congumptizn in the sand filter. The decomposed quantity ia caleulated
from this DO consumption. As shown in Table 7, %he Tipmal simulated deposit quantity is coincident with
measured one. The reliability of this acdel i3 also demonstrated.

DISCUSSION

The behavior of the derosit The variation of the influent S3 loading, deposit mass (=VSS+ash) and
cupulative decomposed mass are shown in Fig.3. The ratio of the decomposed material increases with the
decrease in the filtration rate. In Run &, the deposit appears to be aporoaching the same level as the
decomposed mass, while it is almost the same as influent loading in Run 1. The decommposed mass seems
to increase progresgively in Runs 1 and 3, but linearly in Run 6. It seems that the decomposition
reaction is of the zero-order at a low rate amd is of the first-order at a high rate. At a low rate,
the reaction may be controlled by oxygen supply rate. In Fig. 4, the VSS de%%moosigmn rate {(Run 6) is

plotted sgainst temperature. In Run 6, this rate is expressed aa 5#1.03%6 <° g/(n%da
Influent Influcnt 0 Influent
. loading 0.6} loading S loading
o Yeer
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Fig. 3 Variation on influent 38 loading, deposit mass and cumulative decomposed mass

Deposit and head loss Flg. 5 shows the relationship between the head loss and the simulated depesit,
In Runs 1- 3, head loss increases with the increase in the depoait, while head losa in Runs 4 and 6 is
very low before depesit becomes to a cert%m quantity, and then increases quickly. B The final quamtity
of the deposit seems to be about 0.3 kg/u® at the rate of 0.5-1 m/day, but 0.2 kg/a® at 5-10 m/day.
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Fig. 4 Decomposition rate and temperature(Run 6 Fig. 5 Head loss and deposit mass

SUMMARY

In this resesrch, the behavior of the depcsit in = sand filter was discussed with the help of a
mathematical model. The degradation of the deposit follows a firgt-order reaction at s flltration
rate higher than 5 m/day, while it follows a zero—order reaction at a rate lower than 1 m/da {
maximum quantity of the deposit in the sand filtration bed is determined to be arcund Q.3 kg/m” of t‘xe
bed surface area at the rate of 0.5 to 1 m/day and 0.2 kg/n< at 5 o 10 m/day. Since deposit behavior
is successfully simulated with this model, the length of run until clogging occurs estimated from the
time when the simulated deposit becomes this quantity.
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ABSTRACT

Dissolved Air Flotation (DAF) principles were applied to harvest microalgae from high rate
algae pond (HRAP) effluents in a highly simplified system which consists of an open channel
and a dosing pump only. Polyelectrolyte solution is dosed inte the channel through a
diffuser 1in the vecinity of a paddle wheal, where rapid mixing occurs. Slow mixing takes
place in the channel. While flocs grow, oxygen bubbles resulting from algae photosynthetic
activity are entrapped. Floating flocs are removed manyally at the end of the channel.
Removal afficiencies of 90% were obtained at a 10 mg polyelectrolyte dose., Float had 4 to
6% solids which dewatered easily to 10% solids.

KEYWORDS

Microalgae, Polycationic floccuylant, Harvesting, Autoflotation, QOxygen.

INTRODUCTICN

Production of algas on a continuous basis, at high yield, has been demonstrated to be
possible when treating wastewater. The main problem in algae production in wastewater
treatment is the high cost of separating the algae from the effluent. Preconcentration by
sedimentation followed by centrifugation has been proposed as a means of reducing costs
(Mohn 1978), but it would seem to be impractical to¢ couple stabilizaticon ponds, which are
relatively inexpensive to operate, with centrifuges which are expensive pieces of equipment
and are costly to operate (Middlebrooks et al. 1974). Flocculation followed by flotation
seemns to be the most accepted and reliable method for algae removal from pond effluents.
However, the combination of flocculation and DAF is still too costly. The capital outlay
for equipment is too high for the application of these methods 1in small communities angd
developing areas.

This paper is a continuation of work done on algae harvesting by flotation (Sandbank, et al,
1987), It introduces a procedure for harvesting microalgae, called in-situ autoflotation,
which uses excess photosynthetic oxygen for the flotation of algal flocs in a channel using
a simple technology, similarly to autoflotation performed by Koopman et al. (1983), for
harvesting microalgae from HRAP treating animal wastes.



MATERIALS AND METHODS

A DAF unit vas further simplified by eliminating recyrculation and perforaing flotation oaly
at hours of phetosynthetic oxygen supersaturatisn. A fast acting polyelectrolyte, (Istag
57}, was used in a 0.1% to 0.2% solution and injected in-line. 3Since the polyeisctrolyte is
not pH dependent at the pH range of HRAPF, the pH controller and acid pump are not neaded.
Compared =0 conventional DAF, the rapid mixing tank, slow mixing tank, pressurization tank,
pressure pump and the air compressor have been all eliminated. A further siaplification is
the reaplacement of the flotation tank and screpper by an open channel figs (1 and 2).

|
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F1G. 2 1In-situ qutofiatation.

In-situ-Autoflotation

The overflow of a 100 m* high-rate pond operated at a retention time of 5 days was fed to a
17 m length channel. This channel was used as a flotation unit (Fig. 2). Harvesting was
performed on a batch basis operation when the chapnel was full and when the dissolved oxygen
level was above saturation. At this stage the inflow was discontinued. Flocculation of the
algae and flotation were performed in-situ. A paddle wheel kept the channel mixed.
Flocculation was performed by uging the polyelectrolyte Zetag 57 in a 0,1 to 0,2% solution,
at doses varying from 3 to 10 wmg/l. Differdnt ways of distributing and mixines the
flocculants were tested, namely: a) addition through the inflow of a submerged pump which
was pumping the water of the c¢hannel before the paddle wheel, b) addition near a flash-mixer
placed before the paddle wheel and c¢) addition through a diffuseér submerged in the channel.
The diffuser consisted of three perforated pipes, as wide as the section of the channel,
connected to a manifold and submerged at different depths, thus ensuring a good distribution
of the flocculant. The {loe¢s that are formed after the slow mixing action of the paddle

wheel float downstream. They are intercepted by an inclined plate at the end of the
.channel.
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RESULTS

The best method for introducing the polyelectrolyte solution is by in-lipe injection into
the suction s3ide of 23 pump, pumping effluent from the channel and spreading it througzh a
diffuser (Fig. 3). The effect of incremental doses of Zetag 57 on algas removal by
autoflotation showed that 10 mg/l remove 90% of the T35 (Fig. 4.

The c¢ollection of the alzal fleat in in-gsitu-autoflotation was performed manually, in order
to reduce =quipment costs and zaintenance. If required, a mechanical collecting device can
eagsily be installed. The algal flocs produced with the polyelectrolyte, contained freom 4 to
6% solids and dewatered easily on a screen to solids content of 8% to 10%.

One disadvantage of in-situ autoflotation is that jits operation is limited to a few hours
per day. However, considering the amount of equipment saved, together with the lower
amortization and maintenance costs, this drawback is fully compensatad. In gitu
autoflotation satisfies the requirement of simplicity and ease of operation which is
necessary for small rural communities.
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Fif. 3. In-situ autoflotation of microalgae. Fig, 4. In~situ autoflotation of algae.

Effect of 5 mg/l polyelectrolyte on Effact of polyelectrlyte (Zetag 57)
TSS removal. dose on the removal of TSS.
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ABSTRACT

A procass consisting of ultraviolet radiation followed by sedimentation was used to remove
suspanded solids from a wastewater lagoon effluent, An average of 33 percent of the
suspended solids, 45 percent of the volatile suspended solids, and 54 percent of the BQDg
were removed by this process. The process also produced a microbiologically acceptable
aeffluent by removing 66 percent of the total coliform organisms, 78 percent of the fecal
coliforms and 49 percent of the fecal streptococci organisms.

KEYWORDS

Wastewater lagoons, ultraviolet disinfection, suspended solids, bacteria, algae, discharge,
standards, effluent polishing.
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INTROCUCTION

Many methods of suspended solids removal from lagoon effluents have been used with varying
success, including land application systems, intermittent sand filtration, dissolved air
flotation, controlled discharge, in-pond removal by chemical addition, biological harvesting,
autoflocculation, rock filters, coagulation-flocculation, microstraining, and centrifugation,

In addition to these processes, it has been suggested that UY disinfection followed by
sedimentation (UV/sedimentation) may remove algal cells from suspemsion in lagoon effluents
(Borup, 1982; Borup and Adams, -1985; Nieminska, 1985). In this process the germicidal
affect of UV radiation is used to inactivate the algal cells in the effluent. UV radiation
of wastewater streams has several advantages as a destructive agent. Effluents treated
with UV light have fewer adverss effects on aquatic life than chlorinated effluents. UV
radiatfon has 1little effect on both nonvolatile oxidizable organic constituents and
nonvolatile UV absorbing components of a secondary effluent., UV radiation is effective
against pathogenic bacterfia and vegetative bacteria, and can effectively inactivate algal
cells, A portion of the inactive algal cells can then be removed from the wastestream
in a sedimentation basin. Because of concern in recent years over the possible harmful
effects of wastewater effluent chlorination, UV radiation has also been investigated as
an alternate disinfection methad. Ultraviolet radiation followed by sedimentation was
thus investigated as a method for polishing lagoon effluent.

MATERIALS AND METHQOS
A pilot plant was assembled at the logan (ity wastewater lagoons, Logan, Utah, (USA) to

treat a portion of Logan City municipal wastewater after it has been biologically treated
in a sequence of seven lagoons. The pilot plant used a Model SPF teflon-tube ultraviolet
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Fig. 1. UV/sedimentation pilot plant

device manufactured by Ultraviolet Technolegy Inc. (E1 Toro, California).

The unit was placed in a small utility building to give it protection and to attempt to
keep the lamp skin temperature less dependent on the ambient temperaturs, Wastewater was
taken from the point of discharge from the last lagoon and pumped through the UV reactor
into a sedimentation basin (Figure 1). The sedimentation basin was divided into two
compartments. Baffles in the first compartment c¢reated a serpentine flow of the wastewater.
One baffle was situated across the second compartment to diminish short circuiting and
increase hydraulic efficiency. Mean and median detentifon time was determined by the use
of fluorescein dye concentration changes with time. The pilot plant was operated from
August 5 until December 10, 1984, The wastewater flow rate was varied over the period
of the study from about 37 to 190 1/min (10 to 50 gpm}. Grab samples were taken daily
from sample ports before and after the ultraviolet unit, and from the end of the pipe
discharging the wastewater from the sedimentation basin. The system was operated
alternatively with the wastewater in the basin exposed to sunlight, or with the tank caovered
with a non-transparent plastic tarp.

Grab samples were collected dafly, taken to the Utah Water Research Laboratory and examined
for total and volatile suspended solids, total and fecal coliforms, and fecal streptococct
(APHA, 1980). Twice a week, during the pilot plant study, major wastewater quality
parameters were examined, i.e., suspended, volatile and dissolved solids, ammonia, nitrites,
nitr3tes, total phosphorus, ortho-phosphate, BODg, pH, and turbidity were determined (APHA,
1980).

RESULTS AND CONCLUSIONS

Among wastewater quality parameters only suspended solids and volatile solids BODs, c¢oliform,
bacteria, and fecal streptococei played an important role in the performance of UV radiation
followed by sedimentation. (Table 1)

Assessment of the feasibility of removing suspended solids and water-borne bacteria from
wastewater lagoon effluents by UV 1light disinfection followed by sedimentation resulted
in quantitative isolation of major facters involved in the overall treatment efficiency.
Changes in ultraviolet disinfection efficiency were monitored and related to changes in
wastewater flow rate changes, in wastewater quality, and changes in environmental conditions
such as temperature, precipitation, and sunlight intensity.

Analysis of the results of the tests performed lead to the following conclusions concerning
UVY/sedimentation performance:

1. The UV/sedimentation procass removed an average of 33 percent total suspended solids
{to 4 mg/1) in lagoen effluents having an average 6 mg/] suspended solids.

2. The UV/sedimentation inactivated 66 percent of the total coliforms, 78 percent fecal
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zoliforms, and 49 percant of the fecal streptococci from lagoon effluent, resulting in
discharging less snan 30 total coliform bacteria/100 ml and Tess than 60 fecal
streptococei/ 100 =l

3. An increase in overall solids and bacteria removal efficiency was observed when higher
than average concentrations of solids and bacteria were found in lagoon effluent.

4. A decreasa in wastewater BODg by an average 54 percent was achieved in the pilot plant
apolication at-the Logan lagoons. There was no significant change in pH, turbidity, nitrogen
and phosohoraus compounds, and in metals concentrations in wastewater as it passed through
the process.

5. An increase in wastewater flow rate from 37.8 to 189 1/min resulted in a decreasa in
disinfection efficiency from 97 to 49 percent expressed as removal of fecal streptococci
and other bacteria growing on KF streptococcal agar. A non~linear relationship between
UV dose and wastewater flow rate was found.

6. No significant influence of wastewater quality parameters on disinfection efficiency
was observed at the concentration levels found in the wastewater lagoon effluent.

7. Changes 1in air and wastewater temperature had no significant effect on the
UV/sedimentation performance.

8. Photoreactivation of bacteria in wastewater reduced treatment efficiency.

TABLE 1., Physical, Chemical, and Bacteriolaqical Data Summarizing the Pilot Studies
at Logan Wastewater Lagoons from August b, [984, until Uecember 12, 1984

Overall
No. of Lagoon Effluent After UV disinfaction After sedimentation Percent
Samples Mean “Range S.0. Mean Range 5.0,  Mean Range 5.0 Removal
Water
Temp. (C) 91 12.5 2.0-23.5 7.7 12.5 2.0-23.3 7.7 12.5 2.0-12.5 7.7
pH 17 8.0 7.4-8.4 0.3 8.0 7.58.,3 0.2 8.0 7.5-8.3 0.2
Turbidity
{(NTU) - 17, 5.6 3.6-7.5 1.2 5.6 3.6-7.5 1.2 4.9 3.3-6.0 1.1 12
Total ’

Suspended 91 6.0 2.4-14.2 2.2 5.2 1.8-13.8 2.2 4.0 0.4-8.8 1.8 33
Salids (mg/1)

Volatile

Suspended 91 3.0 0.4-7.2 1.3 2.4 0-4.8 1.0 1.7 0-4.6 0.9 45

Solids (mg/1)

BODg 18 12.0 6-18 3.0 6.4 2-16 4.0 5.5 2-14 3 54

{mg/1)

Total Coliforms

per 100 m? 75 89 0-883 121 7 0-153 21 30 0-175 31 66

Fecal Coliforms

per 100 ml 75 18 0-113 20 1 1-18 3 4 0-30 8 78

Fecal Streptococei

per 100 m1 39 119 16-299 80 44 5-114 3 61 9-180 46 49
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ABSTRACT

In this study, we have investigated the effect of lagoon treatment on the elimination of
helminth eggs. The Marrakech treatment lagoon receiving only part of the city sewage,
consists of two connected basins {total retention time from 8 days to 30 days). Water samples
(surface and deep) and sadiment samples were collected. In the surface water samples
collected at the lagoon entrance there was an average of 11.7 eggs/l while no helminth eggs
could be recovered at the exit from the lagoon. In the two basins very few eggs were found,
both in surface and deep water samples ( = 3/1). Helminth eggs were mostly found only in the
sediment samples 275 eggs/100 g sediment from the first basin and 158 aggs/l00 g sediment
from the second, on the average. In conclusicn, this study demonstrates that lagoon treatment
is efficacious in removing helminth eggs. Nonetheless sediments from such treatment present a
problem as they remain heavily contaminated with helminth eggs.

KEYWORDS
Sewage treatment - Helminth eggs - Lagoon treatment - Teleman-Rivas technique modified
according to Bailenger.

INTRODUCTION
Sewage treatment is a fundamental problem in countries with limited water resgurces. The
ideal seolution would be a reasonably priced, simple and reliable method of purification,
which produced a water both chemically and biologically pure encugh to permit reutilization
for agricultural uses. Lagoon treatment gcould be such a method. In this study, we have
investigated the effect of lagoon treatment on the elimination of helminth eggs.

MATERIALS AND METHODS

The Marrakech treatment . lagoon consists of +two connected Basins with the following

characteristics : 2,400 m~ in area, 1 m in depth and 2,400 m  in volume. The bottom is
covered with a plastic film, rendering it impermeable. Thisz lagoon receives only part of the
city's sewage. Two different flow strategies have Dbeen tested : First peried
(12/7/1985-28/11/198%) : 6 1 per second, 4 d retention in each basin giving an 8 d total
retention time ; Second period (12/12/1985-8/12/1986) : 1.3 1 per second, 15 d retention in
each basin giving a 30 d total retention time., Four sampling stations were selected : the
entry canal inte the lagoon (E) | the exit from the first basin (I) ; the exit from the

second basin (I} ; the effluent canal from the lagoon (S).
On liter samples were collected, from the surface at all 4 stations and from 80 cm down at
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the basin exits (If and IIf). Sediment samples wers 2cilected in plastic traps placed at the
hottom of the basins (I3 and IZa). 3urfacs water samples were collected twice ‘monthly (92
gamples), desp water samples avery ~wo months ‘14 sampleg) and sediment ones every three
morths (6 samples).

An esnrichment technigue was necessary as the concentration of parasites was very low,
Preliminary studies (Stien and Schwartzbrod, 1986) indicated that the Teleman-Rivas technigue
modified according to Zailemger would be the most useful fer this study. Results wers
quantified using a MacMaster cell.

RESIULTS
Quantitative results were analyzed according to sample type, water or sediment.

Surface water samples. At the lagoon entrance (E), 20 out of 23 samples (86.3 %) contained
from 1 to 36 helminth eggs per liter (an average of 11.7 eggs/l). At the exit of the first
pasin (I), 4 out of 23 samples (17.4 %) were positive with from 1 to & eggs per liter. At the
exit of the second basin (II), no eggs were isolated from any of the 23 samples. At the
lagoon exit (E), no helminth eggs were found in any of the 23 samples analyzed.

Deep water samples. Only 2 out of 16 samples analyzed were positive, one at the exit of the
first basin and the other at the exit of the second one. The concentration of eggs in these
positive samples was very low, from 1 to 3 eggs per liter.

Sediment samples. Helminth eggs were found in all the sediment sampleg tested. From 225 to
325 eggs/1l00 g wet matter were recovered from the samples at the first basin exit while the
second basin exit samples yielded smaller quntities, from 75 to 200 eggs/100 g wet matter.
Nonetheless, it is difficult to draw definitive conclusions from such a small number of
samples.

No difference was found in helminth egg recovery as a function of flow rate.

Distribution of Helminth eggs recovered. Three types of helminth eggs were recovered fram the
samples %tested : Nematodes (Trichuris, Ascaris), Cestodes (Tenia, Hymenolepis) and many
free-living Nematodes or ankylostomides«type eggs. This last group is not considered an
animal parasite. Samples f{rom the lagoon entrance contained both Cestode eggs (Hymenolepis,
Tenia) and Nematodes eggs (Trichuris, Ascaris). Hymenolepis and Trichuris egzs predominated
in their respectiva families. Surface water samples from the basins contained only Nematode
Trichuris eggs while the deep water samples from the bhasins had only Cestode eggs
(Hymenolepis and Tenia). The sediment samples from the first basin had both Cestode eggs
(53.4 %) and Nematode eggs (46.6 %). Hymenolepls and Ascaris eggs predominated slightly in
their respective familjes,

CONCLUSION -~ DISCUSSION

Qverall, there was an average of 11.7 eggs/l at the entrance to the lagoon, while no helminth
aggs could be recovered at the exit from the lagoon. In the two basins, very few eggs were

found, both in surface and deep water samples ( = 3/1). Helminth eggs were mostly found only

in the sediment samples : 275 eggs/100 g sediment from the first basin and 1358 eggs/100 g
sediment from the second, on the average. There is considerable wvariation in the numbers of
helminth eggs recovered from sewage water samples reported in the literature. Reported values

range from 27 eggs/l (Knaack and Ritschel, 1875) to 2,330 eggs/l (Fitzgerad, 1877} with

intermediate values such as 219/1 (Grabow and DNupen, 1972) and 4%50/1 (Panicker and

Krishnamoorthi, 1981). The sediment samples tested here must be compared to values given for

sludge samples in the literature. These are also quite varied, from 10 (Kabrick and Jewell,

1982) to 1,440 eges/100 g sludge (Reimers et al., 198l) with intermediate values of 34

(Graham, 1981) and 460 eggs/100 g sludge (Arther et al., 1981). Species distributions in’
helminth eggs recovered from sewage water samples reported in the literature generally agree

with our findings. Eggs from Ascaris, Trichuris, Tenia and Hymenolepis are all identified

although Toxocara (Fitzgerald, 1977) and Enterobius ({(Knaack and Ritschel, 197%) were also

reportad. Most authors also found Toxocara epgs in sludge samples, (Kabrick and Jewell, 1982

i Fitzgerald, 1977 ; Graham, 198l ; Schwartzbrod st al., 1986).

In conclusion, this study demonstrates that lagoon treatment of sewage is efficacious in
removing helminth egps, even after only short retention times. No eggs could be recovered
from the lagoon exit samples using the method described by Teleman-Rivas and modified by
Bailenger. Nonetheless, sediments from such treatment present a problem as they remain
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heavily zontaminated with helminth eggs. The next stasp should be the investigation of
halainth 2gg survival time in such sediments.
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WASTE STAGILIZATION PONOS AS TEACHING AND RESEARCH TCOLS
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ABSTRACT

In any campus where there is anp excess of land or whers a decorative paond is available, 1t is
aften possible to establish a systam of waste stabllization ponds (WSP) to be used as an cpen
air ressarch laboratory, as source of water for watering the cempus greenery and as
demanstration units for the community at large. One such system, consisting one photosynthetic
and ong macrophyta ponds in parallel, followed by ane flsh and one irrigation pond.in zaries,
was built at the Fare Polythecnic in Partugal. The ponds are pracsedad by a2nothar undsrground
unit formed by thrse septic tanmks in serias fallowed by twe upflow anasrobic filters in
parallgl. This syatam is axpacted to deal with 120m3/day af a mixed sffluant coming from the

sanitary facilities, the refsctory and the fiah processing laboratory, with comcentrations of
about 500mg/1l in both BOD and SS.

KEYWORDS

Waste stabilization, demonstration units, watsr reuse, photosynthetic ponds, macrophyts nponds,
fish pounds, anasroblc upflow fllters

PONDS IN THE CAMPUS: THE NEEDJ AMD THE FEASIBILITY

Inmatitutions of higher edugation, such as universitles and polytechnics, which offer courses
suitable far the training of water scientists and engineers, are always faced with the
difficulty of finding appropriatas facilities for parforming experiments that may be comparable
to real world situatioms. Such a problem comes to the fore when dealing with wastawater
treatment processss which reguire largse expansas of land., This is oftem circunventad by
resorting to bench scals experiments and leaving aside the processaes that ars less amenaole ta

rinlaturization. In such cases ponds ars always found at a loss.



Howaver, it doss Aot ~ssc 50 Se s0. “arcy 3 camcus i3 orovided with decorative or landscaping
aJogls that can =2asily -e ccoverted to szapilization gonds which alone ar in association with

compact or underground units, may Se organizeg intc affective wastswater treatment systems.
THE EXPERIMENTAL IJIMENSICN

A large number of sxperiments of varying complexity can be carried aut {n such a WSP system.
They are ideal to determine the rate censtants for 2800 and soliform decay, %o study inhibitory
gffects to treatment procsssas caused by matals, pesticides or other industrially originated
toxic materials, ta test tha efficiesncy of fixed or fleoatlng macrophytes on the removal of
contaminants and to study the adaptation of fish and molluses to pand anvironments and to
measura their rate of growth, theilr most convenient populaticn densities and their suitablility

for tha uptake of nutrisnts.

Angther set of experimants can also be performed outside the pond environment using the paond
water, aither bsfors or aftar the tr2atment is completed. Examples of such experiments are
studies aon hydropomics, using both recirculsting amd “once tnrough" flow arrangemsnts, the
maasurament of biomass bulldup by irrigated plants, the efficiency of nutriant removal by
nlant reoots, the use of unsaturataed soil as a wastewater traatment media and the modelling of

groundwater contamination.
THE CEMONSTRATION DIMENSION

Tha water exiting from the pond system may be distributed by an underground pipe network and
used for watering the grass, flower beds and tress existing im the campus and peripheral fields,
which may bring in considerabls savings in waters bills and pumping costs from alternative
merehelas, This is particularly important in climetas of low and erratic rainfall whafa the
peak demand for watar by othar users colncldes with the dry pericds. Wastswater treatsd by a
pond system, with its normally excslent colifarm guality, 1s well sulted to be used for
gatisfying the irrigation needs, leaving aside the underground water resources to meet other

needs.

In the course of their prafessional lives, the students, that wers expossd to the merits of the
pond system while at college, will tend to adopt it whenever suitable, thus transfering th=s
technology into the community at large. Besides, the syatem may be used as a dirsct

demonstration facility for the benefit of water managers and the gensral public,
THE FARD PCLYTECHNIC EXPERIMENT

The System

A sgwarage natwork sarving the acadamic buildings, the cetaering bleock ard tha sports cantar
empties intoc the sump of tha pumping station that fesds the wastzwater to an underground, three

compartmant septic tank; fram there on the flow is gravity driven, The upstresam compartment



nas 2/3o0f the total capecity %2 2csomrocats the sulila oz of sediment. The anaeraonic affluyent

from the tank anters fwg parallzl anaarcoic, “ixad <ile, uoflow Fiitars pagked with hizh

spacific area plastic media,

The affluant from the filters may 98 split hatwesen two zerckic sonds and fed near their bottom;
one oaf them is a photosynthetic pond and the aother will e populated with a choice of fixad or
floating macrophytas, as requirsed by the axperiments. Thasse two conds empty ints a fish pand
where selected populations aof both fish and shellfish will be tasted. Racirculation water is
pumped from this pond to a manhele some 10m upstream from the pond system where it joins the
affluant from the anaernbic filtar and zatisflas its immadiata oxygen demand. The effluant
from this pond runs into a retaining tank from whers it is pumped into a pressurized

underground grass irrigation network. Excess water is wasted ints the town sewar,
The water level in the system may bg varied by adjustable weirs which allow the fish frae
maovement. Shallow wells dug into the ponds bottom provide shelter for the fish when the ponds

naad emptying for cleaning or mosquito control.

The Design Critarias

Tha fish processing laboratory will discharge SDmafday with 1000mg/1 of both BOD and SE, Full
capacity student and staff population is 1200 and wastewater discharge iz takesn as 30Z/hd.day.
A mixed effluent o$_120m3/day and 55Cmg/1 of both BOD and S5 was assumed. A callform count of

less than 10/100ml was taken as the limiting design parametar,

A septic tank hydraulic retention time (HRT) of 18 hours was chosen 1n arder tg achieve a
removal of 40% 800, B80% 35 and 60% coliform count. Allowing for the long night and weskend
stoppages the HRT based criteria was dropped in favour of a BOD based cne to design the
anasratbic filter and a consarvative value of 1.3kg/m3day was azsumed. A removal of 85% 300 and
60%coliform count i3 expected in the filter. The depth of all pomds is 0.75m. The macrophyts
pénd, with an area of 0.14ha, an HRT of 14 days at full flow and an organic load of 50kg
BOO/ha, day, is expectad to give removals of 80% BOD and 96% caliform count. The agquaculture
pand has an arsa of 0.05ha and receives l.4kg BOD/day. It should give removals of 35% 800 and
_ 99.9% coliform caunt. Therefare the final effluent should have =1mg/1 BOO and =5 colif./100ml.

ACKNOWLECGEMENTS

We ars grateful to Prof., J. M. Novais for his contribution an establishing the dssign criteria
far the system,
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INTRODUCTION

Since 1979, CEMAGREF has been studying the potential purifying action of aquatic vegeta- ’
tion in two small wastewater tréatment units (Boutin, 1986) built under the direct supervi-
sion of Dr. K. SEIDEL to ensure that they are identical %o "MPIP Process or Krefeld system”
plants.,

In 1985, based on these results, CEMAGREF designed a similar pilot plant for the Viila-
ge of Pont Remy (Scmme), 300 inhab. eq. capacity.

OBJECTIVES OF THE PILOT PLANT

The Saint Bohaira EZHTS plants (Bouytin, 1986) are of a small size (approximately 30 inhab.
eq.) and, irrespective of the high gquality of their construction, they are nonetheless
man-made, which makes it difficult to estimate their real construction cost. Interesting
treatment results have already been obtained. Nevertheless, these promising results still
remain to be confirmed by advanced investigations on a larger plant receiving polluting
loads of domestic origin such as a permanently resident population would produce. -

PLANT DESCRIPTION

The operating principle is identical to the one used at Saint Bohaire. The useful sur-
face area of the plant (1250 m’) was caleculated on the basis of the Saint Bohaire results,
according to which a specific surface aresa of 2.5 m'/inh. =2q. should be sufficient. The
treatment i3 carried out in 5 stages

1st and 2nd stages (percolation flow].

The first stage consists of 8 parallel tanks with a surface area of 80 m® each, (length
16m, breadth 5m). Only four of them are presently operated so as to rapidly collect infeorma-~
tion at a significant load rate, based on users' sewerage Connections. ’

In order to observe the relative treatment performance of each hydrophytes specie repre-
sentad, the retained configurations are as follows

= 1 tank planted with Phragmites communis,

- 2 tanks planted with Glyceria aguatica,



- 1 rank withenz glants.

The sacond stage i35 composed of 4 *tanks., 2 of which are now operational. They have been
planted with Phragmites only, and coversd on the surface with a 2.5cm sand layer of 2
to Smm grain size. After completion, when the whole area is put in operation, this type
of tanks will represent almost 77 % of e total surface area.

ird, 4th and 3th stages. These tanks, which are planted with Scirpus (3rd and d4th) and
Iris (3th) are arrangad in a series. In the initial design, the water level is kept cons-
tant by a sill, thus providing 3 mainly horizontal component path, known as translation
£flow. The surface area of =#ach tank is %6m* (17.35m X 5.S5m).

Phragmites communis

1st and 2nd stages Scirpus lacustris

3zd and 4th stages
Iris pseudacorus
5th stage

scum board
2.5¢m 0/5 2nd stage

r{/ siphon
Sem 12/6 lSC;:-—} g /

15cm 15/13 1 l0cm -
Scm 15/25 1 0 —
Sem {20740 | 20cm

10em :40/80: 0

heigh size heigh
percolation flow distribution translation flow

Fig.l. Longitudinal section of the tanks

JAuxiliary works. The plant is fed from a recently built separate sewerage system, by means
of a two-pumps prefabricated unit. The inlet pipework is connected to a static grease
trap which also operates as a distributor at the top of the 1st stage tanks.

A measuyring channel with a triangular adjustable weir is placed at the outlet before dis-
charge into the Somme River.

CONSTRUCTTON TECHNIQUE USED

Congrete was immediately selected as c¢onstruction material, However, because of local
problems of loadbearing capacity of the ground, it was necessary to substantially rein-
forgce it. For the same reason, the outer walls are made of "STEPOC" reinforced hollow
censtruction blocks, then lined with a water repellent c¢oating, for increased water-
tightness. As a result, this strong constructicn was found to be expensive. The minimum
cost {end of 1986 value) was estimated to be 1650 F.F/inh.eq.

OBSERVATIONS ON THE TRANSPLANTATION AND SECOND GROWTH OQF VARIQUS PLANT SPECIES

General condition. All the young shoots were bought and planted by a specialized horticul-
turist. The purpose of this was to identify the quality of the market available plants
and to evaluate the cost of the total service, including one-year growth guarantes and
maintenance,

The 2 year old seedlings had grown in a tight poal filled with earth and watered with
river water. The offshoots were picked the day before their transplantation and stored
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in water-satuvartad atmosphere insida <ighz :cpatainers during their transgfer. Prior to
the actual cransplansation, the =ank3 were fillad with clear water up to a level slightly
above the gravel! surface. This immers.o»n was constantly maintained for 4 weeks, followed
by the normal intraduction of wastewazar wiih periodic dilution using water Irom the Somme
River.

The planting was done in 2 stages
- September 1985 - Phragmizas, SCirpus and Iris
- End of June 1926 -~ new planting of Phragmites and Glyceria

The plantation density was always maintained at 5 units per m?.

Phragmiteg. This specie was characterized by a very low second growth rate on two attemps
(10 8% and 15 % respectively). This may be duye to a number of reasons (heterogeneity and
size of the mineral substrate - lack of fertilizer), the short size of the picked rhizo-
mes may also be a determining factor.

Glyceria, Scirpus and Iris. Scirpus and Iris have remarkably taken root again (100 %)
right from the first planting. A similar result was achieved with the Glyceria used to
replace part of the Phragmites in the second planting attempt.

REMARKS CONCERNING THE FUNCTIONING OF TRANSLATION FLOW TANKS

The experience acquired ia Saint Bohaire shows that the design of those tanks needs perfec~
ting. The medium is insufficiently aerated, the low mineralization of the organic matter
is responsible for an excessively rapid clogging and an insuficient nitrification prior
ta denitrification. The oxidoreduction potentials abserved, never exceeded +150 mV.EHN.

At Pont Rémy, in spite of the low quantity of <treated load, signs of septicity in the
medium (substrate and water) appeared shortly after the plant was put into operation (un-
pleasant odours, whitish bacterial colonies). This condition shows that species presumably
capable of transfering oxygen to their roots such as Scirpus, in actual fact, only disperse
a small quantity of that oxygen in their immediate root environment which is just suffi-
cient for their growth but not sufficient to achieve a satisfactory treatment. CEMAGREF
is presently studying the installation of additional devices which might remedy this situa-
tion, such as an auto-starting siphon. A syphon prototype with a mobile arm has been tested
at the outlet of the 5th stage at the Pont-Rémy plant since October 1986. Two similar
devices are being installed at the outlet of the 3rd and 4th stages.

Numerous tests still remain to be made on these devices to ascertain their efficiency
and to determine the optimum operational frequency and amplitude of level wvariations,

IMPRCVING THE EFFLUENT DISTRIBUTION

Presently, the infiltration of wastewaters on the tanks of the first two stages takes
place through one inlet only. This deliberate choice was made for the sake of simplicity
and to follow the Saint Behaire example. However, it appears insufficient for tanks with
a large surface area. A simple distribution system using overflow gutters is also being
tested.

CONCLUSION

An important affort in applisd research still remains to be made on the Pont-Rémy site
which is representative of many small cemmunities in Eurape, particularly in respect of
its operating cast and constraints compared with natural lagoening. This is essential
in order to determine if the specific surface area cculd be reduced 4 times as it is hoped.
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OF ORGANIC WASTEWATER

Chen Sinian and Yan Guangyu

Guizhou Prov., Inst. of City Planning and Designm,
9 An Yun Road, Guiyang, Guizhou, China

ABSTRACT

The main character of Fnergy-Utilization System of Crganic Wastewater is to com-
bine treatment structures with oxidation ponds, making up their deficiencies.
Based on different environmental and economic conditions, various types of
treatment forms can be set and work well, The main contents of the system are
ag follewsa: 1. to change the microbe phase by using high-energy aguatic plants
in place of algal-bactetial system. 2. to make the ponds become a part of affo-
resting areas of a city; to increase the size of treatment sites by designing
the ponds like a tower or steps; If land is limited, pretreatment should be en-
hanced to reduce the size of ponds, 3. to utilize solar energy to carry out the
energy conversion of chemical Exergy, avoiding the conversion of Exergy into
Anergy. Then, energy c¢an be got, at the same time, the problem of aquatic
plants in. the ponds during winter season can be partly solved.

KEYWORDS

Organic wastewater; natural purification; energy conversion; Exergy; solar
energy; high-energy agquatic plants; photosynthesis,

INTRODUCTICN

It is well known that in urban ecosystem mankind get materials and energy by
way of resources from the environment through preoduction and return new mate-
riala and energy to the environment by way of products and wastes, Wastes can
result in pollution and influence mankind. Then, mankind may c¢onnect itself
with the environment through material flow, and energy flow( and its informa-
tion flow ) to form an organized urban ecosystem. One of the tasks for optimi-
zation of the ecosystem is to glve a reasonable distribution to the physical,
chemical and biological dissipative forms in the ecosystem, regulate and con-
trol material flow and circulation of energy flow so that the urban environment
can be in the condition of least-consumption of energy and suitable comfortably
to mankind's life, work and production.

Using carious types of natural purifications and energy conversions effectively
in wastewater treatment is one of the feasible methods, which gives full play
to the self-organizing action of complex systems in nonbalance and nonlinear
parts and regulates and controls Taterial flow and circulation of energy flow
in the ecosysten. The oxidation pond and treatment structure system is a power-
ful methed mankind use to utilize natural purification capacity and energy
conversion capacity of organisms. We call it Fnergy-Utilization System of
Organic Wastewater.



ADVANCE OF THE 3YSTEM

in China, oxidation ponds and other treatmant structures were used to f{reat
wastewater of organic materials, -ut they were always considered contridictive,
Since ponds gonerally use algal-bacterial systam, the problema of large size,
Dad view and nard to pas® winter sxist, Conventional treatment structures need
high construction arnd performance cost, Thersfore the applicable range of ponds
and structures is restricted. If they can cooperate to form a complete energy-
utilization system of wastewater, making up their deficienciss, based on diff-
erent environmental and economic conditions, virous types of treatment systems
can be arranged, then the systems can work in an optimic condition, which is
significant to the organization of urban ecosystem.

In the view of enargy conversion, any kind of energy(En) comsists of Exergy(®x)
and Anergy(An), i.e. Fn=Ex+An, The more Xx in energy, the higher the power
value that can be used, the higher the énergy quality, AN=Ex/En .

It is obvioua that organic material in wastewater is a kind of chemical Exergy.
It results from conversion of organism Exergy formed after plants' absorption
of aolar energy or from conversion of organism Exergy produced by varicus ener-
gy sources in industrial production. But chemical Exergy is difficult to use
directly, “ithout use of it, the chemical Exergy will convert into Anergy. The
key point of Znergy-Utilizatiom System is to import high-emergy aquatic plants
to realize the conversion of chemical Exergy and a serious of structurea. Then
energy conversion of wastewater will be fulfilled under the action of solar
light and thermal energy, Exergy can be used effectively instead of conversion
into Anergy.

MAIN CHARACTERS QF THE SYSTHM

Being directed against the defects of ponds and conventional treatment struc-
tures, we put forward some solutions, which form the main characters of the
gystem, as followa: 1. to change the microbe phase in ponds by using high-ener-
gy aquatic plants of strong treating capaclty and decorative value in place of
algal-bacterial system, then the defects of microbe's death to result in the
deterioration of environment in ponds can be overcome, and also the treatment
sites become the decorative spots to add additional lustre to the urban envi-
roument, 2., to solve the 3ize problem of ponds from three aspects: Decorative
aquatic plants are used and ponds are associated with afforesting, then the
rate of plant cover increases and ponds become a part of afforesting areas of
a ¢lty or town; To utilize hillsides and azimuth and altitude degree of the sun,
we design a pond like a tower with many stories in it (Upflow Anaerobic Sludge
Blanket reactor is installed where gunlight can not reach all the day) and
ponds like ateps to gain more apace for treatment and more energy from the sun
, reducing the occupation of land; If land for treatment is very limited, pre-
treatment should be enhanced( generally with the anaerobic proceas, aerobic
process 1s also effective ) to reduce the load of ponds and the occupation of
land. 3. to utilize solar energy for the realization of energy conversion of
chemical Exergy, avolding its conversion into Anergy. The process is as follow

: high-energy aquatic plants utilize the nutritional elements in wastewater
and convert solar energy into biomass energy through photosynthesis; the plants
can be used in anaerobic processes after crushed to change the bicmaas energy
into chemical and heat energy, further, electric¢ energy and mechanical energy
can be got; the temperature of wastewater may be raisen with the energy. If the
system can be assoclated with urban planning, we can not only solve the problem
of environmental pollution, but also beautify the environment of cities or
towns. When the system cooperates with no-soil growing of three dimensions, the
land occupation for vegetadle growing will decrease,

APPLICATION RESULTS OF THE SYSTEM

From 1964 on, we often propagated the system so that the department concerned
began to accept the plot of the system. Since 1981 we have designed five full-
scale practical projects, some of which have been ir operation for two years.
The area of the test pond in a project is 709 m*, the flow of wastewater is
150 m*d™, then the retention time is 3.8 days, 30D 1load is 14 gm’d™, ALl the
data are shown in Table 1.
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TABLE 1.Zffec*t Analvges of ¥agtewater in the Test Pond
Algal-cacterial rand  water ayacinth Pond wWater nyacinth Pond
Jan., 1984 Julv-sug. 1985 Nov. 1985
=t

- 5
Raw Treated ‘2" Raw Treated “ii' Raw Treated X

BCDg mgl™ 29.50 23,30 21.0 36,54 11.36 83.0 86.25 4.75 94.5
COD mgl™ 9.88 7.14 27.0 109.78 20.45 81.4 170,72 14,95 91.2
83 mgl™ 12.90 9.25 28.0 44.68 10,53 T6.4 53.00 4.00 93.22

Total 5 5 7 5 6 4
Count ml™ 7.8x107 7.,7x1Q” 1.5 1.9x10' 8.4x107 95,5 3,2x10° 8.1x10 97.47

* Total Count — Total Count of Bacteria Colonies

The designed flow of the project in a animal products factory is 200 m3d™. Two
workshops drain off higher organic wastewater, COD may be up to 1420 mgl™ and
the flow igs from 80 to 100 m*d™. As the height in the factory differs much and
the site for treatment is very small, we designed a many-atoried pond like a
tower ( see Fig. 2 ) The flow sheet is ghown in Fig., 1.

YWagtewater— —_— _
Fertilizere— I Biogas -—l- Fuel

= -2 ]*—l-—- Biogas L ruel
B
| Plants -~ Wagtewater
—= River E —= Pertilizer
1-— Anaerobic regulating tank.

2w UASB reactor.3-— Ponds in the tower,
4~— Ponds. S5-— Anaercbic digestion tank.

Fig.1  The flow sheet Fig.2 ©Ponds and the tower

In the middle of the tower is an UASB reactor (goft filler is fixed in it). The
tower has four-story ponds and its height 13 10 m. The area of the ponds is 108
m*, If the ponds around the tower are included (180 m*), the total area will be
300 m2, Then we get the BOD load of 20 gm?d™, the retention time of 1 day. The
data of the results are shown in Table 2.

TARLE 2 Performance data

Raw Treated Rfficiency (%)
coD mgl™ 630.,7 49.0 92,2
BODm mgl™ 440.0 5.0 92.0

We are regret to say we have not got data of the biogaa tank because the factory
ia not willing to increage manpower and the structure has not been constructed.

CONCLUSION

It is proved theoritically and practically that the construction and performance
cost of the aystem is lower, The system is easy to run and has good results,
therefore it can be uged well in many nlaces,
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