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FOREWORD .

One of the most serious problems which developing countries are facing along
with lheir struggle for develepment is the prolection of the Environment.
ENVITEK AS. being aware of this need has decided to organize the
“International Symposium on Environmental Management for Developing
Countries”. This will be the second Symposium which is organized in |stanbul,
Turkey within the framework of the “Sanitation Decade” following the
“International Symposium on Enviromental Technology™ which took place two
years ago. -
In this publication, preprints of the papers to be presented in the Symposium are
printed exactly as received from the lecturers without any modification . Although
detailed "typing instructions” have been mailed to each participant, a few papers
fave not been prepared according to these instructions. Qur intention, however, is to
prepare the formal Proceedings in which the discussions will be included along with
the edited and retyped papers.
tn these volumes, the papers are preseated in an alphabetical order according
to the family name of the first author. Names of the first authors also appear
at the lower right corner of the odd numbered pages, thus facilitating lhe
identification of the papers.
ENVITEK AS., by organizing this Symposium, has tried to conlribute to the
assimilation of knowledge as well as to the improvement of the cooperation
between scienlists and engineers in developing countries.
Realization of these two goals, for which ENVITEK A.S. will continue to work,
will contribute to the development of “the most appropriate technology for
developing countries”, a goal which is seriously required in today's world.

Istanbul, July 25, 1984
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ENVITEK A.S.

ENVITEK-Environmental Technology Research and Development Center A.S,
is a privately owned organization established in 1983. With its wide
range of activities, ENVITEK A.S. aims to contribute to the protection
of the environment and betterment of the standards of living, These
activities may be classified in the following groups :

a) Activities Related to the Dissemination of Knowledge

In order to contribute to the dissemination of knowledge., ENVITEK A.S,
organizes symposia, seminars and courses related to environmental
problems. A scientific journal related to enviroumental science and
technology will soon be published. The library of ENVITEK A.S.,the
biggest library in envirommental engincering that a private organi-
Zzation in Turkey posseses, is the most important source of infor-
mation for these activities,

b) Research

ENVITEK A.5, is the only privately owned organization in Turkey
which has a fully equipped lahoratory where all experiments related
to water and wastewater analysis and some relevant experiments on
“air pollution and solid wastes can be performed. Facilities for
bench-scale model tests for treatability studies are also available,
Through these facilities, ENVITEK A.S. performs studies which will
contribute to the development of "appropriate technology" applicable
in the Middle East. The laboratory facilities are also used to

perform studies for the direct needs of the public and private sectors.

¢) Consulting

The staff of ENVITEK A.S. consists of distinguished engineers and
scientists who have a vast experience on municipal and industrial
wastewater treatment plant design, environmental pollution control,
environmental managewent, etc.

d) Contracting

"ENVITEK A.S. undertakes the construction facilities related to its
fields of activities among which water and wastewater treatment
plants have the major share,

e) Representation

ENVITEK A.S. acts as an agent for a number of well known foreign
companies in Turkey and the Middle East.



f) Other Activities

In order to contribute to the general enviroamental conditioms,
ENVITEK A.$. has the potential of undertaking a number of diver-
sified projects. Among these, forset development schemes, reeycling
of wastes, reuse of water, recreatiomal facilities, sporting faci-
lities, ete, can be counted,

ENVITEK A.S. fully aware that the most advanced technology is not
necessarily the most appropriate for a developing country, in all

its activities has the objective of finding the solution which is

best applicable to the local conditions, ENVITEK A.S. is open to
suggestions and ready for cooperation with all concerned organizations
or individuals along these lines.

The International Symposium on Environmental Management for Developing
Countries, July 25-31,1984, lstanbul, is a contribution of ENVITEK A.S.
to the Sanitation Decade,
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"FIXED BIOLOGICAL FILM TECHNIQUE FOR WASTE-WATER
TREATMENT -~ A STUDY"

Dr. T.M. AMEER AHMED

Associate Professor
(Environmental Engineering)
Bangalore University

Bangalore
INDIA
Introduct ion
Tt ro. of attached biological film in the self~-

purificat:. n . 7 waste-water is signifiéant, along with
factors like, velocity of waste-water, turbulence, natural
gradient, dissolved oxygen, sunlight. The film gets
attached to the fixed objects such as stone, twigs, silt.
The micro-organisms in the film get their food from the
waste-water flowing past them. Similar technique is
adopted in the many fixed biological processes such as,
trickling filters, biodiscs, biodrums, biobasketsl 7.’
The principles involved in these treatment are well ex-
plored® 12, contact aeration®™1% and the submerged bed
filters, extended biological filteration is also depend-
ent on the same basisls_lv. The Hay's process18 had an

early death due to the World War II.

Materials and Method

Fig. (1) is the experimental set up. Acrylic
plastic sheet tanks Fig. (2) were used. One was a control
and other had fixed surfaces, in the form of 9 ¢m x 9 ¢m
asbestos sheets. The two tanks had equal aeration. The
feed used was synthetic sewage.
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FIG 1 - SCHEMATIC DIAGRAM OF EXPERIMEN TAL
SET-UP
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Parameters used are: BOD, turbidity, dissolved
oxygen, surface area, biomass and kinetic coefficients
like yield coefficient Y, Decay coefficient, kd, Maximum
specific growth max and Monod's half velocity constant
K- Statistical analysis has also been done.

The fixed surfaces are used, and the influent
organic loading has been varied, The analysis was

performed as per the Standard Methods?.

B.0.D. and Biomass

The organiec influent loading is increased gradually
which is reflected in influent B.0.D. variation. Due to
entranced substrate greater biomass has been found Pig, (3).
This is seen in both the control tank, T, and in the tank
with additional surfaces. Tg Fig. (4). The increased
biomass has resulted in extra B.0.D. removal Fig. (5).

As in earlier work, the Ts’ performed better with 95.2%
removal composed to Te with 90.10% removal Fig. (6).

vVariable Surface Area

When surface area is gradually increased, the
biomass also gradually increases, but at a later stage
it flattens out, Fig. (7), as there is no sufficient
space for further growth of biomass, and the B.0.D.
removal also becomes constant., \

As the B.0.D. applied per unit area is increased,
the B.0.D. removal falls down Fig. (8).

Turbidity Removal

The turbidity removal has slightly improved as the
influent B.O.D. has been increased Fig. (9;. . ‘=sistently
the turbidity in surfaces tank effluent is alrmc. *
negligible, which is due to "Phagocystosis".
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12
Dissolved Oxygen (D.0.)

Fig. (10) indicates the % excess in D.0. in Ty
compared to T_ which is nearly 135%,

Kinetic Coefficients

Fig. {(11-13) show the various kineti¢ coefficients.
The values for Y, Kd, max, Ks and P are 0.1, 0.00019,
0.002, 61.82 and 10.00 respectively. They do not much
confirm to the values found in the literature for steady
flow, as the flow in this study is variable.

Summary

The investigation shows that the fixed biological
film technique in the form of fixed surfaces in waste-
water treatment gives a better performance, compared to
the control tank, without any additional surfaces which
corresponds to the extended process of activated sludge.
The B.0.D. and turbidity removal is better, The most
significant finding is almost the complete absence of
suspended solids in the effluent, which results in the
great reduction of volume of the settling tank, sledge
digester and the drying beds. The excess residual D.O.,
reduces the cost of aeratigqn. Also, there is no need for
recirculation and hence savings in electric energy and
machinery. By knowing the kinetic coefficients design
can be more specific and the required surface area can be
calculated,

The study brings out clearly that additional
surfaces provide a better and economical treatment, which
should help immediately and in the long run the waste-
water treatment for all the countries in general and the
developing countries in particular.
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An attempt im made herein to assess the variation in

water quality of the Erbil Plain, with apecial reference
to the waters of Wadi Al-Fudha. Primary references for
teating the sultability or otherwise of water pamples for
drinking and irrigatien purposea are (4), (5), (6), (7),
{11) ana (12).

Previous analysis (1) showed that the waters in the
Makhmur Plain were not suitable for drinking, irrigation
and livestock. Present analysis indicates that limited
uge of these waters both for irrigation and drinking
purposes is pessible.

Alao, methods of water treatment are suggested so that
the alluvial plain of Wadl Al-Fuda, particularly its
southern part, could be utilised more profitably.

CHEMICAT, ANALYSIS OF WATERS

Water mamples were taken from both wells and apringe and

after chemlcal analysis, following resulfsd were obtained:(1)

Chenical Minimum-Maximum Values
Parameters e ater pring Water
PH 7.00 - 8.15 6.88 - 7,81
EC (m mhos/Cm) 0.72 ~ 18.86 0.34 - 6.98
73S (ppm) 487 - 18524 280 - 5135
CL - (ppm) 28 - 2723 24 - 1310
S0, " (ppm) 180 ~- 9600 24 - 1944
Hcog (ppm) 31 - 1147 73 ~ 268
NOS (ppm) 11 - 223 Ne data

SAR 0.3 - 15.81 0.07 - 8.01
Hardness (ppm) 49 - 1850 118 ~ 433




The mtandards and oriteria adopted by the varicua

agencies like the Public Health Service, U,S.A,, (1962),

the World Health Organisation (1963), and the National

Academy of Sciences and National Acudemy of Engineering

(1972), U.S.A+, are given in Table 1.

Table 1

(8):

Standards and Criteria for

drinking water in mg/l.

Public Heilzh B ggg,
Subgtance or Servige, 2 PA 3
property Deairablej Aba. interim| Max. MSX. g::’ﬁ:;g'g:é"
Maximum | maximum| 1975 acce allow ’1972' i
limit limi¢ ptble able
Alk¥1 benzyl
Sulfonate 0.5 Ca5 1 0.5
Ammonium nite ognd 0.5
Armsenic 0.01 0.05% 0.05 0.05 |0l
Baxium 1 1 1 1
Cadmium 0.0 0.01 D.01 j0.0)
Caleium 75 | 200
Chloride 200 | 600 250
Chromium(hexava
lent) 0.05 0.05 0.05 | 0.05
color(Pt—Couutq . S 50 75
Copper 1 1 1 p.5 1
de x 0.01 0.02 .2 0.2
Pluoridee+ 0u6=-0.9 | 0.8~1.7 1.4~2.q l.4-2.4
Iron (Fe<") 0.3 0.3 1 (0.3
Lead 0.0% 0.05 0.05 | 0.05
Magnesium
Magnesium and
Sodium sulta&e 500 [O00O
Manganese (M, “¥)| 0.05 0.1 pP.5 ]0.05
Merocury 0,002 0.002
Nitrate Nitro 10 10 1
Nitrite Nitroge
Organics:
Carbon Chlore-
form extract 0.2 0.2 DP.S 0.3
Carbon alcohol
extract 1.5
PH (units) 7-8.5 5«9
Fhenolic Com-
pounds(as pg-{ol 04001 0.001/6.003 0.000 001
Selenium 0.01 0.01 D.01 | 0.01
Silver .\ 0.05 0,05
Sulfate 250 2000 400 ] 250
Total digseolved
golids 500 500; 1 504
Zinc, 5 5] 15 2

AL-DABBAGH
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Ayers (9) (1975) gave guidelines for interpretation of

water quality for irrigation purpbues.

Theme, together

with the method of calculating the Adjusted Sedium Adsorption
Ratio (SAR) are given in Tables 2 and 3 below:

Table 2

Guidelines for interpretation
of water quality for irrigation

Problems and quality No Increasing  Severe
parameters Problema | problems problems
Salinity effectas on

crop yleld: .

TDS concentration (mg/l1) 480 480-1920 1920
. Defleocculation of clay

and reduction in K and

infiltration rate:

TDS congentratien (mg/l) 320 320 128
AdJjusted SAR . 6 6=9 9
Spacific lontoexicity:s

Boron (mg/1) 0.5 0.5-2 2=10
Sodium (as adjusted SAR)

if water is absorbed by

roots only 3 3-9 9
Sodium (mg/1) if water ims ‘

also absorbed by leaves 69 69

Chloride (mg/l) if water .

is sbsorbed by roots only 142 142-355 355
Chleride (mg/l) if water .

is also absorbed by leaves| 106 106

Quality effects: .

i trogen in mg/l 5 5=30 30
~teomrnonate as HCO) in '

me, 90 90~520 520

Al ~ted BAR value is ocalculated by ‘the following equations

AdJuate ! SAR= ol

Na__ 9ed=p(ip-ki)-p (Ca+Mg)-PALK



~Na, Ca and Mg i1 tne abova equation are the couentra-
tionm of these io:w :n irrigation water in m oq/:.' Table 3

shows the et-er terze in this equation in relation te the

concentratis -  » (a and Mg (9). Iif the term within
brackets ir . ».,sation ia greater than 1, lrrigution
water movi:, :r.:..ugh the soll has a tendency to precipltate

lime and te : wmso.ve lime through soil if this value is
lepa thapn 1.

Jable 3
Valves of p (ky-k2), p (Caviig),
and p Alk in equation (1).

Congentra- 1.1 Concentra-~ Concentra-
tion Ca+liﬂ p(k3-k; )| tion Ca+Mg|p{Ca+Mg)|tion Co,+ pAlK
Na, e 8q/l HCO,,m dan
0.5 2.11 0.05 4.60 0.05 4.3C
0.7 2.12 0.10 4.30 0.10 - 4.00
0.9 2.13 0.15 4.12 0.15 3.82
1.2 2.14 0.20 4.00 0.20 3. 7C
1.6 2.15 0.25 3.90 0.25 C 1,60
) 2.16 0.32 3.80 0,3 4,61
20‘ 2017 0!39 3 70 0-40 1. 4C
2.8 2.18 0450 0.50 se U
© 3.3 2.19 0463 3 50 0.6) ‘ 320
3.9 2420 0.79 3.40 0.79 3o 1
4.5 2.21 1.00 3. ;o 0499 3.0¢
S5el 2422 1.25 3e2¢ . 1.25 249¢
5.8 2.23 1.58 3.1C v 1457 2490
o6 2.24 1,98 3.0 ; 1.98 2.0
Te4 .29 2.49 2495 ’ 2.49 2,af
803 2.26 3.14 2.8C 3 5-13_ e
9.2 2.27 3.90 2% (U R OF G d, 43
11 2.28 «97 246¢ S 2. %
13 2-1& .30 2-5( 't ._" el
15 2432 7.90 2.4 *,5 2.1
18 2-}4 10000 2.1 Y 2.0
22 2436 12,50 2.2 P 1.
25 2.38 15.80 2.1 Lt 1.
29 2.40 19.80 2.0 ] 1.7¢
34 2442
45 2446 )
51 2448
59 2,50
67 I 2452
76 { 2¢54
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The National Academy of Sciences and National Academy of

Engineering of the U.S.A. (1972) alge fixed the recommended

maximum limite in mg/)l for trace elements in iyrigation

water. These are given in Table 4,

Table 4
Recommended meximum limits
in mg/l for trace elements
in irrigation water
Upto 20 years
Parmanent irrigation of
1rrigation fine text
of all wells ne textured
neutral to alkaline
soils (ptt 6 to 8.5)
Aluminium 5 20
Arsenic 0.1 2
Boren-~sensitive crom 0.75 2
mamitolerant
crops 1
tolarant cropa 2 .
Cadmium 0.01 0.05
Chromium 0.1 1
Cobalt 0.05 5
Copper 0.2 5
Fluoride 1 15
Iren 5 20
Lead 5 10
Lithium-Citrus 0,075 0.075
Other cropa 2.9 2.5
Manganesge 0.2 10
Molybdenum 0.01 0.05 '
Nickel 0.2 2
Selenium 0.02 0.02
Venadium 0.1 l
Zinc 2 10
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The same agency also fixed the quality criteria for

drinking weter for farm animals. Thess are given in Table 5.

Table &

Quality criteria for drinking
water for farm animalps

Maximum concentration,

mg /1
Total disselved solids 3000
Aluminium 5
Arsenic : 0.2
Beren 5
Cadmium 0.05
Chromium . 1
Cobalt . 1
Copper 0.5
Fluorine . 2
Lead i 0.1
Mercury 0.01
N03-N plus N02—N 100
NOE-N 10
Selenium 0.05
Vanadium 0.1
Zinc 25

Identical information is alse available for procesaing

and petroleum industries.

Follawing standard hydrogeologicgl techniques of
anslysing large number of chemical analyses of groundwater
samples (10), maps showing spatial variations of water
quality, bar grasphs, circular diagrams and radial coordinates,
atiff disgrams and piper's trilinear diagrams have to be
plotted to arrive at worthwhile conclusiecns regarding the

variation in water quality of the Wadi under atudy.
AL-DABBAGH
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Before applyins .1.» agtual techniques, howaever, it is

necegpary to che:x the accurscy ef the chemical analysis
by the principls of eguivalence of the zations and anions
in the groundwatar or surfascewater sumpie., Thereafter
the alkalinity and hardness can be ex;resced as la Coq
and total dissolved soilids estimated and verified from
actual regults (11). This ias done bLelow for a few typical
water pamples of the Wadi Al-Fudha. Pigure 1. shows the
hydro-geological classification ef t}ls Wadi and Pigure :
the geometrical model ¢f the wells characterising the
Wadi. Pigure 3 shewas the Location Map of Makhmur Plain

under study.



Well No.100 (1)

Ion . COno;:;iation,
catt 680

Mgt 173.1

Fa* - 621

K* 4.3

cl” . 639.9

soz : 2664

Hc03 109.8

PH Te22

The cation-anion balance sheet, to check the accuracy

of theanalysis, is prepared as below:

Cations Anions

Con : Con
Ion centra mg/meq meq/l Ion cantra ng/meq meq/l

tion

ng/1 tion

ng/1

ca** 680 20 34 €1 639.9  35.5 18,02
Mg*t 173.1 12,2 14.18 S0,” 2664 48 5545
Ba® 621 23.0 27 HCO; 109.8 61 1.8
K* 4.3 39,1 0.1

The results seem to bhe reassonable as the sum of the

cations and anions is the same,

Only the bicarbonate ion, HCO3. will c#use alkalinity.

Alkalinity expressed as Cuckj
= 1.8 meq/1 X 50 mg JGJUB/qu
s 90 mg/) as Ca CLJ
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Hardness will be caused by caleium (Ca'*) ang

magnesiwm (Mg*")
Hardness expresased as Ca (h:)3
= (34 meq/l + 14.18 meq/1) (50 mg 03003/maq)

= 2409 mg/l mas CaCo3

Total dissolved ;olida:
DS = (ations + anions (expressed in mg/l)
a. 1478.4 + 3413.T mg/1
=  4892,1 mg/l
Electrical conductivity for mest waters in micromhos/em

ia related with the TDS in mg/1 by the following reletionship:

DS in mg/1 = 0.55 to 0.7 X Conductivity
Value of sample in (M.mhos/Cm)

Thusg the experimental conductivity value of 5,7 milli-
mhoa/Cm = 5700 Mmhos/Cm does not seem to be tenable with
the above relationship, Since the concentratien of total
dissolved solidas, together with a detailed chemical analysis,
ia used to amsess the puitability of water for agrioultural,
industrial and other uses the measurement of electrical
¢conductivity via-a-vis the ftotal dlgsolved solids needs
reasgegssment. Observed valus of TDS, however, ig 5076 mg/l
againat the above calculated value of 4892.1 mg/l.

Identical analysis for the other wella of Wadi Al-~Fudha,
namely, well Nos.129, 87, 92, 93, 102 and 130 yield the
following resulta:



Well No,129 , ' _ W

conc.
Ion mg /1
ca*t 460
ug*t - 194.4
ya* 58645
k* 5485
c1” 502,68
so;' 2688
HCOZ 201.3
PH 7.5
Anglyaig
Cations Aniona
Ton gg?g' mg/meq meq/l Ion gg?g' mg/meq meq/l
catt 460 20 23 C17 502.68 35.5 14.16
Mg**  194.4 12.2 15.93 | So,” 2688 48 56
Na* 586.5 23,0 25.5 HCOS'ZOl.B 61 3e3
Kt 5.85 39.1  0.15 - - o
1246.75 64.58 3391.98 T3.46

Results seem unreasonable aam the sums of cations and
anions are not the same.
Alkalinity expressed as Ca 003 = 3.3 meq/1 X 50 mg CaCo3/meq

- 165 mg/l ag CaCO3

Hardness expresged as Cacoy = é280m7Q/1+15.93 meq/1}(50mg
z meq
» 194635 mg/1 as Caco

TDS = 1246475 mg/l + 3391.98 Mg/l
= 4638.73 mg/1.

3

AL- DABBAGH



Electrical conduc: . .. is obgerved to be 7,53 milli
mhos/Cm = 7530 Mmie - . and .in this wall the obgerved
ID5 of 4-44 mg/l i1# +een to fall within the range of
0,55 t« ..7 X conlu_tivity value of gample in Mmhos/Cm,
which are .55 X 7530 = 4141.5 amg/l and 0.7 X 7530 =
527/mg /1. Thus, even though the total TDS value of this
water ia above the acceptable limit there is an element

of reagonability about the test results.

Well No.BT
' conc.
Ion g /1
ca*? 565
MG++ 194
Nat 448.5
x* 37.8
c1~ 260,5
505" 2184
Hcog 164.7
R - Te22
Analysis
Cations Anions
Ion gg?g' ng/meq mag/l Ion g;?g' mg/meq meg/l
cat 565 20 28,25 €1~ 260.5 35.5 Te34
Mg*t 194 12.2 15490 S0, 2184 48 45.50
Na*  448.5 23,0 19.50 Hcog 164.7 61 2,70
K* 37.8 39.1 0,96
1245,3 64.61] 260942 55,54

In this well also the sums of cations and anions are

different and resulte seem to be unresgonable,
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Alkalinity expressged as caco3 = 2,7 m eg/l X 50 mg cacojlmeq

=135 mg/l as Ca 003

Hardneas expressged ap 03003 = (28,25 meq/1+15.90 meq/l)
50 mgCaC0,/meq)

= 2207.5 mg/l1 as CaCO
DS = 1245.3 mg/l + 2609.2 mg/1

» 3854.5 mg/1 o
Eleatrioul conductivity is found to be 4.76 milli mhoa/Cm =
4760 Mmhos/Cm and the observed TDS of 4533 mg/l 1s outgide

3

the range of 0.55 te 0.7 X sondustivity value of gample in
Mmhoas /Cam.

Well ¥o.92
COnag
Ion mg /1
catt 660
gt 230.8
Na* 782
kt 9.4
[+ N 1049.3
s07™ 2016
Hoo; 137.3
“PH ik 154
ZAbalyals
Cations ' Anions
Ton g;?g’ mg/meq meq/l | Ion gg?g‘ mg/meq meq/l
ca** 660 20 33 €17 1049.3 35.5 29.55
ugt* 2%0.8 12,2 18.91 50;” 2016.0 48 42
Nat 782 23.0 34 BCO3  137.3 61 2.25
K* 9.4  39.1  0.24
1682.2 86.15] 32026 73.8

AlL- DABBAGH
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The inequality of cations and aniona in this cage alge

indicates the unreasonability of regulta,

Alkalinity expressed asg CaCO3 = 2425 meq/1 X 50 mg Caco3/meq

‘ = 112,5 mg/l =g CaCO3
Hardness expressed as Caco3 = (33 meq/1 + 18.9/meq/1)
(50 mgCaGOBImeq)

TDS = 1682.2 mg/1 + 3202.6 mg/1

= 4884.8 mg/1l againgt the ebserved value of 5553 mg /1.

= 2595.5 mg/1 as Ca003

Observed Electrical Conductivity is 6.8 milli mhes/Cm =

6800 Mmhos/Cm and the observed TDS is again outside the

range of 0.55 to 0.7 X conductivity in Mmhos/Cm.

Well No.93
Ion j;?i'
catt 560
Mgt 23,8
¥at £ L5
x* .4
c1” 5.4,
50, 216
H(.}O3 14, .
PH TodS
Analvygine
Ion g;?i‘ og/meq meq/l | Ion Ag;ig. mg/meq meq/l
ca** 560 20 28 €17 524.6  35.5 14,77
Mg*t  233.8  12.2 19.16 S0;” 2160 48 45
Ha't 563.5 23.0 24.50 Hco; 140.3 61 2.3
K* 4.8  39.1 0.12
1362.1 T1.78 2824.9 62,07
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In thias case alao the inequality of cations and anions
indigates the unreasonability of resulta.
Alkalinlty expreased as CaCo3=203 mgq/1x50 mg CaCo3/meq
=115 mg/)l as 03003

Hardness expressed as Caco, = (28 meq/1+19.16 meq/1)
{50 mgG&COB/meq.)

= 2358 mg/1 as CaCo,
TDS = 1362.1 wg/1 + 2824.9 mg/1

= 4187 mg/l againat the obgerved value of 5171 mg/l.
Observed Electriocal Conductivity is 5.77 millimhos/om;
the range in which TDo ghould be 1is 0.55 X 5770 = 3173.5 mg/1
and 0,7 X 5770 = 4039 mg/l. Both the calculated and observed

TDS values are found to lie outside thia range.

Well No,102 v
' Conc
Ion M
/1
ca*t 250
gt : 46.17
Nat 41.4
) S f 8.9
1™ T 28.32
so;” . 624
HCOS 213.5
PH 7.8

AL-DABBAGH
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Analysis

Cations ' Anions

" Ion gg?i' ng/meq meq/l | Ion gg?g' mg/meq meg/l

ca*t 250 20 12,5 | €1 2B.32 35.5 0.79
Mg*t 46.17 12.2 3.78 | 50, 624 48 13

Nat  4l.4 23.0 1.80 | HCOZ 213.5 61 3.50
x* 849 39.1  0.23

— e——

346447 18.31 B65.82 17.29

i

The sum of cations and anions in this case iam not much
different and the results do not seem to he as unreasonable

aa in wells Nos,.129, 87, 92 and 93.

Alkalinity expreaced as Ca003 = 3,5 meq/l X 50 mg Gacojlneq
= 175 mg/l as 05003

Hardness expreassed as CaC0, = (12.5 meq/l + 3.78 meq/1)
(50 mg caco3/m ag)
= Bl4 mg/l as caco3

TDS = 346.47 mg/l + 865,82 mg/l
= 1212.29 mg/l against the obaerved value of 1184 mg/l.

Obaerved Electrical Conductivity is l.44 millimhos/cy =

1440 Mmhoa/Ca.

The specified range for TDS is 0.55 X 1440 = 792 mg/1l to 0.7 X
1440 = 1008 mg/1. ‘
The observed TDS ia thus outside this range.



Well No,130

Gone.
Jon ’ l mz /1 - ;
ca*t* 7 71¢
gt LT
Na* S 12t
Kt . 35.15
c1” \ 2.0
50, ‘ 1584
Hco; C 14,
PH ' 77
Analypie
Cations : Anioens
Conc. conc.,

Ion wg/1 mg/meq meq/l{ lon g /1 mg/meq meq/1

-

ca*t 710 20 35.5 | €17 203.20 35.5 5,72

Mg*t 75.94  12.2 6.22] S0,” 1584 48 33
Nat 126.% 23.0 5.5 Hcog 134.2 61 242
Y 33.15  39.1 085

945,59 48,07 1921.4 40.92

The inequality of the sum of cations and anions indicates
the unreagonabllity of the resulta.
Alkalinity expressed as 03003-2.2 meq/1X50 mg CaCOBImeq

= 110 my /1 as CaCo ,
Hardness expressed as CaCC = (35.5 meq/1+6.22 meq/l)
= (50 muCaCOBImeq)

TDS2945.59 mg/1+1° .4 m . = 2086 ag/1 as Cacl,
»2866.99 meg/1
Observed Electrica. ..uductivity 18 3.7 millimhos/Cm = 3700

Mmhog/cm. Obamerved TDS of 3592 mg/l is meen to fall ocutaide
the range of 0.55 to 0.7 X conductivity value of sample in

Mmhoa/Cm,
AL-DABBAGH
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The variation characteristice of water in wells of Wadi

Al-Fudha can thus be summariged aa below:

Table 2
pol| Mok, fhe ) esiipioy| basdagga | gouiaced gugerved
vmhmbﬂmw mg /1 3 mg /1 3l /1 mg/1
130 No 110 2086 2866,99 | 3592
129 No 165 1946,5 | 4638.73 | 4644
87 No 135 2207.5 | 3854.5 4533
92 No 112.5 2595.5 | 4884.8 5553
93 No 115 2358 4187 5171
100 Yea 90 2409 4892.1 5076
102 Yea 175 814 1212.29 1184

DISCUSSION OF RESULTS OF ANALYSIS

The diafribution of the aspecific species of cations and

anionsg in the water depend on the source of water, To

satipfy the electroneutrality pringiple, the sum of the
cationa and anions, expressed in m ag per litre muast be the
game if the chemical analysig of the water asmples is correcf.
Thig condition iy not matisfied, as is clear from Table 2,

in gese of well Nos.l130, 129, 87, 92, and 93; Well Nos.l00

and 102 in the gouth of the Wadi satisfy the electroneutrality
prineiple, There is reason to belisve, therefore, that there
are other congtituents in the northern wells which have not
been identified and the samplea of thege wells merit

re-examination,
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The hardness of water, ag also the total diesolvad

solids, in well No.l02 are gubastantially leas than thoase

in well No.100. In well No.102 the ealculated TDS valua

1a 1212.29 mg/l and its observed value ia 1184 mg /1 which

is lesa than the W.H.0.'s maximum allowable limit of 1500

mg/l (Table 1). Similarly herdness in thig well, in the

torm of Bicarbonate as HCO,, 1s 21345 mg/l egainst the

permigaible limit of 520 mg/l1 for irrigation water (Teble 2).
For irrigation purposes the adjusted SAR value of well

No.102 is found is as below (8)1

Adjusted SAR =gl 9.4-p(K,-K.)=b (Casllg) = p.Alk

Referring to Table 3,
P (Ky =~ K)) = 2.34

P (Ca + Mg) = 2.10
P uk = 2.45

Expressing Na, Ca and Mg in epm
Adjuated SAR = 1.58

This value is low enough (12) and the water of this well

ia found to be good enough for irrigation purposes.

CONCLUSIONS AND RECOMMENDATIONS ,

Annlyais of the water pamples im the south of the Wadi
‘Al-Fudha, particularly well No.1l02, indicates that the

total dissolved solids and hardness in the water are within
permigaible limits. The value of Adjusted Sodium Adsorption
Ratio is also low enough for irrigation purposes.

Chemical Analysis, based on eleotroneutrality principle,
indicates that the wateras of the Northern Wellas in the Wadi

have poms unidentified constituents and more detailed
examination of these water sampleg is warranted,
AL-DABBAGH
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It may probably be presumptuous at this stage to suggeat

water treatiment methods for the water in the northern part
of the Wedi but acreening, flocculation, sedimentation and
filtration will be necessary.
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Fig..3. location map of studied area AL-DABRA



24

.FIG. &

wells

characterising  Wadi all - Fudha




* IMPROVEMENT IN REFINERY WASTEWATER QUALITY BY TREATMENT WITH

ALGAL~BACTERIAL CULTURE

Y. Al-Shayji and B. Saleem

Kuwait Institute for Scientific Research
Biotechnology Department

P. 0. Box 24885, Safat,

Kuwait.

INTRODUCT [ON

Toxic wastes are a problem currently attecting many regions
of our nation and potentiallv rhreaten manv ~thers in the future.
Toxic wastes have been dischuaryed by municipa)ities and indugtrial
complexes for many decades. Rescarch is uf&vﬂlly needed to arrive
at the right method of solving chis nroblems One af the methods
for wastewater treatment, especially 14 the warm regions of the
world, is the algal-bacterial gystem (Oswald, l977; Mara, 1976).
This wmethod has been used successfully for treating municipatl,
agricultural and food industry wastewaters at a reasonably low cost
(Dswald, 1973a, b, 1976: Gloyna, 197h; Metcal! and Eddy Inc., 1979),
but it has not been used for treatine refractorvy undiluted indus-—

trial wastewaters such as refine:v . *!luents hecause of the toxie
effects of the pollutants present such eftluents (Al-Shayji et
al., 1981).

Refiner. '‘tuents can be treated with alpal~bacterial cultures
if the effluc:: . o pre—treate’ =~ pome other method to reduce the
level of such o cants as oil. cewwmsum, ammgmia and hydrogen sul-
phide to below - . -hreshold levuy ex rovicitv for algal growth
(Al-Shayji et « . 83). Algai-wmeserial ¢nltures can also be
used to remove -- .1l pollutants ilter bic: pical treatment of

the effluents wi- \ tivated s! v, This naner elaborates on this
aspect of refiner: ..«tewater t-. . ment. -



METHODOLOGY

A culture containing two species of algae, Scenedesmus and a
thermo-tolerant Chlorella species was used for this study. The algal-
bacterial culture was prepared by adding 5% activated sludge to the
algal culture (v/v). The volume of the culture was increased gradu=
ally and was transferred outdoors to be acclimated to NO3 and NH4-N.

Two reactors were designed (Fig. 1), with a capacity of 20 1
each, a flow rate of 4.6 cm3/min and a detention time of three days,
and placed them outdoors, Aeration and mixing were conducted by pass~
ing air through the media from the bottom along with each chamber in
both reactors. Reactor (a) was fed with refinery wastewater subjec-—
ted to nitrification and denitrification with activated sludge.
Reactor (b) was fed with refinery wastewater ‘that was steam—-stripped
to reduce ammonia concentration and physico-chemically pretreated to
remove suspended solids, oil and chromium, Each reactor was fed con-—
tinuously for two to three days and thereafter the feed was replaced
with a fresh batch of pretreated wastewster. This technique was used
during the entire study period. One litre ot rhe effluent from each
reactor wis collected every two or three days for analysis. A haemo-
cytometer was used for growth determination by counting the number of
cells.

RESULTS AND CONCLUSIONS

~ results (Fig. 2) indicate that algae growth in the denitri-

fi. -.clinerv wastewater was better than that in the steam—stripped
omi . i+ !latter medium was not toxic to algae because the pollutant
cow .- tron was much lower than the threshold levels of toxiecity
(Fig. ) at-Shavji et al., 1983), but the growth in the former was
higher, o»robablvy because there were sufficient nutrients left after
the nitrisication-denitrification processes.

Algal-bacterial cultures in both reactors efficiently removed
90-100% of the NO? and NOJ and 75~80% of the ammonia (Fig. 3 and 4).
These results indicate thar algal-bacterial cultures can bring the
residual nitrogen compounds in the denitrified eifluents.to harmless
levels. They also indicate that algal-bacterial cultures can supple-
ment or replace nitrificatjon-denitrification processes for the puri-
fication of pretreated refinery wastewater, provided the concentra-
tion of the pollutants in the refinery effluents are below the thresh—
old levels of toxicity for algal growth (Fig. 5) (Al-Shayji et al.,
1983),
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Azercy, 19772)., The high conceutration of ahl-rida
may 1limit the use of water for various nurnnses.
Thloride level in rivers srd streams cherra=s Tronm
month to month due to discharpe varistion. =~ o~m»
dilutior is provided ns flow increages, “hla-iz
movr erter sur ace wsters throush poirt =1d ‘o toHu
noirt sources as water flows downstream. Tv-lu-tion
of chloride corcertration versus time disktnica, =1id
£flow rate is required ivorder to msinbeizr = proner
surfrce water qus=l ity "anaremert gvater, =1 o
rroteact the consuers fron usinps deteriorsted wotien,
Tre rurnnse of this studv is aveluate »vd ade?
ehlori?e corcertrstion vsriation versug ti=e, Air~.
teroe 21d flow rete ip river Tierig st Taphd-d,

FTTOAFD DA™ ST TROTLON

River Tieris monthly chloride coreertration -t
Parhd ad oltv were anslvsised for two yesr reriod
(1979 ard 1930). ‘Jeter s2-ples were teolen fran 15 o
statiors distributed 2lone a €6 km reach of The 7
river, The dirt<#rce hetween these statiorg =re
preserted 1n Table 1. Station no 1 1ls coisidered
ag a3 reference poirt at which chloride enicertrstion
was at its minimunm level prior to enterimg +w» aitr i
where several drairage snd wastewater dispos-) R
canals discharce irto the river., Fieure 1 «hirr
the locotion of gswupling stations and waste:
ard drairape canals discharzirg polinbs ints
rivar.

Chloride comentration in river Tigris .~ alowm \
the allowable limit for drirlcire water stzudzd.7he
hirhest monthly chloride concentration rech>ind
wibhin the two years reriod was 80 mg per liter.

T8 ALD DLZTANCE AFTWOT OF CHIORLIDS

Chloride corcertration in river Tigris seeva ¥n
be nffected by both tine(nonths)ard distrire(sti~tion
number), FHence aralvesis of variance wag nerf r—ed
on the results based on morthiy chloride enicevt -
retion easured at each sanwpline statior for e
“two-vesr period. Table 2 shows the results ~f this
ar-Tlvgis, The irteraction hetween the tiie =2rd :
stetion effeets on chloride concertratinn =28 irti- ;
cated hy the T-lLesgt is not sirrificart at the 9F
rercert rrobability level. Illowever the effecte of
both ti~e snd distarce on chloride corcentr-tion
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are siervificant at the 3% mepcert le.a]l of arahehil ihe

These results irdicated thot tie a1d4 Ai~talee ape ’

sevarstelr affectirg the corcertratior of chloride

corcertretion, Flow vate in the river iz not ireinded
in this =ralysis girce the flow in the viver rodunes

§h$ save effect on chloride corcertrstior as Anasg Lhe
ine,

. in opder to stndy chloride level belavint vergus
tive ard distance, their effect on mean chloriia on
centration was separnted,

FPieure 2 shows mean ehloride concentretiay -4 “ha
16 samnlirg stations for the two years neri~d, " -rs
Junps in nes=n chloride corncentration(Tipire 7 rrpa

Table (1) Distance Batween Stations and Diztance from
Refaronce Point tn - KM -

Statian Ne, Diztance from Raf, Pofnti | Distence Butween Stations
1 1.988 a.088
2 s.718 9.718
3 13,288 1.258
‘ 20.810 9.750
5 25310 4,509
6 27.118 1.008
4 27,588 B8.458
] 38.785 3.228
] " 33,638 2,858
" 73,308 1.7%0
1 48,435 3.958
12 52,735 12,300
13 53,695 B.980
7] 54.688 - 1.850
15 §4.735 ' 18.85¢
16 87.123 2.408




Table

(2) Analysis of Vartance Resulte Produced on

Chloride Concentration in Two~Year Parlﬁd

Source DF 58 KS F-valve

Tine il 7084507 7095.09 4€.77
LHntion 15 30618.03 2054.63 13.54
Interaction 160 16078,42 185,50 0,78

Errer 123 18335.58 154,69

Tota! 07 144560,90

Tabls (3) Fourter Cosfficients Harmonics tu Mean of
Chiortd with Harmonics Number

P § Aty 16 3) 2 of expl. Varl.

! 8.87 ~10.64 88,20

K] -5, 14 $.09 #6.08 .

3 -g.48 .69 s7.08
4 0.28 2.5 9.8
"
i ] 9.4 0.32 89,88
§ 1.1 2.0 188, g8
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Harmonic Panctuons were adapted for describing
nean chloride concentration versus time, and
the funetion with two harmonie is the Dest one.

I'ean chloride concentrabtion versus distance in
the two-year period was ypresent in term of three
degree polynomial equabion with R value of about
90 percent.

Different regression wodels for predicting
chloride conceubration were determined., These
models which use d.scharge and distance in
predicting chloride concentration are better than
those use time and distance.

Table (4) The Cosffictents of The Regrasszion Function

and Statixtical Tests for Four Modsls

Hodal Mo, AW Ay ) R Fvalue

Pode! No. i 22.7 8.219 8.248 0.504 52.8

fodel Ko.2 3.8 2.568 1.948 a.587 49,3

Hodel No.3 1296.8 8.7 8.372 9.876 .2

Mode! No. 4 276.2 -36.988 8.452 8,897 255.2
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TREATMENT AND DISPOSAL ALTERNATIVES FOR THE SEWAGE OF ATHEND

A, D. Andreadakis, A, KO“ZEl]“KBtulrl
D. G, Christoulas

Department of Civil Engineering,
Nat.ional Technieal University of Athenc.

INTRODUCTION

The greéter Athens area has a population of approximately
3,500,000, of which at present only 60-6%% is served by the
existing sewcrage system, which through a main sewer (M.3.)
reaches the Saronic Gulf at the Acrokeramos site, The M.S. is
therefore the major point source of pollution of the Saronie Guif,
discharging between 500-600 x 103 m3/day of sewage, of which a
significant part constitutes industrial wastewaters,  The remaining
35-40% of the population is served by cesspools and septic tanks.

The aim of this paper is to present & preliminary technical
and economical evaluation of a number of treatment and disposal
alternatives, taking into conaideration projected loads and staged
construction, the capacity and layout of the existing seworage
system, land availability and cost, nccessary degree of Lreatment,
disposal alternatives ‘and socianl factors.

POLLUTIONAL LOADS

The loads adopted,: shown in Table 1, are based on an exten-
sive study conducted by Watsonl. .These estimates, despite the
inevitable uncertainties involved during predictions of population
growth rates, per capita water consumption and industrial contri-
butions, are considered reliable for the purposes of this study.
Moreover extensive gquantitative and qualitative analyses made by
the Natlional Technieal University during the pericd 19802-1084
confirm in general the predictions made by Watson, with the
exception of the Phosphorus load which appears to be underestimated.



.1 Load Pr

:tions

Table 1. Folluti.

Unit a2 10 1991 2001 2026
Population served ! 2110 2913 3855 3713
Aversge daily flow 4 53 208 789 1113 1245
Average summer
daily flow 675 886 1267 1k23
Ponk hourly m3fae 9.7 12,8 1l 19.8
Storm f1-. " “ L.6 4.6 L.6 4.6
BOD 0 195000 226200 262900 254800

262000 280000 305000 326300 315k00

Total * 27800 30900 35800 L2100 L0600
To* “ 4200 4500 5330 64ko 6230
Todw, “ne mescu: ; i load i3 in the range T000-8000 kg/day,

therefore an .

timate of around 12,000 kg/day for the year 2026

seems more rolisble than the figure predicted by Watszon (6230 kg/

day).

EXISTING SEWERAGE SYSTEM

The biggest part of the sewerage system iz designed on the
seperate system and only the central area of the city of Athens is
being sewered on the combined system.

The maximum design capacity of the M.S. is approximately 16.0

m3/sec.

Recent surveys by the Ministry of Public Works have shown

that the deposits on the M.S., are limited, thus the above mentioned
figure of 16,0 m3/sec can be considered as attainable,

Taking into account the peak and storm flow; it follows that
the theoretical maximum sewage flow, in terms of average summer
daily flow, which can be safely transmitted through the M.S. is of

the order of 800,000 m3/day.

A higher value, of approx1mate¢y

1,000,000 m3/day can be adopted, on the assumption that it is
unlikely for the peak summer hourly flow and storm flow to occur

simultaneously.

flow equalizations ete, ) would be necessary in this case.

However a number of safety measures (dlveralons,



DISPOSAL ALTERNATIVES - DEGREE OF TREATMENT

Inner Saronic Gulf

During the last 10 years and especially from 1973 to 1976 a
number of studies related to hydrodynamic factors and quality indices
have been conducted=., Despite the fairly numerous data existing,
concerning indices such as DO, nutrients, primury production,
transparency and bottom deposits, it is not sufficient for a reliable
mathematical ecological model of the Inner Gulf. The development of
a rcliszble ecological model presents serious difficulties associated
not only with the need for extensive data, but also with the uncertain
ties involved during mathematical modeling of ecological phenomena.

The authors believe that for the purposes of this preliminary
study the required effluent quality and the corresponding degree of
treatment can be assessed on the basis of a critical evaluation of
the existing data. However further studies, synchrunised with the
staged construction of the works, can lead to a better approach to
the problem.

Current measurements indicate that the circulation within the
Gulf is poor; tidal effects are also very weak, Dissolved oxygen
levels are fairly low (between 5 and 5.5 mg/l) and further reduction
should be avoided,

The trophic state of the Saronic Gulf can not be assessed with
accuracy, given the ambiguity which characterises existing knowledge
about such matters®. The concentrations of nutrients (N,P) and both
Phytoplangton and zooplangton in the Inner Gulf are significantly
higher than those of the Outer Gulf. These concentrations, in the
range 30-100 mg/l for N and 35-2k mg/l for P are not too high and
indeed no serious eutrophic conditions have been observed in
general, However, the authors believe that due to a) the unques-—
tionable, in our opinion, importance of the Saronic Gulf with
respect to recreational activities and tourism, b) local entrapment
of nutrients (e.g. Keratsini area, Western and Inner Gulf, Elefsina
Bay) and subsequent eutrophic conditions and c) the poor circulation
within the Gulf, the possibility of a future need for nutrients
removal can not be dismissed, and therefore should be taken into
consideration.

On the basis of the above analysis the treatment scheme to be
adopted, prior to discharge to the Inner Saronic Gulf, should
consist of biological treatment followed by a short outfall. The
The biological trestment scheme should include, primary treatment
followed by activated sludge, sludge digestion and dewatering.
Disinfection facilities should be included as a safety measure, A
150 m length diffuser, located at a depth of 40 m can provide a
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dilution of more than L0 times, which is sufficient to prevent
contamination of the nearby shores by pathogenie bacterias. The

need for nitrogen and phosphorus removal should be taken into con-
sideration. However in view of the uncertainties related to such
possible future requirement, a policy in which economical evaluations
of the alternative options do not include nutrients removal for dis-
charges to the Inner Saronie Gulf, seems prudent . However the extra
land requirements of such a scheme should be taken into serious
consideration during site selection.

Elefsina Bay

Elefsina Bay is a relatively shallow basin between the north
coast of Salamis and the Attica coast. It has a maximum depth of
about 33 metres, while the narrow straits between Salamis and the
mainland are approximately 10 metres deep.

The unfavourable hydrodynamic characteristics of the Bay and
the extensive discharges of wastewaters from the industrialised area
of Elefsina have resulted in serious deterioration of water quality
in the Bay. Dissolved oxygen levels are of the order of L mg/l and
during the summer months the lower waters become depleted of OxXygen
and probably become anoxic close to the sesbed. Increased nutrient
concentrations have created eutrophic conditions. Furthermore
there are indications of accumulation of toxic pollutants. It is
questionable whether discharge of sewage from Athens irrespectively
of prior treatment, into the Elefsina Bay should be considered as a
viable alternative due to the present state, the poor assimilative
capacity of the Bay, and social faetors. In the case of adoption
of this alternative the appropriate treatment scheme should include,
from the beginning, high degree biological treatment and nutrients
removal.

Kifisos River

Kifisos is a torrent in the Athens Basin with outlet into
Phaleron Bay. Flow in it from natural sources occurs only during
and immecdiately after rainfall., In Kifisos sewage flow in dry
weather occurs as a result of a combination of incompletion of coll-
ectors and sccondary sewerage in the industrial areas and a lack of
enforcement of existing legislation that would ensure the connectlon
to the sewer of every industry which could be intercepted. Bccause
of their location in industrial, and generally lower income areas,
these polluted flows have so far been tolerated, but with their
unsightly appearance, odour nuisance and the attendant risk to
public health, they are rapidly becoming a matter of increasing
public eorcern.




Biological treatment is necessary in order to avoid adverse
effects in the quality of both the Kifisos River and the Fhaleron
Bay. Nutrients accumulation in the Phaleron Bay will almost
certainly lead to eutrophic conditions, thus adversely affecting
the mwajor tourist developments planned for this area. Therefore
the treatment scheme should include biological treatment and
nutrients removal from the beginning.

Reuse

Use of effluents for irrigation may be sdopted for the aress
north of Elefsina and Megara {apsrox. 1400 ha) as well as for
Mesogia (4000 ha).

Factors that should be considered in assessing the need for
preapplication tremtment include the type of crop grown, the in-
ternded use of the crop, the degree of contact by the public with
the effluent and the method of spplication., The irrigation of
certain crops to be eaten raw by humans may require advanced vaste~
water treatment.

An appropriaté trestment scheme could consist of high degree
biological treatment, filtration and disinfection®,2,

Industrial reuse can be practiced theoretically in the Elefsina
area, although the quantities required are limited. The quality of
the effluent should be similar to the guality of the effluent used
for unrestricted irrigation.

ALTERNATIVE SOLUTIONS

A1l the alternative proposals include the operation of the
Metamorphosis treatment plant whieh is under constructlon. The
purpose of this plant is to treat the septage from the unsewered
areas of Athens. In the future, when the severage network will be
completed, it can, with minor modifications, receive by gravity and
treat approximately 70,000 m3/day domestic sewage from the northern
suburbs of Athens. The effluent will be discharged to the Kifisos
river and find its way to the Fhaleron Bay,

The four alternative solutions for the treatment of the
remaining 1,350,000 m3/day are presented in figures 1-4 and can be
outlined briefly as follows.

Solution I : A single treatment plant located on the island of
Psyttalia, consisting of secondary biological treatment and standby
disinfection followed by a short outfall, with provision for future
nutrients removal. The land ares vequired is about 34 ha. The
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construction of an additional main sewer of a length of approximat-
ely 7 km parallel to the existing M.8. is necessary as the maximum
capacity of the latter does not exceed 800,000 m3/d - 1,000,000 m3/d.
Necessary is also the construction of s 1.2 km undersea conduit
connecting Acrokeramos and Psyttalia. For the proper operation of
this conduit it is advisable to place the preliminary treatment units
(screening, grid removal) at Acrokeramos, The excavations on the
island amount to approximately 8 million cubic metres.

Selution II : A single treatment plant with a treatment scheme
a8 sbove, located at Acrokeramos. The additional sewer is still
required but there is no necd for an undersea conduit. It is
practically impossible to acquire sn area of 34 ha at this loestion,
The required area can be reduced, though not without adverse econom—
ical and operational consequences, to 22 ha by adoption of multi-
storey tanks, Lamells plates or tube gsettlers, use of pure oxygen
and removal of the sludge treatment t:..ts to a 3 he area which can
be obtained at very low cost and is i:«cated sbout 3.5 km away at an
eltitude of 60 m, The available ares at Acrokeramos is only 8 ha,
and the remaining 11 ha have to be acquired by earth fills in the
sea (5 ha) and removal of existing industries (6 ha).

Solution III : a) Treatment plant at Acrokeramos treating
800,000 m3/day. The required area, with adoption of the above-
fenttoned space saving modifications, amount to 16 ha, The avail—
able erea.is 8 ha, 6 ha to be cbtained by earth fills and sludge

“treatment (2 ha) in another locations, as described before.

b) "reatment plant at Elcfsina receiving 550,000 m3/day. The
treatment consists of biological stage,removal of nutrients. The
construction of a 10 km tunnel transmitting the sewage to Elefsina
through the mow- .4i. Asgaleo is required. Filtration and disinfec-
tion will be practiced for the portion of the effluent used Tor
irrigating the 1400 ha mrea north of Elefsina and at Megara. The
remaining effluent will be discharged to the Elefsina Bay through
an outfall of approximately 1 km length.

Solution IV : a) treatment of 850,000 m3/day at Acrokeramos,
as in case IIT.

b) BExpansion of the Metamorphosis treatment plant from a
capacity of 73,000 m3/d4 to a capacity of 300,000 m3/d. The
necessary treatment scheme consists of biological treatment and
nutrients removal and the effluent will be discharged to the
Kifisos river, Transportation of most of the sewage to the plant
location requires pumping.

¢} Treatment of 270,000 m3/day at a plant located at Vari.
The effluent after biological treatment, filtration and disin-
fection will be used for irrigation of the 4000 ha vegetation at
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Mesogia. During the winter months the effluent will be discharged
to the Evoios Gulf. Extensive pumping is required for the trans-
migsion of the sewage to the plant location.

STAGED CONSTRUCTION

The construction of the works will be completed in three
phases, The first phase is to be completed by 1985. The second
and third phases will be required in 1990 and 2003 rgspectively.

The staged construction ir in accordance with the anticipated
future loads and sewerage consiruction program; the latter is to
be implemented by the year 2001,

The capacity of each stage is presented in Table 2.

ECONOMICAL COMPARISONS

All alternative solutions are economically evaluated on the
basis of present value of capital and operating costs, adopting an
economic time horizom of 40 years. Included are all costs related
to transportation of sewages and effluents as required for each
solution (supplementary main sewer, undersea conduit, tunnel, out-
falls, additional sewerage system, pumping ete), costs of obtaining
the land and costs of replacing electrical and mechanical equipment.

For the assessment of present values a discount. rate of 8% is
adopted and the staged construction of the works is taken into
" consideration. The economic life for civil works is taken equal to
Lo years while that for mechanical and electrical equipment equal
to 20 years.

The cost of excavations for Psyttalia in alternative I is
excluded as there was an expressed demand for the products of
excavations to be used for marine works.

Table 3 presents the results of the economical comparisons.

DISCUSSION -~ CONCLUSIORS

Alternative I is the most economical, but both alternatives I
and II should be considered economically equivalent given the small
difference in total cost (0.6 million Drachmas) on the one hand,
and the uncertainties involved in the assessment of the cost of the
undersea conduit on the other. However there are the following
significant advantages of solution I over solution IT.

ANDREADAKIS
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Table 2. Staged Construction

Flows [m3/day)

Alternative Loca* . r Treatment Scheme Disposal
Phese 1 Phase 2  Phase 3
Peytal.a Biclogicel Treatment, Saronic Gulf 825,000 375,000 150,000
1 3tandby Disinfection
Metamorphesis  Biclogical Treatment, Kifisos 73,000 - -
Disinfection
Acrokeramos Biclogical Treetment, Saronie Gulf 825,000 375,000 15¢ ,000
I Standby Pisinfection
' Metamorphosis  Biological Treatment, Kifisos 73,000 - -
Disinfection
Acrokeramos Biological Treatment, Saronic Guif 800,000 - -
Standby Disinfection
III Elefsins Biclogical Treatment, Elefsine Bay 180,000 ~ 220,000 190,000
Nutrlents Removal, and land
Filtration, Disinfec,
Metamorphosis Biciogical Treatment, Kifises 73,000 - -
Disinfection
Acrckeramos Biolcgical Treatment, Saromie Gulf 540,000 240,000 100,000
. Standby Disinfeciion
v Metamorphosis Biological Treatment, Kifises 190,000 80,000 30,000
Hutrient Removal,
Disinfection
Vari Biological Treatment Land 30,000

Filtration,
Disinfection

165,000

85,000

2l
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Table 3. Economicel Comparisons

Cost in millions of Drachmas

ative  ment  portevion % Bk Bgnipment tion "1 prase

I 7120 2k10 310 00 4190 1hh30  8hkOO
11 7360 | 1380 2010 - koo 3940 15090 8910
111 8450 1900 1670 600 5670 18190 131210
v 9370 3k20 1500 590 - 7290 22170 11730

a) The treatment plant in solution I is not in the vicinity of
inhabited areas as in solution 2.

b) The effluent is discharged farther from the coast.

¢) The extensive earth fills which are needed for solution II,
though feasible, may present technical difficulties and ¢onsequent
economical burdens, which are difficult to foresee,

d) The availsbility of land on Psyttalia gives possibilities of
expanding the plant if needed (e.g. due to underestimation of future
loads).

e) The location of the treatment plant at Acrokeramos is only
feasible through a reduction of the required area from 34 ha to 22
ha. The means by which this can be achieved (multistorey tanks,
Lamells plates or tube settlers, usc of pure vxygen, pumping of
sludge to another location for treatment) may create additional
operational problems.

The cost of glternative solutions III and IV are significantly
higher, by 27% and 54% respectively. These cost Adifferences are too
high to'justify their selection on the grounds of the reuse poss-
ibilities described earlier.

Both solutions include the constructlon of a treatment plant
at Acrokeramos, for approximately 800,00 m” /day, thercfore the
disadvantages related to 2zolution IT (partlcularly a, b and ¢)
still stand,

Finally the construction of a long tunnel (10 km) under the
pountain Aegaleo and the discharge to the heavily polluted Elefsina

ANDRE ADAK1S
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Bay are additional but prominent disadvantages related to Solution
11T,

In conclusion the alternative solution I is the more benefi-
cial regarding social, environmental, technical and economical
agpects., If however it is not adopted it is difficult in our
opinion to select any of the three remaining on the basis of this
preliminary study without further careful investigation of the
related social, environmental and technical consequences. However,
the construction of a plant with a capacity of around 800,000 m3/
day at Acrokeramos can commence since it is ineluded in all three
solutions.,
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PRELIMINARY INVESTIGATION OF LEAD
CEMENTATION 8Y IRON IN WASTEWATER

T. Angelidis, K., Fytianos, G,vasilikiotis

Envirommental Pollution Control Laboratory
Aristotelian University of Thessaloniki
Greece

INTRODUCTION

Lead is one of the most widely used nonferrous metals in indu~
stry. In consequence, lead is present in the wastewates of many
industries, often at high concentrations (Table 1). Lead s adverse
effects on public health?, increased the interest of researchers to
find out efficient metods for it's removal from wastewaters,

Table 1. Industrial Wastewater Sources nf Lead1

Battery Manufacturing

Plating

Television Tube Manufacturing
Mine Drainage -
Mining Process Water

Lead Smelting

Ammunition Manufacturing
Tetraethyl Lead Manufacturing

. . The conventional treatment methods for lead removal from waste-
waters are precipitation, coagulation, ion exchange and activated
carbon treatment’®. Organic jead, from gasoline additives producipg
industries, demands more compiicating methods such as chlorination-
nrecipitation, ozonization - precipitation e.t.c¢® . These methods
have significant disadvantages such as high cost of operation and
construction or production of large volumes of sludge which requi-
res special disposal facilities. .



The cementation treatment is noi; used for recovery of copper
from spent plating baths and sub - marginal copper ores* and remo-
val of copper from wastewaters combined with reduction of hexava-
lent chromium to trivalent ®. This treatment has many advantages
such as recovery of copper in an essentialy pure matallic form,
simple control requirements and Tow energy utilization® , Cementa-
tion of copper on iron has been studied by many researchers 5-14
but only a little work has been made on cementation of other heavy

.

1.~ LEAD STIRRERS
(CATHODE) . -

thermometer ]

n
o2 i
.
2t : -
Fe™ currenT
IRON
(ANOUE)
[l
F— LEAD
(CATHODE ) water bath
Fig.1.Simplified galvanic cell Fig.2.Apparatus for the cementa-

model for lead cementation. tion of lead on iron,

metals on iron, This research is apreliminary investigation on the
"~ use of cementation treatment for the removal of soluble Yead from
wastewaters,

Cementation is the recovery of an ionized metal from solution
by spontaneous electrochemical reduction to the elemental metallic state,
- with conscquent oxidation of a sacrificial metal such as iron, The
reaction, for Tead and iron, is given in Equation 1.

Pl o+ Fe® . PO, Fe*C (1)

The process can be predicted in terms of electrode potentials.
The potential éE“) for Equation 1, under standard conditions, is
+0.314 volts'®, The metal with more positive oxidation potential
in the electromotive series will be oxidized and pass into solution,



This is the sacrifi iat et.:. iron 15 often chosen as the sacri-
ficial metal, due to its avarlabriity and low cost.

The cementation process qenerates electrodeposits without
external current. For example, an electropotential sufficiently
large to deposit lead is produced, in case lead ions and an iron
surface are present in agueous solution, The iron acts as a sacri-
ficial anode, and by dissolution replaces the Tead ions in solution,
The process, pictured in fiqure 1, cén be described as a galvanic
corrosion ced1' . A cathodic lead deposit covers the anode except
for the submicroscopic regions from which iron is being dissolved™ .
Electrons flow from the anode to the cathode through the basic
metal, in the manner of a short - circuited galvanic cell, These
anpdic sites effectively n rate around the surface of the iron
therefore the entire piecy™uf iron can be consumed'®.

The small electrode potential {+ 0.314 volts) for Equation 1
compared with + 0.777 volts for the similar pair copper - iron
indicates that a large iron surface with many active sites must be
used in order to have a significant removal of lead in an economi-
cally accepted time period.

Tahle 2. Side Reactions of Iron in Cementation Treatments’11

Reaction £9 cell (volts)

Metallic Ivon
(2) Fe® + 2re*d . 3re*? v 1.01

(3) 2Fe® 40, + 4" — 2Fe"? 4 2Hy0 +1.67
(@) Fe% 2" . Fe'? e, + 0,44
() Fe® «pp® 4 2 —  Fe'? 4 pp® o,

(6) 2¢e® + 61" — 2re*® 4 3, +0.08
(7) are® 430, + 12" —  4Fe™d + 6,0 +1.27
Saluble lron

(8) aFe’? v a0, — are*? 4 om0 + 0.46
(9) 2Fe*? 2t —  ore*d 4 H, - 0.77
(10) Pb® + 2Fe™ —«  pb™? 4 2Fe*? +0.89

The stoichiometry of Equation 1 indicates a molar ratio of
unity for iron sacrified per mole of lead reroved. This translates
to an Fe : Pb ratio of 0.27, on a weight basis, Thus, according to
Equation 1, each 100gr. of lead removed consumes 27 gr. of metallic
iron. However, there is excess iror consumption associated with the
process, due to side reactions of iron in the wastew ter (Table 2).
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The ratio of iron consumed to lead produced is generally referred
to as the can factor” and in praxfis has a higher value than 0,27
Disadvantages of excess iron consumption include wastage of whe
metailic iron reactant, and production of unnecessary amounts of
iron sludge upon precipitation treatment,

EXPERIMENTAL PROCEDURES

The apparatus used is shown in Fig. 2. A three - necked distil-
lation flask of 500 m1 capacity wes used as a reaction vessel, A
stirrer with paddle was introduced through the central neck of the
vessel, The stirrer wags always placed at the same depth in the solu-
tion to have always the same stirring conditions. The shaft of the
stirrer was from glass and the paddle from polyethylene., The whole
assembly was immersed in a constant temperature water bath (: 0.5° C).

"

Reagent - grzde lead nitrate was used to prepare the lead jon
solution, Inorder tg prevent oxidation and hydrolysis of iron and
formation of ferric hydroxide, a buffer solution of glycine hydro-
chloride - glycine was used, This buffer maintained a reaction pH

approximately 2. At this pH value all dissolved iron was in the
ferrous condition.

Experimental data were obtained by measuring the amount of lead
and iron ions in solution at succesive time intervals. The initial
valume of the solution was 500 ml, 5 ml aliquots removed each time
for chemical analysis. Because the total volume change of the solu-
tion was significant, correction was used for solution volume change,

Samples of the following materials were used :
-pure Jron powder 150 um (- 100 mesh) with specific surface 0.05 - .
0.07 m/g (Merck Eisen gepulvert reinst Artikel 3800)
- filings of comman steel { 80 mesh)

Collected samples in all experiments were filtered before chemi-
cal analysis. Soluble lead and total ironwere analyzed by atomic
#bsortion,

RESUWLTS AND DISCUSS 1OM
Stirring Speed and Aeaction Order

A series of experiments were carried out in the reaction vessel
at various stirring speeds. The results of lead removal are shown
in Fig. 3. The data are plotted according to first - order kinetics
whare logarithm of C/Co is plotted vs time in minutes'. The quanti-
ties € and Co refer to Tead concentrations at any time t and at t=Q,
resgectively. The data of Fig. 3.are for Co = 25C ppm, temperatures
=25%C, pHa 2, 1 gr. of fron powder and aerobic conditions, First -
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order.kinetics were followed for stirring speeds of 100, 190 and

270 R.P.M. At 400 R.P.M. the kinetics deviated trom firt order and
the rate of cementation decreased., A similar decrease was recorded
for copper cementantion on iron® at high stirring speeds due to the
deposit morphology. At all stirring speeds iror powder was not
dispersed in the vessel but it was cnagulated at the depth of the
vessel with metallic lead removed from the solution. Ay 400 R,P.M,
the high stirring speed was responsible for the formation of small
compact balls of iron powder and cemented lead. The formation of
these balls minimize the active surface area of iron in contact with
solution and so the rate of reaction was reduced. This most propa-
bly explains the deviation from first - order kinetics.

The specific rate for firts order kinetics is given by fquation 11:

—%— & (11)

K = ¢

|t

where K = specific rate {em x min'l). ¥ = average volume of the rea-
cition solution (cm ), & = initial iron surface area (cm?), t = time of
‘reaction (min}, Co 7 initial lead concentration, C = lead concetration
at time t. K values are shown in Table 3. The rate of cementation
increased with stirring speed up to 270 R.P.M. In this region diffu-
sion of Tead ions in bulk solution was propably the rate - controling
step of reaction,

The lead ions concentration C at time t can be obtained by rear-
rangement of Eq. (11) :

_KetoA
C=Coe ¥ (12)

To confirm first - order kinetics and Eq.{12) a comparison is
made between values of C measured experimentaly and calculated from
Eq {12) in Table 4, The measured values are accuretely predicted
from Eg (12). 1In Table 3 is shown that at a short time between 30
and 60 min a satisfactory removal of lead up to 997 was taking
place.

The results for total iron in solution are shown in Fig. 4.
The total iron concentration is plotted vs time. As shown in Fig.4
stirring speed has a slight influence on total iron concentration,
This is in agreement with recorded results for copper cementation®
Total iron in solution consists of two parts, iron consumed for
cementation and excess iron consumed by side reaction (Table 2) :

Gy =C. *C (13)



CT = total iron in solution at time t, CC = jron consumed for
cementation at time t, CE = excess iron in solution at time t,

Table 3 Results for Lead Cementation at Various Stirring Speeds

Stirring K K~ % lLead Removed "Can"factor
speed 1 -0.8

(R.P.M.) {emxmin™*) (min" %) 30 min 60 min 30 min 60 min
100 0.032775 0.0031704 71.8 91.3 0.85 1.02
190 0.050300 0.0030927 © 81.9 97.9 0.70 0.92
270 0.068859 0.0037713 92.5 99.4 0.74 1.06
400 0.038086 0.0033124 76.0 91.5 0.76 1.00

Table 4 Comparison of Experimental Data and Data CalcuTated from
Eq. (12}, (17), (18)

TIME- LEAD (ppm)  EXCESS IRON (ppm) TOTAL IRON (ppm)

{min) A B A B A B

5 176.5 167.5 36.7 27.3 57.4 50.5
10 103.5 110.0 48.3 47.6 88.6 86.2
15 73.1 72,1 65.4 65.8 114.0 114.6
20 49.7 47.0 84,7 82.9 139.6 138.5
30 19.1 20.0 110.2 114.6 173.4 177.5
40 7.4 8.4 147.2 144.3 213.4  210.3
50 3.0 3.5 170.3 172.% 237.7  239.8
60 1.4 1.4 199.6 199.5 267.5 267.4

A:Measured Values
B:Calculated Values

Iron consumed for cementation can be predicted from the stoichio-
metry of Eq (1):

€. = 0.27 (C° - ) (14)

C0 = initial lead ion concentration, C = lead ion concentration at
. time t. Combining Eg (12) and Eq (14) results to :

' - Keph
Cc =0.27 .C -(1-e ) (18)

[
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Excess jron can by found from the difference :
G = 6 -~ G (18)

Experimental data shown in Fig. 5 indicate that excess iron kinetics
follews Eq (17)

et Lt ,0.8
CE =Kot (17)

/
¢’ = initial metallic iron concentration {mg/1), K’ = specific rate

0 .
of excess jron disselution (min 0'8), t = time of reaction (min)

So the total iron in solution can be predicted from the overall
Equation (18) ;
K-t-A

- ‘ TV ¢ 0.8  (18)
C;=027.C.(1-e ) + oKt

The results of Eq (17) and (18) are confirmed in Table 4 by
comparison between measured and calculated values.

Specific rates for excess iron in Table 3 indicates that stir-
ring speed has a slight influence on excess iron consumption.Surface
reaction or boundary film diffusion will be the rate controling step
for this reaction. Stirring speed has also a slight effect on “"Can”
factor as shown in Table 3.

A comparison was carried out between iron powder and common
steel filings under the same conditions. After 60 min of reaction
the percentage of lead removal for filings was 98.6% compared with
99.4% for iron powder.

Temperature Effect - Arrhenfus Plots

A series of experiments were carried out at various temperatu-
res. The results for Tead removal are shown in fig. 6. The data
are plotted according to first - order kinetics for stirring speed
= 270 R.P.M,, Co= 250 ppm, pH=2, 1 gr. of iron powder and aerobic
conditions. At 35° C, 45°C, 55° C and 65% C after a short time
period the kinetics deviated from first order kinetics. This pheno-
mena propably due to the increased rate of lead cementation on
jron and consequently to the reduction of iron effective surface.
Specific rates calculated from experimental (Table 5} indicate a
significant increase of the cementation rate at high temperatures
(116% from 25° C to 65° C).
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The specific rates for the cementation reaction t v i 45
temperatures were plotted on an Arrhenius plot as show. -2 7,
The experimental activation energy AE was 3,65 Kcal/rwle. “-w
value of the activation energy is consistent with thdat expc “od
for solution diffusfon as the rate controling step,

" Table 5 Results for Lead Cementatior at Various Temperatures

’

Tempe- K K % Lead Removed “Can" factor
rature
0 . -1 -0.8 ; .
o {em x min™*)  (min ) 30mn 60 mn 30 min 60 min
25 0.068859 0.0037713 82.5 99.4 0.74 1.06
35 0.092556 - 0.0044676 97.0 99.7 0.82 1.25
45 0.112627 0.00f 1756 97.3 1 99,7 1.06 1.52
55 0.120586 0.0077635 98.7 99.8 1.28 1.84
65 0.148847 0.0105229 99.0 99.9 1.57 Z.33

Concernig iron, total and excess iron are shown in Fig. 8 and 9
respectively. Temperature has a major influence on iron consumption.
As shown in Table 5 specific rate for excess iron increases 180%
from 25° C to 65° C, the same happens with "can" factor.

Arrhenius plot for specific rates of excess iton is shown in
Fig. 10 . The experimental activation energy. AE was 5.23 Kcal/mole.
This confirms diffusion as the rate controling step for excess iron
consumption.

Effect of Different Quantities (Surface Area) of Metallic Iron -

A series of experiments were carried out with various quantities
of metallic iron. The results for lead removal are shown in Fig.
and for total and excess iron in solution in Fig, 12,13. The increase
of the quantity of iron powder added increases the rate of cementa-
tion due to the increase of the active surface area, Excess iron
consumption also increases as shown in Table 6.

The specific rates for lead removal and excess iron (Table 6)
are approximately constant. This means that the rate fo cementa-
tion and excess iron dissolution are direct proportional to the iron
active surface area,

Effect of Initial Lead Concentration
A series of experiments were carried out at various initial
lead concentrations, The results for lead removal and for total

and excess iron are shown in Fig 14,15,1 Iritial lead concentra-
tion had a slight influence on the rat. f ¢ ~entation and excess
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iron consumption. This conclusion is confirmed from the values of
specific rates shown in Table 7.

Table 6 Results for Lead Cementation for Various Quantities of
Metallic Iron

Metallic K K’ % Lead Removed "Can"factor
fron -1 -0.8

(gr/1)  {emx min )  {(min %) 30 min 60 min 30 min 60 min
0.2 0.072886 0.0048757 25.8 39.0 0.5 0,53
0.5 0.069355 0.0033274 48.4 67.5 0.46 0.54
1.0 0.073184 0.0030778 72.5 91,7 0.53 0.60
2.0 0.0688%9 0.0037713 92.5 99.4 0.74 1.06
3.0 0.066991 0.0034588 98.2 99.9 0.90 1.30

Table 7 Results for Lead Cementation at Various Initial Lead

Concentrations
Co K K/ % Lead Removed  "Can“facter
{ppm) {em x min‘l) (min '0‘8) 30 min 60 min 30 min 60 min
68 0.068702 0.0037644 93.5 97.3% 2.04 2.278
125 0.065215 0.0031879 93,3 98.9 1.05 1.47
250 0.068859 0.0037713 92.5 99.4 0.74 1,06
500 0.071435 0.0035786 93.2 99,2 0.52 0.68

aReaction time 40 min

Table 8 Results for Lead Cementation at Various pH Values

4

K K % Lead Removed "Can" factor
pH - .
(cm x min 1) . {min 0'8) 30 min 60 min 30 min 60 min
1.5 0.070689 0.0074377 92.9 99.0  1.23 1.76
2.0 0.068859 - 0.0037713 92.5 99.4  0.74 1.06
2.5 0.064693 0.0028137 91.1 98.4 0.63 0.84
3. 0.055153 0.0024034 87.4 96.5 0.59 0.77

But "Can" Factor is greatly affected from initial lead concentration
and decreases as initial concentration increases,
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Effect of pH Value

A series fo experiments were carried out at various pH values.
The results for removal and total and excess iron are shown in Fig,
17,18,19. Specific rates are shown in Table 8. At pH 2,5 and 3 a
deviation from first - order kinetics and a decrease of the rate of
reaction was observed. This phenomena may due to a less effective
cleaning of the iron surface by acid as happens in copper cementa-
tion by iron'. At pH 1,5 & slight increase in cementation rate
was observed but this is accompanied by a strong increase in excess
iren consumption (about 100% in relation to pH 2.

CONCLUSTONS

- Iron in small particles (filings etc) can be effectively
used for lead remcval from wastewaters.

- Lead cementation is a firts - order kinetic reaction with
respect to the removal of lead from wastewater,

- Excess iron consumption can be described by the Equation :

¢ = Co’-k%108

- Total iron consumption can be predicted from the previous
Equation and first - order kinetics equation for Tead remonal.

- The rate increases with agitation. The rate - controling
step is clearly solution diffusion in this region.

- At high stirring rates the Kinetics deviate from first -
order and the rale decreases.

- The experimental activation energy found, supports diffusion
as the rate - controling step for lead cementation and excess iron
dissolution,

~ The rate increases significantly with temperature but the
same happens with excess iron dissolution.

- The rate depends on the iron metal surface area.

- The rate is independent from initial lead concentration.

- pH values between 2 and 2,5 are optimum for lead cementation,

Further work is in progress in the research of the decrcase of
excess iron consumption and recovery of cemented lead.
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ABSTRACT

Waste is a valuable resource disguished as a nuisance worldwide.
If left unmanaged, it can pollute various pha.es of human enviroonment,
And if managed properly, it can be an endless source of energy and
useful waterials., Waste management is an important aspect of
environment health and needs to be integrated with the toral
environmental planning of a country. Good management system of wa.l-
disposal for producing energy and usaful materials repr ents a viable
means of conserving natural resources in these days of energy and
mater als crigis, preserving the quality of human environmeent and
thereby resolving a critical waste disposal problem.

In this paper, the author discusses frow his experience the
operational parameters, organizations and administrative '
infrastructure, technologies, economic¢ analysis and resour.. recovery
of waste mansgement systems, The paper also highlights the salient
features of the waste management systems of some selected countries
including Singapore.

INTRODUCTION

All human activities generate waste (solid, semi-solid and liquid)
of varying quantity and quality. Each country generates a substantial
quantity of wastes (Tables 1) creating difficult disposal problens.
Waste disposal problem is a basic and universal problem which besets
not only developed countries but the rest of the world as we .
Explosive population growth coupled with extensive urbanizatiow and
industrialization has generated more waste thus imposing a financial
burden on povernments for the efficient collection and safe disposal
of waste.



Table 1 Types of wastes and quantities generated in some selected
covatries {Wilsomn, 1981}

Approximate quantities {million tonnes per year)
L]
o
Description | 2 E
. = = g o
£ g @ v g g
o o @ ] > ] o 4
o u & = %0 - ] - ]
-l &) o o — o o = [N ]
o . 1 ] [ o 3 i o w
) = P = -] - & [ - =1
Municipal wastes
{household and
commercial) 20 20 12,5 5.2 2.6 21 2.5 1.1° 35 150
Industrial wastes: )
similar to municipal B 24 2.5 13
production wastes 45 13 16 2 1 19 2 - 60
sludgen 7 8 - 125
hazardous wastes 5 3 2 1 - - - 0.4 - 57
Pulverized fuel ash 7 12 - - ~ ~ - - - 13 -
Mine wastes 60 80 42 - - - - - ~ 189¢
Quarry wastes 50 - 75 - - - - - - -
Hastes from construction :
and demolition 3 96 - 6.5 =~ - - g3 75 -
Agricultural wastes ' 250 260 220 1 - 130 32 - &4 660
Sewage sludge 20 36 6.2 3 3 - 4 1.4 &% -




Everyday of the year, enormous waste is generated in each city
that needs to be collected., transported and disposed of efficiently,
economically and with the ainimum of environmental hazards. If the
whole operation is to function properly and efficiently, a good
management system i5 required.

Waste management is8 councerned with the generation, collection,
transfer and transport, processing and disposal of waste in a manner
that is in accord with the best principles of publie health,
economics, engineering, conservation, aesthetics, and other
environmental conditions, It also encompasses all administrative,
financial, legal, planning and engineering functions involved in
solving the problems of waste thrust upon the community by its
inhabitants. JIdeally, waste management should be viewed as a unity
with integrated quality control directed to all three waste receiving
media namely air, water and land.

Problems associated with the management of the waste in today's
society are complex because of the quantity and diverse nature of the
waste, the development of sprawling urban areas, the funding
limitations for public services in many large cities and the impacts
of technologies. If the waste management is to be accomplished in an
efficient and orderly mannper, the waste collection and disposal
eystems chosen must be most appropriate for the local conditions and
operated in an optimum way. The operational parameters and their
relationships involved must be identified and understood clearly.
Public attitude and concerns are to be regarded as crucial for the
development of & sound waste management system.

. ‘

A set of criteria for the assessment of waste management will
normally encompass economical, technical, environmental, political,
use and conservation of resources as given in Table 2. After all, the
overall objective of waste management strategy ie the disposal of
waste at the least possible cost to the community with due regard to
the safeguarding the eavironmental quality and the use of waste as a
resource.,

OPERATIONAL PARAMETERS

Various activities associsted with the waste management from the
point of generation to final disposal are grouped into four
operational parameters: (1) collection, (2) transfer and transport,
(3) processing and recovery and (4) final disposal. By considering
each operational parameter separately, it is possible to identify the
fundamental aspects and relationshipe involved iu each of parameters
and to develop where possible, quantifiable relationships for the
purposes of making engineering comparisons, analyses and evaluations.
This separvation of operational parameters is important because it
allows the development of a frame-work within which to evaluate the
impact of proposed changes and future technological advancements.
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Table 2 Criteria for the assessment of waste management systems
(Wilsonm, 1981)

Economics Political

Capital costs Equity between communities

Land coste Flexibility in lecation of

Operating costs . facilities

Revenues: Public aeceptance
Extent of market commitment Number of jobs created
Stability of markets Employee acceptance

Net cost per tonne

Net present cost Use and counservation of

Sensitivity of costs : Tesources

Uncertainty in cost estimates

Finaneing arrangements ‘| Products recovered:

Market potential

Technical Net effect on primary

energy supply:

Adequacy of the technology: Energy requirements
Feasibility Net effect on supply ¢
Operating experience materials: on supply of
Adapta.ility to local c>nditions Raw materials usage
Reliabil 'ty Land usage:
Interdependence of components ) Volume reduction
Safety Land reclamation

Potential for future dev-lopment Water requirements

Flexibility to cope with changes in:
Waste quantities
Waste composition
Source separation of materials
Dependence on outside systems:
e.g. vulnerability to strikes

Environmental

Public health
Water pollution
Air pollution:
Dust
Noxious gases
Odours
Quality and quantity of residual wastes
Noise
Traffic
Aesthetics




To solve specific waste mapagement problems. the various
functional elements are combined in an integrated manner. The main
goal of the waste managemen' is the optimisation of these operational
parameters to provide the most efficient and economic solution,
commenaurate with all constraints imposed by the users of the system
and those affected by it or controlling its use.

ORGANIZATIONS AND ADMINISTRATIVE INERASTRUCTURE

There are often large number of organizations, both government and
private who are concerned with waste: either as producers, handlers
(collection, transport and transfer, disposal etc,) or recoverers
(resource recovery). These likely to include private households,
shopa, offices and recreational centres. manufacturing industries,
agro-based and agro-allied industires, construction and demolition,
etc, There are then again the organizations responsibe for waste
collection and transport which inciude the waste collection authority
or authorities and private collectors, There are also the
organizations with an interest in disposal, These are the disposal
authority or authorities, organizations who own sites suitable for
waste disposal and organizatious (public or private) who may dispose
of waste in other ways,

In addition to these organizations, which have aspecific interest
in the waste management, there are the environment, heslth and other
agencies whose activities ar. relevant, They include air and water
pollution control authorities. landuse planning authority, energy and
natural resources authorities, housing and urban renewal authorities,
utility services authorities, and public health and social welfare
authorities.

The above liat is far from comprehensive but it does provide an
indication of the wide variety of organizations and their possible
interest in waste management. The administrative infrastructure of
each of the organizations involved in the waste management is very
complex and country specific depending upon the country's interest in
preserving the environmental quality (Bidwell 1978, Wilson 1981).

TECHNOLOGIES

An enormous variety of technologies are either available or
potentially available for the management of wastes. These
technologies may be rationalized under a number of headings: (1)
processes for final dispos. i, either of all the wastes or of any
residue remaining after treatwent, (2) treatment to achieve volume
reduction prior to final disposal, (3) separation of the organic
fraction of the wastes, (4) recovery of materials from the inorganic
fraction, (5) recovery of materials from the organic fraction, and
(6) reclamation of the organic fraction to produce ejither a fuel or
a chemical product.

: _ AZ1Z



Fig 1 shows verious waste management technologies along with their
products and end-uses.

Thermal Processes

Thermal process includes direct combustion and pyrolysis. Direct
combustion uses refuse derived fuel (RDF) as the source of greater
than 0% of the heat input to rthe steam generator (Russell, 1977).
This requires a steam generator designed sapecificially for the
combuation of refuse when using RDF in its unprocessed form,
Incineration is a direct combustion technique of refuse utilization
for energy. Pyrolysis is a process af physical and chemical
decomposition of organic matter present ii the waste brought abour by
the action of heat in the absence of oxygen., The energy produced by
pyrolsis proceesses generally varies according to the operating
characteristics of a particular sy:tem. The efficiency of the
pyrolysis system generally varies bet- .en 502 and 80%. Organic
materiasls can be broken down into compo.ids which are either gases,
liquide, or solids which can be used a» a fuel source to generate
pover and steam.

Tncineration is a proven method handling over 1,000 tonnes of
wastes a day with considerable resource recovery (Anderson 1972, Wong
1977, Lau, 1980). The feasibility of energy recovery through
incineration depends primarily on the properties of the wastes. The
process becomes economical if the combustiom is autothermic, i.e. if
the waste can itself sustain combustion without addition of auxiliary
fuel. The properties of waste which determine its potentiality as a
fuel are its calorific value, moisture content, combustible and
incombustible contents. Generally, combustion difficulties arise in an
incinerator if (i) the nett calorific valve of the waste decreases
below about 4000 kJ: .5, iii) the moisture content increases above 55%:
and (iii) the incombustible content rises above about 25% (Fernandes
1977; Wong, 1977, Tehobanoglons, 1977. Aziz 1983).

Bioconversion Processes

Bioconversion process includes mainly composting. biological
hydrolysis, anaerobic decomposition or digestion and sanitary
landfill, Of these various methods, the anaerobic digestion method
has been proved to be effective and economically advantageous for
producing energy (alcohols, methane gas, etc) and other useful
materials.

Composting is a bioconversion process whereby the organic omponent
of the waste is biologically decomposed under controlled conditions to
a state in which it can be handled, stored and/or applied to the land
without adversely affecting the environment. The energy potential of
this method is very difficult to tap but its final products (compost,
humus and algae) have useful applications. This method hae been found
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to be satisfactory for stabilizing parks and garden dehris, carnnery
wastes, dairy and feedlot manure and human excreta as found in the so-
called compost toilets, {(Gottas 1956, Tietjr.. and Hart 1969).

Biclogical or enzymatic process of bioconversion of the wastes so
far has been carried out on small pilot scale and the process designs
are largely tentative in nature. The biochemistyy of the process is
very complex and a fair treatment of this aspect has been given by
Rosenbluth and Wilke (1970). The process is divided into several
steps and includes two basic inputs, namely, nutrients for the fungus
and the waste organics to be hydrolysed. Studies by Mandels et al
(1975) indicate that the greatest recoviuy of sugar is obtained when
the waste is ball-milled. The enzym: production step, which is the
major one in the process, involves microbisl growth and subsequent
enzyme production., The hydrolysis or saccharification step is
accompligshed by the enzyme solution whi . catalyses the hydrolysis of
waste organics to a glucose product. Fiwally, the glucose sclution is
separated from the unhydrolysed waste osganics by means of filtration.
The glucose solution may be used #s a carbon source in the production
of yeast as a feedstaff for animals or for the production of ethanol
through fermentation. The concept of reclaiming waste organics to an
eneryy source in the form of ethanol by fermentation of -.gar through
epzymatic hydrolysis is relatively a recent ome suitable for organic
wastes.

Anaerobic decomposition or digestion is a term commonly applied in
organic waste treatment to ® process in which the wastes are
stabilized through biological activity in absence of atmospheric
oxygen within a specific temperature range with the ¢oncomitant
production of methane and carbon dioxide, The process is usually
carried out in a +lused container known as digester, Of all the
bioconversion processes, the anaerobic digestion process has been
proved to be very effective and economically attractive for producing
energy (alcohuls, methane : as, ete) and other useful by-products from
organic wastes (¢ 1lid. semi-solid and liquid). The gas from this
process is popularly kmown as "biogas”, May studies have been carried
out in the recent past regarding biogas mechanism and technelogy (Aziz
1982). Biogas plants are currently in use in many Asisn countries and
elsewhere. At present there are over 7 million biogas plants in
China, 70 000 in India, 30 000 in Korea and 9 000 in Taiwan.
(Polprasert and Thanh, 1979). Fig. 2 shows a multipurpose system of
anaerobic biocconver=ion of wastes.

Land dispogal of solid wastes in the form of sanitary landfill has
been proved to be the most economical and environmentally acceptable
method where sufficient land ig available. Wastes placed in a
sanitary landfill unergo a number of simultaneous biological, physical
and chemical changes (Techobanoglous 1977). Among the wore important
of these changes are (a) biological decay of organic putrescible
matter, either aerobically or anaercbically, with evolution of gases
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and {b) chemical oxidation of materials. The performance of the
sethod depends on many factors such s composition of wates, degree of
compaction, amount of moisture present. presence of inhibitory
materials, rate of water movement and temperature. Gases produced in
sanitary landfill include ammonia, carbon dioxide, hydrogen, hydrogen
sulphide, methane, and nitrogen. .Carbon dioxide and methane are the
principal gsees known as biogas which can be collected through
properly located vent pipes for the production of emergy. The process
has got some draw-backs such as leachate contamination of groundwater,
etc, but through proper planning, analysis, and design of wodern
landfill systems involving the application of variety of scientific,
engineering and economic principles, the process can recover
significant smount of methane gas for energy production.

ECONOMIC ANALYSIS

Economic analyeis is one of the fundamental tools required iu
vaste management, It is concerned with the assessment of the costs
and benefits that are attached to any particular course of action in
WASte manpgement programme. It provides a framework for bringing
together the various functional elements that need to be taken into
account in waste management from mathods of handling waste to the
anount of finance available and from environmental impact to the rate
of cost inflation, By setting out systematically what are the costs
and benefits of possible actions, the advantages and disadvantages of
different vaste mansgement strategies can clearly be identified in
order to find out the best solution to specific problems. The value
of economic analysis is not only that it gives & guide to the best
course of action by calculating the pet costs or bemefits of the
different options availabele, Equally important is the fact that
economic analyeis provides a logical framework within which vaste
mnenagement problems can be examined. "It shows clearly the
.significance of the different functional elements and so helps to
enlarge understanding of the key issues and problems in the overall
vaste manggement programme of a country (Mason 1978).

AN

RESOURCE RECOVERY

The energy and materials ¢risis has caused economic problems for
many ¢ountries worldwide, esepcially poor countries that depend a
great desl on imported cils. Waste is not only a contributor to the
environmental pollution but also a valuable resource which is an
alternate source of energy and useful materials. Many countries in
Asia, America and Europe have been producing energy from wastes
thereby preserving environmental qualtiy. The following are some
examples of environmental pollution control through the production of
energy aud useful materials from wastes:

The vaste treatment for pollution tontrol and energy recovery
system for the Bacardi Corporations Bum Distillery im Ssn Juan, Puexto



Rico, uses anaerobic digestion to trxeat distillery wastes and te
produce methane gas for use as thesoiler fuel (ASCE 1984). The
system currently supplies the equivalent of 800 million Btu's daily.
providing an annual estiwated fuel saving of U3S$l milliom.
Simultaneously, the total waste loads for disposal have been reduced
considerably and thereby the operating cost is very low. This system
of treatment and energy recovery has a good promise for its widespread
applicability for produeing enmergy from organic by-products discarded
by manufacturers and processors of food amd fruit products, alcohol,
grain products, paper, pharmaceuticals and other organic materials.
In fact., the process has vaat potential for many industries for
producing energy and solving environmental polution from wastes
generated by them.

America's biggest garbage dump (esnitary landfill) located about
22 km South-East of Los Ang.les has been turned recently into an
electrical generator producing enough power (2.8 MW per day} for 5.600
homes by burning the wethane gas emitted by 10,000 tonnes of trash per
day (Whittier 1984), This Puente Hills landfill methane station uses
a nev power producing techpology which burns methane gas in turbine
engines similar to jet engines., The plant expects to earn U553.000
per/day by selling power to the Southern Californis Edision Co.
Within two years. the dump i: expected to produce enough power to
supply power to 50,000 homes .nd in five years, should be earning
nearly US$9 million per year, Many other US cities' dumps (landfills),
are expected to go on line, bef :re the end of decade, to produce power
from their garbage. Garbage is, in fact, highly polluting but its
pollutional characteristice cam be controlled by processing it to
Tecover energy.,

Japan has pioneered iome of the technologies for comverting
various waste materiale inco energy. It has been producing 750,000 to
2,500,000 wd of gas per year with a methane content cf 50 to 60
percent, mainly fermenting industrial wastes, pavrticularly from ths
alcohol distilleries, in large digesters capacity ranging from 660 m
to 5.000 m’'. The gas is used to heat boilers to produce steam and
also partly 1t is used for generating electricity. In addition, Japan
has started producing enerpy frow other forme of waste wmaterials like
‘various agticultural, foreatry and fisheries wastes, sewage sludge and
other agro based and agro-allied industrial wastes. Moreover, Japan
has been producing a substantial electric power by incinerating about
70 percent of its totgl gavbage generaled daily., Mention may be made
of "Stardust '80M, an experimental pilot plant built at a cost of
US$180 million in order to iecycle garbage to produce gas, paper pulp
and compost (Hiraoka, 1%13). Japan's main target ia to coptrol
environmental pellution through the recycling of wastes and thereby
making pollution control fagilities economically attractive.

China has been successfully managing its huge wastes by producing
methane gas and fertilizers. At present there are over 7 million
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biogas plants all over the country to take care of the wastes
benefitting about 30 million people with gas and electricity for
heating, cookig and lighting (UN/ESCAP 1975).

Singapore case

Singapore, an island-city state, generates a substantial quantity
of wastes (solid, semi-solid and liquid) through various industrial,
commercial. agricultural and other human activities. Current daily
generation of refuse alone is more than 3000 tonnes. In addition,
over 800,000 local pigs generate around 14 willion litres of
wastewater daily from their sites which can produce a year more than
6 000 tounes of BOD, 20000 tonnes of COD, 1500 tomnes of nitrogen and
600 tonnes of phosphorus (Aziz 1983). In addition, it can generate
substantial quantity of methane gas which can be tapped to yield more
than 5,000 kilo-calories per cubic metre of energy. Huge guantity of
fowl waste produced from over 12 williom local poultry needs a number
of lorriee daily to cart them away. Moreover, a substantial quantity
of waste is aleo generated daily from food and fruit processing plants
and from varieties of industrial processes along with a huge of
quantiry of domestic and industrial wastewaters,

Singapore has developed a well-planned waste management system in
order to urilize its huge wastes for the recovery of energy and useful
materials and thereby solving acuté waste disposal problems. In
Singapore's waste mahagement system, two techniques namely thermal
destruction (incineration) and anaercbic digestion have been adopted.

Singapore has currently one incineration plant consisting of 4
boiler units, 400 tonnes capacity each. The plant is currently
producing aboutr 16 MW of electricity from a steam flow rate of about
120 tonnes/hr along with around 32 tomnes of sc¢rap iron and 200 tonnes
of incinerated residue by incinerating 1600 tonnes of refuse per day
(Leoug and Ching. 1984}, Total expenditure of the plaut was about
US$60 million. Total amnual recurrent operating expenditure amounts
to around US$2,40 million while the aunwal revenue from the sale of
electricity, scrap irom, and refuse disposal fees collected from
private waste-carriers totals around US$2.50 million. The sale of
electricity alone contributes around the B8% of total revenue
received, The current cost for incinerating one tonne of refuse is
around U$$12 (Leong and Ching. 1984).

Another US$110 million incineration plant of 2000 tonnes capacity
pe1 dov is under construction and it will be under operation by the
end ot 1986 (Ching 1983). The two incinerators jointly will be able
to handle around 3600 tonnes of refuse per day,

Siangapore has also been producing considerable amount, of methane
gas and fertilizers by digesting sewage sludge from is wastewater
tratment plants which curtently generates 40 to 60% of the power
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required by the plants themselves (Hang., 1981), It is also expected
that a significant quantity of energy will be produced by decomposing
anaerobically the wastewaters from pig firms which have been relocated
in a designated area to control environmental pollution, By the end
of this year, each pig firm will have a modern waste treatment
facility which will be able to produce methane gas, fertilizer, and
algae. (Gamboa 1983, Taiganides 1983).

Useful wmaterials (toilet rolls and wrapping papers) are also
produced in Singapore from waste papérs. Some local Waste Paper Co,
processes about 30 tonnes of waote paper per day to produce about 5
topnes of white toilet tissue, 6 tonnes of wrapping paper and 10
tonnes of single-ply white tissue paper. The price of one tonne of
waste paper ranges from US$220 for the poor quality mixed paper teo
U55250 for the highest quality pure white waste paper. But the price
per tonne of finished products are as follows: US$365 for the brown
wrapping papers US5820 for the first grade pure white tissue, US780
for the second grade, and US$635 for the third grade. (Aziz and Tay
1983),

CONCLUSTONS

Waste management technologies have advanced significantly in
recent years, Properly planned waste management programme can have
profound impact on shaping the economic growth and social pattern of a
country and also on safeguarding public health and environmental
qualtity. It requires many difficult and complex trade-off decisions
to adopt appropriate technologies in the total waste management
programme of a country in order to balance various environmental
parameters within economy. These decisions should be based on sound
judgement, judicious orpganizational and administrative
infrastructures, objective technologies, appropriste standards, and
derign criteria, and cost-benefit ratio, and should only be made after
proper evaluation of relevant aspects. The prudent approach in waste
management programme should be to utilize the country's total waste
for useful purposes in order to make the waste disposal safe,
efficient, eonomically attractive and cnvironmentally acceptable.
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TREATMENT OF WASTEWATERS OF DYE MANUFACTURING FACTORY :

AN APPROPRIATE TECHNOLOGY - CASE STUDY

Ahmet Baban

Envitek A.S., Kadik8y - lstanbul

INTRODUCTION

In most developing countries, the protection of the environment against
pollution caused by industrial wastes is considered as a difficult and
expensive activity which may need the import of foreign technology.

This idea usually leads the responsible administrators of industrial
establishments to avoid from taking any action against pollution, unless
they are forced by the official authorities to do so. One exception to
this general trend was the DYQ/YAS5AS painc-varnish plant in Dilovasi-
fzmit, which is one of the first factories in Turkey to build a waste-
water treatment plant before starting preduction,

The main idea behind the whole project was to mike a treatment plant
which would fit into the local conditions, and would have minimum de-
pendence on foreign equipment. The method of approach followed for the
‘realization of this project is summarized in this papece.

GENERAL INFORMATION ABQUY THE FACTORY AND CHARACTERISTICS OF THE WASTES

The factory employs 220 persons and produces synthetle and emulsion
paints and PVA with a total capacity of 1000 touns/month,

The main constituents of the paints produced are pigments, filling
material, PVA and water. The amount of wastewater was estimated to be
25 m3/day of domestic and 35 m’/day of industrial origin.

Since the factory was not in operation, it was not possible to collect
samples for the determination of the characteristics of the wastes.
According to the information obtained from the factory personncl, there
were large variation in the manufacturing process and a large number



of congtituents were used in the production. For these reasons,
typical values cited in literature for the wastewater characteristics
of a paint manufacturing plant were not considered az reliable.
Information obtained from dye experts indicated that 987 of the
industrial wastes originate ftom the washiug of the tanks in which
the paint is prepared. Usually the water used in the washing process
contains 0.5 to 12 by volume of the product produced.

TRELIMINARY TREATABILITY STUDY

Before a detailed design of the treatment plant was made, a treat-
ability study was performed by Curi et al. (1983) upon the request
of the factory administrators. In this study, the most appropriate
coagulant was determined and the treatability of the supernatant
after coagulation by biological means was examined.

a) Coagulation Studies
Artificial wastewater samples were prepared by mixing the dyes
produced by another dye manufacturing plant using a similar
process. 1 part red, yellow, green, blue, white and plastic dyes,
and glue and synthetic mortars, and a combination of all these
were mixed with 99 parts of water to obtain a sample having a
12 strength. Jar tests were performed using Aly504°*18H,0, FeCljy’
6Hy0, FeS04" 7H0., Ca(UH)Z and A12504‘18H20 and Ca(0H)s and Celite
Floc 231 (polyelectrolite) as coagulants. Results obtained indi-
cated that FeClj-6Hy0 was the best coagulant with the optimum
dogsage varying between 35-70 mL/L for a 10 g/L FeCly'Hz0 solution.
The optimum dosage was determined as 60 wL/L for the conbined
artificial wastewater.

The characteristics of the supernatant remaining after the comple-
tion of coagulation and sedimentatrion are given in Table 1.

Table 1, Characteristics of supernatant
after coagulation (mg/L)

Product BOD COD Total Nitrate Nitrite Orto— pH
Iron Phosphate
Green Dye 510 1220 0.2 1.5 - - 0.3 6.8
Blue Dye 630 1892 0.1 1.7 - 0.6 6.8
Red Dye 720 1912 0.25 3.5 0.01 0.2 6.4
White Dye 3%0 1111 0.05  1.25 0.00 0.6 6.4
Yellow Dye 840 2095 0.13  1.75 - 0.2 6.6
Clue 33 1381 0.3 1.5 - o2 6.4
Syn. Mortar 210 814 0,08 2.0 ) - 0.1 6.4

Composite 480 1156  0.05 1.0 - 0,3 6.4



Curi et al, (1983) have recommended the reuse of the effluent
from the coagulation process for cleaning the dye mixing tanks.

It was claimed that this will not only minimize the amount of
water used, but will also decrease the amount of coagulants rve-
quired and the amount of pollutants discharged, They have also
recommended the investigation of the reuse of the sludge produced
at the end of the coagulation process,

b) Biological Treatment

Treatability . of the supernatant remaining after coagulation

by biological m:ans was investigated by Curi et al. (1983)
using a laboratory scale activated sludge model. Mixing this
supernatant with domestic sewage in a ratio of 1:1 and aerating
the system by diffused air has resulted in a COD removal effi-
ciency of 85%.

TREATABILITY STUDY PERFORMED BY ENVITEK A.S.

Afrer studying the report by Curi et al, (1983), ENVITEK A.S. has
decided to investigate in their own laboratory the possibility of
treating a mixture of industrial .and domestic wastes (1:1 ratic)

by biological means without any pretreatment such as coagulation,

The results obtained have shown that such an approach would not .
give satisfactory results,

DESIGN CRITERIA

Using the information obtained through the preliminary studies,
ENVITEK A.S. has decided to use the treatment system whose flow
diagram and outline are given in Figure 1. As the biological treatment,
the extended aeration process was chosen because it minimized the
sludge disposal problems and due te the relatively small flowrate big
reaction volumes were not required.The main concerns in the design
were to minimize the energy requirements; to wuse locally available
machinery as much as possible; and, to minimize the overall cost of
the plant, To achieve these objectives, the following steps were
taken:

8) The mixers used in the coagulation tanks were constructed locally;

b) The coagulation tanks where the mixing was taking place were also
used as scdimentation tanks;

c) Diffused air system was chosen as the aeration technique. The
diffusers were gsimple galvanized irom pipes with small holes opened
at ¢lose intcervals. Although this was not the most efficient way of
acration, it was considered as the most reliable method of aeration

that could have been applicd, using only materials available in Turkey-
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d) Filter-press was used for drying the sludge produced. The main rcason
for choosing this method was the availability of filter-press in
Turkey. It is interesting to nmote that the filter-presses produced
in Turkey were used mainly in the soap and oil industries. The ava~
ilability of these presses were not known to environmental, neither
the filter-press manufacturers were aware of the possibility of
using these machines for sludge disposal. This lack of information
has prevented the use of filter.press in wastewater treatment, and
aceording to the knowledge of the author, this was the first time
that such an application was realized in Turkey.

The factory authorities not desiring to have any automatic control
mechanism, , the whole system was prepared to be controlled manually.
Thus, the lack of an automatic dissolved oxygen control system occa-
Sipnally results in a superfluous energy consumption., To overcome this
difficulty dissolved oxygen levels are determined and the oxygen re-
quirements are manually controlled,

TREATMENT PLANT CONSTRUCTION

The treatment plant was constructed using entirely local technology
and personncl., The coagulation tanks were made of steel, while the
remaining tanks were made of concrete. All motors, pumps, compressors,
etc., were procured from the local market., So the plant was constructed
by using 1007 Turkish materials,

OPERATION OF THE PLANT

It is interesting to know that the operators of the plant are people
having only primary education. ENVITEK A.5. being aware that thiswill
be the quality of man-power available has prepared a very comprehensive
operation and maintanance manual (ENVITEK A.S.,1984). This manual
attracted the attention not only of the operators, but at the same

time of other epgineers in the factory. Thus, the basic knowledge re-
quired was conveyed. Furthermore, an on~the-job:training program was
also realized, Now, the personnel is able to operate the plant satis-
faetorily. Results obtained have indicated that the effluent of this
treatment plant has the following characteristics.

BODg = 30 mg/L
COD = B4 mg/L
55 5 mg/L

This is a clear indiecation that the plant is operating with.an effi-
ciency of 957 (BOD removal),
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CONCLUSION

The design, construction and operation of DYO/YASAS wasrewater treat-—
ment plant indicated that

a) The design of such a plant using only local technology and personnel
is possible; and,

b) The proper opetration of a treatment plant even by primary school
graduates is possible, provided that proper supervisiom and training
are given.

The approach followed to solve the wastewater treatment problem of
this paint-varnish factory, is an example indicating that wastewater
treatment may be achieved by the technologlcal means available in
developing countries.
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ENVIRONMENTAL CONSIDERATIONS
IN PLANNING, DESIGN AND MANAGAMENT OF DAMS

Hans Bandler, B.E,, M.%c.
Civil and Environment Engineer
" Turramurra, Sydney, N.S.W., Australia

SYNOPSIS

. As a consequence of the launching of the International Water
Decade many new dams will have to be built., 't is eswential that
attention be given during planning, investigation, desiyn and
management of these structures to their envirommental effects,

The introduction of & dam creates changes in the valley upstream
and downstream; stored stationary water replaces & flowing stredm
which consequently changes the marine populaticn and tne flora and
fauna in the vicinity., People who have lived and toiled in  the
valley: to be submerged will be displaced and reguire sympathetic
consideration, For drinking water supply stordyes it i« necessary
to remove trees in the area to be submerged. limber from tihis
operation should not be wasted. Tree cover or lack of vegetation
of the catchment has an effect on the run-off and on the micro
climate. Anthropological and archaeological treasure. must be
protected against submergence, A policy must be established with
regard Lo the recreational use of the catchment aree, the man-made
lake and the dam site. The flera ond fauna eround the dom will be
changed and native species will need protecticn, fourism  is
likely to be introduced and will need to be catered for, The
authority responsible for the new dam must ensure that adequate
provisions are made for drought conditions and for  flood
mitigation, ‘Awareness of dam safety is becuwiry  increasingly
important, To make a dam a multi.-purpuse project, 1ncluding hydro-

elactric use of the water resources, S enviromenially desirable,
© The aesthetics of the various aspects of the dom and the
approaches to it must be given attention,

If the many multi-disciplinary aspects of  envirommental
implications of the dam to be built and the storage to be managed
are kept in perspective and given due consideration at all staces,
a structure beneficial to the river Dasin as well as providing
life-giving water, can be created aml maintaired,
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THE INTERNATIONAL WATER DECADE

The Irtarnaiicnal Water Decade was officially .ounched in a

“special ceremony at the General Assembly of the United Natiots in
New York on 10th December 1980,  During the ten years following
the declaration a dramatically increased effort in the field of
drinking water supply and sanitation is intended so that by the
end of the period everyone, nolably peopie in the developing
countries, will have access to safe drinking water and adequate
sanitation facilities, About 2000 wmillion people, who are
without water ¢r sanitation facilities now, will be reached [1],
The taccde wiELY 2o ie in the essential advancemes L f well being
ot v 0 the world,  The developas o owlll demand
CluT . 1eant ALY Dy owoter supply engineers in all cuuntries. Many
new dams will nzed to be constructed for the abstraction of
available surface waters. These dams will be built under the
direction of engineers, concerned essentially with technical
requjrements,

In the last decade or more there has been a growth of recognition
of the mmportance of enviromuental factors. Laws for the protec-
tion of the environment were introduced, and protection agencies
and procedures were established in many countries. (2] and [3]

Arising from these developmenis, It is important that, where dams
-are proposed, their envirommental implications are considered,
Where dams are in existence they have to he maintained and
attention to the enviromment is stil! tantamount, 1f attention
is given to the environmental effects of the dams it will further
enhance their value to society.

Building dams and their management will not be the only activity
of the Water Decade.

DAMS AND' RIVER BARRAGES '

As 1s common knowledge, dams are erected to ensure that water is
avatlable for people's usage whenever needed independent of
seasonal fluctuations, These barrages will be arranged at suit-
able locations in the course of the river with facilities for
water draw-off as required, In such installations-careful con-
sideration 1is given to the technological aspect. of positinning
them and their construction. Extensive -investigations  are
correctly:. devoted»to'establish geological strata, itapography,
hydrology, - acteseymelative~costs, etc. [t by @gdentidl that: the
envitodmentdlvimplications in ecological, social, meteorological,
anthropoliogical and-aesthetic aspects are also given consideration
in the analysis.
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Once the location has been fixed 1t must be antroipeted thal  the
construction of the dam will bring aboul certdtn changes n the
river basin upstream and downstream and a man-made lake "will
develop.

CREATION OF THE LAKE

The submergence of the valley upstream of the dam causes swamps,
agricultural, forest and grass land to disappear and to be
replaced by an expanse of water which may extend many hectares.
The previously running stream becomes a lake with  almost
stationary water, Different types of fish and marine population
now replace those that formerly dwelt in the flowig river,  The
consequences of this ecological change 1s  envirommentally
significant and deserves specigl qttention in maragement.

The social effects of submergence can be catastrophic to the
people who have gained their livelihood from the land for many
gencrations, The flooding of the valley forces then away from
their traditional land and homes, This enforced displacement,
even where resettlement is provided, is distressing to the
population involved, Early action to advise these people and
quarantee of adequate compensation is therefore paramount, This
has not always been adequately observed.[4] There are, however,
also many examples where the disturbance of land ownership has
had little adverse affect on the farming community.(5]

TREE REMOVAL AND TREE PLANTING
Where water storage is planned to provide drinking water it is
essential to clear most of the trees from the ar.a to he submerged

because: '

(i) the drowning, rotting trees would affect the quality of the
water: : )

(1i) logs and dead branches would be likely to drift downstream
to the dam where they might cause damage to the outlet works
or obstruct flood gates.

This tree removal can be a major task, depending on the wize and

accessibility of the area, topography. a7e and density of  the
forest. The cleared timber should be used . extencively tor
construction and other purposes and no effort <hould be wpared to

ensure that the logged timber is not wasted. i

Around: the periphery of the top water level of thi: - torage the

retention and possibly planting of additional tre- 1o desirable,

This will give protection against bank erosion and will enbance

the lake aesthetically. '
L Y
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The retention of trees and forestry operatior. thiroughcut the
catchment has iwocrtant envirommental results arnd needs extensiva
investigation. Much has been written about the effects cf
agricuiture eand silviculture on run-off. The ei7ccts of land use
on water quality including aspects relating to t~ee growth was
recent!y examined for Australian conditions by the Water Research
Foundation of Australia [6].

The hydrological influence of extensive tree cutZing is difficult
to assess and can be influenced by rock stratif.cution topography
and many other details. A relationship exists between thie micro-
climates of forested and denuded land. Little research has been
done on the climatic effects of introducing man-mude lakes. It is
an established fact that run-off from cleared areas is much
greater than that from forested lands. Studies cof this aspect date
back to at least the turn of the century, the esrlizst known being
the Wagon Wheel Gep Study of 1911 in Colorado, 1.5.A.[7]  Since
then a great number of abservations have been made throughout the
world. [8]

Horticultural mhnagement can play an important role in the
maintenance of quantity and quality of the water available
throughout the life of the project.

ARCHAEOLOGICAL & ANTHROPOLOGICAL RELICS

The prevention of the loss of archaeological and anthropological
relics is historically important, The most famous example of this
being successfully achieved is the case of the Temples of Abu
Simbel, removed bodily and reassembled on higher ground so that
they are not flooded by the waters of Lake Nasser.(9] & {10] In
other places, locally important monuments such as Australian
Aboriginal relics were allowed to be submerged::[ 119 w B
o Sompaytoe . e B¢
Recently :construgtion had to be halted on'a hydrv-electric pro-
ject -in:Sweden to protect Sami (Lapps) archaeoloygical fnnds [1?]
t .

Greater, awareness in this sphere has brought about a thorough
archaeological survey ifn the vicinity of the recontly completed
Mangrove Creek QOam in N.S.W., Australia. As a result of the
survey many Aboriginal shelters, artefacts and:tools were found
and records of occupation going back at least 14,4000 years where
established, [13] TP .
In most-states in Australla it is now accepted pwactlce to inves-
tigate areas which are to be used for dam construction to. locate
Aboriginakwsites and carry out archaeological and anthropological
work. Thisg~ .practice of preparing a .thoerough survey of
archaeological andlanthropologlcal relics should be adopted in all
countries, o



RECREATIONAL ACTIVITY

The possibility of recreational uses of the introduced body of
water is significant, bringing many managerial problems which may
be solved in a variety of ways. Many [ocal conditions will
influence the choice of solution. To completely bar the public
from the water, the shore and a wide strip of land from the
water's edge is an extreme form of managemeént.  The other extreme
i5  to give general access and allow any and all sorts of water
sports on the lake., Between these extremes there is a variety of
alternatives, The choice must give envirommentally suitable
results without detriment to the water quality, The correct
decision will require good envirommental judgement, foresight and
‘technical expertise,

Once the lake is made available to the putlic for recreational
activities such as swimming, fishing, boating and sailing
amenities for visitors must be made available. The construction of
a dam with well engineered roads leading to it will attract sight-
seers to inspect the new technological featuro. This will create
tourism with transient visitors being drawn to areas which were
previously out of their reach, The need for the provision of
facilities for these temporary visitors is essential.  Special
areas must be provided and equipped with tables, benches, toilets,
etc. to prevent pollution of the shoreline of the lake and the
water.

The development of catchment areas as national parks is advan
tageous and will need to be planned at an early stage, but might
be achieved by management later.

Land use must be constantly monitored in established catchments
to avoid erosion of the land and shore of the lake as well as
preventing pollution of the storage.

Multiple usage of reservoirs, particularly recreational use has
been the subject of extensive internationai discussion., [14]

FLORA AND FAUNA

A change in the flora and fauna in and around the introduced

water is inevitable. Adequate protection of the native animals

and efforts to prevent the introduction of feral cats, pigs, dogs

and qoats is important, This is especially necessary when the

area is likely to be developed as recreation or national park

land. Great care is essential to ensure the prevention of bush-

fires and should any start they must be promptiy put out.
Provision for fish to pass upstream beyond the dam for spawning
and  return to the sea after hatching needs cerefu! consideration,
Construction of fish ladders is very costly and may in some cases
be considered unwarranted.
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THE VALLEY DOWNSTREAM

Flood mitigation 1is an important function of the water intake

structure, The necessity of installing some foym of flood

protection is paramount because omission can leas to tremendous -
envirormental and economic damage as well as loss of life, It

is essential that flood gates are consistently and correctly

operated. By keeping inundations to a minimum agriculture can be

sigriificantly encouraged in the usually rich so1l of the flood

‘plains,

Hydrological analyses based on streamflow data and compared with
precipitation and evaporation records are a familiur technological
method to ensure sufficient reserves in the water storage in the
event of drought and to minimise inundation of the valley dJown-
stream due to flooding. Clear instructions for correct operation
of spillway gates on the dam in the event of anticipated or
occurring floods are essential., The successful management of this
part of the structure will result in minimal losses of Stored
water and/or little disturbance of agriculture, [15]

The introduction of a dam or river barrier with water being
diverted for community or other uses will significantly alter the
regime of the rjver downstream. Consideration must he given to
the consequences of reduced flow in the valley below, Insuf-
ficient dilution of polluted discharges and tributaries and the
dental of riparian right to agricultural users along the stream
are important aspects which must be dealt with, Bypass conduits
with controls can be incorporated in the dam and operated as
required,

DAM SAFETY - MULTIPURPOSE USE

The size of dams has increased steadily in recent years and the
valleys below have become more densely populated and existing dams
have shown evidence pf ageing, Dam safety ‘ts important as its
neglect is a threat to people and the enviromment. ' Ihis has been
pointed out by international committees [16) and in Australia
[17]. "The recent catastrophic failures overseas at such modern
dams as Malpasset, Vaiont and Baldwin Hills should remind
engineers ... that the price of safety is continuual vigilance."[18]

The danger to life and environrment from any threal of a dam
failure is evident. Much research work has been done to improve
dam safety. The first study of dam failures wasi published by the
International Commission on Large Dams (ICOLD) an 1974.{19] A
consequent reduction in dam failures during the last three decades
has been observed.[20] Continuous vigilance is  constantly
required and much work s carried out under the auspices of
national committees on Large Dams.



To make any scheme a multi-purpose project (i not only
envirommentally desirable but provides economic geirn,[21]  The
incorpecration of a hydro-electric power station in dams presents
a more complete use of the resource,

Regular operation of a hydro-station where appropriate will also
contribute to more regular river flow downstream, lydro-eléctric
power stations are used essentially at times of peal. demand only,
thus saving much installation and operating cost. Energy from
these power stations is almost instantly available to be fed into
the grid,

where the storage is ecsentially for drinking water :upply, the
use of water for power generation reduces ‘the capacity available
for protection against depletion in drought conditions,  The
extent of watey availeble fcr hydro-electric ener:y production
needs to be subjected to review from time to time. <Consideration
of multi-purpose use of a dam to be built. can bring about
important economi¢ and environmental benefits,

AESTHETICS

Aesthetic effects though difficult to define are environmentally
important, [In the construction of Libby Dam in U.5.A, the
architect was commissioned "to prepare a basic plan that conbined
the beauty of the site with the forcefulness and simplicity of the
dam structure", thus making aesthetics  envirpnmentally
significant.[22] At the same dam, details of the relocation of
the roadways to suit the newly created lake were also examined
with regard to envirommental effects of their construction and
final location,[23] Good management involves a constant watch on
likely 1nroads on aesthetic qualities of the site.

'

A USEFUL PUBLICATION

The International Commission on Large Dams ({COID), Committiee on
Damming and the Enviromment, recently published “Bams  and  the
Environment™ . [24] :

This publication provides a vast amount of useful information and
quidelines for an approach to the examination of environmental
considerations where a scheme for the damming of a river is
proposed or in management of such a structure. [t is in. both
English and French, like all ICOLD publications.

"pans and the Environment" is a useful booklet for the analysis
of the influente to be expected from the 1neroduCtion: or
existence of a dam on its environment, It 18 easy to uwe and is
highly recommended, It could be used to advantage by authorities
engaged in building dams and orgunisdtions maintaining  such
structures.
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Recently some of the items mentioned in the brochure have heen
expanded and commented on by the author,[25]

POLITICAL INVOLVEMENT

Recently in Australia considerable agitation was caused by an
instrumentality which insisted on trying to build a dam within a
Werld Heritage area. This and the lack of adequate investigation
of envirornmental aspects caused serious concern. A large percen-
tage of the population of the whole of Australia became involved
in the question of whether or not to build the dam. The
griginally political question was finally settled by a majority
decision of the High Court of Australia which determined that work
on the Gordon below Franklin Dam was illegal.[26]

SUMMARY AND CONCLUSIONS

Throughout man's history river barrages have been most important
in river basin development. In this brief analysis some of
their environmental implications have been exanined.  These
implications require attention in many disciplines,

The introduced structures will affect the ecology of flora and
fauna in the river basin. The water quality upstream and  down-
stream of the dam will be altered and if the water is to be wused
for drinking water supply, regular careful chemical and medical
scrutiny 15 essential. The structures have social and economic
implications for the community. The whereabouts of dancient
historical monuments and relics in the vicinity may not always be
known and their location must be established. Where thoy are
threatened by inundation, construction and other conseguent
activities, it will be necessary to move or protect them. Ihey
must always be treated with respect.

The use of the man-made lake for recreation and access to the
catchment area are important considerations which require
detailed planning at an early stage. Sound enviromiental
management of the completed structure will enhance its value to
the community it serves. Monitoring of the lake  and the
catchment  are important tasks which should be waintained
throughout the Jlife of the dam, Other aspects which are
erviropmentally significant to the river basin development are
the incorporation of a hydro-electric power station in the dam,
safety of the structure, flood protection and management to
ensure that adequate storage 1s available for possihble long-term
drought conditions. Many of. these considerations are not
mutually compatible,



In most countries throughout the world many new laws to protect
the . environment have been introduced in the past decade. -Many
will have a bearing on the new and.existing struciures and need
careful examipation. The aesthetic design of the functional
engineering  structure becomes a  significant architectural
obligation,

Some useful guidelines for envirormental analysis are available
from ICOLD,  Lack of consideration of the enviromment can have
seripus political implications,

If these multi-disciplinary  aspects are givai  appropriate
priority and are fully explored in the planning of the river
basin development before the project hits the drawing board, the
enviromental implications of the completed structure can be
- expected to be beneficial and not detrimental. Similar vigilance
needs to be maintained to achieve successful management of the
completed structure.
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MIXED- EXTRAFINE CORCANIC MATERIALS

CELLULOSICS

FIG.B- AVERME OOMPOSITION COF RCME MW

ANALYSIS OF FUNCTIONALITY OF THE PROCESSES

Finally the causal, spatial and temporal distribution of the
production zhutdowns were examined.

This permits the reliability to be assessed of the various
gsection of recycling plants which, due to their nature and to the dif-~
fering types of material, have operational levels which cannot be
compared with other industrial sectors.

The assessment system used is basically statistical. Fig. 14
illustrates the temporal utilization in different operating conditions
(measured as hours of monthly activity) corresponding to process, ma-
nagement or plant engineering choices, both theoretical and real, while
Figs. 12 and 13 give a breakdown of the main groups of reasons for
production shutdowns (reductions for losses, values (4) per sector and
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CRUTS AND BUDGET OF M. S,W.RFCYCLING IN ROME PLANTS

Bar. -

~toeering, Rome University, Rome
.4.A. - V. Giorgione 59 - Rome

SUMMARY

Studies and research on solid-waste recycling are appearing
with ever increasing frequency in specialized literature; few of
these serve as a cognitive support on an industrial scale,

This work, on the contrary, presents the results of an analysis
carried out directly on the Rome disposal planfs, and therefore
has a particularly significant documentary value. The summarized
technical indications provide, in the authors' intentions, new and
more up-dated information on the major Italian recycling plants.

FOREWORD

In the constant evolutive process of industrialized society and of

its production technologies, new remedies and new combinations are
continually appearing in every sector concerning raw materials, aiming
at obtaining products which accomplish the same functions in the dif-
ferent techniques of material life at a minor cost.

During the succession of tecnological changes which accompany this
growth new goods appear on the scene, others disappear with different
rhythmg and on different scales, thus influencing the many segments
of the production structure in an unequal manner. )



The final sector of the “life" of a good, its “refuse" stage,
is conzequently subject to rapidly variable influences of indication,
intensity and direction, eapecially if one thinks that by now it is
universally agreed that it should in some way be reinserted in the
cycle,

Focussing on the disposal of solid waste, one sees how both the
routine management and development prospects of a complex of reclama-
tion-recycling plants are connected by numerous functional links, up-
stream with the production of poods (which have become refuse) and
downstream with the market of recovered products {which have become
values),

The economic and production choices in this particular indus-
trial process afe based on three categories of judgement: economic,
technical and finally that on which sanitary engjneering is based.

Even so, it is difficult to generate concrete decisiong when
one has to tackle phenomena which move at varying speed on three
axes of reference: guantitative or that of dimensions {quantity, vo
lume, consumption, costs, etc.), gualitative or that of characteri-
stics (chemical and physical, product class, states of aggregation,
etc.) and temporal or that of variability on which the previous pa-
rameters modify and evo’ve,

PRESENTATION OF ROME PLANTS

Those who wish to have an outline of the reasons for the cholce
af recycling and detailed inforTata?T'oa.ghe main features of the
system can find them in works - 3 in fact in this
study the results of a three-year management of the Rome MSW treat-
ment plants are discussed,

1t is however helpful to describe them briefly: they involve
two industrial complexes situated on opposite sides of the city cen
tre, set up in successive stages from the first yeargz of the Sixties.
They currently comprise nine production sections, linked up to each
other, for the automatic selection from urban solid waste (MSW) of
paper pulp, compost, ferrous materials, plastic and technological
steam at 7 atm, They have been managed since 1979 by 5®.Ge.In., a
limited company with mainly municipal public capital, which has over
Ly employees. ’



AIMS AND METHODOLOGIES USED

The elements gathered by the Technical Direction of the Rome MSW
disposal plants during this first three-year managehent period were
originally collected and analyzed with the aim of redesigning the
treatment lines, which had become less reliable due to the progres-
sive ageing and the modifications undergone by the recycled products
market L3 + The operation meant that new, less apgregate
cognitive data could be supplied on the normal "recyecling cost! in
Lit/tonnes disposed off to those who have to put into practice the
three typical aims of the sector: “always and anyway" disposal, mi-
nimum cost of treatment, industrial entrepreneurial aspect integra~
ted and corrected by the public worth of the service, ’

This survey-disgnosis was returned in guantitativep economic
and energy terms, However, 1,3, 4.3, and 8'2 should be
referred to for information on the basic problems of the Rome plants.
Each of the analyses carried out on the complex MSW treatment system
operating in Rome has allowed us to render even more evident some of

. 4.1, 7, B.,2 and 8.3, .
the already-known phenomena (Fig. 1).

0f these phenomena, the first is linked to the guantitative
measurement of the flows involved and their evolution in time, the
second concerns the measurement of the processes in enetgy terms, and the
third the technico-menagement and asnitary reliability of the structures,

This work can have a particular documentary interest in this
stage of the "market" of solid-waste treatment, in relation to the
recent law 915 passed in Italy, which will have both the effect of
speeding up the implementation of treatment plants and re-cpening
(if it has ever been closed) the technical debate on the technolo-
gies available, their problems and the cost-benefit balances.

It should not be forgotten how the "dioxin" case and the renewed
interest for envircnmental impact have dispersed technicians in the
sector over a wide range of options and "schools", also as regards
the lack of data available and measured on the various methods and

e

on scarcity of comparisons with real cases

QUANTITATIVE ANALYSIS

The.city of Rome and the surrounding municipalities produce and
deliver to the plants about 900,000 tons of MSW annually ({ig. 6 and

BARU ELLO
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7); if we add to these bulky waste, those selected upstream of the
undertakings or private firms and those which are "indipendently"
disposed of, we reach a total of 1,000,000 t/year equal to about
900 g/pop.die.

Together with this amount, there is the regional quantitative
availability of at least 200,000 t/y of MSW, given the polar func-—
tion of the Rome plants in a tervitory such as thgt og %azio which
has no other waste disposal technological plants We are
now in the operational stage for exploiting economies of scale of-
fered by Rome in a provincial project of waste disposal 8; in fact,
30 municipalities and more than 40 boards and industries currently
send their MSW to the Roman plants 2,

The MSW production goes, by trucks, for six days a week, to
the two treatment poles "A" and “B" in which two types of output
flows are formed: commercial products and sundry discards.

Taken for known the technologies used in the plants under
examnination » summarized in figures 2 and 3, the division of the
_ flows of materials in plants "A" and “B" can be seen in figures 4

and %, whilst the monthly progress in tons of solid waste entering
and those of recovered products is given in figurea 6, 7, 9 and 10
during 1982 and 1983,

The mean material composition resulting from series of
repeated surveyt and which it is possible to assume for the MSW in
input is given in table 1 and fig. (8).

TABLE 1: -

MEAN PERCENTAGE OF ROME MSW COMPOSITION:

- Qrganic material 38.5
- Paper and cellulose 18.8
- Plastic 5.5
- Wood, textiles 5.9
- Ferrous and metals 3.6
- Glass 10.7
- Under 20 mm ' 17.0

Size 100.0

There were no significant differences found between plants "A"
and “B".

BARUCHELLO
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FIG.2 RECOVERY FRONT ENDTECHNICAL SCHEME- AUTOMATIC SELECTION

An examination of figures (9) and (10) provides indications for
determining the yield levels of the plants,

A mmrdcinwdEEth determination of this parameter is contained in
2
references and .

It should however be pointed out that the low recovery levels
shouwn up in this work depend on the contemporary inactivity for te-
chnical end economic reasons of the fodder production lines, the con-
siderable stagnation of the paper sector and the fact that the "me-
dium compost” has not found a plsce ?n }ge market which immediatly

. L l 1]
means the production of discard .

4.1 5
Going back to and , for a more thourough examination, the

mean recovery yields of the individual lines fed withe MSW of the
commodities composition of table 1 are indicatively:



13 WATER 70 WATER TREATMENT
ettt

TS [

PAPER fAP
—
O sAL

6  BIOWIILERATOR. (DAND SYSTEM) 10 BALES PRESSING

7 SNINING 11 PAPER PILPTNG

8 OMUT REFINING (ueglmaing) 12 SCREENDG AND REFINDG

9 RJTAT KILN 13 UPFER GRAE REFINING
14 [BMTIRING S

FIG.3- REFINING SYSTEM OPERATING QN DIFFERENT FLOWS FROM
FRONT END PRIMARY 3ELECTION (See fig.2)

- Paper: A5%
- Plastic: %
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- Ferrous materialm:u%

The high production of discards depends partly on the structure
of the roman MSW disposal compiex, consistingsof nine i fferent recy-
cling systems interconnected in various ways .

The simultaneous presenc: of compulsory routes for - wiered
products inthe complex industrial recycling system f worked - ' ly
which often conditions the internal production stage . - 1 tiv oces
sity for multiple internal functional connections to g mntee the
service in apy eventuality, means that the Rome syster = cor; . aned
down-stream . That is, the management (and planranp ch . must
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be made more with referenge to the compositions in'output than to
those entering the plant 7,

ECONOMIC ANALYSIS
S o MAIALISIG

The Rome plants, given their dimenszions, require a considerable
financial outlay for their running ~.The economic values of the ba-
lance aES g{ven, divided into types, in ltalian liras per tons di-
sposed .

Lozaes

- Energy and fuel - 1,800
- Good and services - maintenance 8,780
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FIG. 5~ PLANT "A" SCHEMATICAL DISTRIBUTION OF MSW

INPUT INTOQ VARIQUS FLOWS OF QUTPUTS

~ Personnel and contributions

~ Unloading of discards

~ Sundry expenditure and charges
- Taxes (VAT not deductable)

Profitsa

-'Contract rates (Municipality of Rome,
tunicipalities of Lazio, private boardf)

17,270
7,400
1,450

1,350

33,400
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- Bale of salvaged products . 1,900
- Sundry income ' ’ 2,790

ENERGY ANALYSIS

An important index is summarized in fig. 1l in which the elec-
tricity consumption of plant "A" is indicated both as an absolute va-
lue (over 7.6 Gwh/year) and as a specific one per ton disposed (mean
value about 17 KWh/ton; this latter value, transla;ed into consumptions
per ton recovered, becomes more than 160 kWh

The energy consumption of the second plant has also been assessed
which, although less than the first one, is still consigerable (6.0 GWh/
year).

The notable differences between the months of the year are impu-
table to numerous causes, including the different request for products,
the city production of MSW, energy consumption, the dispersion of steam
produced by incineration, the request for heating, the different state
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FIG.7- MONTHLY DIAGRAM OF MSW ROME PRODUCTION DURING 1983 (M tons)

of MSW in input, the lack of seasonal production of certain divisions,
and non-assessable time gaps between the monthly measure%ent of con-
sumptions and the accounting of MSW and product flows '

Table 2 gives an idea of the high absolute and specific energy
requirements of the various reclamalion works on first selection re-
covered products.

BARUCHELLD
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TABLE 2: ANNUAL MEAN ABSOLUTE AND SPECIFIC ELECTRICITY CONSUMPTION
PER PRODUCTION SECTION:

GWh  Consumtion Unit Specific.
% capacity consumption
107 t/a Kiwh/t
Primary selection 1.72 25.4 216 : 8.9
Incineration 1.68 22.5 192 8.8
Composting . 1.35 17.8 360 . 3.8
Prados (*) - - 27 25.2
Ferrous materials 0.48 6.3 12 ©40.0
Paper pulp 1.29 18.4 27 ’ 51.5
General services 0.75 9.2 450 1.7
TOTAL  7.57 100 450 16.9
(*) " Production of animal fodder; prescntly inactive ~ 1980 data

Alongside this it must be remembered that MSW is bivalent as re-
gards energy, or better it contains both the ne%atlve sign of consum-—
ption and the positive one of productivity .

Any form of energy saving which tends to the autonomy of the
plants is immediately interesting, given the potential contained in
the waste in input (theoretically of the order of 270 GWh/year, if
one considers all the waste transforméd into energy, potentially more
than 130 GWh/year). This evolution of the plants can take advantage
of financing from recent legislative provisions both for energy saving
on the existing lines and for the production of energy for selling.

In this latter case the possibility is considered of producing fuel
as a development of the acﬁlvgtles of selection and reworking of the
urban solid waste of Rome

Technological research has for a 1ong time faced the possibili-
ty of recovering the frdcé %n of MSW rich in energy, that is refuse
derived fuel (R.D.F.) .

The experiments and estimates carried out up to now have demon-—
strated that RDF can be produced in the measure of about 20% in weight
with respect to the initial waste, for a total of 160,000 ;{year waA
thout prejudice to the present material salvage processes '

It is possible to concentrate in fuel 55 4+ 60% of the potential ener-
gy atiributable to the entire guantity of MS5W treated; indicatively,
6.4 10 MCal/year are available equal to 745,000 MWh producible in a

. cogeneration plant of the t pe 81th condensing turbine and alternator,

employing 8,000 hours/year
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FIG.9 - MONTHLY DIAGRAM OF RECOVERED MATERIALS DURING 1982 (M tons)

for both plants )

The aim is to provide a quality estimate per process line, On
the other hand, more accurate and specific analytical instruments are
used for programming the maintenance operations on the various lines.

CONCLUSTONS AND PROSPECTS

Seme indications have been drawn from the analysis work:
- the present features of the Rome plants allow recovery of materials
from MSW for about 20% of thP togal MSW treated and this value inclu-

des 2/3 of fine compost )

« the plauts are structured in such a way that the quantities discarded
because they cannot be considered as products {(17.2%) vr incinerated
(31.6%), are discarded (51.2%) but at least as regards their commo—
dity classification, are very similar to the incoming wasti; they

therefore cantain potential 5dlvayf=c\bl(-' g}ouds wlllt‘n Ll‘uhmxtted to ad-

ditional reworkings or recycles as in R

- the various components of the Rome plants have an average ape of 8+ 10
gytrage gpll el Lt

ears amd the plants have ondecgone successive modifications anid ap-
A I £ I

datings around a basic nuclens designed in the full ceonomic boom,
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FIG. 12- TECHNICAL SHUTDOWN OF "A"™ PLANT WITH
RESPECTIVE CAUSES (See Legend)

LEGEND OF TECHNICAL REASONS FOR SHUTDOWN - FIGS. 12 AND 13

EL = Electrical failures

ME = Mechanical failures

MpP = Ordinary programmed maintenance

VA = Sundry reasons

ES = Reasons outside the division or plant
IN = Clogging of transport networks
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FIG. 13 -TECHNICAL SHUTDOWN OF "B' PLANT
WITH RESPECTIVE CAUSES

5, 10
when energy cost a lot less H

- the market and the state of the trade in the sector puﬂh pgobéem?a
and allow solutions which were unthinkable not log age = 77 7

- to produce certain goods one needs less encrgy it une starts with
worked salvapeable material: consequently alonside the iast energy
content of the MSW recovered (that which can be gererated by combu-
stion), a positive difference of economic potential of the salvaging
recycling of materials is estuablished Wh2Ch ?T:}lal] inverts the
direction of the discard current, as in '

the main "limiting factor'for the accept...ce of the recovored mito-
rials in the production cycle is the reln' ve degre« o1 purity of
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LEGEND TQ FIG. 14

The different ways for reducing the utilization of the plants
include:
— Operating reduction: which allows passing from potential operation
to optimal operation (values indicated with
(1) in fig. 10).
- Programmed reduction:passing from optimal operation to programmed
operation (values (2)).
- Conditioned reduction: passing from programmed operation to condi-
' tioned ovperation (values (3)).
~ Real reduction: due to losses (values (4)) when deducted from the
conditioned operation, it supplies the value of the
real or production operation (values (5)),

The running conditions considered are the following:
Potential operation:
the maximum theoretically possible.
Optimal operation:
reduced with regards to the previous one for the realistic assessment
of working ability (material available, plant capacity, holidays, etc).
Programmed operation:
reduced with regards to the previous one due to contingent factors
{the market for recovered products, maintenance, etc.},
Conditioned operation:
reduced with respect to the previous one by factors outside the divi-
sion or even outside the plant. Can only be foreseen in the short term.

Real operation:

caleculated by deducting the shutdowns due to failures or process stops
which involve at least 51% of the division, which anyway cause consi-
derable reductions in production or finally which require a by-pass

to other lines.



21

the worded materials with respect to the unworked ones ® which, in
plant economy, means an energy consumption curve which tends upward
to guarantee each increase of a degree of purity 05 tge groduct
recovered with respect to its pollutants, as in

~ the R.D.F production is equally governed by these two opposite phe-
nomena, with the difference of recovering and making available one
or more energy sources (electricity, steam, heat) usable anywhere
and therefore realistically and profitably comparable with the raw
materials they substitute 3, 8.1, 1,k

The gtas itigal ang functional analyeis of . disposal plants,
on which and = give ample information, is the basic element
for guiding decisions on future developments; these, briefly, envisa-
ge recovering energy and composting as solutions to the problems ari-
sing with the transformations undergone both by MSW and by the dispo-
sal technologied with respect to the original planning of the Rome
plants., (Fig. 1).
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A LOW TECHNOLOCY TREATMENT ALTERNATIVE FOR ' .

A SOFT DRINK AND FRUIT JUICE ROTTLING PLANT WASTEWATERS

Ali Bagavan, Glilerman Siiriicli, Necip Billur
Middle East Technical University

Department of Envirommental Engineering, Ankara, Turkey

INTRODUCTION

Soft drink and fruit juice congumptions in Turkey are showing
similar trends to those in the western world; and per capita consump=
tion is steadily increasing. As a rgsult, and to meet the increasing
demand, number of bottling plants along with the quantities of
wastewater they generate are ipncreasing. Since the demand is seasonal
and it reaches peak values during the warmer summer months, the
gquantitics of wastewarer gencrated during these months are also
higher,

One such plant, "ANSAN" near Ankara, has been discharging its
un-treated wastewaters inte a nearby stream since its establishment,
The point of discharge is located some distance upstream of an
inpounding reservoir on the same stream which provides part of the
municipal water demand of Ankara.

Recently, with the pagsing of the new Environmental Law the
plant was rcquired to treat ity wastewater and, as a result this
study was undertsken by the authors at the request of the plant
managenent,

The study consisted of two parts. In the first part, sources,
quantities, physical-chemical characteristics of the wastewaters
generated at the plant and total pollution load on the receiving
stream were determined. In the second part, the results from the
first part were compared to the existing discharge standards to
determine the degree of treatment necessary; formulate alternatives
to achieve this; and determinc the design criteria to be used with
the alternative recommended. .
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BACKGROUND
Location

The ANSAN plant is located at about 18 km, from the city center
of Ankara and has a total land area of about 28 decars. Site plan
showing the locations of physical facilities, wastewater and storm—
water drainage system is presented in Figure 1.

Process

The production of soft drinks involves essentially the introduc-
tion of water, carbon dioxide, and & syrup into generally a clean
glass bottle, In ANSAN plant carbonated soft drinks (i.e., Coca Cola
and Elvan) and fruit juices (i.e., Has) with different flavors are
produced. The process flow diagram is presented in Figure 2. As shown
in the Figure, this is basically a bottling plant where fruit concen=-
trates from other plants are processed; and it consists primarily of
units for water treatment, bottle washing, syrup preparation, syrup
doging-filling crowning of bottles, and casing. During the filling
operation C0y is added to the soft drinks. On the other hand, a hot~
filling process is used for bottling the fruit juice.

Water Supply and Treatment

Most of the water required by a plant is utilized for washing
of used bortles. For this purpose, water of low hardness is preferred,
On the other hand, a water of relatively high purity is required for
the production of soft drinks. The water used in ANSAN plant is
obrained from two deep wells located within the plant property and
the wells have a total net yield of 12 1/¢. However, based on the
information obtained from the plant management, only about half of
this water is presently being used in production and the rest is
wasted, Before it is used in production, the water is passed through
a treatment facility consisting of: coagulation, flocculation, sedi-
mentation, filtration, ion exchange softening, chlorination, and
deaeration units.

. ¢

Sources of Liquid Wastes

Possible sources of wastes from the manufacture of soft drinks
in ANSAN plant are depicted in Figure 2. As can be seen from this
Figure, they come ma - ly from following activities: a) bottle
washing ; b) syrup pre <ration; ¢) filling, emptying and cleaning
of syrup tanks; d) « :* r treatment; and e) floor and equipment
washing. Like in ofher similar plants, nearly all of the wastewater
in ANSAN plant come: from bottle washing operation. Amount of liquid
waste coming from the water treatment facility was found to be 0.4 -
0.6 1/5 using the chronometer<bucket method, These wastes do mot
contain toxic element.

BASARAN
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Sewer System

The plan of the ANSAN plant's sewers does not exist, but as far
as it could be determined, it has a combined system carrying process,
domestic and storm waters as shown in Figure 1. Tt was also observed
during the pipe location efforts that there is corsiderable amount
of ground water jnfiltration into the system due to pipe laying
practice used and also due to high ground water table especially,
during wet periods,

METHOD OF §TUDY

Liquid wastes from the ANSAN plant were evaluated by the
authors at the laboratories of the Environmental Eazineering depari-
ment of the Middle East Technical Unilversity in Ankara,

To determine the quantities and characteristics of significant
liquid waste streams of the ANSAN plant six sampling stations were
selected as shown in Figure 1, At each sampling station wastewater
characterization was based on nine series of 24 h/day composite
samples collected over a period of 47 days. Sampling program was
set up in such a way that, except for saturday and sunday, samples
for the normal workdays of the week could be obtained at cach sta=
tion. ‘The samples were taken over 24 h periods, stored and
transported to the laboratory in ice boxes at 4°C, brought to the
laboratery at the end of each sampling peried, and analyzed as soon
as they arvived at the laboratory, Since the times involved im
bringing the samples to the laboratory were short, it was not neces-—
sary to nse any additional sample preservation method. The samples
were analyzed for 15 liquid waste characterization parameters which
included: 5-day 209C biochemical oxygen demand (BODg), chemical
oxygen demand (COD), ammonium nitrogen (NH3-N), orthophosphate
phosphorus (O-phosphate P), total solids (TS ), suspended golids
(758), settleable solids (88), chlorides, salinity, conductivity,
alkalinity, pH, dissolved oxygen (DO), temperature (1), and deter-—
gents (ABS). The laboratory analyses were performed dccording to
"Standard Mechods™ (1).

Because of the unsuitability of the sewer system, out of the
gix sampling station only at stations 2, 3, 4, and 6 satisfactory
samples could be obtained and thus, analyzed at the laboratory. For
each one of these stations concentrations determined {or the impor-
tant design parameters such as BODs;, COD, NH4-N, O-Phosphate-P,
Total suspended solids, and settleable solids were evaluated. This
evaluation involved determining arithmetic mean values; and using
statistical analysis, determining probabilistic values for each
parameter at each sampling station. Thus, concentraticns correspond*
ing to 50, 60, 70, 80, and 90 percentile values were determined.

Wastewater flow could only be measured at the plant outfall
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Table 1. Waste Analysis of the Effluents from the ANSAN Plant

Sampling Arithmetic Mean Values .
Station BODsg coD T58 S5
(mg/1) (mg/1) (mg/1) Gl /1)
2 608 980 . 183 3.06
3 686 1144 152 2.96
4 764 1344 238 2.74
6 740 . 1352 346 1.45

using a 90° triangular weir placed at the plant outfall.

Concentrations of the design parameters found at station 6 were
multiplied by the plant flow as measured at the outfall to calculate
the plant's waste load on the receiving stream,

Results obtained were compared with some literature values and
degign waste flow and characteristics were determined. Comparisons
of the design values accepted and the discharge standards dictated
the degree of treatment to be provided, Then, a number of possible
alternative treatment systems were considered and one of them was
selected as suitable and meeting the requirements and limitationms.
Finally, degign criteria to be used with the selected alternative
were formulated and the units of the treatment system were
dimensioned.

RESULTS

Analyses of the liquid waste from plant operation during the
.eriod of study are presented in Table 1. The pH of the wastes were

Table 2. Waste Analysis of the Effluents from Soft Drink Plants

Plant Range of Alkalinit S-day Suspended
Daily pH Phenol. Tatal BOD Solids
(mg/1) (mg/1)  (mg/l) (mg/1)
A 10,6=~11.4 230 390 380 170
B 10.0~11,2 100 250 660 160
c 10.4-11,2 110 220 230 340

Avg. - 150 290 430 . 220

)



Table 3. Waste Analysis of the Effluents from the ANSAN Plant

Sampling 90 Percentile Values
Station BODs cop TS5 58 Flow
(mg/1) (mg/1) (mg/1) (ml/1) (1/sec.)
2 810 1280 250 13.5 -
3 960 1570 300 11.5 -
4 900 1700 240 12.8 -
6 . aro 1660 370 2.4 -
Plant Qutfall - - - - - 12.0°

high and varied from 9,0 - 11,3. The BODy varied from 300-1470 mg/l.
The COD varied from 500-2890 mg/l., The TSS varied from 0-976 mg/l and
S from 0-20 mg/1,

As was expected and normal to this type of operation, the
-composition of the samples varied appreciably. The maximum daily
BOD5, COD, TSS, and alkalinity exceeded the average for the individ=-
ual gtation by as much as 200 per cent; and the minimum values ap—
proximated 50 per cent of the average results. This is in agreement

with the literature2.

Waste analyses of the effluents from soft drink plants found in
the literature? are presented in Table 2, These results show that
goft drink plant effluents have high pH (10, < 11.4) and average
BOD5, T$8, and total alkalinity concentrations of 430 mg/l, 220 mg/l,
and 290 mg/l respectively,

Concentrations corresponding to the 90 percentile values for
BODg, COD, 55 and TSS for ANSAN wastewaters are presented in Table 3.

lLaboratory determinations made on some carbonated soft drinks

Table 4. Flow Messurement at the ANSAN Plant

Mean Daily Comments
Flow, l/sec,

Mean 6f low flows 7.1 Dry period
Mean of high flows 10.5 Dry period
Mean of all flows 8.7 Dry period
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Table 5, N:P and C:N:P Ratios for ANSAN Wastewalors

Sampling Averaue Values Ratios
Point BOD NH3-N O-Phos-P
(mg/1) (mg/1) (nyg/1) N:P . C:N:P
2 608 0.74 1.06 0.70 100:0.001:0.002
3 686 0,81 1.26 0.64 100:0,001:0.002
2 764 1.40 1.38° 1,01 100:0,002:0.002

740 0.76 1.02 0,75 100:0.001:0.002

found in the 1iterature2 show that they have low pH (2.4), and aver-
age values for BODg, total solids, and total acidity are given to be
71200 myg/l, 116200 mg/1, and 1870 mg/l respectively.

Results of flow measurements at ANSAN plant's outfall are
presented in Table 4.

Nutrient concentrations of the ANSAN wastewater are presented
in Table 5.

DISCUSSION

Tnspection of the plant indicated that waste from the bottle
washing machine would constitute the major source of the BODg and
188 load discharged to the sewcrs. Also, part of the BOD5 and 58
load of the total plant can be attribured to residual drink and
debris left in the bottles by the consumer,

Results at Station 3 which represent the overall process waste
stream showed higher average BODs; concentration (686 mp/1) than the
value for similar plants (430 mg/l) reported in the literature<, The
reason for this may be due to in-plant mixing and blending of syrups;
larger quantities of left over drinks in the bortles by the consumers
and to some leaks in the production system. Total suspendud solids
varied from 0-956 mg/l and averaged 152 mg/l which was lower than
the literatureZ value (220 mg/l). This may be due to the fact that
wo labels are used in ANSAN products. This BODs5 and TSS concentra=-
tions of the daily composites varied with differences in daily
elean—up schedules and to a lesser extent on the quantities of water
employed for rinsing of used bottles and clean-up operations.

COD at Station 3 varied from 720 - 2040 mg/l and averaged 11464
mg/l. No data could be found in the literature for comparison.

Alkalinity and pH of the wastewater are relatively high due to



carfy—over of alkaline detergent solution to final rinses and pFi~
rinses. Daily composites of the spent waters had pH values ranglng
“from 9.0 ~ 11.3; and contained 94 to 234 mg/l as CaCOj total alka-
linity,

Water requirements depend an individual plant operating prac-
tices, particularly with respect to bottle washing, and to a lesser
extent, on the costs of raw water and costs of liquid waste dispesals
Most of the water is used in the continuous pre-rinses and fipal
rinses of the bottle washing machine, As such, most of the waste
load comes from these operations, However, water .an be conserved by
reusing part of the final rinse water as pre-rinse and thercby,
reduce the wastowater volume,

It was observed that a large portion of the BOD in the plant
‘waste originates from the pri-rinse discharges containing drainings
of unused drink from incoming bottles. The bottled liquids contain
about 10 % sugar and have a BOD of approximately 70,000 mg/l. con-
gideration should be given to disposing of these liquids in some
other fashion, The wastewater from the bottle washing machine should
be passed through adcquate screening devices to remove suspended
solids such as mold, cigarette butts, straws, and miscellany.

The alkaline cleaning solution used during bottle washing opera-
tion contains 1.5 - 2,0 % NaOH and therefore, the wastewater from
this unit has a very high pll, Total caustic bath volume is about 47
m3 and the entire solution is wasted into the sewer system once in
every 10 days, causing the pH of the wastewater to rise abruptly.

In a biological treatment system, for the microorganisms to
grow and function properly, C:N:P ratio should roughly be 100:5:1,
Hovever, as can be scen from Table 5, ANSAN wastewaters fail to meet

this criteria and - such, based on a design BODg of 1000 mg/l, 50
mg/l N oamd ! 0 .. 1 to he added to the wastéwater. To this end,
some chevi r in N and P were found to be available
and eco
Disposal

The bulhives- @ . - -+ loun.. .atance shipment
uneconomical, Thervione, . - «nk mar acturing plants are
or will be located within clus inity to. . vnters of population
and use municipal waste handling :- il!.:ies, l'ischarge to municipal
sewers is ome of the best means o1 .. 1o hand.ing from a plant
standpoint, because treatment and ..!:inate di-josal then become a

function of the municipal system. ¢ . rally, tnis will have no
undesirable effects on the sewers a: officiencies of the various
trearment units in the municipal plai: provided the units have
adequate capacity?, However, location uf the ANSAN plant is not
suitable for this type of waste handling and therefore needs to
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build its own treatment facilities,

Based on the information collected im the waste characteriza-
tion studies; and comparison of these with the existing requlations,
it was necessary to treat the liquid wastes before discharging them
to the receiving water.

Degree of Treatment Necessary

Based on the laboratory analysis of the ANSAN liquid wastes ,
it was decided to take the 90 percentile values for BODs and TSS and
add a margin of safety to come up with the design values, Thus, for
BOD5 1000 mg/l and for TSS 400 mg/l were chosen as the design values,
Algo, a design wastewater flow of 10 m/sec was selected,

Public Law 1380 (Water Products law), put in effect in February
of 1983 has brought some limitations to the discharges into receiving
waters, Article 11 of this Law limits the BODg (20°C) concentration
in the discharge to 50 mg/l and 188 to 200 mg/l,

Thus, a BOD5 removal efficiency of 95 7 and a TS5 removal
efficiency of 50 % would need to be achieved. Based on design flow,
these correspond to removals of 821 kg BODg/day and 173 kg 155/day.

Suggested Treatment System

Although they recognize the importance of wastewater treatment
for the protection of their environments, developing countries are
not able to give high priority to investments in this field because
‘of their limited economic ,resources. Therefore, in selecting treat-
ment systems, in addition to the economic factors: availability of
trained manpower to operate such systems; climate; and availabiliry
of energy,equipment and supplies need to be considered.

In treating wastewaters, biological systems are preferred.
These biological systems may be divided into twe groups: conven-
tional systems such as the biological filters and activated sludge
units which require trained manpower and more energy to operatejand
simpler, more economical gystems. Later is a regult of research on
achieving low investment, easy to operate treatment schemes without
sacrificing treatment efficiency.

Therefore, considering the conditions im Turkey, in choosing a
treatment system for ANSAN fallowing points were kept in mind:

i. It should be constructed using nationaly availsble materials
and technical capabilities as much as possible,
ii, It should be simple and easy to operate,
iii, It should have low energy consumption.
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iv. It should be able to meet the performance requirements.
v, 1t should be cconomical to construct and operate.
vi. It should fit the limited space available.

Treatability studies had shown that ANSAN wastewaters were
-logically treatable provided that prior to treatment pH was neu-
.lized and N and P necessary for biological treatment were added.
-refore, after the proper pre-treatment, a biolegical treatment
<tem satisfying the requirements mentioned above was recommended.

Because of the limited land area, it was not possible to use
oxidation ponds for biological treatment which happens to be one of
the simplest and cheapest system, Instead, another simple biological
treatment system known as '"aerated lagoon" is selected, The acrated
lagoon system takes up relatively much less area than oxidation ponds,
but require some electrical energy to operate. Thus, recommcnded
treatment system consists of following units and processes as shown
in Figure 3.

~ Screening

- Flow measurement and control

- pH adjustment (neutralization using H2504)
- Nutrient addition (N and P)

- Aerated Lagoon for biological treatment

A two stane biological treatment iz recommended in this design.
Firat stage will be an "gerobic acrated lagoon', and second stage
will be a "facultative aerated lagoon”. Using the facultative lagoon
as the second stage will eliminate the need for a final settling
tank. Based on the Information presented up to this point, it was
found that units with following dimensions would be adequate to
provide the depree of treatment necessary.

Design Flow: 10 1/sec.

Inflow Ef fluent (winter conditions)
BObS 1SS BODS TSS
1000 mg/1 400 mg/l 45 mpg/l 33 mg/l

Sereen: Mechanically cleaned; 30°C angle with the horizontal;
width of channel = 50 ecm; channel depth = 30 cm;
length of bars = 60 cm; diameter of bars = 2 cm;
c¢lean opening = 2 cmj number of bars = 17;
headloss through the screen = 1 em.

Flow Measurement Device: )
Parshall flume with 7.5 cm throat width. Capable to
measure flows up to 31,2 l/gec.

Caustic Bath Wastings:

Volume 48 m? (8,0 x 3.0 x 2,0 m)
Bleeding period 10 days



Neutralization System:
Tank: Det. time = 15 min; two cylindrical tanks with 1.8
in diameter and 1.8 m water depth;
Mixer:3-blade; 45 em in diameter; 360 rpm; G = 400/sec;
1.5 hp
Chemical: H280, to lower pH down to about 8
Nutrient Addition System:
Chemicals: Ammonium nitrate containing 26 7 N: 166.2 kg/
day. Triple super phosphate containing 43 % PpOs:
45,4 kg/day. .
Tank: cylindrical; diameter = 135 cm; water depth = 140 cm; Det,
time = 4 hrs. .
Mixer:6-blade turbine; 45 cm in diameter; 6 = 24Z/sec; 0.24 hp;
120 ppm,
Feeder:rotodip or constant head; rate = 0.122 1l/gec
Aerated Lagoons

Aerobic Lagoon Facultative Lagoon
Surface Area 900 m% 1275 m2
Bottom Area ) 144 m 400 m
Side Slopes 2/1 . 2/1
Depth ' 4,5 m ' 4,5 m
Aerator used 1x25 H.P.Aqua-Jet  1x2 HP+1xl HP Aqua

Aerator Jet Aerators

Sludge Accumulation - 480 M™ /year

SUMMARY
Wastewaters of ANSAN soft drink bottling plant were sampled and
analyzed for characterization and treatment,

Liquid wastes emanate! - om bortle washing, water treatment,
washing of equipment, and hu.avkeeping., Most of the waste load comes
from the continuous rinses ol the bottle washing machines,

The ANSAN plant was found to discharge a wastewater with aver=-
age 90 percentile values of 12 1/s flow, 900 mg/l of 5-day BOD and
400 mg/% of suspended solids. The pH is approximately 11,0 and the
total alkalinity averaged 200 mg/l as CaCO3j. The nitrogen and phospho~
rus concentrations of the wastewater were very low. Thus, the waste-
water of ANSAN were found to be deficient in nutrients (N,P), high in
pH, but much stronger than domestic wastewaters. However, these
wastewaters are blodegradable provided that the pH is adjusted and
the nutrients (N,P) necessary for biological treatment are added,
Therefore, a two stage biological treatment system consisting of
aerated lagoons (an aerobic lagoon followed by a facultative one)
following pH adjustment and nutrient addition was recommended to meet
the existing discharge standards.
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AN OPTIMIZATION APFROACH TOQ

TRICKLING FILTER DESIGN

Ali Bagaran
Middle East Tachnical University

Ankara, Turkey

INTRODUCTION

Engineers have been designing sewage treatment plants and trick-
ling fildters for a long time. However, most of these designs have
been basged on ""the standards" found in books or adopted. Most of us
engineers like them and use them quite often because they make our
work easier and the facilities are believed to be working to our
satisfaction and to that of the regulatory agency. However, these
"standards" need to be constantly questioned and tried to be im-
proved.

One of the purpose of this paper is to show a possible way of
improving "the standard design". The other purpose is to illustrate
to practicing engineers how an optimization method ¢ould be applied
to a practical design problem. Here, the main idea is to find a way
to get the most "benefit" out of the money spent.

FORMULATION OF THE PROBLEM

First, the design problem needs to be defined. Then, the limita-
tions and the desired ends wanted to be achieved within these limita-
tions should be listed. Finally, a way(s) to solve the problem numer—
ically needs to be found.

To illustrate, the problem can be stated as: "size the trickling
filter which will meet a given set of requirements and limitations
and at the same time be the cheapest possible filter for the condi-
tions spec151e¢ " The, following will be used as the limitations and
other information pertalnxng to achieve the desired ends:



1. Plant Capacity in million gallons per day (MGD) Qj,
(1 < Q; < 20)

2. Strength of Settled Sewage in ppm of BOD, Ly, (L, = 100)

3, Strength of Filter Effluent in ppm of BOD, Le (18 < Lp < 20)

4, Per cent BOD Removal Desired in the Filter and final Settling
Tank,: 100 x (Ly~Le)fLy = 80 %

5. Limit on Hydraulic loading Applied to the Filter in million
gallon per acre per day (MGAD) Qg, (9 <Q, < 44)

6. Limit on Organic loading Applied to the Filter in lbs BOD/
day/Acre, CON, (350C < CON < 37000)

One way to solve this problem would be to use some optimizatien
technique, which will be the topic of the following sections.

A SOLUTION TO THE PROBLEM

To be able to formulate and sclve the problem stated in the
previous section,first, a series of me:iematical expressions describe
ing the filter behaviour as closely as Dossible needs to bhe developed
The same needs to be done for the kinds and amounts of costs
asiociated with the filter. Then, using these mathematical expres-
sions and the information from the previous section an objective
frmction(s) will be d:fined and solved using an appropriate numeri-
tal method to come up with the answer (i.e. best filter design)
which will satisfy all the censtraints,

L s

Selection of the Filter Behaviour Model

There are a variety of mathematical models proposed in the
literature for describing mathematically what happens in a trick-
ling filter and how the organic matter gets removed in a biological
treatment system. Needless to say that one can choose any of thege
as one pleases.

For the sake of illustration, a model suggested by Brown1 will
be used here, This model suggests that the rate of transport of
waste from the liquid film to the slime  surface covering the
filter media is the rate controlling factor in BOD removal in a
trickling £il er. For the treatment system shown in Figure 1 and
assuming laminar flow conditions, Brown suggests Equation 1l to
describe the filter behaviour.

X
La/Le =e (L+R)-R 1)
where:
Lg = BOD concentration of settled sewage, ppm

Le = BOD concentration of filter effluent, ppm
R = Recireulation ratio



Primary\ La § Le

Settling Qi ﬁm@i Filter

Fig. |. Treatment system used in developing filter
bahaviour model.

= 0.366 D/Qal/3 for lamimar flow comditions
Depth of filter, ft

= (1 + R) Qj/A = hydraulic loading of filter
= Plant capacity, MGD

= Surface arva of filter, A, res

X
)]
Qa
Qi
A

Development of the Filter Cost Function

Cost function is obtained by adding different costs that are
associated with the filter. Some of these include: 1) Distributor
cost; 2) Media cost; 3) Cost of underdrainage system; 4) Cost of
filter wall; 5) Cost of recitrculacion piping; 6) Cost o recircula-
tion equipment; 7) Cost of powar used in recirculationg 8) Cost of
excavation for filter foundation; 9} Cost of landi 1!"))Miscellaneous.
In developing individual costs following symbols were used:

Filter diameter, ft
Filter depth, ft
Filter area, fr2
Filter volume, fe3
Plant capacity, MGD
= Recirculation ratie

u

1

T
D
A
v
Q
R
It should be pointed out hare that the equations developed in
this section were hased on in/2rmation obtained in U',$.A., for there
is not enough data available ot this subject in Turkey at this time.

This is also the reason for ex:ressing costs in U.S. Dollars and the
parameters in English Units.

a) Distributor Cost (CD): Based on the raw data obtained for
different sizes of distributors, labor cost: incurred in
installing them, etc. this cost is formulat. ' as follows:

r

cp = 916 x (07 (2)

BASARAN



b)

c)

d)

e)

£)

8)

h)

Media Cost (CM): The media cost is divided into two parts.
One part is the cost of rock media and the other part is the
placement cost. Therefore, this cost it formulated as follows:

M =0,26xV _ (3)

Cost of Underdrainage System (CUD): This cost was also con~
sidered in two parts namely: the cost of concrete floor
(6 in.) and channels; and tile and placement cost. Thus:

CUD = 4 x A (4)

Cost of Pilter Wall (CFW): Filter Wall is aasumed to be 6
inches thick. Also, except for the foundation the whole
filter is assumed to be built on the ground. Thus:

CFW = 4.37 x Tx D (5)

Cost of Recirculation Piping (CRF): The cost under this
category includes the cost of diffsiont size pipes required
in the recirculation system; and different types and sizes
of valves needed. Thus:

crRP = (Q;#R)°+4x 5000 (6)

This cost is incurred only when there is recirculation in
the system otherwise, it is zero.

Cost of Recirculation Equipment (CRI): This includes the
cost of pumps, motors and other electrical equipment used

in recirculation, This cost can be estimated by the following
relationship:

CRI = (R x Qi)0'7 % 10000 , o

As in the case of (e) sbove this term becomes zero when
there is no recirculation.

Cost of Power Used in Recircularion: The cost associated
with this category is very small in comparison to the other
costs and to the total cost. Therefore, it is left out in
this problem.

Cost of Excavation for Filter Foundation (CEXC): Eventhough
the filter will be gitting on the ground it was decided to
allow excavation up to three feet for the purpose of putting
in filter slabs. Thus:

CE x C=0.,222 x A ' (8)



i) Cost of Land Taken up by the Filter Plant (CLND): It has been
assumed that a sewage treatment plant with a trickling filter,
a primary settling tank, a secondary settling tank =nd other
facilities which are necessary to have (e.g. laboratory space,
etc) will take up land area equal to about twice the size of
the trickling filter itself. Thus, the total land area re-~
quired by this plant will be three times the area of the
trickling filter. Another assumption is that the treatment
plant is located outside the town and the land is not more
expensive than $ 2000 per acre. Thus:

CLND = 0.14 x A ' ¢))]

In Summary:

Cost of Distributor = CD =916 x -7

Cost of Media = CM = 0.26 x V

Cost of Underdrainsg = CUD = 4 x A

Cost of Filter Wall = CFW = 4.37 x T x D

Cost of Recirculation Equipment = CRI = 10000 (Rx(j)
Cost of Recirculation Piping = CRP = 5000 x (R x Q)0-4
Cost of Foundation Excavatior. = CEXC = 0.222 x A

Cost of Land = CLND = Q0,14 x A

0.7

A sensitivity analysis was tun on the cost function and the
effects of several cost components on the total cost were found. As
the result of this sensitivity analysis, the cost components and
sore terms of these were dropped since the presence or absence of
them did not alter the over:1l cost significantly. Thus, the filter
cost function, Y, to be used for illustration becomes: ‘

Y =CD+ CM+ CUD + CFW + CRI + CRP + CEXC + CLND

All the cost data used ia deriving above relationships were
valid for 1971. They were obtained through personnal communications
with some of the consulting engineering firms active in rhis field
and located in the State of lortl Carolina, U.5.A.

OP TIMIZATION MODEL

To be able to use some of the optimization techniques it is
necessary to formulate an ob~ztive function and a ser of con-
straints, 1f any. Since the rwain concern is to find the filter which
will meet some pre-determined specifications and at the same time
be the cheapest possible} then, the objective must be to minimize
the filter cost which satigfics the constrraints. Therefore, the
objective function will be the total cost function. On the other
hand, the constraints will be the limitations on: 1) The hydraulie
loading of the filter; 2) The organic loading of the filter and;

3) The desired filter efficiency. Then, the problem will become:
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Fig. 2. Flow chart for the computer program.




Minimize Y, = CD + CM + CUD + CFW + CRI + CRP + CEXC + CLND
aubject to!

1) 9 <Q, <44
2) 3500 < CON < 37000
3) 4.5 <5 <5.0

4) D <20

where:

Qa =Hydraulic loading of the filter, MGAD
CON =0rganic loading of the filter, lbs o‘ BOD/day/acre—fc
8 =L /L

The problem will be solved by the use of a computer program discussed
in the next section.

COMPUTER PROGRAM

Since the objective function and the constraints were non-lipear,
linear methods of optimization could not be used. Instead, computer
program was written (in Fortran) to solve this problem. The flow
diagram; computer program, and a sample output are presented in
Figures 2, 3, and 4 respectively.

First time through, the program picks up a value for Qi and for
thar value of (G it tries to find on optimum combination of T, D and
R which satisfy all the constraints and thus, make Y a minimum (i.e.
minimum cost.) After this is done, it goes back and picks up a new
value for Qi and goes through the same procedure as before until it
finds optimum combination of T, D and R for rhe new case, and so on.

In order t» make the solutions more practical and more mean-
ingful, the values of Qj, T and D were specified to be whole numbers.,
The rest of the variables digd not have any restrictiouns as such but,
only two plac=s to the right of the decimal point were allowed.

There are few programming tricks that were used in this program
in order to select the minimum and maximum values of Y and the values
of other parameters associated with these among the values computed.
This made it is possible to print out only those values which were
of interest to us rather than all the pessible combinations, and to
gave print out time,

SUMMARY

Here a practical design problem was taken and application of
an optimization method of solution was shown. For this purpose:
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10 INTEGER QF: T, D
20 M 30C Qt=I-20.1
40 YMIN=5E76
50 (0 200 Te30.200.1
60 DO 200 D, 2001}
&2 Ra-045
&4 DO 200 Iwis10s1
66 RaR+04 S
70 AD. 786G TIER))
B0 PA=0ISA0QIsCleRIZA
Q0 IF tDA+44) 11.1). 800
9a 11 CONTINUE
96 IF (CA-3) EQO, 12,18
100 12 CONTINUE
102 Yuasp
10% CON=J2696136%017A
107 1F(CON=37000) 7% 7% 200 .
110 75 CONTINUE
11@ TFTCOM 25000 200,80,80.
A0 TORTINVE
LLEE PR AT RPN L LR S VI LR
Be B
TR AT N 5) P00- 25 2%
25 (ON7INUE
Fef-8,3
IF tP-0.5) 90.90., 200
90 CONTINUE
141 CRPwSQ00=({R*QI3t(Qs4))
142 CDn916%(Tt (D7)
)aa CM=0.26sV
1 af CUD=awh
148 CFuad,37+DaT
150 CRI=100QQe¢CReQTIITLA.TYY
152 CEXCa0.222*%A
154 CLND=0«lamA
160 YsCDeCM+CUD+CFWeCRI+ CEXC+ CLNID# CRF
190 IF ¢YMIN+Y) 200,200, 62
192 62 DMINwD
193 R1IN=R
194 GAMINKQA
196 TMIN=T
L4d DImMINSQ]
: SMINeS
M INe Y
WM IN=CON
7 CONTINUE
SINT G DIMING YMINSTMIN, TMIN. PMIN, OAMIN, CONMIN, SMIN

o

[
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CONTINUE

Fig. 3. Listing of :he computer program
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the problem was formulated; the conditions which had t. be satisfied,
were listed; a mathematical model to predict the beh.vior of the
filter was formulated; an optimization model (a filtcr cost function
which nceded to be minimized subject to some constralnts) was
developed and the problem was salved with the help of a computer

program written for this purpase.

CONCLUSTIONS

After a close look at the results, it can be corclude that:

1.

The model predicts the optimum solution to be always asso-
ciated with zero recirculation ratio. This is very much
contrary to the present and couventional design practice.
For a given degree of removal,the filter depthis independent
of plant capacity, but it is dependent on recirculation
ratio and f{ilter diameter.

If there were no restrictioms on the diameter of a trickling ,
filter, minimum cost filter will be obtained when the recir-
culation ratio was zero:

If the recirculation ratio were zero then for any Qi the
filter depth would be constant, and in our case equal to

15 ft.

The model predicts the best filters to be fairly deep,
smaller in diameter and have no recirculation. All thesc are
completely contrary to the present common practice.
Designers ave cautioned against using the cost function
developed here directly, since they may differ from place to
place. This does not mean however, that the model or the
optimization techniques are not valid.

7. Further experimental work should be carried out on the filter
behavior model to test and see whether the model is a fairly
good representation of what goes on in a filter.
if the model seems to be appropriate then Lhc design stan-
dards should changed accordingly.

8. The tetal cost .r MGD treated decreases from § 22023 for
1 MGD plant to $ 350 for 20 MGD plant.

REFERENCE
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EVALUATION OF HYDRODYNAMICS AND PERFORMANCE OF

AN INTERNALLY CLARIFIED ACTIVATED SLUDGE UNIT USING TRACERS
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Department of Environmental Engineering, Ankara, Turkey

INTRODUCTION

In so called "Internally Clarified Activated Sludge Processes'
aeration, final settling and recirculation functions are performed in
a single unit called "Aercaccelator". For this reason, the perfor-
mance and efficiency of these units are quite sensitive to operating
conditions and require a clese control of the hydrodynamics of the
unit. One of the more common causes of failure in the aerocaccelator
performance is the inability of these units to separate the bio-
solids from the liquid in the cell separation stage. This, in turn,
is mostly due to facutly reactor hydrodynamics.

The plant where this study was conducted was originally designed
to treat combined petrochemical-municipal wastewater with 526 1/sec
industrial and 88 1/sec¢ municipal flow; and started operating in
1964.

In early 1965, the aeroaccelators were modified in order to
increase the oxygen transfer cfficiency and remove more organics,

The modifications included an additional rotor at mid-depth, addi-
tional baffles connected to the floor of the units in the mixed zone
(targer baffles), and smaller sparger orifices.

In late 1974, as a result of a study by & consulting firml,_the
industrial and domestic streams were separated. In addition, the
target baffles from the West Aeroaccelator and the additional rotor
from the East Aeroaccelator were removed?. Since then, the plant has
been treating only the municipal wastewater which undergoes screening,
grit removal, primdry¢tarification, prée“chlorination, and bio~treat-

ment in the aercaccelators. Primary sludge is thickened and
yelb e D I



subsequently dewaterud by vacuum filtration while secondary sludge
is pumped to holding pond for disposal. A flow diagram of the system
is presented in Figure 1.

Basis of Design

The original design was based on the flow and strength of the
combined wastewater shown in Table 1. However, the units have been
used in treating domestic wastewater since 1974. The design values
reconmended by the manufacturer for treating domestic waste are as
follows3:

~ furface Loading  28.5 m3/m2—day at average flow
- Organic Loading  3-5 kg BODs/day/m3 aeration volume
- Air Requirement 30=35 mw /kg BOD5 removed

OPERATION

Crozs sectional view of an aercaccelator is presented in
Figure 2 The waste enters the unit at the bottom center below a
hood forming the aeratiom zone. At this point air is also introduced
through a sparger ring and is dispersed by the turbine which also
acts as a radial flow type of pump., The intense agltatxon produced
by the rotor insures complete mixing of waste, air and activated
sludge and circulation of the mixture within the aeration zone.
Also, the large bubbleg of incoming air are broken up by the rotor
into very fine bubbles for rapid oxygen transfer. The lifting ac-
tion of the air bubbles then conveys the mixed liquor into the clar-
ification section, aud a throughput volume of clarified effluent is
displaced from the mixed liquor.

Important operating variables which need to be controlled
include: 1) Rate of internal recirculation; 2) Air feed rate;

Table 1. Design Influent Wastewater Characteristics

Average Values

Parameter Municipal Industrial
Flow, 1l/sec 88 525
BODs, wg/l 200 i 1300
Ccob, mgél - 3400
Temp., C 22.7 ) 33.8
pH 7 10

ss, mg/l ' 200 . 350
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Reasons for Conducting the Study

and inconsistent.

1) Rotor speed; 4) Rate of throughputy 5) Mixed liquor suspended
solids (MLSS) concentration; 6) Dissolved oxygen (D.0.,) concentra—
tion in the mixed liquor; 7) COD of the clarified effluenty 8) pH;
9) Sludge volume index (SVI); and 10) Temperature.

Performance of the treatment plant has been very unpredictable

At times, it had been very difficult to meet the
effluent discharge standards set for the plant.

BASARAN
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Figure 3 shows average daily flows; and Figures 4, 5 and 6 show
total suspended solids (TSS), settleable solids (58), and total
chemical oxygen demand (T COD) in the influent and the effluent of
the adroaccelators during the months which the study was conducted,
As can be seen from these figures, to a great extent, the failure
of the system is due to the failure in the aercaccelator performance.
More specifically, these units are unable to separate the bio-solids
from the liquid in the cell separation stage. Based upon the obser-
vations of the treatment plant personmnel, R/D personnel, and past
records, the problem was hypothesized to be associated with the
hydrodynamics of these units. Thus, at the request of the plant
management this study was proposed and conducted.

hjectives of the Study

1. To improve the performance of the clarification section
and thereby , reduce the TSS concentration in the effluent,

2. To determine the hydrodynamic behavior of the unit under
different operating modes.

3. To formulate a relationship among four enternally controll-
able variables (A-~Throughput rate; B-Turbine speed; C-Air
flow Rate; and D-Recirculation port opening).

%
\ '

Approach

A series of designed experiments presented in Table 2 (two
level factorial design in four variables and eight experiments)was
prepared to determine the performance controlling varidble(s).
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The runs 1E and 2W were run undér very similar conditions to
determine the effect of the structural differences between the East
and the West aeroaccelators. However, the response showed these
units to be not  too different from each other. It should be pointad
out hete that during the runs 1E and 2W there was no primary treat=~
ment. :

Based on the mechanical reliability, the plant management
advised that the designed experiments should be run on the West
aercaccelator. Therefore, the runs 2W, 3W and 4W were run using the
West aeroaccelator. Purpose of these runs was to find out the
changes in the hydrodynamics and effluent suspended solids with
changes in the operation of these units. The results of 2W and W
indicate that the unit's performance is very similar under both
conditions. On the other hand, the run 4W indicates a dramatic
change both in hydrodynamics and effluent suspended solids levels.

BASARAN
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Table 2. Experimental Design (two level factorial)

Experiments/Variables A B c D R
1 (4) - - -
2 (1) + - -+
3 (7) - + -
4 (6) + + - -
5(2) - -+ 4
6 () + - + -
7 (5 - + 4 -
8 (8) [ + + +

NQTE: --The numbers in parenthesis indicate the running
order of the experiments (a tandomization
process).

~R is the response (e.g., 7 S8 removal)

During each designed experiment, a tracer would be injected
into the unit and the residence time distribution (RTD) would be
determined to characterize the hydrodynamics under these conditions.
Two tracers, Lithium and Rhodamine-B, were used. Rhodamine-B provid-
ed a visual puide in deciding on a sampling duration and overall
flow distribution. The samples were analyzed for Li using atomic
absorption spectrophotometer and these results were used in computing
the RID. The tracer was chosen based on its (a) ease of application;
(b) non-reactivity with the system; (c) economics, and (d) ease and
accuracy of analysis at low concentrations.

Due to the large number of samples involved, time and manpower
constraints, and complexity of data analysis, it became necessary
to develop a gencral purpose computer program to analyze the tracer
data. The program is capable of computing four different types of
RM's (E, I, F, L) and plot the results. Listing of and instructions
to use the program may be obtained from the author upon request.
Interpretation of E, 1, ¥, and L may be found in most of the chemical
engineering texts and literature.

RESULTS AND DISCUSSION

Figure 7 presents the locations of the sampling points and
tracer injection. Table 3 presents the results of the study in a
concise form, The mixed liquor (ML) refers to the completely mixed
inner zone, whereas the effluent refers to the whole aeroaccelator
(i.e., completely mixed, recycle,and clarification zones).
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Table 3, Summary of Results

Turbine Air Feed Port T, min, 0,2 D/ul M ip

Run 9 LAG
Speed Rate Opening
rpm
1E 17 H 0 599.1 0.742 0.3711 100 0 0.1258
ats 17 Y o 655.3 0.838 0.419 100 0 0,148
Iw 17 L c 677.6 0.870 0.435 100 ] 0.1108
oW 9 L C 1605.8 1.108 0.554 100 ¢} 0.020¢
IE 17 H 0 776.2 0.623 0.312 95 5 0.07 &
2w 17 H o 743.2 0.598 0,299 a5 5 0.07 8
k. 17 L c B887.%9 0.477 0.238 35 5 ¢.07 &
4W 9 L c 20 0.05 8

1510,7 0.445 0,222 80

NOTE: Ajir Feed Rate - (H-High, M.L. D.0. of 7-9 ppm; l-low, M.L. D.0. of i-3 ppm).
Port opening - {O-fully open; C-fully closed)

E - East Aeroaccelator

W - West Aerocaccelator

T - Mean Residence time, min.

Z - variance of the RTD

Dful - Dispersion coefficient

Z M - Percent completely mixed

Z P - Percent plug flow

LAG - Lag in response
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Based on this run, the best combination of completely mixed to plug
flow, for the unit a3 a whole, seems to be 80/20. This is somewhat
different from the manufacturer's claim that the unit should func-
tion as a completely mixed reactor® . In addition, it is interesting
to note that 80/20 is exactly the same ratio one would obtained if
one computed the ratio of theoretical completely mixed volume to the
quiegcent volume.

CONCLUSTONS
)
Based on the results of the study, the following conclusions
can be made:

1. Hydrodynamics has a great impact on the level of effluent
suspended solids.

2. Hydrodynamics can be altered significantly using the right
combination(s) of overflow rate, turbine speed, air feed
rate and recirculation port openings. However, the exact
relationship among these parameters could not be determined
due to time constraint.

3. Mixed liquor zone approximates a perfectly mixed reactor
with small lag.

4. The aervaccelator can be controlled to achieve different
deyrees of "completely mixed" and "plug" flows. The optimum
combination seems to be 80 Z completely mixed and 20 7 plug
flow. .

5. The East and the West aeroaccelators showed very similar
performances under the conditions tested in this study.

In addition, based on the manufacturer's recommendations (applica-
tion to domestic waste treatment) the following conclusions can be
made:

6. Maximum throughput rate should be about 108 1/gec/unit
(based on a surface loading of <28.5 m3/m?-day).
7. Mixed liquor zone has five times the volume needed (based
on an organic loading of 3 kg BODg/day/m3 of aeration volume).
8. Air required/unit is about 42.5 mi/unit (based on an influent
BOD5 = 200 mg/1l; 95 Z removal; and 35 m3/kg BODg removed/
day).

RECOMMENDATIONS

As a result of this study, the following is recommended as a
standard operating procedure (SOP) in operating these units,

1. Adjust the air feed rate such that the residuel D.0. level
in the mixed liquor is about 2 mg/l. This level should be
checked at about one metre below the water surface and at
least twice a day. Presently, there is no sure way of
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determining and controlling the air feed rate to each unit.

2. Adjust the turbine speed such that no large air bubbles and/
or vortex appear atround the shaft. (Usually about 75 % maxi-
mum speed). Presently, it is very troublesome and unreliable
to operate in this mode; so, proper action needs to be taken
and revisions made. i

3. Keep recycle at about two times the inflow. It should be
noted, however, that increasing the air feed rate will
increase the recycle, Therefore, it would be necessary to
re-set the recirculation port openings and turbine speed.
Proper port opening is usually determined by the absence of
air bubbles and solid clouds in the clarification zone.

4. Keep a food-to-microorganisms (F/M) ratio of 0.3 - 0.4, based
on TSS.

5. Keep a mixed liquor suspended solids (MISS) concentration of
2000 = 4000 wg/1. a

6. Solids should be wasted from the mixed liquor zone to the
primary clarifier(s) or thickener; and more frequently.
Presently, solids are withdrawn infrequently from the recycle
zone.

7. If it is desired to find the exact relationship(s) among the
variables considered in the experimental design, experiments
2, 3, 5,6, 7, and 8 need to be.completed.

SUMMARY

The treatment plant where the study was conducted was designed
to treat a combined petrochemical-municipal wastewater with 526 1l/sec
petrochemical and 88 1/sec municipal wastewater flow. Performance of
the treatment plant had been very unpredictable and inconsistent. At
times, it had been very difficult to meet the effluent discharge
standards set for the plant. To a great extent, this was observed
to be due to the inability of the internally clarified activated
sludge units (Aercaccelators) to separate the bio-solids from the
liquid in the cell separation stage which was related to the mixing
and flow characteristics (hydrodynamics) of these units.

Four tracer studies were conducted to assess the hydrodynamics
and performance characteristics of the Aeroaccelators in the treat-—
ment plant. The study confirmed the reason for high effluent
suspended solids concentration to be the result to faulty mixing
‘and folw characteristics of these units. A standard operating proce~
dure is recommended to correct the situation.

A general purpose computer progfam was also developed to analyze

the data.from any tracer study and plot the resulting residence time
distribution(s). These distributions include E, 1, F, and L.

BASARAN
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THE sFFECL OF AIR POLLUTION ON THE FLORa AuD Falia IN B
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This study is continuation of the previous work
where the air pollution of Titova Mitrovica and its surro-
unding area wus studied, hcre we will show our observations
on the influence of pollutants on experimental plants and
animals in the viciniti of the industrial plants.

I, THE SOURC:S QF POLLUTION
These have been described in the previous report,’

I, THe INFLUENCE OF POLLUTZD AIR ON FLORA

Flora which is conaidered a true indicator of poll=-
ution, shows the presence of air through damage and various
diseases, In this research we studied the influence of poli-
uted air on Pinus Nigra (Pine) and Robinia Pseudoacacia Va—
riabila Umbraculifera (Acacia)., As mentioned the influence
of inmdustrial pollutants on vegetation is great, therefore
the aim of investigation was through the obtained results
and observations to discover where, on which species and in
what way the damage occurs, from toxic gases and various '
metals expeled from the factory chimneys. During this obse—
rvations it was discovered that air pollution does not equ~
aly affect all species of vegetation, On most species thne
effect of pollution is obvious by the edges of the leaves
and on some species it can be seen in spots of various
shapes and size scattered over part of or tie whole of the
leaf

These are the symptoms of Necroza which is the ch-
aracteristic 'dlamage caused by sulphur dioxide. It is known
that this gas causes two stages of dawmage,acute and c¢hronic



Acute damage is caused by high conecentrations of
sulfur dioxide in the air, which causes bad injury to the ed=—
ges and veins of the leaves. After fumigation these areas bec—
ome dark and have the appearance of having been scalded, the
leaves beCous limp and have a grey=green colour while the rest
of the leaf is usualy green and looks normal. Conifers are more
sensitive than deciduous begcause their needles dont fall annu-—
ally so they are under the influence of air pollution much lo=
nger, Maximum sensitivity to sulfur dioxide pollution is in
the late spring and early summer, so conected with the physi~
ological activity of the planta, The observed Pinus Nigra
shows early symptoms when the normal green colour turns to li~
ght greeny than certian areas change to yellowish—brown and fi=-
nally redish—brown giving the needle a striped effect,

The chronical damage occurs after absorption of lower
amount of sulfur dioxide, a slow long absorption of a subtle
amount of gas, which accumulates until the buffer capacity of
the leaf is overcome, This damage causes gradual chlorophille
damage, abnormal photosynthesis and stunded growth. The damage
to coniferous vegetation, besides the concentration of gas also
depends on the length of time of exposure and the speed of ab=-
sorption which varies according to the age and type of tree.

By the symptoms of leaf damage, very often it is possible to
determine not only the instigator but also the degree and ex=—
tension of air pollution, This reaction to toxic gases could be
of practical value, as it can be used for diagnosis.

5. LTHE EFFECY OF POLLUTED AIR ON FAUNA

3.1. AWIMALS JIN NATURAL HABILAT

The harmful influence on liveatock becomes more obvi-
ous with the development of industrial plants in Titova Hitro—
vica.

In this research we will show the great influence of
air pollution on lambs in their natural habitat, which are
affected by pollutants. bDuring the spring at lambing time bree—
ders in the area, notice illnesses amongst the sheep and para-
lasis amongst the lambs. Until recently there were a great many
‘sheep in the area, but within a short time they have rapidly
reduced in number. {(i.e. in the villages of Rudare, Zitkovac,
Supkovac, and Mali Kiéié), They become ill, especially during
the months February to April, they loose weight, lambs become
deformed after birth. The hind legs ¢riple followed by the fore
legs then the head twists to the side and shakes., Compared to
healthy animals they are smaller and lighter, they are inactive
and weak, the wool is stiff and sparse, '



But if the animals are transported out of the area
uway from the influence ofprollution, or kept in enclosures witu
special care and attention the deaths can be aveijed. By Tox~
icological mnalasis a high concentration of lead can be detected
in the blood, after~birth and internal organs particularly the
bone marrow, Lead and a number of other pollutants are absorbed
intp the body via the digestive and respiratcry systens.

3424 EXPERIMENTAL ANIMALS

Besides the pasture animals, experimental animals were
exposed to the very high polluted air in working areas with the
aim of studying the negative effect of air pollution on the
welght, natality and mortality on animals,.

As experimental animals, laboratory rats (RATUS NOj=
VEGICUS) were used, these were placed in specially built metal
cages, with large holes for air circulation and separated into
three sections. In each section a swall cage containing animals
was placed,

One group of animals was placed in the Directing
Cabin of the Roasting Plant apd another in the Roasting Plant
Furnace where they were kept for 5 months, All animals were
fed with standard feed, Lead in the blocod of the animals was
measured every 30 days, 3 rats from each cage were used for
detection, newborn and dead were always removed from the cages.
Results of these experiments are given in the presented tables.

In table 1 the working area, starting weight and
¢hanges in weight over the given period is shown. In table 2
The average concentration of lead in the blood of experimental
animals in working areas is given. The concentrations are high
as the working areas are highly contaminated.
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SUMMARY

i In this work Robinia Pseudoacacia Variabila
Ucbraculifera (Acacia) was used for the detection of the
degree and extension of air pollution to vegetation in the
area, Also studied was the effect of air peollution on the an~
imals in their patural habitat as well as experimental animals
in working areas,
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STUpY OF AIR POLLUTION IN THE REGION OF TITOVA MITROVICA

B. Bejtulahu, A. Ibar, A Djeli and S, Bajrami

Institute of Lead and Zinc "Trepéat, Environment
Protection Office, 38220 Titova Mitroviea, YU,
Faculty of Science, Chemistry Dept. 38000 Pristina

" Air, which is the most important natural source and
indispensible to all life forms is imperiled in large industrial
areas such is Titova Mitrovica,

. The town population, about 100 thousand, ias positi-
oned between two ipdustrial complexes, Smelting plants, rafin-
eris, flotation plants etc. lie to the north and zinc metalurgy
plants, battery plants and chemical industry plants to the south.
Near the industrial complex lies the so colled "0ld Sterile Mass"
dump which is one of the major sources of pollution. Besides the
mentioned industrial complexes, the towns heating plant with its
chimney's together with private heatings systems and exhauat fu-
'mes form other adurces off pollution,

Environmental pollution grows in intensity every day,
we cant stop it but we can influence it, therefore our task sho-
uld be towards better control of environmental pollution. Taking
into consideration that Titova Mitrovica is under the heavy in-—
fluence of various pollutants it was necessary to form a bureau
to observe the degree of pollution. This was done meveral years
ago and cooperates with other institutes concerned with poliu=
tion,

: Our study of air pollution was conducted at 16 mea~
suring stations, which are positioned north, south, east and
west of the town, and they are divaded into three zonesa, The
firat zonw 44 nead ‘the -industrial -plents ‘aud Hes -geven measu—
ring stations. The second and third zones, &%il}l under the



pollutant influence contain other measuring stations.

During this study the folowing pollutants were dete-
cted: Total sediment, soot, sulphur dioxide, hydrojgen sulphide
lead, zinc, cadmium and fluor. This was conducted from october
1902 till october 19%5. Ihe results are chown in tables 1 — 6,

Total sedimental material determined at all measuring
station iz shown in table 1, The data shows minimuwm and maxi-
" mum monthly concentrations in mg/m? per day, also averajgze year—
ly concentration,

ln order to get a ¢lear pizture of the degree of po=
1lution at some measuring statioens, it must be mentionmed thnat
the maximum allowed concentration for the toltal sedincntal
material is 500 mg/m€ per day.

From-table 1. it can be seen that the measuring sta-
tlon called iialo rudare is the most ‘ndangered with 851,79
mg/m2 per day, Hext is Yvecan with 737,9 mg/m® per day, very
high concentration were detected at the stations V. Hanasevie,
uupkovac and the Childerns Clinic, with 71Y.% wg/m?, L7s,20
mg/w?  and 62,90 ng nd per day reapectively. As thq places
are nearest to the industrial plants it therefore poes that
they are the nmost polluted, while those further away becone
les: polluted, as can be seen fronm the table,

In table 2 the wonthly auount of soot and sulphur
dioxide that was present in the air, at three weasuring poinls
is snown., Also the poxiwum concentration of culpnur dioxideg
and soot in the air for each day in Lhe wmonth at tie suwe three
stations, is she¢iw I table .

Lable & chows the number of days im the wonth when the
congentruations of sulphur dioxide and sool were higher than all-
owed., B

rro.l the. presented results it can be seen thut the
concentrution of sulphupy dioxide and seoot in the air are seve—
ral times higher than the allowed concentrations e.z. oulphur
dioxide in higher concentrations than nllowed was present du=
ring 1o days of the obsgervalion peried at the childernu clinig
which is in the vicinity of the industrial plants. s sisdlar
situation 1w presenl abl the weasuring station Bujkovac, ulso
near bhe plants, Vhe amounc of soob in tiae observed arcas is
also hign and follows the concentrations of sulphur dioxide.
‘he detection of lead, zine, cadmiuis, fluorine and hydrogen
sulfide was continually observed in the air of 7. titrovieca a.u
vicinity ab 10 measuring stations during the saue period. desu=
1lts are ziven in table 3 and o.



from table & for example, the amount of leud in ..
air wusin around Childrens Clindle toials 525,50 og/m?, iLi i
amount is divided into 12 (ko. of samples) the average monbi.l
value 27.L12 my/m?, 1Yo oblain the factor of pollution this v.aue
must be divided b, the maxiwmun allowed concentration for 1
which iz 0,Y mz/m?. In this case the factor of poliulion ig

Usualy Lhie concentrution of lead is followed by u.e
ariount of zinc. W'o get a clear picture of the siate ol pollu.-
ion of Uitova Hitrovica and the vicinity a generul picture i
given in table u, where the tctal yearly concentrations of
lead, zinc, cadnium , fluorine and hydrogen sulflide at eaca
measuriug station is presented.
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.}
TABLE §
SPECIFIC HARMFUL MATERIAL mg/m”
DATE Pb Zn Cd Po | Zn. | c4
CHILDRENS : .
_ CLINIC V. BANASEVIC
| 2, X, 1982 . f 3,0 | 6.0 | 0,9 | 19,7 G0 | 0ulh
5, XI. 1982 95.2 8.2 0.05f 18,1 1 21.2 0,12
| 4. XII. 1982 6, | . 8.0 [ 0,03] 2.3 | 5.9 .1 0419
6. I, 2983 - . 1 21.6 6.3 | 0,01] 0.5 | 5.4 10,13 |
1. II. 1983 29,9 5.9 0.19] 84,3 79,1 | 0.32
4y 11T, 1983 5.3 Zel | 0,02] 740 | 2009 | 0415 |
7. 1V, 1983 20,6 6.9 | 0.11] 18,5 6.9 1To,1n
by V. 1983 30,9 8.0 0.,13] 8.0 8.0 0,13 |
8. VI. 983" | 7.1 | 19,5 | 0,36] 20.2 119,5 | 0,36
—E" VII, 1983 ~ 96,1 | 2.k | 0,21] 85,1 | 21.k | 0,21 |
. VIII, 1983 "1 4,1 5.9 | 0.10f 0.5 5.9 [ 0.15 |
5, IX, 1983 746 6.1 | 0,131 2.4 | .1 | 0413
Supkovac ' BAIR \
2. X. 1982 8,5 8.3 | 0.221*13.1 13,0 | 0.08 |
3. XI. 1962 15.2 25.8 0.2k} 3,9 10,1 0.05
k, %11, 1982 15,17 11,17 6,05 %3.1 | 5.9 | 0,04 ]
. 6. L, 3963 . 1 33,4 ) 13.6 | 0,01] 3,8 C
_de II. 1955 130,11 1043 o.'go 23.0 |
[ k. ITI, 1983 Ake” a2 b 17615 10,0 ]
7, V. 1955 1.2 ) 249 | 0,20]
by xe 2985 17.3 (18,4 | 0.25| 14,1 :
.-w.h_g.ﬁla&s .3%.& 14.%) 0.22| 29,0, | | ok
L i, vir, 1983 |38, 23, 0.26 | 4h,1 | L Q.05
L, V11T, 1983 IR 2,0 1 3.0 710,017
5. IX, 1983 10,1 6.1 0.,02] 3,1 5.1 10,01
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An invesctipgation was caried out LY the cavire—
qmuntul rroleclion Uflice at the 1o measuring stalions for co~
servation of the number of industrial pollut.nis which are en=
ited from the chimneys of "irepéa" in an urvan area as a pro—
duet of industrial metaubolisn,.

It can be concluded that in tne air of Titova
idtrovica and vicinity are nigh concentrations of leal, zinc,
cadmium, fluorine and hydrogen sullide which are severwl tlics
adggher than tne maximun allowed concentrations.
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CORRELATIVE STUDY OF WATER BORNE DISEASES AND MICROBIAL

CONTAMINATION IN PDTASLE WATER SUPPLY TO BHOPAL cITy

S.5, Bhambal, -N.R., Bhandari &
D.K. Belsare '

Gapndhi Medical College and
School of Biplogical Sciences .
Bhopal tUniverceity, Rhopal (Tndia} 462026

INTRODUCT ION

The health is affected by an ingestion of contami-
nated yater with arganisms such as bacteria, viruses
and protozeans that cause common water borne diseases
like typheoid, paratyphoid, bacillary dysentery, castro-
enteritis, cholera, diarrhoes, viral hepatitis, polio=-
myelitis, amoebiasis, giardiasis etc. Fecent study
indicates that addition of disinfectant agent like
chlarine in potable water is inadequate to protect from
viral or bacterial infection. The frequency with which
enteroviruses are being isolated in recent years from
the chlorinated plant effluents and increasing reports
of resistance of bacteria to chlorine inactivation are
causing mounting concern (Erickson and Foulk, 19804
Stanley and Cannon, 19773 Malakhova, 1977; Davis, 19773
Carberry and Stapleford, 1979, Garba and Stagqg, {979).
1t has been pointed put that increase in alur doses to
reduce turbidity of water canp cause increase in micro-~
bial colonies (Belsare, 1982) for which chlorine is
probably inadequate as disinfectant agent,

Surveys conducted in various parts of India (Ghai
et al, 1969) reveal that child population is the target
group affected by water borne diseases, Studies made
by Moore et al (1965) and Chakraborty (1980) in deve-
loping countries indicate that the provision of safe



drinking water can make 8 major breakthrough in
occurrence of these diseases, The present study wes,
therefore, undertaken as a surveillance of drinking
water in order to correlate the seasonal frequency of
occurrence of water borne digeases in urban area of
Bhepal and the microbial caontamination of potable
water supplied to it.

MATERIAL AND METHODS

The present study was carried out in the indus-
trial based tropical casesa. The statlistical analysis
of the cases having water borne dissase was done in
relation to age and season, R

The water samples wers taken from the reserveir
(The Upper Lake) and two protectsd wyater works which
provide potable water to the industrialized.and non-
industrialized areas, The sampling was dong once a
week, The bacterial colonies (viable count) wers
counted by the sfficiency plate count (EPC) method
(APHA, 1971) and most potable number (MPN) for coli-
forms according to the method given by Collins and
Lyne (1969). A racord of alum doses was also noted
from the logbook entries of the water works suthori-
ties. ’

DBSERVATIONS

The overall incidence of water borne diszgase es
compargd to the total admissign in the medical college
hospital. is, 21,47%, whereas in thg industrial hospital
it is 28.05%. The order of freguenpcy is gasterp~
enteritis 13,09%, enteric fever 5,9%, bacillary
dysentery 3.5%, amoebiosis 2.7%, infactive hepatitis
1,6%, and poliomyelitis 0,16% (Fig, 0., ..

71% of the gastercenteritis cases halong to the
ags grovp of infancy i,e., below 2 years of age, 68,2%
cases of poliomyelitis otcur below 2 years age group
whereas there is not a single case of this dissase in
& years age group and above, On the contrary the
maximum cases (63.3%) of the snteric fevers ars noted
in children above 6 years of age, Similarly %5,9% of
cases of infective hepatitis ogceur in 2 to 6 ysars age



group. Althounh nat @ single case of amoebiasis is
observed in infants, its peak incidence (91,67%) is
noted in more than 6 years age group. The bacillary
dysentery, howaver, is of almost equal incidence in
all the age groups from D=2 years, 2-6 yearsd and
above 6 years age qroup,

The seasonal accurrence of these uater borpe
diseases indicate that the nastroenteritis (4D%) and
anteriec fevers (40%) occur throughout the year yith
same frequency, whereas cases of hepatitis (s5%),
paliomyelitis (5.5%) and dysentery (45%) are maximum
during rainy season and hot period, A bacteriological
study of raw water and treated water in the two
protected water works indicates that both MPN and
viable counts of the bacterisl colonies increase
(Fig, 1) during hot period (March-Jun2) and rainy
season {July-September), whereas their number is
considerably less during cold period (Nov-January).
In the case of chlorinated filteared water, the MPN
counts are 150/100 ml in July and 70/100 ml in
December, The corresponding values of viable counts
during theso months are 10000/ml and 4000/ml.

A correslative study of bacterial colonies and
alum doses indicates that initially the coliform
intrease to maximum at an alum dosa of 10-18 mg/
1itre and thereaftsr declines when alum of 25-30 mag/
1itre is applied. When still highsr doses of alum
are applied, the colifarm counts from the clarifiers
increase, The higher doses are generally used during
rainy season to reduce the turbidity of water,

DISCUSSION

It is seen that the common diseases that occur’
in children are gastroenteritis, enteric fever,
{nfective haepatitis and bacillary dysentery and
amoiebiasis, The freguency of these water borne
diseases is motre during rainy season and hot period.
Incidentally the doses of coaqulant are alsoc many
fold during this period in order to reduce turbidity
of wat=ar, Since they result in increased bacterial
counts (Belsare, 1982), the chlorination of fiitered
water has to be perfect to reduce their oumber. Tha
persistance of mors bactorial colonies in post-
thiorinated yater during rainy season and hot period

BHAMBAL



Table 1, Age Groups Variation in wvater borne diseases

(Non-indystrial area)

Disease
0 - 2 yrs 2 -6 yrs 7 yra
No. No, % No. %
Gastroenteritis 521 71.8 138 18.6 66 9.6
Polionyslitis 43 68,3 20 31,7 G 0
Enteric fever 6 5.5 34 31,2 69 63,3
INF hepatitis 5 11.3 29 65,9 10 22.8
Amoebiagis 0 0 1 B.4 11 91.6
BAC dysentery 38 40,0 3; 31.3 27 28,7
UYorm infestation' 9 45,0 g5 25.0 6 3a,0
Table 2. Water borns diseases in nen=jndustrisl (Hamidia haspital) and
industriay (B.H.E.L.) eraa
i R A I e I S B
Gastro- 233 32,2 278 38,3 214 29,5 154 44.0 111 31,0 85 25.0
anteritis
Enteric 36 33.2 a1 37,6 32 29,2 24 15,0 70 43.9 66 41,0
faver
Pallomya= 16 265.4 33 60,3 9 14,3 2 50,0 2 50.0 0o 0
1itis
Infagtive 9 9,0 22 50,0 18 40,1 10 23,2 28 65.2 5 11,6
hepatitia
‘Amosbiaais 5 41.% 2 16,8 5 41,6 24 34,4 31 44,5 15 21,1
Bacillary 27 8.4 40 &2,4 28 29,5 27 10,3 45 50,5 17 19,2
dysentary :
Vorminfes— 68 40,0 10 50,0 2 10,0 & 50,0 3 37.8 1 12,5
tation .
Total 334 31,1 &M 40,1 308 78.8 245 33,84 290 40.06 1A9 26,




may be assigned to 1ts insufficient chlorination that
probably result in the occurrence of diseases caused

by them, Further deterioration of uwater quality may
also nccur during transit hptmnpn the place of produc-
tion snd the vanrs (Rossie, 19753 0'Cannor at al,

1975), Whether or not the present dosages of chlorine
are suFFiciPnt to kil) bhacteria or viruses is difficult
to explain as no further analysis of water reaching the-
consumnr is mads, Clarke and Kobler (1954) and Kelly
and %anderson (1957) nobserved that about 7 to 46 timas
more chlorine is required to i{inactivate coxsackie virus
as is required to destroy Esgherchia goli. The human
enteric viruses are shown to be meore resistant to
diainfection with chlorine than bacteria (Kenneth et al,
1980)., This may explain the occurrence of poliomyelitis
if children in industrial area of Bhopal.

In order to reduce the incidances of the water
borme diseases, not omly the distributory system be
properly protected and monitored properly (Biras and
Lambin, 1980), but also the water treatment processes
stiould be manipulated on the basis of seasonuise raw
water quality for which an ecologically designpd hydro=
logic programme is suggested (Belsare, 1982
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Technical Concept for the Rehabilitation of Accra City
Waste Collection System

Dr.Ing.Bidlingmaier,
Dipl.Ing.M. Kranert

University of Stuttgart

L4 e
Figure 1 shows the overall concept of AC’s rehabilitated
waste disposal system. In the evaluation of the most
suitable approach the following basic objectives were
taken into account :

- utilisation of existing plants and equipment

- minimisation of transport performances

- application of operationally secure and wear and
tear resistant technologies

- integration of the inhabitants into the pertinent

" activities to the greatest possible extent

- linkage of income levels and waste disposal fees
by the application of different disposal methods
(Figure 1).

For the latter purpose, wherever possible, Accra whs
divided into homogenous income level areas W1th corres-
pondingly chosen disposal techniques.
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1. Collection Systems

The concept comprises the following methods of refuse
collection ¢

- house-to-house collection
- collection at central points

- central container collection

-— collection at mini-composting plants
- nightsoil collection.
Thereby, house-to-house collection, accounting for 8 %
of the total refuse disposal in 1984, will reach 26 % in
1988; it will then cover 90 % of the high income areas
and 30 % of the middle income areas. Central container
collection, ac¢counting for 13 % of the total refuse
disposal in 1984, will account for 20 % by the end of

the project period and cover 30 % of the middle, and
20 % of the low income areas,

1.1 House-to-House Collection

High income areas and certain middle income areas are
best suited to this type of collection practice for in-
frastructural reasons. Moreover, particularly hich income
groups are expected to be able and to be prepared to pay
a comparatively high fee for this type of collection.

Refuse collection is suggested to take place every two
days. The size of dustbins should be uniform, i. e. of
30 - 35 1 volume. Their boxes are to be located outside
the premises’ borders so that may be emptied by the
scavenging labourers without difficulty and delay.

As already set forth in previous studies 1), ACC has a
series of vehicles at its disposal of different make and
age. Besides aide loaders of unsophisticated technique,
though with a rather high loading border (abt. 1.60 m),
most vehicles are compactors Daimler Benz 1621, model
1978, with Ochsner body. However, only four were operable

1) J. Ringeltaube: Report on the refuse and sewage
situation in Accara, Ghana, Dec., 1980/Jan. 1981
M. Bendick, ibid



at the date of 18§pection. In accordance with KfWw
recommendations these vehicles should be rehabi-
litated within an emergency program, whereby they
are expected to serve for another 5 years if ade-
quately maintained.

Each collec¢tion vehicle needs besides its driver,
three scavenging labourers. As far as the required
vehicles are concerned, assuming :

- 2 trips per working day

- 6 -t performance load

- 25 % outfall for repair

- 300 working days per year

their number is appraised as follows :

Table 1 Vehicles Reguired in House-to-House
Collection

Refuse (t/4) 1984 1985 1986 1987 1988

High Income Area 39.6 57.8 68.7 80.4 83.4

Middle Income Area - 17.1 36.7 59.1 63.2
Total : 39.6 74.9 105.5 139.5 146.6
No. of Vehicles

Required ) 5 9 13 18 19

This means that until 1985 incousively, the number of
vehicles reguired will not exceed the amount of DB Ochs-
ner compactor vehicles, at present at AC’s disposal.

2) . Kfw: Ghana, Millbeseitigung Accra, Projekt-
fithrungsbericht, 1981
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\
The advantage of this procedure ist obvious : with only
one vehicle type, the spare part stock and pertinent
costs will be comparatively low, Car mechanics must be
trained for only one type of vehicle.

Howaver, the available Glover and S.D. compactors, of

which three were operable at the time of inspection,
should serve as emergency vehicles.

1.2 Collection at Central Points

Two different performances are covered by this system,
i,e. the traditional central container collection, and,
as a new and growingly important component, refuse col-
lection at mini composting plants.

1.2.1 ¥ central Contaifner Collection

As Figure 1 shows, both middle and low income groups will
be attached to this collection gystem. They will take
their waste to the nearest publie container. Such contai-
ners are located at central, easily accessible places,
like public toilets, road crossings, bus stops, etc.

This systems is expe¢ted to reach its projected share in
refuse collection, i. e. 20 %, already in the third pro=-
ject year.

In the following, the serviceability of the existing 19 m3
(25 cu yds) containers will be evaluated. At a collection
interval of 3 days, the daily waste accrual would be ;:

19 m? s+ 3d = 6.3, m/4a
At a specific density of 0.5 kg/m’, this is :
6.3 x 0.5 ‘ = 3.16 t/4
Assuming 0.4 kg daily per caput refuse accrual N and an

average population density of 120 I/ha, the following
calculation may be set up :

261%9 = 7,920 I/container
7{250 = 66 ha/container

1) In order to simplify the calculation and in view of
the fact individual income levels in the areas con-
cerned are difficult to differentiate 0.4 kg are
assumed as overall average per caput refuse accrual.
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Assuming the 66 ha in the form of a circle, the inhabi-
tants’ distance from their domicile to the nearest con~
tainer would be 460 m as a maximum. However, this dis-
tance is considered too long. Prior investigations in
this field 2) showed that 300 m is the maximum distance
that an inhabitant may be expected to carry his refuse.
Under this assumpticn, a container would cover an area
of abt. 30 ha.

Therefore, containers of 10 m3 capacity would be suffi-
cient, since at the mentioned population density of
120 I/ha?, 3 day collection interval, and 0.4 kg daily

per caput refuse accrual, the exact calculation runs as
follows :

30 ha % 120 I/ha x 0.4 kg/I, d x 3 d = 4.32 t/4

or ) .
3 3

4.32 t/4 : 0.5 t/m = 8.62 m~/4.
In the longer run, the exgsting 19 m3 containers should,
thus, be replaced by 10 m~ containers. Besides their ade~-
quate capacity, they allow the use of smaller vehicles
of greater mobility. )

As far as the required vehicles are concerned, each of
which should have one driver and one scavenger, assuming

- 4 trips per day
- 25 % outfall for vehicle breakdowns
- 90 % container capacity utilisation,

their number ist calculated in Table 2. They cover the
removal of household-like hospital waste.

2) Dr. W. Bidlingmaier : Erneuerung der Abfallbesei-
tigung in Bhaktapur, GTZ~Studie 1982

3) In cases of higher population densities, the number
of central collection points might have to be increa-
sed.
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Table 2 Vehicles Required in Central Container
: Collection

1984 1985 1986 1987 1988

Refuse (m>/d) 123.6 164.8 211.6 224.2  237.2

10 m? Container 41 55 64 67 7
No. of Vehicles
Required 4 6 7 - 8 8

All in all, at the end of the project period, 71 10 m31

containers and 8 vehicles will be required.

1.2.2 Collection at Mini Composting Plants

As in the case of central container collection, the near-
by inhabitants deposit their refuse at these plants, but
instcad of being collected and transported to a central
landfil}l, the refuse is composted on site.

This system 1s intended to be introduced on a pilot ba-
sis in the first project year, to cover 13 % of the to-
tal refuse disposal in the second project year, and to
be continually extended to 44 % by the end of 1988.

The set-up of mini composting plants involves :

- transformation of the particular toilet into a VIP n
- fortification of the surface

- contruction of a workshop

- cultivation of hot-beds

- purchase of equipment (sieve, shovels, brooms, mats)

plus one container per plant.

1) ~ DY, W. Bidlingmaier : Waste Disposal ... ibid
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In the course of the project period 1984/88, 52 mini com=-
posting plants should be set up in all. The average daily-
refuse guantity that may be collected per plant amounts
to 1,700 kg. This corresponds to a total of 257 t/d4, i. e.
44 % of Accra's total disposal in 1988,

The reason why this system is intended to be extended to
the furthest possible extent is the number of advantages
it involves. The most important ones are the following :

Reduction of transport performance : _

The rotting process releases CO, whereby the compo-
sting material is reduced by ab%. 25 %. The compost
obtained after the second rotting amounts to 50 %
of the original refuse quantity. As this compost is
intended to be handed back to the refuse producers,
the residue that is finally to be transported to a
land£ill amounts to merly 30 % (77.2 t/d in 1988)
of the originally deposited refuse gquantity.

Basis for nearby plant cultivation R :

Plant beds of 40 cm with onwards may be set up by
the refuse producers around their nearby buildings
by means of the collected compost,

- Basides providing a more attractive environ=-
ment, the coverage of walls with plants repre-
sents a protection against heat, as plants ab-
sorb solar radiation and produce cooling ef-~
fects by evaporation. In fact, the heat in the
pertinent building may be reduced by 30 % (Fi-
gure 2).

- The turning of the leaves creates a convective

chimney between the walls and their plant cover.

The resulting draught improves the surrounding
"‘climatic atmosphere (Figure 2a).

- The plant cover acts as wind break (Figure 2b).

-— Plant covers reacting to sound waves by paral-
lel movements reflect the sound (up to 5 deci-
bel) and produce energy (Figure 2¢). -

- Plants produce oxygen,

1)

Doernach : Das Naturhaus 1982
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-— Plant covers serve as filters and absorb up
' to 70 $ of dust, whereby inherent bacteria
and viruseg are eliminated (Figure 2d).

-- Falling leaves become additional compost to the
' flower beds after a certain rotting time.

- Fruit or vegetable producing plants grown around
the building will provide the inhabitants with
additional nutrition.

All in all, besides representing a considerable relief
in the transport sector, this system will teach and mo-
tivate the refuse producers to usefully utilise their
waste.

As mentioned above, the residues at the mini composting

plants amount to 30 % of the deposited refuse and deve-
lop over the project period as shown in Table 3.

Table 3 Residue Accrual at Mini Composting Plants

Year
Plants/Res. 1984 1985 1986 1987 1988

No. of Plants/

= Cpntainérs 3 13 18 44 52

Compost Residues

(e/d) 201 19.6 41.4 65.7 77.2

Thus, 77.2 t/d will accrue as a total at the 25 mini
composting collection points. It is suggested that each
plant be provided with one c¢ontainer, - of the existing

19 m3 ones until 1986 and from then onwards, by 10 m3 con-
tainers - , for the disposal of the compost residues.
These ‘may be collected and replaced by the existing Sisu
contaider trucks, so that no additional vehicle will be
involved in the transport of the residues.
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1.3 Nightsoil Collection

Ag there are no prospects, even in the long run, that the
Accra sewerage system will experience an extension, more
stress has to be laid on the collection of nightsoil by
vihicles.

The necessary vehicle fleet for the removal of nightsoil
has been calculated on the assumption that the tipping
station will be closed immediately after the completion

of the first drying bed near the Central Composting Plant.
While septic tanks will be emptied by cesspool emptiers,
the contens of pan latrines will be transported by contai-
ner trucks and that of VIP-toilets by tipping trucks.

The transformation of public pan latrines inteo VIP toi-
lets and the construction of additional toilets of that
type ist uyrgently recommended, not only because much. of
their residues may be used in the production of compost,
but above all because their contents, compared to that of
pan latrines is reduced to less than one tenth (0.547 m3
per cagut and annum production in pan latrines against
0.04 m3 in VIP toilets).

The annual septic tank, latrine and VIP-toilet volumes
to be transported are shown in Table 3.

1.3.1 Septic Tank Collection

The volumes of septic tamk nightsoil between 1984 - 1988
(Table 4) are calculated on the basis of the population
forecasts and 0.3 1 nightsoil production per person and
day.

Table 4 Septic Tank Nightsoil Volumes by Income Area
1984 - 1988 (m3/d]

S8eptic Tanks 1984 1985 1986 1987 1988

High Income Area
(m3/d) 39.5 41.2 42,9 ‘ 44.; 46.3

Middle Income Area :
(m3/d) 47.6 51.3 55.2 59.1 63.2

Total (m3/d) 87.1 92.5  98.1 103.3 109.5
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At the time of on-site inspection ACC’s cesspool emptier
vehicle park consisted of two old Albion lorries and six
brand new vehicles, delivered by Leyland in January/Few
bruary 1983.

To each cesspool emptier, one driver and 2 conservancy
labourers should be assigned. As far as the available
cesspool emptiers’ transport capacity is concerned, at

- four trips per day
- 6,840 1 (1,500 gallons) capacity

- 90 § capacity utilisation

it is calculated as follows :

3

4x6.85m> x 0.9 =  25m°

ﬁer day and vehicle.

The transportable nightsoil guantity of 200 m3/day axcea~
ding by far the quantity subject to being transported,
even in 1988.

1.3.2 Pan Latrine Collection

The volume of pan latrine contents between 1984 and 1988
(Table 5) 1is calculated on the bagis of the population
forecast and 1.5 1 nightsoil production per caput and
day.

Table 5 Pan Latrine Nightsoil Volumes
by Income Area 1984 -~ 1988 (m~/d)

Latrines 1984 1985 1986 1987 1988
Middle Income Area

eyt 60 64 69 74 . 79
Loy Income Area 229 361 379 379 415

(m3/4)

Total (m3/d) 289 425 448 471 494
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As far as the required vehicles are concerned, they
should be of the same type as those assigned to central
container collection and, besides one driver, be accom-
panied by 5 conservancy labourers. Assuming

.- 4 trips per day

- 25 % outfall for vehicle breakdowns.

- 90 % capacity utilisation,

their required number would rise from 10 in 1984 to 17 in
1988,

Table 6 Number of Vehicles Required at 1-Shift Operation

L

Year 1984 1985 1986 1987 1988

Number of ‘Vehicles 10 18 16 16 17

However, the project manager should make every effort to
introduce a system of two B8-hours shifts/day, whereby the
number of vehicles reguired would be reduced as indicated
in (Table 7) with a respectively increased number of per-
sonnel. In this case, nightsoil would have to be removed
not only during the night as was the case at the time of
on-site inspection, but also during the day.

Talbe 7 Number of Vehicles Required at 2-Shift Operation
and container needs

Year 1984 1985 1986 1987 1988

Vehicles 5 7 8 8 9

Containers 40 60 62 © 65 69
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1.3.3 VIP-Toilet Residues

In view of the mentioned volume reduction at VIP latri-
nes and the accruing comparatively small guantities of
residues, the assignment of 1 tipping truck until 1986
and 2 tipping trucks thereafter is considered adequate.

1.3.4 Nightsoll Disposal with Regard to Geological
Characteristics and Water Supply

The upper geological layers in Accra consigt mainly of
clay, shale and sandstone. Both layers, even the clay
shale, are pervious to water. Nevertheless, the city’s
water supply 1s not jeopardized by possibly nightsoil
polluted groundwater, since it has no water sources of
its own but is supplied from sources located in the
North and Northwest of the capital. The groundwater cur-
rent itself flows towards the sea on account of the na-
tural inclination of the Accra hinterland area towards
the beach.
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ABSTRACT

The land dispogal method of chemical waste disposal is
becoming more widely practiced as oneadternative to
convent%onal or un-accegtable technig @s. ZBach
chemical waste has to be considered and evaluated on
an individual basis on account of their diverse
chemieal and physical nature. Variousisrcues are to be
considered regarding (1) planning anl programming of
investment (2? operation and maintenance (3) manpower
development (4) financial soundness (5) the need for
an appropriate user interface (6, administrative
improvements. The group of industries or each iz jor
industry should form a single unit. Such groups or
units muy be given technical and financial assistance
through nationwide institutions.

A comprehensive study of land cultivat-
ion practicesis necessary. Documentation of the
curcrent use of land cultivation method und projection
of [uture use is rocommended. It is imperative to
identify waste types amenable fo: dispossl by soil
incerioritions. This shall also inelude identificotien
0. site Jurdign an operational consideraticrn: . Evala-
uation of actual or potential impacts from soil
incorporation activitles is alsoc necessary. It is
necessary to have a coneceptual design for a land
cultivation disposal site and estimation of costs to
implement anl operate a site with information and
analysis of hazard elements ¢f pollutants.
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Criteris.iimits for metnls in water are recommended both
on health and mesthetic considerations. The samrle sur-
veys hive indieste? th.t residents especially children
were cuflerins from respiratory diseses ciused due to
chznienl dischrrre anlafiluents., There wos noticed dis-
ecses of luns cancer anil tubercloses ailments.

air Pollutions

The extent of air pollution from chemical industires vas
noted na found to be in ulerming proportions e below:

1 Sztation Heoun valuc Cuspended rorticulale
Ko, : QfS02 micropms /Cuvmmatter i erorms/Cu.n.
1. Ahlmadabad 1C.6 .
b: fbmadabad b PP 308:8
&. Crlcutta 2.88 340.7
. New Deihi F1 43 601.1
5. Hyderabad .6 _ 146.2
6. Jaipur .15 S 14641
7. Kanpur 15.97 543.5
8, Madras - 8.38 100:.9
e 7.71 261.6

Nagvur

Calcutta was found to be the worst affected followed by
Bombay. The disporal of wvattes led to contamination of
rivers =znd lakes, mainly aftecting fish life and adquatic
flore and fauna. The inorpanie chemicals substiances were
toxic to fish and humen being. They created complex
rroblems.

Lead,

Very heavy concentrations were rceorded. The pollution wvas
high in monsoon ccason due to high source emissions and
favourable metrological coulitions. A <rop in lead concen-
tration wac found Trom morning to evening at igra. This
was Jdue to the wvind shiit from morning to evening. The
purticulites and tracy clomonts were found to deevcare from
Jlow to high elevoetions due fo hiphwlile. Lead bolng heavy,
matal retilnd down guiekly. This was evident from
observaticnz token at a holeht of 4 metres, 50,80 and

150 metres. also it was found that a qualitative anulysils

CHATURVEDI



by AiF techniy: indicated the ap:ence o lead at nirker
aliitudes, Uigh obetaeles iike hirh risc buildino
mravented Lliz poliuticn.

802 lovels.

The 80, lecvels vere found mazimue: during pre-mon
coon season and relativelow low in winter cecson. Thie
resiience time of 502 in pre-monsoon, moncoon, post
uonsoon and winter ceacons wag calculated, Thé g oler
502 levels in pro-monsoon season vw.s due to longer
12 6T of £02 in this scason, The indexefl mir-poliution
potential for the Waini iniustriel complex wae obzesved
hiyh in pre-monsoon season which did not favour the
dilution of tle pollutents and it was thceouce for
reluotively hipher £02 level at «ll the sanpling

oints which were in the downward lirection irom the
ndustrial zone. Generally in morwoon ceuson tie

oilution coucentration was lesy AT . b
Eeaéon, %cgaﬁge t%?t%ﬁé uash%ut o?oéﬂér§31§3t§5%efrom
the atmosphere due to frequent showers. Cuepricingly
the £02 concentration in monsoon sezson wos observed
considerably hirh at ew Delhi also. This was explai-
ned by the Tact that during roin, smoke being pressed
down and spread in thc near pround layer, and on the
other hend it alse donended on the pll of "the (allin:
precinitation, since the zbsorption of ©02 in a zour
subctance was found to e minimun. In the vost llone
soon seasons, an hirher 02 level was observed at
Al dabad %gmg/m ) and relotively lover level at

).

Pune ( 45 g/M The traffic corners roceived hipher
levels of 502,

Pulp Wastes:

Prehydrolysate Ligor (PIL) and nrehydrolysate wash
(PIW) penerated during the prehydrolycis cture were
found to be hipgh pollutant wastes. They coatribuwed
about 9% ol the total 130 D level. These wastes
charucteristic were found to be acidic in natwre, pi
range for PUC and PIW being 2.50-3.75 and 2,70=3.50
respectively. The average BoD and COU for PIHL were
50 200 and 80500 mgélitre respectively. The corres-
ponding values for PIM being 16000 and 28,000 mg/lit.
GOD and BOD were mainly contributed by carbohy’rates
present in the waste. Both PHL and PHW contained
nitrogen and phosphorous. However, their levels were
inadequate for biological treatment.



Digesters.

Open ar anercbiec digesters ( 1.5 litre copzeity, in
dupliente a2fter proper ceeding and adegite acclagnatica-
"tion were maintained at a DOD level of 1.6 mz/m3/day
wnich was found to be optimum. The uncter minture
being acidiec was neutralired to pH 7.¢C by using 102
1ime slurry ( w/v) and the supervatant, after cettling
for one hour was fed to the system. IJltroren and phos-
phorous were supplemented in the vorm of (MNIl)iIp Oy
to achievef BOD : I:P of 1C. : 25 0,5, This fatio
was found to achizve exccellent BOD reduction.

Equipment:

A wide variety of equipment was utiliced for land cultd
-vation of chemical cluifes. The type of equimient
selected doponded on the waste= charccte ir Lic: opd with
con bondnte dapored by resulotigac. Toank truehs and
ymgont of verious sizes ( 4-20m3) were most often uced
. for wuocte cpreadin, yviscous sludpec ol petroleum refi-
ning industry at Barauni en’ Matiuaro wero ol'te. rnrowd
with on seretimovin: 17nde,.  delmtive Low sond

content (lesr then & pereznt sludper) were rpread by
spray  irrigation cnd ove load {Tov. Cubsur.cee injize
~tion equin.cnt wor used to apply o vi.oicty ol olulre
types. Thic methodt wos rore costiy thr: ulter: tives
anc wes o wsaer oney vherc o cluwlpe war osorou. , noxious
or higlly votable or if required by regralaticn.

Personnel

The nunbers and types of personmel reoui. d at'a
land cultivotion cite were a function of Lhe quantity
of thz wacte input. A minimm of one sWiilod equion-
nent onerator was employ d at a site. Ior snall cceale
onerations, one percon was able to periorm all n corse
aky duclec. However, because of the snicty conridera=
tions, it became nccecsary to employ two or thve per-
cons at the site, In this way, help was inmcdiately
avoilable il zectlent occurred.

Worte Storage

Lani cultivetion was ctronpgly affceted Ly local climate.
ifield operations were usually curtailed durin;; nonsoon
when the solls vere e:cesnively wet, with the wacte
stored for applicstion unuer nore fAvourable coln'itions.
In addition, storape, was nocessary during tie off
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season or vhen an equipment break down occurred. The
best location rfor wacte storare [acilitier occuwrred opd
varied with the opefator at the land cultivotion zite,
Where the cite was ownedand operated by a disposal
contractor, storage {acilitles were normuliy proviied
at cite. Where the cite was qwned/lented by tie yncte
rencrviar, ctorage was provided elther ot the disporcal
or the pgeneration site. The silte of storage iacilities
location was generally affected by transportation wnd
public ceéceptance concileration. Storn e at the penero-
tion cite made tranuportation relatively indepondent of
waste water generation fluctuatibn but mcde waste app-
lication depéndent on the transportation from the
storage fecility. Public acceptance ol storage tenks
or lagoons at the jeneration site was fovoured more
often than at the application cite.

Site sclections

Criterin were laid ?own for site celection.  The cite -
ececs depdnded on \1) existing trafliic density

?23 Road alignment and grades t3) road weight limito-
tions (&) neiphbourhood character (5) population

density, residen 1, dndustrial ete.

The land use status wos determined by (1) existing wse
and adjacent propert¥(2) zoning requircmints (3)Loca-
tion of utilities (4) potential uses after site closure.

Site Conditions:

The site conditions perceived depended on (1)S0IL
Cultivation potential (2) Potential for <ust generaztion
{3)topopraphy, specially susceptibility to erosion and
presence of standing water. Upland flat ond terrace,
upland crest and valleyside and {leod plrim 1 Lina
forms were roneraliy recommended ?h) ub-curfoce
hydrology including depth to ground water directions of
ground water flow and water quality churccterirtiec.
The climatke considerations were (1) temperature

(2) prevailing winds (3) percipitaticn (L) affect on

- wastapge storage requiremnats, The waste disporal
economice considered (1) Site characteristics such as
topography, soil conditions, screening or fencing
requiracm s (2) distunce from woste generators.

Site Designs

The site conceptual desipn was a synthesis of the date
obtained from cite study investigations and related



back g,round information. The conceptual derign uucd was
intended as a plc.rming tool and information vehicle
for considerztion of lund cultivation as a dispocal
alternative, The basie unantgemont objective acrmed
was the application of waste materidls to the soil

. S0 that the coil could asrimilate the waster and to

conyrdn the weoter ind potentially armful by-

procucts on the site.

Site Oneration.

The site was operated commercially and not by the

waste producer. Wastes froa more than one rource vae

specte . It 1o dmportont Lhwet b eborjerl conposi-
tion of all input wastes streems be analysed and
evaluated to encwre thav thay vere safely mixed, both
in storape lagoons and in the soil. An additioral
assumption was that that transport of slud;e to the
«ite wos not part of site costs, it iec an TXpense
itaz borne by waste bonerator. 'The State in which
the dispocal. site 1s located does not have specilic
reéprulations pertainin% te land cultivation disporal.
Waste and site churacter.:-tics assumed were forg

A. Nas te Cheracteris ties (1) P? rtially hesczdous
inhe o eie weues £oulre 23 Five perc.crxt solids
as dl» po.aed (3) did not include dome'-" tic sewage

(I+) generation rates of 1,000, 2,000 and 4 OOO dry
tons ( 1100,220C and '¥:(0 "tond) pm year az vercent
SolihS.

B. Site characteristice (1) Scope from 1 to 3 p cnt,
avers ELHL % (2) uilt‘/‘ loan toil at least 1.3m ( ft.)
deep (3) Soils were moderately well drodmd w:.Lh a
moisture holding capacity of epproximately (%)
average preipiltation of upproximf'tely' 100 em ( 40 dn)
ver year (5) At lcast 4.5 m. (15 ft) to ground watar.
C. Lprliention Dote- 113 v Lons/hn ( U0 ters/enre)
PCT 0L

2. Jite Monitoring (1) 8ix water samples taken quar=-
terly, 2 uu.rru::c water samples and fouri ground water
samples (2 Two soil saaples taken annuaul*r- one

gurface 0 to 0 cm. { O to 12_1in) devth or withi
{flow layer. Une sub-"urface 30 %o 60 em. ( 12 to 2% 1in)

depth or (3) ten wate.: quality parameters measured in
@ach sample.

Designé  The conceptual design included a lagoon for
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the interim ctorage of sludge. Sludge uelivery vehi-
cles discharped into the lagoon, from which waste was
talken bK cite equinment for subsequent cultivation to
keap delivery trucks off unpaved 2reas of tie cite.

The site_ included a paved access road to o sludge
Lo LIe 1agoon.

 Monitoring:

The number of well required to adequately monitor
groundvater at the site depended on the couplexity of
the :ub=-surlzce hydrology. Your wells were specified
at Almodabad Chemical Complex. Two wells were located
at tlie upctream.boundary of the site to cotoblish
backpground water gquality. Two well:s were located
downs tream from the site to establish the dictribution
and impact of localiced contamination ¢n water qualit;
in the wgquifer. Hore wells would bedosirable but
cost conzilderations usually indicated that a plan
could be enuured to dovelop most effectual coverare
with the least number of wells.

’ '
Soil Projromne:

The sugpested soil progsromnm c .
soil sampfgéeeach agl%hérohtgm3gcgn?a%l%g %gk%gy.to
and 30 to 60 Cm. (12 to 2% in). depths prior to the'
first waste apnlication and at quarterly apnlications
thereafter. The somples of each denth were composi-
ted vprocesced and analysed, Date for the soils vhich
have' rrezived waste were compared with the rcesuw.iz for
the controls, samples obtained prior to .irst waste
applleations. This comparision indicated any accu-
mulation and the extent of vertical migration of

waste constituents, heavy metals beyond tlhe flow
layer.

.

Operation Costs:

In addition to capital related annual costs
actual cocts of site application included thoce
for labour, fuel and equipment maintenance utilitieco,
clite muintenonce and security, wmonitoring: tueowdlog
sirple analysic, lond cul tividion i o Llind 11'1t.(:nr‘.§vn
activity ot'ten requiring concilderable sitepreopapn-—
tioiu. . y'l'ln: cupitil coideo cun:‘:t’l{u!l;c the Eml'}::;%
portion ol L Lotal annanl conta ol Lhls des i
Dlepor cob o weee o Latper Lo e 1,0 recover bt el
el oteroL e o oo e oy

'
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Analysis:s

A1l wastes ghould be routinely analyscd before
and suring land cultivation operctions to ancure tiat
an accwrate record 01’spnlied wmaterial ic develope:d,
Potentivlly .eleterious incompatible waste was
not accepted for dispos al As Tor land u1.po:41 faei-
itice, a site for land cultivation should be enre=-
xully :elocted to afford waxinuy ionvirongqntal nroicce
tion. An enginecred design for o land cuitivition
cite should be ﬂrepareg to cnsure provicion i pronar
configpuration of run oriy facilitied, personsel salely
features and equirment meintenance cheds. 4 op.eilic
cchedu e tfor waste receipt, spreading, mizing, rewi:i:g
nonitoring and trouble chooting Hhouli Le devolon:
and folloVied as an inte;ral part oi land cuitiva t101
operations. A nonitorln; progroamile ic eszcenwial.
doutine coll monitoring vherein scurface and cub-cur-
face roiln are anelysed tor prosence of waste,
Constituents gan detect any n vemont of ntunLn"ﬂt“
towsres groundwater, Air bon torlng g 8 Necessary .

Regulations:

sxisting regulations eall for consi.ertion of

nlannod land cultivation projects on a project by
rroject basis. However, with inereasing ute oi this
disposal method z2nd in light o) new poliution contrel

riteria that inelude coverage of land ewltivotion
nr“ctlceg, specific repulaticons may he implenrnted.
Land eultivation war viable only vhere coil cliaate
waste elhinracturicties, permitted. The clvnieal inlus-
trices :hould obtoin- techinicezlly and cconouically
sound projoets from warte nrevenvion ol control
Donrdsvherever r.cescary. Some (octorzl alinngse may we
conzligred to induee butter mongomient nne “rouote
achicvement of objeetives.

doapra Undt.

In 2 chenieal wunit at Arrz, the mill was equipned
withadequate chemicol recovery oSyvten.  Llaci Liquer
(spint liquor) was concentroiod in wutiiple oilcet
evanorator: and incinerated alon-withcome fro h sodium
sulpiilde . Sulphate got reduced to culvhide in the
furnunce cnd the cpmelt containing sodiuwn carbonate
end sulphide was disszelved in water vid the -reen
liquor obt=ii.?! wor consticised with 1dime to oxidise
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Carbonate to hydroxide. The white Tigquor obtuincd was
used again in the digesters along with frosh raw matew
rials for cooking. &h sludre gcenerates from the
recrurLvieizing plant was collected and enreizd avay for
dispogal,.

Conclusion

The main obotngle %n effluent disposal fr%m hemical
industries is the high cost of development. It is

necessary to promote tht woe of bw . Ltelmxiar ~Mieh
are labour intensive and the joint manufacture of equi-
pment with other countries. t is further necessarg

imm a _ . Amew
T O o e Ba S PR oL 450 BT B SRy T e vork
absorb and bencfit fully from the modern technologies.
It is necesrary to start plamming for the drcade at the
earliest possibie time., The YWnouiedre remuiremcntc of
the cromical enpinceering is inereasing very fast., Lven
the boet modern institutions in the world arc findin- it
difficult to keep up with these renuiremontr. In Indian
contoxt the problem i more serious, finee tne gap hat-
ween Lhe academie institutions onue industries is very
wi‘e, Tihe knowled e ol professional cnginecers can be
upcated with continuing cducation courses, ruture en-
gincering educaticn must ascume the responsibility of
applying hnovlicoare to neods of the time. MNetrrine and
mensurononts are dmportont. The ehomieal inductri.oo
dump their waste bye-products outside of thuir [uctorice.
There chould be rizid control on that. Prorer roculer
elzoninge of there ir very eorrentint, A oysics noy be ing
talizw in o Tow el cted industrial townehips wnd sui-
tible direrter of vorious sizes be inctolled and onera-
tional ;uidelines Le framed.
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INTRODUCTICN ‘ .

This paper is an overview of recent developments in pollution
control technology for the pulp and paper industry.

' It describes some of the "internal measures" developed for '
the reduction and/or elimination of the waste before they are
sent to the extermal treatment systam.

The Low-or non-pollution technology has been the result of
costly, classical external waste treatment in this industry. It is
simply management of waste at source, reducing or eliminating the
waste, through process or operation modification before or after it
is generated.

Following is a brief sumary of these developments.



f
I. PULP PRODUCTION PROCESSES .

. Sulphite Pulomg, Sovrces of Discharge and Abatement Methods

Pollutants : -

Spent ligquer, condensates, bleach plant effluents and accidental
discharyes are the most important water pollutants from sulphite
pulping. Most of the air rollution from sulphite mills is caused by
sulphur dioxide, which is released in digesters, washing equipment,
the evacoration plant and from the combustion of spent liquors.

Pullution load :

Table below exemplifies the discharges of organic substances fram
acid suphite pulping and NSSC-mulping of different raw materials
excluding bleaching effluents :

s BpD7 CoD
Raw Material Process Yield % Kappa No, kg/t Y/t
Wheat Straw NssC 48-49 18.20 280 1380
Bucalyptus ASID 49 12 300 1300
Birch NS5C 80 - 120 280
Spruce ASID 31 35 300 1200
Spruce ASID - 60 - 180 800

Abatement Methods :

The main measures which can be adonted to reduce the environmental
impact from sulphite pulp mills are :

- Evaporation and burning of the sment licpor. Collection of spills
and cordensates.

- Installation of scrubbers to reduce the S0z-emission.

- Changeover franm caleium to magnesium or sodium base to make recovery
of 50 possible.

- Installation of sufficient capacity for storage and spill collection
systems to avoid accidental discharges.

- Installation of oxygen bleaching fram which the effluant can be
returned to the recovery system.

The introduction of oxygen bleaching in the bleaching sequence means
that the mart of the effluent not containing chlorine campounds can
ke returned to the chemical recovery system. Hence the discharge of
organic substances is reduced by 50% and the colour is reduced by 70 per
cent comaared with converrtional bleaching in five stages. After oxygen
delignification, a further reduction of the effluent load can be
achieved bv using chlorine dioxide instead of chlorine in the final
bleaching stage. Oxygen bleaching also reduces the production of
chlorinated campounds which are highly toxic to aquatic life.
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When oxygen. bleaching is introduced, with recovery of the c¢heracals
and dissolved substances from this stage (85 per cent recovery), the
BOD7 from the bleach plant can be reduced from 15 to 6 kg/t of pulp.

It is also possible to reduce the discharges from the bleach plant
by changing the bleaching sequence from CEHD to ECHD and recycling the
E-stage effluent to the recovery system. In this case an efficient
washing stage must be installed after the E-stage to maximize the recover
of dissolved solids and keen the recvecled volume low. ’

The main discharge from the evaroration vlant is contaminated
condeng ates. Major pollutants are acetic acid, methand and furfural together
with dry matter in the spent liquor carried over to the condensates. The
loss of dry matter by carry over can be as high as 5-10 kg/t of pulp.
This loss can be reduced by the installation of larger separators, which
reduce the vapour velocity, or by the insertion of specially designed
baffles in the separator or in the vapour line.

Several methods have been developed to reduce the mollution fram the
condensates :

- Re~use of contaminated condensates as washing liquid or for acid
preparation.

- Neutralization of the liquor prior to evaporation. -
- Purification of condensates by stripping with steam,

The flue gases from the combustion of sulphite liquors contain
particulates as well as gaseous pollutants. The chemical recovery systems
used for magnesiumbased and sodium based liquors are normally very
efficient in reducing the discharges. In the case of calcium based liquors,
the chemicals can not be recovered hut treatment of the flue gases is
recraired.

The purification of the flue gages from particulate matter is carried
out either in mechanical dust separators, in electrostatic precipitators
or in wet separators. In the later one the sulfur dioxide is also
adsorbed to same extent. The removal efficiency of particulates in calcium=
based mills is 75~8% per cent and the residual discharge corresponds to
10-25 kg/t of pulp. In magnesium-based and sodium-based mills, the
particulate matter is recovered as the flue gases pass through the recovery
system and the residual discharge of the dust amounts to 1 kg/t of pulp.

The 502- emission fram acid sulphite processes varies between 1 and 50
kg/t of pulp. For bisulhite and NSSC processes the SOp-emission is normally
lower than 2 kg/t of pulp. In calciumbased mills there is normally no
S02 removal fram the spent liquor burning which gives an 507 emission of
abouth 80kg/t of pulp. For mills with soluble saseg (Magnesium or scdium)
most of the 502 is recovered and used for the preparation of new corking
liquor. The emission can be kept as low as 10-15 kg 502/t of pulp from
magnesium-based mills. Because of the solubility of sodium carpouni it
easier to maintain a low emigsion with a sodium base. The emission .y b
as low as 5-8 kg/t of pulp.

e NEI-



In summary, pollution abatenent practires and measures to be taken in
the sulphite pulp production operation can be outlined as below:

A switch from calcium to magnesium-base requires a more efficient
pulp washing technique, such as filter washers. The main investment. is the
recovery boiler and the MgO recovery system. The MyO recovery system
eliminates the need for a flue gas scrubber.

Water pollution from the wet debarking can be almost eliminated by
installation of dry debarking drums.

When oxygen bleaching is introduced into the bleaching sequence, the
effluents from this part of the bleach plant can be returned to the
chemical recovery system.

A great part of the accidental discharges can be avoided by a proper
design of the liquor system in the mill, including storage tanks, sewer
canals ete. This will cause additional costs, which, however, can be
reduced if the measures are planned in connection with major rebuilding
of the mill, as for instance in the switchover from calcium to magnesium
base.

L]

Kraft Pulp Production, Sources of Discharge and Abatement Methods :
Pollutants :

Discharge of spent ligours, condensates, bleach plant effluents and
accidental discharges are the major sources of dissolved organic
material in the effluent. From the fibre line, discharge of subpended
solids in the form of fibres occurs from the washing and screening
departments. Inorganic compounds (salts in solid form) are discharged from
the recovery section.

The main air pollution from sulphate mills is caused by hydrogen
sulphide, methyl mercaptan, methyl sulphide, dimethyl sulphide and S0p
gases which are released in digesters, washing equipment, evaporation
plant, recovery boiler and lime kiln. There are also particulate emissions
from the recovery and‘xk}_ark boilers and fram the lime kiln.

Pollution Load :

Spent black liquor which results after the cooking operation is the
major source of water pollution in Kraft pulping process. It is however
processed for recovery of the chemicals, only that portion of the spent
liguor which is accidentaly discharged causes water pollution. It is
highly to}ic and also contain arourd 300 kg BOD7 and 1300 kg. COD per ton
of pulp produced.

The non-condensable gases released fram the digester contain
compounds which causes the typical smell of Kraft pulp mills.



Abatement Methods

- Treatment of blow and turpentine condensates before discharge to the
recipient. Two alternatives are possible, i.e. internal treatment in
a stripping column or external treatment. If the condensates are
treated in a stripping ¢colum they may be re-used in the nrocess.

- In a stripping colum, Heavily polluted evaporation and blow condensates
are freed from 75-95 per cent of the oxvgen—consuming compounds and
98-100 per cent of the malodorous gases. External treatment of conden-
sates in anaerated lagoon removes most of the BOD, malodorous - :
compounds and terpenes from the condensate.,

Collection of non-condensable gases. The gases are sent to the lime
kiln, a bark boiler or to a special incinerator for burning, thereby
converting the malodorous sulphur compounds to sulphur dioxide.

- Imroved washing and closure of screening. Improved washing results in
not ory roduced effluent but also increases the chemical recovery and
reduces demand for make-up chemicals. Figures given below show the
importance of washing efficiency of cooked chips :

The influence of the washing efficiency on the BOD
and COD discharge(originating from blac liquor)
in chemical sulvhate nulning of eucalyptus

Washing BODy CoD Remarks

efficienc, -+ kg/t kg/t

[+] . 270 i 1190 No recovery

85 40 175 In screening effluent
95 15 60 " " "

99 . 3 . 12 " " "

To improve the washing efficiency, the amount of washing liquid can be
increased, the nurber of wasm‘,‘ng stages can be increased or more
efficient washing equipment can.be used.

From open washing equipment, emission of moist air containing maloderous
sulphur conpounds occurs. The equimment should include hoods and
ventilators to aollect the gases and lead tham to, a scrubbing stage,

When a new mill is being designed the washing eguipment should also be
evaluated in terms of environmental recuirements.

- Use of bleaching chemicals which cause lower pollution load. In this
context, an oxygen bleaching stage is recommended to replace the
chlorination stage of the conventiaonal bleaching sequence,

- A bleach plant-equipped with an oxygen bleaching stage normally requires
a higher invesment than a conventional bleach plant. But using oxygen
kleaching reduces the number of bleaching stages necessary to reach a
certain pulp quality and hence reduces the difference in investment cost.

COSKUNER
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Besides oxygen, bleaching chemicals which produce o lower poilution 1oad
are peroxides and chlorine dioxide.

Condensate re-ugse and treatment.

Same of the oxygen-consuming substances in the black liquor are volatile
and flash to combine with the condensate when the cook is blown, or
when the liquor is evapored Thus the cambined condensates fram

cooking and evaporation contain from 10-15 kg/t BOD7 (grasses and
softwoods) up to 20 kg/t (hardwoods) .

The most efficient way of reducing the BOD discharge of condensates is
a combination of re-use-recycle and treatment bybstripping. The best
method is to use the clean condensates in the borwn stock washing.
Medium contaminated condensates are brought to the causticizing system
and heavily contaminated condensates are stripped to remove BOD and '
malodorous substances, By this method, the total BOD fram the
condensates can be reduced by up to 70-80 per cent. This requires an
investment in piping, tanks and pamps to recycle condensate and also in
a stripping columi. The stripping medium may either be liquor steam or
live steam.

Prevention of accidental discharges.

studies have indicated that up to 70 per cent of the total discharge
to water is due to accidental discharges. This is true for all types
of pulp and vaper mills. Accidental discharges are caused by various
malfunctions, . Some of the accidental discharges are characterized
by a high BOD-value {(e.q. losses from the balck liguor side of the
recovery systamn) while others have a high content of fibres.

The major aim of the industry in waste management should therefore

be the prevention of accidental discharges. This requires process/
production control and buffer tarks with sufficient capacity. Preventive
maintenance is also important.

Alr pollution prevention at source.

In the sulphate pulping process and recovery of chemicals the main air
pollutants are malodorous organic sulphur campounds formed during the
cook, and also sulphur dioxide, hydrogen sulphide and particulate
mattey emitted from the recovery boiler, from the lime kiln and fram
the causticizing area. To minimize the emission of malodorous compounds
the gases emitted from the cooking, washing, evaporation, tall oil and
soap plants should be collected and oxidized by kuming in a special
furnace or in the lime kiln,

The emission of hydrogen sulphide (H2S) fram the recovery boiler can be
kept at a very low level (5 ppm) by maintaining & controlled excess

of air to the beoiler. The amount of carbon monoxide (Q0) in the flue gas
has proved to be a reliable indicator of the air supply and burning
conditions in the furnace and can also be measured, It i§ therefore
often used as a tool to control the HyS emissioni



The ratio of sulphur to sodium in the balck linguor, the dry content
of the liquor and the chemical balances deteyrmine the primary emission
of sulphur dioxide and particulate matter from the recovery boiler. At
high dry solids of the liquor and at low sulphur to sodium ratios

‘- nearly all gaseous sulphur campounds primarily emitted will react to

sodium salts within the recovery furnace. Increasing the sulphur /sodium
ratio will lead to increasing discharges of sulphur dioxide.

Waste-Paper Pulp Production

Waste paper is an important raw material for the production of many
grades of paper. The greater part of waste paper is treated mechanically.
De-inking with chemicals is required for certain paper grades e.d.
newsprint and tissue. The nost camon de-inking methods are washing and
flotation de-inking, of which flotation de-inking is the one most
frequently used.

Pollutants : : )
The environmental impact from the waste-paper system is caused by:

« emission of polluted waste water (BOD,COD, fibres)
- reject and sludge from the system.

There are normally ne: air quality problems comnected with secondary
filire systems.

Pollution load :

Table below shows some figqures on the fresh water consumption and
discharge of organic gsubstances from different waste~paper recovery
system.

Examples of fresh water consumption, BPOD, COD and $.5. in
secondary fibre processing according to different processes

Fresh water BOD7.kg/t COD, kg/t
Process consumption dissolved dissolved i . it
w3/t material material 9
Mechanical
treatment 1 . 15 40 50
De-inking by
flotation 10 25 55 150
De~inking by '

washing 90 30 65 150

COSKUNER
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Abatement Methods @

The best method for pollution abatement in the secondary fibre
processing is to chose the right process with less environmental

Cimpact. As it can be seen fram the above table, mechanical treatment

should be rnreferred over the other processes where high quality

'grades,of paper are not required. In newsprint and tissue productz.on

however, flotation method should be considered.

The discharge to water can further be reduced by internal measures
by closing of the white water system and thus reducing fresh water
consumption, gpill collection should always be practiced.

PAPER MAKING
Pollutants :

The discharges consist of dissolved organic.and inorganic
substances and solids such as fibres and fillers. The BOD discharge
from papermaking is much lower than that of pulp making operation
(below 10 kg/tomne of paper) .

Abatement Methods

Reduction of the environmental im{mct/%%gr mills is achieved
through a combination of internal and external measures. It is important
that these measures along with environmental implication should
carefully studied an optimized to achieve the required efflumt load
level at the lowest cost.

The best and the most econamical method to minimize pollution
from papermaking operation is internal measures for system closure.
Following practices should be considered : .

- water balance and control in pulp, broke and white water systems
= re-use of white water

- fibre and filler recovery

- reduced fresh water consumption in the shower water system

- reduced fresh water consumption in the sealing water system.

- geparation of contaminated and uncontaminated water by separate sewer
systams and re-use of each portion in the over all process

- system for collection of accidental dischurges.
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Proper design of the central white water system and the pulp/broke
system is essential to avoid discharges from the paper mill. The
fiqure shown below demonstrates a well balanced pulp and white
water system,

ST0CK PREP.
o

=R BRCKE THICKENER

o 1 O _j“"'"""'“' ——
1 1

e ——

FGR DAUTICN
CROMUTICN :
~— pURPOSES: "
WATER
EXCESS Eﬂrsu A® S :
T0 CLARI-
FICATICN

Well Balanced Pulp and White Water System.
Requirements to achieve a balanced central white water system are:

- storage capacity for white water corresponding to the storage
capacity for pulp

- control of the white water quantity in the storage tanks so that
it corresponds to the variations in the pulp towers (especially in
the broke tower) .

~ addition of fresh water in one position only

- discharge of excess white water from one position only.

Fresh water is used for the following purposes in a paper mill:

a) ' boller feed watexr

b) cooling water

<) sealing water in pumps, agitators, refiners etc.

ad) cleaning of felts and vires ’

e) transportation of raw materials and waste products.

In most cases, fresh water is necegsary only in position a) and d).

COSKUNER
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To reduce the frosh water consumption, the contaminated water
should bu used in positions where fresh water is not required and the
uncontaminated water schould be sent directly to the fresh water tank.

In sumary, with well balanced central white water system and
effectiwe system closure without degrading paper quality, it is possible
to decrease the fresh water intake to a level of 5-10 m3/ton of pulp.
Also reduced losses of fibres and fillers, reduced erergy cost and
reduced investment and operational costs for the external treatment
plant are achieved Table below demonstrates this.

Cage Before _After
Effluent, Solids Effluent, Solids
m/t  S.8. m3/t $.8.
ky/t : kg/t

A.Kraft paper

100 t/4 72 43 17 6
B.Tissue/writing/

karft, 100 t/4 33 11 . 23 8
REFERENCES
1. Rydholm, S,

Pulping processes, Interscience Publighers, N.Y. 1965

2. W/EAO .
Guide for planning pulp and paper enterprises, 1973

3. CECD

Advanced pollution Abatement technology in the pulp and paper
industry, 1972

4. INEP
Envirenmental management in the pulp and paper industry, 1981.



ENVIRONMENTAL MANAGEMENT - PRACfICE AND POLICY

IN A DEVELOPING COUNTRY

Kriton Curi

Civil Engineering Department, Bogazigi University

INTRODUCTION

Proper Environmental Management,today, is an undeniable necessity for
Developing Countries. This categorical statement is the result of two
important dangers which developing countries are facing:

a) The destruction of the environment due to the inproper use of the
natural resources during the struggle for the economical development,

b) The attempts made by advanced countries to "dump" or "export" their
wastes — especially the hazardous ones — or the industries producing

such wastes to the developing countries. The limited, short term eco-

nomic advantages which the wealthy countries provide with the condition

of accepting this "export" is a temptation for the administrators of

the underdeveloped world, who either out of need or ignorance are

willing to accept "short term benefits" regardless of the "long term
dangers" which they may involve (Barovick,1980; Richards,1980; Hamouda,1981).

According to the first principle of the Declaration of the United

Nations Conference on the Human Environment which took place in Stockholm
in 1972, " man .... bears a solemn responsibility to protect and im-
prove the environment for present and future generations ", Realiza-

tion of this principle, however, is not always possible in developing
countries.



PHASES OF AN ENVIRONMENTAL MANAGEMENT PROGRAMME

A proper Environmental Management Programme should consist of the
following steps:

a) Identification of the Problem : Environment has very wide limits,

because of that for an effecrive management programme, it 1% necessary
to define the priorities, and to limit the programme with well defined
objectives, like protection of water quality, etc.

b) Collection of Data-Monitoring:: Availability of data is essential
for any sound decision in relation to environmental management.Because
of that a monitoring programme should start as early as possible.

¢) Establishment of Environmental Policy : According to the World
Conservation Strategy, the outline of Epvironmental Management Policy

is "the management of human use of the biosphere so that it may yield

the greatest sustainable benefit to present generations while maintaining
irs potentxa] to meet the needs and aspirations of future of future
generations"

To satisfy this general goal, other secondary policy decisions should
be taken such as, .
+ Preventation rather than treatment — preventive measures are cheaper
than cartective ones (Lemas,1977).
"the polluter pays" principle,ete.

d) Legislation This, in the form of laws, by-laws and regulations
assists the protection of the environment. Adaptatlon of leglalatlon
prepared for other countries always does not give good results in
developing ones.

e) Environmental Planning : This phase of environmental management is

interchangeable in prioriry with legislation. A proper planning should
be based on cost-benefir analysis and environmental impact studies.

It is only afrer this phase that effective action from the protection

of the environment can be taken .




£) Implementation : Monitoring, legislation, planning, etc. do not
have any effect on the management of the environment if they are not
fallowed by the proper implementation. This phase, however, is the
most difficult and the most expensive omne.

g) Monitoring, Enforcement and Modification ! This is the last step
of an environmental management programme. Monitoring is essential to
ensure propar application of the planned and implemented programme.
According to the data obtained during monitoring those who are not
obeying to the legislation will be detcrmined and enforced to do so.
Furthermore, modifications on the original programme may be done
according to the data obtained.

THE COST-BENEFIT ANALYSIS OF AN ENVIRONMENTAL MANAGEMENT PROBLEM

Generally, but mainly in developing countries there is the wrong
belief that "protection of the environment is a very expensive
process™, This belief usually is not based on any scientific anal-
ysis. Although there is the belief that "the more critical the eco-
nomy the more lenient we must be with environmental protection meas=
ures as a whole" (Lemos, 1977).The Ministers for Environment of the
OECD countries believe that "in the long run environmental protec-
tion and economic development are not only compatible but interde-
pendent and mutually reinforcing” (Ahmad, 1981). Macroeconomic
studies for the Council on Environmental Quality and the Environ-
mental Protection Agency in the United States show that for the
period between 1970 to 1983 federal pollution-control requircments
will cause an average increase in the consumer price index of less
than 0.5 percent (UNEP, Industry and Environment, 1981). Furthermore,
although there is a belief that environmental restriction contribute
to unemployment by preventing the establishment of new industries,,
or by inforcing the closing of old ones not meeting the environmental
requirements, this is not true, According to.theUS Environmental Pro-
tection Agency "as many as thirty jobs may have been created for every
one lost through environmental enforced closures'(UNEP, Industry and
Environment, 1981). On the other hand,a study performed in Norway
indicated that environmental protection measures will cause a maximum
of 0.9 percent increase over a ten year period on the consumer price,
while the impact on the price index for industrial goods is estimated
to be 2,6 percent (Waage, 1981).

As can be understood from the above statements absence of environmental
pollution precaution gives the impression of saving. However this is

only a pseudo-saving because absence of a pollution prevention system
gives rise to new costs caused by the destruction of the environment.



PROBLEMS WHICH DEVELOPING COUNTRIES ARE FACING IN RELATION TQ ENVIRON-
‘MENTAL MANAGEMENT

There are several problems which developing countries are facing in
relation with their envirommental management problem. The most impor-
tant ones are mentioned beleow.

. Public ignorence on environmental problems-The people are not pro-
perly aware of the effects of pollution, and because of that they do
not care for that subject,

. Adwministrators may not like to take any action for the protection
of the environment cither because of wrong cost-benefit analysis,

or the cost of environmental programs are immediately felt while

the benefits are long term, and thus may not have an immediate effect
on their reelection.

. Lack of proper organization for the environmental manapgement.
Authority interference is somethimg commpn ou this subject in devel-
oping countries.

. Appointment not of the best, but of a person who is in frieadly
relations with the political party in power.is an important problem
which has a detrimental effect on the environmental management of
developing countries.

. Establishment of incompetent companies dealing with environmental
problems, Customers not having enough knowledge for differenciating
between competent and incompetent . envirommentalists, they give
-their work to the incompetent who usually demand lower prices. This),
of course, ends up to a failure, which has as 2 consequence disappear-
ance of confidence to local engineers.

Curt



. Planning is many tides used in developing countries as a tool to
to postpone implementation.

. Research conducted in the universities of developing countries

is rarely directed toward "appropriate" technology, which will

fit best to the needs of the country. Instead researchers try to deal
with sophizticated subjects, although they may not have any practical
application in rheir own country, simply in order to be able to .compere
with the scientists in the developed word.

ENVIRONMENTAL, MANAGEMENT IN TURKEY

Environmental awareness in Turkey was the result of pollution dis-
turbing the every day life of citizens. Although the Universities
acted as pioneers and started environmental education in 60's, people,
administrators and press started to carc about this problem almost
ten years later, when the pollution in some areas like the Golden
Hotn, the lzmit Bay and the lzmir Bay reached an unbearable level,
and the air pollution in Ankara started to threaten the public health.

The main problems which todays Turkey is facing 1n relation to envi-
ronmenta]l management are the following:

. A chaotic situation in the administrative level, Tt is not obvious
which authority should deal with the envitonmental problems. Although
according to the laws, the Undersecretary of Environment was respon—
sible for the coordination of such activities , i1t is hard to say
that it was successful till 1984, when it was turned to a General
Directorate.

. Lack of a proper cost-benefit analysis enables the industries to
claim that laws on the protection of the environment will have a
detrimental effect on cconomic development, and thus, they try to
influence the governments and pus tpone taking any action.

- The organizational scheme also is not the most appropriate, Ingtead
of hav1ng regional authorltlen, a model based on "municipality level
control” is preferred.



, Implementation of plans related to the protection of the enviromment
is very slow. For example, the DAMOC project related to the wastewater
disposal of fstanbul is not realized yet, although it was completed

in 1971. The wastes are continously discharged in the Sea of Marmara
and its pollution increases everyday while the studies on the modi-
fication of this project continue.

. Official apencies are facing serious problem of not being able to
find qualified environmental engineers, because they are not able to
compete with the private sector who gives high salaries. It is inter-
esting to note that some official agencies dealing directly with the
environment do not have even a single environmental engineer in their
gtaff.

.« Although qualified engineers and scientists exist in Turkey, there

ig a lack of intermediate level technicians who are capable of operating
treatment plants, performing tests, .otc. Although every year more than
hundred environmental engineers are graduated from the universities,
there¢ is still no attempt for providing the so much needed technicians.

. Lack of any morivation for activities like waste recycling, use of
alternative encrygy sources, etc. which will contribute to the well
management of natural resources.

CONCLUSION

Environmental Management is a must for all the countries. The developing
world, however, should try to develop the "appropriate technology”
instead of fancy and expensive solutions. An appropriate technology

with minimum expenditures will prevent the detrimental effect of pol-
lution on the environment,

It is the duty of the governments as well as of the international
organizations to encourage the development of a sound "environmental
management programme', because the detrimintal effects of the inproper
managemeat of the enviromment are valid for the whole humanity.

CuRt
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INTRODUCTION

The protection of the environment against pollution is one of the major
problems which most developing countries are facing today. High initial
cost as well as lack of necessary infrastructure for the construction,
maintenance and operation of the conventional treatment plants make
their use difficult. Because of that, there is an urgent need for a
simple and economical, or in other words "appropriate technology for
waste disposal in developing countries". Land disposal, which can be
defined as"the controlled application of wastewater onto the the land
surface to achieve a designed degree of treatment through natural phys-
ical, chemical, and biological processes within the plant-soil-water
matrix" (EPA, 1981) is one of these techniques. Detailed information
about the advantages and disadvatages of land disposal are given by
Herndndez (1979) and summarized in Table 1,

Table 1. Advantages and Disadvantages of Land Disposal

Advantages Disadvantages
. Low energy requirement . Exposure of population to hazardous
. High nutrient recycling material
capacity . Danger of concentration of pollutants
. Conservation of water in ground water
resources . Potential for concentration of
. No necessity for skilled nutrients in the storm water
personnel . Difficulties of operation during
cold and and heavy rain periods
. Enlargement of green belt . Possible concentration of toxic

area substances in harvested crops
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Use of land disposal is gaining importance in developed countries,

For example, although the population served by 'such a system in USA
was 0.9 millions in 1940, this number has become 4.2 millions in 1968
and 6.6 millions in 1972 (Thomas, 1983). Similar applications are re-
ported to take place in Israel (Sullivan et al., 1973) and India
(Niyogl etal., 1982). Land disposal of wastewater has alsa been in

use in developing countries for many years. This, however has not been
practised in a knowledgable way nor with the intention of purifying
wastewater, The main reason of that practice was either the scarcity
of pure water, or the belief that fertility of the soil increases with
such application,

This paper reports the results of a study made with the intention of
investigating the variation of wastewater characteristics with time and
distance after being applied on land. Among the wastewater character-
istics investigated, special emphasis will be put on the removal of
Chemical Oxygen Demand (COD).

EXPERIMENTAL SET-UP

In order to imitate the conditions dominating in land treatment, a
model was constructed consisting of an inlet tank, a channel and an
outlet tank. The inlet tank was constructed so as to continously and
uniformly supply raw sewage to the system. The channel which was the
main part of the experimental set-up was 25 m long thus being the
largest model wsed for land disposal studies encountered in the lit-
erature. In order to avoid turbulgnce and drag forces during the ope-
ration of the system 3 1.40 m long cqualization chamber was located
in the inlet section of the channel. The equalization chamber ended
with a wall made of two layers of perforated bricks, located in such
a way that the holes permitted uniform entrance of wastewater into the
channel. The main channel had the dimensions of 22,20 m lcength, 0.385
m width and was filled with sand to a depth of 0.35 m. The sand had
an effective size of 0.55 mm and a coefficient of uniforhity of 3.06.
The porosity of porous media was 427, The channel was covered with
concrete cover plates. At abour every five mecters distance along the
outer sides of the channel flexible piezemeters were placed. These
piezometers were uscd as sampling points as well, The channel was
connected to the outlet chambur with a perforated wall, The outlet -
chamber had a length of 0.60 m, In exactly the middle of this chamber
a conerete block having a 50 mm hole at a distance of 18 cm from the
bottom was located., Thus the minimum depth of water in the channel
was 18 cm.

WASTEWATER CHARACTERISTICS

The wastewater used in this study was taken from one of the main
sewers of Bofazig¢i University, carrying mainly the wastewater of the
dormitories, kitchen etc. The characteristics of this wastewater are
given in Table 2.



Table 2. Wastewater Characteristics

Concentration (mg/L)

Parameter .

Minimum Max imum
cop VAl 47
Nitrogen 12.8 23.8
Phosphorus 4.4 ) 7.0
Total Suspended Solids 42 232

As can be scen in Table 2, the values of the differnt parameters
varied within a relatively wide range.

EXPERIMENTAL PROCEDURE

After the sand was placed uniformly dn the channel, it was washed
thoroughly with tap water in order to remove impurities as well as
salts present in the sand. The wastewater was given t¢ the channel
after the washing process of the sand was completed, Wastewater
samples were collected from six sampling points, four intermediate
points as well as from the entrance and outlet of the chamber. Para-
meters such as pH, turbidity, COD, phosphorus, nitrogen, solids were
determined in these samples. Sand samples were also collected in order
to examine the variations of their properties.

COD REMOVAL MECHANISM

Among the various parameters investigated during the experiments, the
following observations have been made on COD removal.

1) COD decreases with distance. .

2) The COD values of the intermediate points as well as’that of the
effluent depends on the COD value of the influent.

3) Percent COD removals are almost constant with distance with slightly
higher values in the beginning,

4) The overall COD removal achicved was on the average around 84%.
This result is in agreewent with the findings of Niyogi et al. (1982).

The results have shown that the COD removal through the land disposal
system described can be defined by a first order reaction kinetics,i.e.

L) SR >
dx Ky 1)
vhere y = COD value at time t and at a time of travel

corresponding to distance % from the inlet

K = rate constant

. CURt
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I1f the value of COD at x = 0 is taken as y = y,, then the solution
of equation (1) ias "
~Kx
y=Yye (2)
In order to consider the long-term effects of waste accumulation in
the channel, equation (2) is modified as

Ct - X .
y=ye e (3

where C is a rate constant defining effects of time on COD removal,
It should be noted that daily variations in COD input is not consi-
dered in defining the effects of waste acecumylation,

It should be noted that since it takes a certain amount of time for
wastewater to travel from the inlet to the outlet section of the channel,
there is a lag of about 14 hours in the sampling times for the inlet

and outlet sections.

RESULTS

The COD data obtained from the samples taken through the sampling
points for a period of almost 70 days is summarized in Table 3.

Table 3. COD Data for the Land Disposal System

Distance (m)

Time 1
[ (dage) 0 4] 5 10 15 20 25
19 380 320 287 235 105 95
2 320 267 187 160 133 107
27 480 427 380 320 267 = 107
34 586 400 213 - 187 133 -
39 453 400 347 293 186 80
{46 747 690 587 426 267 200
i 29 480 400 294 213 107 80
68 587 450 347 267 133 .90

The COD data given in Table 3 was proportionally increased in such a
way that the COD value at the inlet section was taken arbitrarily as
1000 mg/L, With this modified data, the rate constants in equation (3)
were calculated by a least-square technique as

C= 0.00012 day "}

K= 0.0550 m"~

With these values, the linear correlation coefficient between the
measured and calculated values of COD was computed as 0.894.



The calculations were then repeated with the exclusion of some COD
data which has differed appreciably from their calculated counterparts
and the rate constantg were then calculated as

C=-10.0017 da{ -1
Ke 0.0601 m™

.

The linear correlation coefficient for this case was determined as 0.950.
These results clearly show that the effect of waste accumulation with
time on COD removal can be ignored, and equation (2) can be taken as

a first approximation defining th2 COD removal with distance (or time

of travel) for this specific experiment, i.e.

y = yoe~ 0.06% : (4)

where x = distance downstream from the inlet section in meters
OTHER OBSERVATIONS

During the study made, the following obserwations have also been made.

1) Nitrogen concentration has decreased with length of infiltration,
reaching a removal efficiency of 65-75% at the outlet end of the channel.

2) The phogphorus removal efficiency has increased with time, reaching
values as high as 92.5 %7 after 71 days of continous infiltratiom.

CONCLUSIONS

The most important general conclusions reached from this study are:

1) COD, nitrogen and phosphorus removal by infiltration and land dis—’
posal is an appropriate technology for developing countries.

2) COD removal efficiency by infiltration can be approXimated by a
first order kinetic reaction. The rate constants can easily be deter—
mined by least-squares analysis,

3) Effect of accumulation of wastes with time on the COD removal rate

iz negligible.
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INTRODUCTION

Among the different phases of an environmental management programme
"legislation" is one of the most important phase. Without a proper
legislation, implementation and enforcement on pollution prevention
measures arec not possible,.

The means which force the acceptance of a legislation related to the
environment are several, but the most commod ones are:

a) the result of public awareness
b) the result of the force exerted by a small group - sometime a po-
werful single person- of "environment awarc" administrators.

One prohlem whieh developing countrics is lacing in relation to envi-
ronmental legislation is the "adaptation" of inappropriate foreign
laws and regulations, or in other terms, "dircct translation™ of the
laws of a developed country. This way does not usually give satisfac~
tory results., Every country should prepare the legislation which is
appropriate for its own needs,

In Turkey, the increasing awareness for the protection of the environment
has tesulted in making several laws and regulations Bfter 1971. Until
‘that time, the existing laws of 1930's had emphasized on the public
health aspects of the envirommental control, and they were not able to
cope with the environmental problems caused by rapid induscrialization
and urban development. The laws prior to 1971 which has arcticles on
public health and pollution control are basically The Municipalities

Law, The Water Law, The Harbours Law and The Ceneral Public Health Law.
This paper will discuss the laws and regulations which have come into

effeet after 1971.



THE CONSTITUTION OF TURK1SH REPUBLIC

In the Constitution of Turkish Republic- Law Number 2709, the Article 56
in the Eighth Section states that:

" Everybody has the right to live in a healthy
environment. The betterment of the environment,
taking care of rhe public health and the pro—
tection of the environment from pollution are
amoug the duties of the central government and
the citizens "

LAW ON THE PROTECTION OF WATER PRODUCTS

On March 22,1971 the Law on the Protection of Water Products, Law Number
1380, came into effect. This law had only one article related to pol+
lution control. Article 20 in the Fouri's Section states that:

" It is prohibited to discharg. wastes or construct
waste discharge systems in such a way as to harm
water products or those who use or consume them
near places where produces from water are ohtained "

In addition to Article 20, Article 36 in the Eighth Section states that
those establishments who do not comply with Article 20 will be closed,
and they will have to treat their w':tes before discharging.

In accordance with this law, a regulation was published in the Official
Gazette. This regulation gave the "“ruceiving water standards and any
industry whose wastes caused the violation of these standards were
liable to fires, and they could .even be stopped from operating., These
regulations were <vju.cized by a .umber of agencies, because

a) most receiving waters were already polluted,

b) whenever there was more than one factory discharging into the same
stream, it was difficult to asseas the liability of each factory,

¢) the concantrations of some of the pollutanks were so low that it
was difficult to measure them.

With these ideas, the vegulations of the Law on the Protection of
Water Products were revised, and receiving water standards wore re-—
placed by effluent quality standards. If necessary, the effluent qua-
lity standards are reviscd and modified each year and published in the
Official Gazette of the last day of February.

Some of the effluent quality eriteria listed in the February 29,1984
issue of the Official Gazette are given in Table 1.



of the Official Gazetre

Table 1. Effluent Quality Criteria Givem in the February 29,1984 issue

Parameter Upper Limit (mg/1)
BOD5 (20 ©) 50.0 *
coD 70.0 *
Suspended Solids 200.0
0il and Grease
Domestic Wastewaters 30.0
Industrial Wastewaters that
contain Petroleum Products 10.0
Phenol 5.0
Total Cyanides 2.0
Free Chlorine 0.5
Total Mercury 0.01
Cadmium 0.05
Lead 0.5
-Arsenic 0.5
Chromium 0.5
Copper 0.5
Nickel 0.5
Zinc

2.0

* It should be noted that the upper limits for BOD and COD can be
multiplied by the factor

1 recelving water flowrate
10 wastewater flowrate

if the receiving water flowrate is more than ten times as much as
the wastewater flowrate.
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According to the author of this paper, the upper limit for COD value
of 70 mg/L is unrealistic, and it could not be easily achieved. This
value is even lower than the value accepted for discharging into the
lakes and rivers in special recreational areas in Europe. Complex and
expensive treatment processes are required to achieve such a value.

ENVIRONMENT LAW

On August 9,1983, the Environment Law, Law Number 2872, came into effect.
This law has articles on the general management and control of pollution
and protection of the environment. It envisages the establishment of

a Environmental Protection Council under the direct supervisicn of the
central government as well as local Envirommental Protection Councils

in each governorate. Polluting the environment is prohibited and pu-
nishable by fines stopping industrial operations and jail terms. Envi-
ronmental impact studies are mandatory and treatment of wastes is com-
pulsory. The regulating agency is the .Undersecretary of the Environment.
Recently, the Undersecretary of the Enviroument 1s replaced by the Ge-
neral Directeor of the Environment. Although the by-laws and regulations
of the E.vironment Law should have to be published the latest by Augustll,
1984, thuey are not yet published.

REGULATIONS OF THE ISTANBUL WATER AND SEWAGE WORKS GENERAL DIRECTORATE

The Water snd Sewage Works General Directorate of lstanbul (15Ki) has
prepared a set of regulations for the discharge of wastewaters into
sewers. These regulations were published in the March 13,1984 issue
of the Official Gazette. Some important articles from the !SKI regu-
lations are as follows: .

Article 3

In places where there i$:a sewer metwork, all wastewater flows must be
connected to this nertwork.

Article 5

In places where there is a seperate sewer gystem, storm waters and
other unpolluted surface drainage waters must not be connected to
domestic sewers.

Article 6

Unpolluted cooling waters can not be discharged into the sewer system
without the approval of ISKI.

Article 7

It is not permitted to discharge industrial wastewaters into sewers
after diluting them with unpolluted waters.

Article 10

In order to discharge industrial wastewaters into sewers, industries



must obtain a "Dischavrge Quality Control" permit from I1SKi. The quality
of the industrial wastewaters is assessed either by [SK! or by ins-
titutions approved by iski.

Article 12

Those industries whose wastewaters are found as unsuitable to discharge
into sewers mugt protreat thelr wastewaters.

Article 13

Any wastewater source which has a flowrate greater than 200 m3/day or
more than 1%Z of the total discharge (or pollution load) of the sewer
is considered as an "imporvtant pollutant". If the characteristics of
the "important peliutants™ are worse than any one of the guality
eriteria given in Table 2, than the industrics are required to have
pretreatment,

Table 2. Water Quality Criteria for Discharge of Wastewaters

in Scwers
) Maximum Permissible Value

Parameter for a Single Sample (mg/L)
BOD 250
Suspended Matter 350
Total Nitrogen , 0
Total Phosphororus . 8
Anionic Detergents 5
Arsenic 3
Cadmium 5
Total Chromium 5
Copper 10
Lead 3
Nickel 10
Mercury 1.
Silver 5
Total Cyanide 10
Phenols 10
Hydrogen Sulfide 2
Toxicity (bio-assay test), TLsp 1002
Temperature 40 C

Article 18
Industries must assess the gquality of their wast.a at certain intervals,
Article 22

Operation costs of the sewer system are shared by .the industries
according to the following wormula:

CAMLILAR



Cost (TL/day) = aV - b —E—S—OET v
where
a coefficient (TL/m3)

1]

V =.discharge (m3/day)
C = actual concentration of the pollutant (mg/L)

Cr= maximum permissible concentration of
the pollutant (mg/L)

b = 1000 a/ Cy

REGULATING AGENCIES

The agencies responsible for the protection of the environment and
control of pollution can be listed as follows:

a) Ministry of Health and Social Welfare
- General Directorate of Bagsic Health Services
- Public Health Director for each governate

b) Ministry of Agriculture Forestry and Village Affairs
— Directorate of Water Products

¢) General Director of the Environment
- Environmental Protection Council of the Central Government
- Environmental Protection Council for each governate

d) lstanbul Water and Sewage Works General Directorate (IsKi)

e) Turkish Scientific and Technical Research Council

f) Universities

CONCLUSION

A number of laws and regulations are available in Turkey. These have
resulted as an outcome of the past fifteen years and veflect an appro-
priate evaluation of the reguircments needed for the industries in a
developing country. The system developed is flexible enough to make
yearly revisions,

The duties of the regulating agenc1es, however, are not well defined
and need to be reconsidered by the central government.
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VANADIUM CONTAMINATION IN INDUSTRIALIZED AREA OF

BHOPAL AND ITS IMPACT ON ROCK PIGEON

Manju Diwvan & 5,0. Belsare

School of Biological Sciences
Bhopal University, Bhopal 462026, India

INTRODUCTION

Vanadium is not & common pollutant, but can reach
natural waters from burning fuels and fallout or as a
waste product of oil refinery. The concentration of
this metal in soil and certain plent species is known
to increasa npear various industrial operations (Severson
and Gough, 19763 Parker and Sharma, 1978)., From the
point of view of industrial hygiens, the most important
vanadium compounds are vanadium pentoxide, vanadium
trioxide, ferrpvanadium, vanadium carbide and vanadium
salts, The oxides and salts are commonly used in
industries in power form which entails the possibility
of dust and aerosol formation when the substances are
crushed or grinded, The bgiier-clearinn operations
generate dusts compounds, The present investigation
uwae planned to find out venadium contamination of soil
and water in industrial area of Bhopal where bauxite,
aluminium and phosphate factories are located,

The rock pigeons are the main residentia)l birds of
this area and, therefore, were examined for vanadium
effects on their gonadal activity. In order to make
sure that these effects are dus to vanadium, the common
pigeons were fed with vanadium in the laboratory for
one month daily and their gonads were sxamined,



MATERIAL AND METHDDS

The samples af spil and yater were ohtained
randomly from the industrial {urban fringe) and non-
industrial (urbar) ::sas of Bhopal {India) eusTy
fortnighbt and were 2nal lyzed in the lsheratory for
vanadiys contect,  “he sgi; sampies were collsclod
in duplicate {a and b) from sach locaiity., The ‘a'
samples ware of tie uppermost 5 cm layer of soil
after removal of extraneous plant material, whereas
'b' consisted of the centrempst portion of the core
layer, The coarse fragments and roots were excluded
from 211l samples. A totsl of 96 soil samples wers
tollected from the sampling stations, Similarly
surface water samples were taken from the Upper and
Lower lakes of Bhopa]l and Betwa river (one km area)

near Mandideep, 96 water samples were analysed.

Soil matsria) was prepared for analysis by
drying under faorced air at ambient temperature and
then separating and saving 2 mm fractions far the use
of all subseguent analytical determinations.,

10 ml water sample was extracted for vanadium
analysis,

EXTRACTION PROCEDURE

Nem Tolyl-O-methoxybenzohydroxamio acid
(N=m-T=-0-MBHA) was used as reagent to extract vanadium
and was prepared as follous:

0.1% solution of it was prepared in chloroform
free from ethyl alcohol, The jatter wes remnved by
washing chloroform five to six times with half of its
volume of distilled water and was distilled after
drying gver, Fqsqd calqium ph]orideq The middla fraction
was U"ﬁd ot T i R e
“The samp]e mds Higestad uith parnhfdric and nitric
acid, It was fittered and centrifuned to remove sili-
ceous rasidums, The filtrate was evepprated, diluted to
100 ml with 12 M HCL and kept in a separating funnel.
To the 10 ml of the solution was added 10 m) of standard
vanadium solutien and 10 ml of 12 M HC1 0,1 M potassium
permanganate selution was added dropuise until the pink
colour persists for 5 minutes and then 10 ml of reagent



v

;solution were added., The cantents were shaken for
ibout 10 minutes and the chloroform layer was allpuwed
to separate, The violst extract thus obteined was
dried over anhydrous sodium sulphate to remove
moisture and was transferred to a 25 ml volumetric
flask, to ensura the complete recevery of vanadium,
The squous layer was extracted tuice with 5 ml of
reagent and the sodium sulphate uvas washed with 2 ml
of chloroform to remove the last traces of violet
colour, Finally the extracts were diluted te 25 ml
with chloroform, The absorbance of the violet complex
was measured at 550 um wavelength against chloroform
as blank.

OBSERVATIDNS

The vanadium content in soil and water of
industrial and non-industria)l areas is summarized in
table 1, It is seen that vanadium in soil of indus-
trisl area is 355 ppm as compared to 20 ppm in the
non~-industrial one, Similarly the water in the
industrial area also contain 390 ppm of vanadium,

The histolonical featuyres of gonads in rock
ploerons are summarized in table 2 and 3. It it seen
that ovary is affected in 70% af pigsons in the
industrial area showing degensrated follicles, thin
stroma and virtually abscnce of mature follicles,
Similarly, 55% of male birds show hypertrophy of
seminiferous tuvbules and interstitial cells with
compact masses of sperm and spermatocytes. Such
affects in non=industrial area are seen in 15% aof
femals and 10% of male birds.

: In the vapadium treatsed pigeons under laboratory
conditions, the ovary exhibits thin and less vascu-
larized stroma and numarous immaturs as well as
degenzrated follicles, In the case of teatis, there
is hypertrophy of tubules and interstitial cells and
compact masses of spermatocytes,

DISCUSSION
Vanadium concentration in the rivers and streams

of USA ranges from 70 to 90 ppm (Kepp and Kroner, 1968),
Its level in soil is reported in the literature to
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range from 3 tao 300 ppm, while its soil concentrations
in USA ere at higher end and In furope at the lousst
end of the rangs (Committee pn Biological Effects of
Atmospheric Pollutants, 1974). DOubey and Agraual
(1974? reported 300 to 320 ppm From rock samples from
the phosphorites of the Mussorie phosphate deposits,

Severson and Gough (1976) houever, estimated an
average of 98 ppm of vanedium in soil samples obtajned
at ? to 4 km away from the phosphate factory in Idaho,
It is reduced to 63 ppm in soil samples obtained at
16,64 km away from this factory, In the present
investination it is found that the vanadium content of
snil in Mandideep industrial area, where bayxite factory
is located, is 355 ppm, In the non~industrialized area,
it is due to direct flow of domestic effluent, Thus the
industrial area has already approached a dangerous limit
of vanadium content, It is, therefore, nscessary to
estimate its concentratjon in amimals and plants and to
survey the health condition of the people living in this
area, Agrayal et al (1980) analysed vanadium in plants
and animals from the industrial area and reported as
5.75 ug~kd in cabbage, 1.55 ug~k® in tomato and 0.75 ug-kg
in peas, .

The 8Betwa river (in industrial area) which serves
as the drinking water supply as well as for irrjgation
of agricultuyral fields to the rural population in this
area is alseo approaching dangerous limit of vansdium
contamination, This limit io USA is 70 to 50 ppm in
rivers and streams, Agrawal et al (1980) howaver,
reported very high concentration of vanadium (1530 ppm)
in lake water,

The effect of vanadium on animals are not reported
under tropical conditinns, Such studies are made in
temperate raegions and indicate that bthe wintering birds
in Corpus Christi, Texas (USA) are accumulating harmFul
levels of environmental contaminants including vanadium
(Uhite et al, 1980)., Mitehell (1964) reported that no
tuo plants species growing in the same sail extract have
the same nuantity of element and this uptake depends
upon ather factors such as pM, orpanic matter =tc, It
is necessary to make regression model for variation in
element concentrations in soil, water and organisms in
the industrial and non~industrial areas,



Table 1, Concentration of Vanadium in Soil and Water

Ttem Vapadium content (un/1)
Industrial Non=industrial
area area
Soil 0,355+ 0,08 20 + 0,01
Water 0.09 +0,02 Trace

Table 2, Histological features of ovary inm rock
pigeon (The number of pigeon is given in

parenthesis)
Area of sampling Stroma Oocytes
Industrial Thin (28) Mature (12)
(40) Thick (12) Immature (78)
Degenerated (28)
Non-industrial Thin (4) Mature (397)
(43) Thick (39) Immature (4)

Degenerated (4)

.
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Table 3,

pigeons,

Histological Features of testis of rock

The number of pigeons is given
in parenthesis

Area of sempling

Seminiferous
tubules

Intestinal
cells

Industrial (36)

Non~industrial.
(37)

Compact masses of
spermatocytes and
sperms (20)

Spermatogenesis
at varjiopus stages

(16)

Contact masses of
spermatocytas and
sperm (4

Spermatogenasis
at various stages
(33)

Hypertropied
(20)

Normal (16)

Hypertrophied
(4)

Normal (33)
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ENERGY RECOVERY FROM MUNICIPAL SOLTID WASTE

STEFANO DUNIN - W.
PIETRO CARRERA

SORAIN-CECCHINI S.p.A.
Via Bruxelles 51-53 ROMA (ITALY)

INTRODUCTION

The possibility of exploiting Municipal Selid Waste (MSW) from the
standpoint of its energy contents has attracted for many years
technicians, public officials and administraters.

Many countries around the world have built units for the overall
incineration of raw MSW recovering for reutilization more or less
of the thermal enerpgy generated according to the higher or lower
efficiency of the system. These units in most cases have satisfact-
orily performed their primary task, that of disposing of the waste.
As regards the cnergy recovery, instead, a number of reasons have
led in recent years towards a serious reconsideration of the Mass
Burning Approach as the ideal solutjon to the MSW disposal problem:
- ECONOM1C REASONS due to the increasing costs of operation of
traditional mass burning plants not significantly reduced by the
revenues rom energy recovery;

— ENVIRONMENTAIL REASONS due to the increasing public concern on
flue gas emissiona from incingration plants burning raw MSW which
have led to the shutting down or complete remodeling of a number of
facilities;

— ENERGY REASONS connected with the worldwide energy crisis and the
need for altecrnative low cost fuels and for combustion systems ca-
pable of guaranteeing a high effective overall thermal efficiency.
These and a number of other erasons have led towards the development
of the Refuse Derived .Fuel Approach to the enerpy problem.




REFUSE DERIVED FUEL

The term RDF together with the less common WDF (Waste derived Fuel)
indicates a vast variety of combustible materials the only common
denominator of which is their origin: SOLID WASTE,

Among the principal factors which differentiate one RDF from another
are: the technolopy employed in the szorting of the fuel and, for
certain technologies, the characteristics and composition of the
initial raw waste.

Another important consideration is if the production of RDF repre-
sents the ultimate aim of the sorting process (as is usually the
case in North America), or if it is only a step of an integrated
recycling system comprising recovery of materials ( paper, plastic
film, ferrous metals, etc.).

It iz therefore pozsible to schematically represent the following
preparation processes:

a) Raw Waste....coaeuunrmieserirsarsssasssasssninnsvsnnsa.s RDF-1
b) Raw waste + Shredding + Magnetic SeparatioN...e...cces,.q.BRDF=2
¢) Raw Waste + Shredding + Magnetic Sep. + Air Clas$.........RDF-3
d) Raw Waste + Shredding + Magnetic Sep. + Screening + Aip

classification. i i it viiiiiarirraneassasaansassnssssssr,..  ROF=2
e) Raw Waste + Screening + Shredding + Magnetic Sep. + Screen-

ing + Air Classification......eveviniiciorovevevannessess  RDFe3
.f) Raw Waste + Shredding + Magnetic Sep. s Screeping + Shred-

ding + Air Class. + Pelletization( or Pulveri:ation)......RDF=4/5

The numbers after RDF refer to the ASTM standard ¢l assification.

It is quite c¢lear that cach subsequent refining stape is carried out
on the RDF with the aim of increasing its fuel valuc but on the
other hand each subsequent refining stage also means an added energy
expenditure and a loss of product.

The ultimate goal of the process is to obtain an RDF with acceptable
and reliable characteristics spending a minimum amount of energy.

STORAGE OF RDF

The storage of RDF has represented one of the most critical steps

in the program of conversion of MSW into energy. In fact we can state
that the storage problem has been the main reason which has delayed
thc industrial application of this process.



With the sole exception of pulverized or pelletized RDF { the pro-
duction cost of which is however extremely high) all other forms
of ROF encounter considerable storage and extraction problems un-
less we resort to storupe pits with the traditional combination
of bridge crane and grapple as extraction unit.

FEEDING OF RDF

If the storage problem can be partially solved using normal pits,
the dosed feeding of RDF to the combustion units gives rise to
whole new series of problems linked to the mechanical and physical

characteristics of the fTuel.

FIRING OF RDF

Neglecting the mass burners for the manifold reasons previously il-
lugtrated, the combustion of RDF can take place:

a) at 100% fecdrate in specially designed and constructed boilers
(dedicated boilers);
b) in co-combustion with gas, oil or coal
The combustion system can be in semi-suspension or in almost total
suspension. In the former case almost 90% of the fuel is burned
during its free fall from the feeding inlet to the boiler grate
{(dump grates). In the latter case approximately 50% of the fuel
burns in suspension while the other 0% burns on the grate which
is of chain driven moving type. In both cases secondary air is
conveyed through the bottom grate.
It is quile clear from what stated previously that the coarser the
RDF, i.e. the richer it is in orgnaics and inerts, the higher will
be the amount of fuel that burnsg on the grate and consequently the
air blown under the grate will have more problems in permeating the
material thus giving rise to a lower thermal efficiency of the pro-
cess and to a higher amount of excess air required for combustion.
In the case of co-combustion, industrial experience accumulated so
far indicates that the boilers should be designed for a maximum
mixing ratio of 80 to 20% either fuel being the highest (these per—
centage values refer to the calorific value and not to the welpht
of the materials and are based on experience using ROF mixed with

coal).
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COMPARISON BETWEEN COMBUSTION IN MASS BURNERS AND IN RDF BOILERS

We have already dealt with some of the basic differences existing

between the combustion of raw waste in a mass burner and the

firing of RDF in a suitable boiler.

On the whole it is important to point out that the "Mass Burner"

is s machine designed to destroy solid waste thus providing a so-

lution to a comsiderable problem such as that of the disposal of

the rejects of our society which would otherwise end their journey

in a landfill jeopardizing the surrounding environment.

On the contrary the " RDF Boiler " is a steam generator which utili-

zes as fuel a combustible fraction derived from waste (RDF).

From these definitions it iz possible to envisage some of the ad-

vantages of the RDF boiler aver the mass burner which altogether are:

- combustion with less excess air (37-41% versus 80-100%) thanks to
the lower layer of fuel on the grates; ‘

- evenness of combustion owing to the homogeneity of the fuels

- higher temperatures in the combustion chamber;

- lower maintenance and corrosion problems;

- higher thermal efficiency;

- lower volume of flue gas to clean;

- lower investment and operating cost;

~ higher reliabjlity for continuous steam generation,

The disadvantapes arc that the mass burner can incinerate raw waste

without any specific pre-treatment, whilst the RDF boiler requires

a processed material. However the calories eliminated with the

rejects of the RDF preparation process do not actually contribute

significantly to the energy balance coming from extremely low calo-

rific value materials (organics, inerts, etc.).

From the pollution control point of view it is necessary to point

out that the possibility of diverting from the combustion process

both the organic matter and, in some instances, the chlorinated

plastics can contribute significantly to minimize environmental

and health hazards coming from the flue gas emissions.



THE ROME EXPERIENCE

Sorain-Cecchini, well known for its technology in the field of ma-

terials recovery from waste, was one of the first European companies

to understand the emerging importance of the exploitation of MSW

from the standpoint of energy recovery.

Having soon abandoned the production of pelletized fuel owing to the

high energy cost of the process, and after having closely examined

the negative features of existing industrial RDF preparalion and com—

bustion plants throughout the world, Scrain-Cecchini has developed its

own unique technology which envisages the production of a fuel denc-

minated "CALURR" (Combustibile Alternativo Urbano - Urban Alternative

Fuel) which presents the following characteristics:

- homogeneous and pure

- small and constant in size

- constant in quality in a congiderable range of variation of the in-
itial raw waste

— high Heating Value and low ash content

- sufficient specific gravity to allew for easy handling, storing and
firing

- cost competitive thanks to the low energy required for its product-
ion.

To obtain this result it has been necessary to design, constrdct and

extensively test on an industrial scale a number of machines and

alternative process cycles.

All the tests have been performed in the ROME EAST MSW recycling plant

{1200 tons/day) using the raw waste of the city of Rome that with its

well known high contents of organics made it considerably difficult to

meet Lhe proposed goal.

The industrial process presently operational for the production of

CALURB envisages the following basic steps (see Figure 1 ):

* recieving of raw MSW
* opening of waste bapn and of other waste containers
-

separation of the orpanic conntituents from the combustible fraction
* ferrous scparation trom Hoth rganies and combustible fractions
* separation ' heavy comp. nents from the combustible fraction
* homog:t.1zat: 1 of the combustible fractinn

* densitication and obtainment ot CAl:'KB

Each of the basic steps of ' :roces: reviewed above has been carried
out employiry =i hnery des -4 for that specific service with the aim
of obtaining cxtremely low « .1 py consumptions, low operating costs, a

high degree of satety and of uperational reliability.
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FIGURE 1 ~ FLOW DIAGRAM OF THE SORAIN-CECCHINI INTEGRATED PROCESS
LINE
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“CALURB" Production Line R w

Stage one, i.e. the opening of bags and containers,is performed by
an extremely sturdy low rotational speed machine designed so as to
avoid any signifieant contamination between the combustible frac-
tion and the organic and inerts fractionz. The machine features also
the possibility of discharging automatically impossible to break and
bulky items without suffering any damage. The low speed of this ma-
chine avoids, furthermore any danger of explosions, which can occur
and are particularly feared in high speed machines.

The separation of the orpanic {raction takea place in another spe-—
cially designed machine which presents the extremely advantageous
feature of being aelf cleaning thus solving the considerable sani-
tary problems that arise every time an operator must carry out a
manual intervention on process machinery. The organic fraction is
conveyed directly to the composting line without any further size
reduction .

The separation of the heavy components takes place in an air classi-
fier, a machine tested out in over ten years of industrial practice.
The homogenization stage, since its only aim is to reduce the pize
of the bigger pieces without special requirements for the fipal di-
mensions, is carried out empluoying another low speed, low energy
machine, Finally the last ztage, the densification, is carried out
in a machine which exploits a new and unique principle for the
rupture of the combustible material reaching results never obtained
before, specially when the infeed contains high percentapes of
plastic film and textiles,

This machine is based on an extremely simple friction principle and
operates at low speed ( in the range of a few tens of rpm) with low
energy cotsunption and reduced wear on the friction members.

The final RDF is absolutely homogeneous and dimensionally it is kept
within a controlled size range and degree of densification. The
latter parameter can be prefixed during the machine desigp stage.

TABLE I ~ Size distribution and relative density of CALURB

size range (inches) % densgity

3 3
0 - 0.2 i0 80 kg/m = 5§ 1b/Tt
0.2-0.4 . 24 100 " = 6. 2" "
0.4-0.8 32 w20 o» " = 7.5 """
0.8-1.2 34 150 now = 9.4 "
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CALURB production line

CALURB




The aforesaid production line ofers, furthermore, with appropriate by-
passes the possibility of directing the process towards the recovery
of only RDF or towards a mixed recovery of fuel and materials. The
operational posaibilities are three: (see Figure )

A) only recovery of fuel (100% CALURE)

B) recovery of paper + recovery of plastic film (polyethylene) +
recovery of CALURB

'.C) recovery of plastic film +« CALURB

The rates of recovery and the composition and Calorific Value of the
CALURB fraction are illustrated in Table II on the basis of the Rome
MSW cpmposition.

TABLE II - Recovery rates and composition of CALURB for different
cycles (City of Rome)

MSW composition % CYCLE "A" CYCLE "B" CYCLE "C»
paper/cardboard 25 21 5 21
film plastic 3.5 3.3 0.4 1.2
hard plastic 3 0.9 0.5 ., 0.9
ferrous metals 2,5 - - -
textilea/leather/
wood 3 1.9 1.7 1.9
organic matter 53 2.1 1.0 2.1
glass/inerts 10 0.3 0.2 0.3
100 29.5 8.8 C 27.4
HICHER HEATING
VALUF (HHV)
Keal/ke 2000 4000 3600 ) 3545
MOISTURE a7 24 25 25.5

The unitary energy consumptions are of course different from case to
case according to the process employed and the compogition of the raw
waste ( the richer the raw waste in combustibles the lower the unitary
consumption of enerpgy).

In Table IIT we have summarized for the Rome MSW composition the
energy consumptions relative to cycles "A" and "C". Wec have neglected
cycle “B" since in this case the production of RDF is secondary to
the recovery of paper and plastic film.

It is easy to see.that the unitary consumptions of cycle "C'" are con-
siderably higher than those of cycle "A" gince they include also part
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of the energy consumption relative to the separation of the film
plagtic. The latter part of the energy consumption can ,however, be
easily subtracted if =0 desired.

TABLE III - Energy consumption for the production of CALURB using .
process cycles "A" and "C" (all tona are metric)

CYCLE STEPS CYCLE "“A" CYCLE "C"

KWhxton. KWhxton, ' KWhxlon. Whxton.
< ton CALURB petons Eken
1 BAGOPENING 3.5 11.9 3.5 12.7
2 SEP. OF ORGANICS 0.3 1 0.3 1
3 FERRQUS RECOVERY 0.2 0.6 0.1 0.6
4 SEP. OF HEAVIES 4.5 15 4.1 15
& BEP. UF FILM PLAST. - - 8.2 30
6 SEP. OF PAPER/CB - - - -
7 HOMOGENTZATION 3 10 2.7 10
8 LFNSIFICATLION 10 35 9.6 35 '
9 AUXLLIARY CONS. 1.5 [ 1.4 5
TOTAL 23 78.5 - 29.9 109.3
TRANSPORTATION, STORAGE AND FEEDING OF CALURB
The physical and di- .. uonl cﬁaracteristics of CALURB make it suitalle

for storing both in pits and in storage silos. (see photographs on'pg )
Tranaportation can be carried out using normal body trucks, where the
relative density can reach 320-350 kg/m~ (20-22 lb/cu.ft.) or if the
interegt iz in reducing transportation costs, in compaction vehicles
such as those used for waste, In the latter,from a number of trials
carried out, the relative density can reach valueg of 680 kg/m  { 42
1b/cu.ft.).

On site storage at the boiler facility can be performed in storage bins
of considerable dimensiona ( up to 300 cu.m.) since the bridging and
extraction problems { always present when using fluff RDF) have been
solved thanks to the fact that the densified material is semi-granular,
and that,since the size of the plastic and textile fragments is quite
small ( 1 to 1.4 inches ), they do not create problems to the extract-
ion equipment.

As tfor the boiler feeding problem, also here the particular physical
form of CALURB allows for direct feeding of the boiler from the storage
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bin with the only addition of a volumetric self-dosing -mechanism,
already widely. experimented.

FIRING OF CALURB
The CALURB produced by Sorain-Cecchini in the Rome Recycling Plants

is partially fired on site in a nearly 100% suspension burner con-
nected to a boiler and a power generating unit (see photograph).

CALURB storage and combustion unit - Rome East MSW Recycling Plant
visible from left to right: the 300 cu.m storage bin - white;

—

the housing of the power generator; the burrier- partially covered;
the vertical boiler with economizer and fly ash extraction - orange
bottom; the multi-cyclone flue gas cleaning system; and the stack)
r r Al

¥

P

The CALURE is led tangentially into the circular shaped combustion
chinmber. During a free fall of approx., 2 meters (6.% feet) the fuel
burns almost completely in suspension while a small fraction con-

DUAIN
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gisting of more dense materials finishes its combustion on a bottom
grate of the dump type.

Combustion is primed by heating the combustion chamber by means of a
standard fuel o0il burner to the temperature of about 600°C (1100°F),
CALURB is automatically dosed into the unit up to a maximum tempera-
ture of 850-900C ( 1550-1650°F).

The combustion unit has a capacity of approximately 6 million Kcal/h
{ about 24 million btu/hr) and uzses 70 to 75% excess air to obtain
the necessary turbulence,

The boiler is of the vertical convection type and it has been de-
signed in order to guarantee no depositg of fly ash and to avoid as
much as possible abrasion by the fly ash itself. Particular care
has therefore been taken in the choice of special wear resistant
materials and in designing the unit such that the velocity of the
flue gas through the pipes is kept low.

The boiler capacity is of 10 tonn./hour of steam at 30 bar (satur.-
ted) corresponding to approx. 22,000 lbs/hr at 435 psig.

The steam is conveyed to a counter-pressure turbine with an outlet
steam pressure of 3.5 bar (50 psip). The power of the generator is
400 KVA. The low pressure steam is usced for the recycling plant in-
side uses,

]

UTILIZATION OF CALURB AS FUEL IN CEMENT KILNS

A number of industrial trials have been performed using CALURB mixed
with pulverized coal in the cement kilns of the UNICEM cement plant
of Guidonia-Rome (approx. 20 km from the Rome East recycling plant).
CALURB was used in a proportion of 15% of the total energy supply.

All results werc judged positive with regard to the cement quality
since the chemical components of the clinker had not undergone any
significant alteration and the chemical and physical characteristics
such as tensile strenght ‘and set time in some cases were even unex-
plainably improved.

Emission control tests were carried out by personnel of the University
of Rome with positive results with respect to complying to emission
standards set by the Government of the Province Of Lazio.

The CALURB was injected inside the coal flame in countercurrent with
the cement components.

The feeding and dosing of CALURB was obtained by mecans of a surge

bin fitted on the bottom with two screw conveyors one with fixed speed
and one with variable speed discharging into the hopper of a pneu-
matic transport unit, )
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TABLE IV - Percentage presence of certain chemical elements in CALURB

ELEMENT PRESENCE % R
o 45-47

H 6-6.5

N 0.7-1.7 - ,
s , 0.2-0.25

c1 : 0.09-0.17

Ash content from analyszes carried out in Rome: 5-8% under grate +
65-8% fly ash ( contents of Si0_ approx. 40% - melting point between
1050 and 1100 °C ( 2000 °F about)

‘Rome—April 1984

R
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EARTHEN LINERS FOR WASTE COMTAINMENT

Tuncer B, Edil and Paul M, Berthouex

Department of Ci{vil and Envirconmental Engineering
University of Wisconsin
Madison, Wisconsin

INTRODUCTION .

Earthen liners are commonly used {n the construction of low-
permeability barriers to contain toxic and harzardous liquids in
wastewater lagoons and sanitary landfills. The use of carthen
miaterials is especially desirable where the waste disposal sites
are remote or need Lo be conatructed using normal earth moving
equipment. Furthermore, earthern liners can be gonstructed
utilizing relatively low level technology. These conditions may
be found more often in developing countries mak ing the earthen
liners a particularly appropriate means of waste containment.
Earthen liners include natural clay, bentonite-soil mixtures, fly
ash, fly ash-soil mixtures, 50il cement and soil-asphalt mixtures,
Of these, fly ash and fly ash-soll mixtures are particularly
attractive options since fly ash Is basically a wastec product
itself and using it as a liner would generate significant
econamies,

Inasmuch as the soil linera appropriate for developing
countries, unless carefully designed and constructed, they may
easily fall in providing the required performince. Such problems
are guite common, even in developed countries. Most construction
problems, however, can be climinated by using labor-intensive
procedures and in this respect the soil liners provide a more
suitable cholice in developing countries. In recent years there
has been a greater scrutiny especially with regards to the long-
term durability of earthen liners in contact with various waste
liquias, in particular, the organic liquids. In the design of a
liner, -he miximum allowable hydraulic conductivity must be
s eifi1cd for the liner material being used. Prior to



construction, the liner material that is proposed for use must be
tested Lo ensure that it has a hydraulic conductivity at or below
the specified level. Accurate measurement of hydraulic
conductivity for such low-permeability barriers has proven to be o
difficult task. Problems are present within the procedural steps
and equipment used to measure the hydraulic conductivity.
Furthermore, there is laboratory and field evidence that certatn
chemicals, in particular the organic solvents, can affect the
structural integrity of certain soil liners. Therefore, there is
a great interest in recent years with regards to the methods of
determining hydraulic conductivity and the long-term durability of
earthen liners.

This paper provides performance data on a number of liner
materials ineluding fly ash, fly ash-sand, and bentonite-sand
mixtures, The difficulty and critical factors regarding the
laboratory measurement of liner permeability are presented along
with recommendations for obtaining a low-permeability barrier.

.- LINER SELECTION AND DESIGN

The principal requirement for a soil liner is low
permeability to water and waste fluids and little or no
interaction with the waste which might increase permeability.
Absorpuive capacity for pollutants and strength initially and
after contact with waste fluids are secondary requirements. When
earthen materials are properly selected and compac¢ted, they can be
made extremely impermeable to the flow of liquids bul there will
always be some seepage. To achieve an adequate seal in wastewater
lagoon/pond or sanitary landfill systems using earthen materials,
the following two reluted criteria are suggested to be satisfied
individually (Edil and Didier, 1981):

1. The percolation rate of lagoon/pond water specified shall
" not exceed 9.36 for municipal waste and 4.6% for
industrial facilities in cubic meters per hectare per
day, (exfiltration shall be prevented by leachate
collection in sanitary landfills), and

2. The coefficient of permeability (hydraulic conductivity),
%k in milimeters per second specified for this seal shall
not exceed 10 with a minimum seal thickness of 0.3
moter for wastewater lagoons and 1.5 meters for sanitary
landfrills,-

Such a very low percolation rate is obtainable by present day
technology and i3 essential to ensure protection of groundwater.
In the szlection and design process the first step is Lo delermine
if this low level of permeability is achieveable using the



avatlable and economically feasible liner materials by performing
laboratory permeability tests on samples of compacted earthen
liner materials. The second step is to determine if the
permeabilities measured in the laboratory tests are likely to
remain unchanged in the field as a result of environmental and
physico-chemical effects, i.e., the long-term Yurability of the
liner, There are certain difficulties with respect to both of
these two steps. Accurate measurement of the coefficient of
permeability has proven to be a difficult task with regard to low-
permeability earthen materials. Problems are present within the
procedural steps and the equipment used to measure the coefficient
of permeability. Presently there are no concensus standards
available for the permeability tests on low-permeability barriers.
The second consideration relating to the durability of liners is
recently recelving considerable attention. This aspect {8 even
less developed than the permeability testing. However, it
ultimately controls the long-term performance of an earthen liner,
AR numbgr of possible failure mechanisms for earthen liners have
been suggested (Edil, 1982), These mechanisms result in an
increase in the permeability of the liner materials as a result of
changes in the physical and chemical environment of the liner
subsequent to construction, Therefore, even if the liner has the
proper impermeability at the end of the construction, it still may
be affected subsequently by these factors.

The affect of the failure mechanisms on the liners take place
basically in two ways: . {) a change in density, and ii) a change
in effective pore-size distribution., The physical factors include
wetting/drying, freezing/thawing, temperature changes, and
stresses, These factors may result in cracking and looséning of
earthen liners when, and (f, they are exposed to such
environmental conditions, Waste fluids may interact chemically
with the liner material in a variety of ways. Either organic or
inorganic acids and bases may solubilize portions of the clay
structure resulting in increased permeability. Pore fluid
substitution, i.e,, changes in cation type and concentration,
dielectric constant, ete,, affects the force field around clay
particles and the interparticle forces. Consequently, the size of
the pores and the resistance to pore fluid movement are affected,
These chemical factors result in a variety of mechanisms including
volume change (swelling or shrinkage) and fissuring due to the
replacement of interlayer water in clay mineralogical ssructure by
organic wastes,

PERMEABILITY TESTING OF LOW PERMEABILITY BARRIERS
There are certain problems common to all of the tests

suggested for the ddtermination of the permeability of laow-
permesbility earthen materials, These problems can be placed in
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one of Lwo categories, equipment or specimen. In some cases,
50lul lons to these problems are readily available; in other cases
more research i3 required. In measuring the coefficient of
permeability of a low-permeablility material, the most common
equipment-related problem is system leaks, With such low-
permeability barriers, even a small leak could substantially
increase the mecasured inflow rate or decrease the measured outflow
rate. Thercfore, a method of checking for leaks (s nceded. One
way of proving that there are no leaks in the system is to perform
a water budget analysis, il.e., a comparison of inflow and outflow
volumes to show that the inflow rate equals the outflow rate,
Equipment-related flow imbalances could be caused by evaporation
ant the presence of air bubbles in the outflow burette (Edil and
Erickson, 1984), There are also specimen-related problems which
affect the measured flow rates. The moisture condition of the
specimens tested seemsto affect how the permeant passes through
them.  For instance, specimens of sand-bentonite mixtures
compacted near optimum moisture content appear. Lo continue to
hydrate as permeability Lests progress., As bentonite ubsorbs more
inflowing permeant, zones of differential nydration may develop
within the specimen (Edil and Erickson, 1984), In the case of Ily
ash and fly ash-s0il mixtures, moisture is needed to complete the
hydration reactions which control the extent of comentation ws
well as reduction in permeability (Vesperman, Edil and Berthouex,
1984).  Another specimen-related problem in permeablity testing is
the growth of bacteria on the earthen material within the
permecameters., Tnis activity tends to reduce the permeability by
clogging the pores.

Application of back pressure hias been promoted as an
effective procedure for improving the degree of saturation of a
specimen during permeubility tests (Zimmic, 1981; Black and Lee,
1973). Elevating the pressure at the Inflow and outflow burettes
by the application of backpressure forees air in the burrettes,
lines, porous stones, and the specimen into the permeant, thus
saturating the whole system. )

Permeability measurements of Lhe carthen barricrs can b oa
long process because of the ‘low flow rates and long-time periods
required to reach steady-state conditions. In an alttempt to
reduce the length of time required to finish a permeability test,
hydraulic gradients in excess of 100 have been used and
investigated (Mitchell, et al, 1965). There is a controversy
aboutl the possible adverse affects of application of such high
gradients on the permeability tests results (Zimmie, 1981).

Another source of controversy in permeability testing is the
type of permeameter, {.e., flexible wall versus rigid wall
permeameters. Flexible wall permeameters have been described as
the best type of cquipment for performing permeability tests



(Zimmie, 1981). They model in-situ pressure congitions and
provide a better s~al along the specimen edges. Certain clay
specimens may shri. ¢ when exposed to certain types of harzardous
waste permean- 3 ¢r. ting a gap or a channel between the specimen
and the rigid wall. of the permeameter. In conclusion, it secms
as though adeyuate equipment has been developed to perform
permeability tests on barrier sotls, but the exact procedures have
not been defined that will produce accurate results each time.
However, carcful testing consistent with the best availablé
geotechnical test procedures can produce reliable laboratory
permecability test results.

PERMEABILITIES OF TWO EARTHEN LINER MATERIALS

At certain sites there may not be sufficient amount of
natural clay material to construct a barrier of suflficient
thickness for waste containment. In such cases, the properties of
existing natural coarse-grained soils can be modified by the
addition of certain finer grained admixtures.

soil-Bentonite Liners

ientonite has been used widely as a so0il modifier by blending
it with existing soila. Hentonite i3 a commerically avatlable
earthen product based in highly swelling clay minerals, Swelling
soils are encountered in many localities around the world.
Identification, mining, and marketing of soils high in swelling
clay minerals locally in developing countries is highly desirable
if it has not been already done. In areas where seils suitable
for 1liner materials are not readily available, mixing with a
bentonite clay could enhance sealing characteristics in a cost=-
effective manner. At the same time, however, ong has Lo recognize
the relatively higher sensitivity of swelling clay minerals to
different chemical constituents of the waste. This aspect perhaps
is more critical for the sanitary landfills and certain industrial
wasle lagoons than municipal wastewater lagoons. The permeability
test results using a mixture of J0% Ottawa sand {(passing #20 sieve
and retained on #30 sieve) and 10% bentonite clay are summarized
in Table 1. Water was used to prepare the samples and as Lhe
permeant, Specimens were prepared by compaction at moisture
contents exceeding the optimum moisture content using the standard
Proctor method., Both rigid and flexible wall permeameters were
used in a test setup as shown in Figure 1, A prossure of 380 kPa
was used in the test i{nvolving backpressure. Low and high
hydraulic gradients were nominally 29 and 290, respectively, The
test results shown in Table 1 indicate that coefficients of
permeapility lower than 10 milimeters per cecond wds ach. vable
by adding 10% bentonite to otherwise highly permeable sand soil.

EDIL



Table 3. Coefficients of Permeability (mm/sec) xlO8
COEFFICIENTS OF PERMEABILITY
LEG 1 LEG 2 LEG 3 LEG 4 ) -
TEST . -
WO, tst low { Ist HIGH 1 2nd LOW £ 2nd HIGH i
RWL . --- 1.3 0.5 - -
RW2 4.3 4.2 3.0 P |
RBL 7.2 380. - - - -
-8

RB2Z 2750. 5100. s4g0, % 10 ---
Ful 2.4 1.6 2.9 1.5
FBL 4.1 1.7 -—-- ---
FB2 3.3 1.4 3.4 -~ =
Specimen Designation: R: rigid-wall permeameter B: back pressure used

F: flexible-wall permeameter W: without back pressure
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Tne only exception involves the specimens which were tested in a
rigid wall permeameter using backpressure. In this case,
channeling and drastic increase in permeability occured.
Therefore, backpressuring, while results in improvement of
saturation in flexible-wall permeameters, may produce adverse
effects in rigid-wall permeamcters. The results also indicate
thut rigid or flexible-~wall permeameters, wWwhen carefully used, may
produce similar results unless the specimen i3 shrinking due to
chemical reactions.

Fly Ash as a Liner

A large percent of the electric power generated in the world
is produced from coal combustion. This process produces large
quantities of coal ash per year. Fly ash, the lighter, smaller
particles carried tn the flue gas, is collected by electrostatic
precipitators, filterback houses, venturi type scrubbers, etc.

The fly ash removed i3 frequently handled "dry" and stored for
disposal or utilizatin in storage silos, This dry storage
maintains the pozzolanic capabilities of the fly ash (Bahor,
t981). Fly ash stabiliged soil may have potential for use as a
liner material at fly ash and/or scrubber sludge landfill sites,
nonhazardous waste lagoons, e©.g., manure pits, wastewater
treatment lagoons, etc., and hazardous waste facilities, either
alone or in combination with geomembranes. The potential for each
of these applications requires, as an {unitial rirst step, an
understanding of the permeability of the fly ash and fly ash-soil
mixtures and what factors affect permeability. 1n an
investigation aimed at this, fly ash-soil mixtures were prepared
with different fly ash contents by compaction and were tested for
their permeapilities. The so0il used in preparing the fly ash-soil
mixtures was a commercial fine quartz sand known as Portage sand.
The specimens were prepared and stored for 7 days in a humidity
controlled environment at room temperature after compaction.
Subsequently, specimens were trimmed and placed into the
permeameters, Permeability tests utilized a flexible-wall
permeameter in a falling head permeability test. Deaired water
was used as the permeant and the saturation of the specimens was
improved by applying a nominal hyraulic gradient for 24 hours
prior to permeability testing. A backpressure of 380 kPa was then
established in both inflow and outflow burrcttes to remove any
trapped air. A gradient of 20 for the low permeability materials
(k<10 ~ am/zec) and 10 for thé high permeability materials (k>10
mm/sec) waS then established. Permeapility testing was continued
either until approximately one pore volume of permeant was passed
through the specimen or, in the lower permeability specimen, at
least one half of the pore volume was passed through the specimen.
Permeability test results indicate that the 100% and the L40% delle
Ayr fly ash-sand specimens exhibit essentially identical

’
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permeability as shown in Figure 2 (in the range of 10_7 to 10_8

mm/sec). However with less than 40% fly ash the meggured
permeabilities were 100 to 1,000 folds higher (K>10 mm/sec) .

The Belle Ayr fly ash {8 a highly pozzolanic fly ash with
significant self-cementitious properties. Another fly ash from a
diffgﬁent coal soupce, however, exhibited permeabilities between S
x 10 and 1 x 10 mm/sec. This latter fly ash while selrf-
cementitiocus was not as pozzolanic as the Belle Ayr fly\ash. This
suggests that there is another major factor affecting permeability
that involvea the pozzolaniec reaction products.

SUMMARY

Earthen liners are proposed as an appropriate means of waste
containment in developing countries, based on the availability of
materials and technology. However, successful perfdrmince of such
liners throughout the life of the waste disposal system requires
¢are in design, construction, and operation of such linera. Tnis
paper provides performance data on a number of earthen liner
materlals including fly ash, fly ash-sand, and bentonite-soil
mixtures. There are difficulties and critical factors regarding
the laboratory measurement of permeability of such barriers,

These include permeameter type (rigid vs flexible wall
permeameters), backpressure application (in order to saturate the
sample), and hydraulic gradient magnitude. Factors which control
permeability include density, moiature content, soil modifier
content (fly ash or bentonite content), and degree of cementation
and hydration.
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INTRODUCTION

Because of their toxicity to aquatic and human life
at low concentrations, possible cumulative and synergistic
effects and their tendency for wide distribution from a
variety of sources, metals have received considerable att-
ention within the last few years. Regulatory authorities
are establishing extremely low allawable concentrations of
these metals in effluent discharges to receiving waters.

Since practically a great number of wastewater treat-
ment plants employ activated sludge systems, it is of sig-
nificance to realize what effect heavy metals will have
upon these processes, and what removal might be expected
in passing such treatment facilities.

The removal of a wide range of metals in biological
treatment processes has been studied by many investiga-
torsl=3, The wide range of removal efficiencies observed
for a specific metal demeonstrates the influence of the
operating conditions prevailing in the treatment processes? .

Thereforae, the necessity for a better understanding
of the factors influencing heavy metal interaction in act-
ivated sludge systems is acknowledged.

Because copper is one of the metals which has received
considerable attention due to its inhibitory effect on bio-
logical process, it was chosen for this study.



EXPERIMENTAL

A contlnuous laboratory-scale actlvated sludge sys-
tem (Manufacture of cole palmer) was used for this study.
It consists of 6.2 litre outer cone, 2 litre innercone,
resting concentrically inside the outercone, and the cla-
rifying tube hanger is lowered onto top ridge of the inner
cone. Air is supplied to the system through three diffu-
sers placed into the outercone. Periodic wastage if mixed
ligquor controls sludge concentration around 2 g,l”

To assure uniform waste characteristics and avoid great
fluctuations in sewage composition, the system was fed with
synthetic sewage at a constant hydraulic load of 8m3m~3d4- 1
equivalent to an organic load of 1.8 kg BOD m-3d~l. Corres-
ponding detention period in the aeration compartment was
3 hours. :

Copper was added as copper sulphate solution, dosed via
constant speed peristalitic pump and mixed with the feed
prior entry into the system.

Physico-chemical analysis were carried out according
to Standard Methods>. Copper ion concentrations were meas-
ured using atomic absorption spectrophotometer.

RESULTS

As control the system was run without copper addition,
Average results obtained during this period are shown in
Table 1.

The system was then subjected to increasing doses of
copper namely 0.5, 1, 2, 3, 5, and 10 mg coppér per litre..
The effect of each copper dose was examined for a period
of about six weeks after reaching the steady state. Table
2 and Fig 1l summarize the results obtained. From the data
it may be concluded that maximum concentration of copper
that can be received continuously under experimental oper-
ating conditions without affecting the microbial population
is 1 mg 1-1. Increasing copper concentration in the feed
up to 3 mg 17" exerted slight changes in the quality of the
effluent. Further increase up to 5 mg copper 17+ reduced
BOD and COD removal values by 16 and 19 pﬁrcentage points,
respectively, During the 10 fng copper 17+ run, BOD and COD
removal rates were reduced by 34 percentage points as comp-
ared to the control run.

Copper removal varied from 41 to 87% depending on
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Table { 1 } Efficiency of Activated Sludge Treatment of Vaste "ater Before Copper Addition.

Feed Effluent ’ Filtered Eff.

Average . Min. Max. Average Min. Max. Averadge
nH 7.4 7.3 7.9 7.8 - - -
Turbidity MNTU 42.0 2.0 4.0 3.0 - - -
% PRenoval - 2g.n RIS 93.0 - - .=
coD mg 17 288.0 24,0 35.0 31,0 22.0 25.0 24.5
% Removal - 89.0 91.0 99.0 89.n 93.0 g2
BOD mg 17 1 218.0 8.0 20.0 16.0 5.0 2n.0 12.5
% Removal : - 92.0 97.0 24.0 92.0 98.0 as5.n
Ammonia mg N 171 15.2 3.0 15.4 5.2 - - -
Hitrite mg N 1-1 0.6 0.7 4.8 1.5 - - -
Nitrate mg N 1-1 n.1 trace n,88 0.2 . - - -
Organic Hitrogen mg M ll 14.3 5.4 11.2 e.0 - - -
Total vhosphate mg P 1 2.6 0.3 2.4 1.46 0.2 2.1 1.35
mg/l P removed/ _ _ - -
mg BOD removed -1 0.54 1.04 0.79
Total Residue 105 C mqg 1~ -1 827.0 243n,0 69n.0 569,.0 - - -
Fixed Residue 550°C mg 1 453.0 286.0 486.0 428.0 - - - -
Suspended Solid 105°C'mg 1 98.0 2.0 18.0 8.5 - - -
Sludge analysis -1
Sludge Volume ml ll - 200.0 90N, o 530,49 - - -
Sludge Weight g 1 : - 2.04 2.8 2.26 - - -
oV % - 70.0 88.0 81.0 ) - - -
svVI - 85.0 392.n - 250.0 - - -

'



Tagle (2) Efficiency of Activated Sludge System Fed Continuocusly with Increasing Copper Doses

Copper Average BOD Removal Average COD Removal Copper Conc. in the Effluent

Conc. in (%3}

the Peed Unfiltered filtered Unfiltered Filtered Unfiltered Filtered

mgl eff. eff. eff. eff. mgl-1l QRemoval mgl-1s+  Removal
0.0 94 95 S0 82 - - -
0.5 93 95 85.6 90 0.17  65.93 0.13  73.67
1.0 93 95, 84 90 0.28 71.41 0.18 81.31
2.0 93 g7 85 90 0.268 86.58 0.22 8§8.83
3.0 96 g8 89 93 . 0.379 B87.35 0.23  §2.19
5.0 78 81 71 85 2.14 57.19 1.05 78.94

74. 56 73.4 5.85% 41.41

10.0 59.

1.3 86.5
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initial copper concentration applied to the system. Incr-
easing copper dose in the influent from ¢.5 to 10 mg cu 174,
raised both soluble and total copper concentration in the
effluent by 10 and 34 times respectively Figs 2 and 3.

This indicates the association of copper in the effluent
with the suspended solids,

Tracing the distribution pattern of copper in the sys-
tem indicated the high capability of the biological floc
to concentrate copper, Analysis of copper in the activated
sludge samples collected during the different runs, indic-
ates the ability of activated sludge to concentrate copper.
Copper concentration up te 133.7 g.kg~l dry sludge was reco-
rded Figs 4 and 5.

Microscopic examination of the activated sludge taken
from the system when it received 0.5 and 1.0 mg CU 1~1 show-
ed no variation from that of the control experiment. It was
characterized by the presence of good numbers of protozoa
and rotifers . During the 5 and 10 mg 1-1 copper runs,
protozoa, rotifers and filamentous organisms almost disapp-
eared. Sludge flocs were fragmented and had dark color.

Effects of a Slug Dose of Copper Sulphate

The effects of a slug dose of 460 mg 1~1 copper, fed
for four hours, on the activated sludge process were stud-
ied, Sludge with no history of having previously received
copper was used, the effects of this slug dose on the gqua-
lity of the effluent and the sludge are shown in Figs 6 and
7. A deterioration in the guality of the effluent was reco-
rded reaching its maximum after twenty four hours. Then a
gradual improvement took place. Complete recovery was achi-
eved after 96 hr.

DISCUSSION

The results of this study show that reduction in treat-
ment efficiency of activated sludge caused by continuous
feeding of copper at concentrations up to 3 mg 17+ was low,

Copper removal varied from 41,4 to 66% depending on its
concentration in the feed, Similar results were given by
Cheng et al2, Higher removal values up to 96% were reported
by several investigators 6~2, Dh~ ide range of removal
efficiency reflects the influence operating conditions
on the physical, chemical and bioi ical reactions taking
place in the activated sludge process.
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Essentially removal is largely dependent on the tra-~
nsformation of soluble forms of metals into insoluble for-
ms, This may occur by adsorption onto sludge solids,
biological accumulation by the biomass or settlement of
precipitated forms either indegendently or in association
with secttleable sludge solids 10 & 11,

After four hours from the start of the slug dose the
MLSS was found to contain 53.4 g. cu kg~l, which accounted
for 23% of the total copper fed.

When copper was fed over a long period, activated slu-
dge retained up to 133.7 g. copper kg—l dry solids.

From these results, it can be concluded that the fate
and toxicity effect of copper depends to a large extent on
the operating conditions and wastewater characteristics.
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Pesticide Management In Devcloping Countries

A Case Study of Egyptian Status

""A.H. El-Scbae (I'h.D.)
Pesticides Division, Paculty of Agriculture,

Alex. Univ. Alex. Egypt.

INTRODUCTION

In agricultural systems, soil is the main reservoir
of the chemical pollutants. Soil generally has a lowos
texture and consists of solid mineral and organie mat:t -
er, water and air spacces, The mineral portion o! soil
is formed from parent rocks by the weathering acurion o
physical, c¢hemical, and biological processes. The org.-
nic portion consists of plant biomass in variow. stag
of decay, High populations of bacteria, fungi, and o -
mals such as carthworms may be found in soil.

The solid fractioa of a typicul productive soil .
approximately 5% organic mattor and 95% inorganic mui:. v
However some soils, such as poeat soils, may contain
much as 95% organic material. Other soils contain
little as 1% organic matter such s sandy soils,

Types of Pesticides Used in Eoypt:

Table 1 indicates types of pesticides used diectly
by soil or secd treatment, The list covers fungicides,
insecticides and weed killers of different chemical st-
ructures. These compounds reach the soil indircetly th-
rough drift and running olf. These are the two main =
urces for contamination of the Egyptian soill during o
agricultural practices, Soil, climate, and pestici
structural properties are three fuclors primarily @ . o-
nsible for controlling the persistence of pesticides in
soils (Kearney, 1977).



Table 1. Pesticides Incorporated in Egyptian Soils.

Compound

Pest to be controlled

Aldicarb (Temik)(R)

Carbofuran (Furadan)
Fenamiphos (Nemacur)
Carboxin (Vitavax)
Captan (orthocide)
Endrin

DDT/ Lindane (30/9)
Kitazin

Lindane

Diazinon

Chlorpyrifos (Dursban)

Chlordane
Trifluralin (Treflan)
Fluometuron (cotoran)
Butralin (amex)
Pendimethalin (Stomp)
Linuron (Lorox)
Paraguat (gramaxone)
haIapon‘(Dowpon)
Propanil (Stam F 34)
EPTC (Eptam)

Atrazine (gesaprimar primatal)
Bromoxynil (octanoate) (Brominal)

nematoda, thrips, aphids,
and spidermites
nematoda -
nematoda
nematoda
Soil fungi
crickets and cut worms
onion nursery insects
rice soil fungi
sugar cane pests

t " "
soil insects

" " and termites

weeds




Table 2. Relative Mobility of Pesticides In Soils (Kearney

(Kearney 1977).

Very low Medium Rapid
mobility Mobility Mobility
Dot Monuron TCA
Lindane Diuron Dalapon
Parathion Linuron 2, 4-D
Chlorphenamidine EPTC anitrols
Zineb azinphosmethyl Bromacil
Morestan Diazinon Piclaram
Benomyl - Atrazine Dinoseb
Dieldrin Simazine MCPA
Paraquat 2,4,5-T

Trifluralin

Heptchlor

Endrin

Aldrin

Chlordane

Toxaphene .

An important factor in assexsing the significance of pesticides
in the environment is their ability to move from the original
site of application. They can move either by vertical leach-
ing down into the soil profile, by erosion and movement of ad-
sorbed pesticides in soil particles, or by the vapor movem-
ent of a pesticide off the so0il surface into the atmosphere.

In Table 2, the relative vertical mobility of various cl-
ases of pesticides down the so0il is shown. The insoluble ch-
lorinated insecticides are almost immobile and tend to remain
on or near the s0il suriuce, Consequently, they may pose 1i-
ttle or no threat to ground water purity but are subject to
surface erosion and movement is partly responsible for the
appearance of pesticides in the aquatic environment, On the
other hand the acid herbr;ecides such as 2,4-D, TCA, dalapon are
leached readily in soils and may move to great depths during
a normal growing season. Fortunately most of these pestici~
des are usually degraded fairly rapidly in the environment and
are not detected in ground water,

The annual load of pesticides used in the ligyptian Agri-
culturc can be evaluated Irom the information in Table 3 which




presents the total amount of pesticides used during the per-
iod 1950-1983 in Egypt. The average annual use is 30,000
metric tons. That means an average dumping of six kgm of
pesticides per acre each year (Attia, 1977).

Inseccticides are considered 75% of the total imported
pesticides in Egypt. Diversity of chemical structure and the
rapid shift from one type to another was done under the pre-
ssure of the build up of resistance in the cotton leafworm
to the different groups of insecticides (El-Sebac, 1981).

pergistence of Pesticides In Seil:

The chlorinated hydrocarbon insecticides were shown to
be highly persistent in the soil as shown from results repor-
ted by Wattal (1972) and Kearney et al. (1969), indicated the
relative porsistance values of difleorent types of pesticides

cat Lhe normal rates of field application (Table 4).

These data confirm the persistence of the chlorinated
hydrocarbon insecticides on one hand and the easily dissipa-
ted organophosphorous insceticides and the carbamate and ali-
phatic acid herbicides.

Table 3f Total Active Ingredient Insecticides Released in
Egyptian Agricultural Environment During the Years

1950-1983.
Total a.i. Years of
Compound metric tons Consumption
Toxaphene 54,000 1955-1961
Endrin o 9,500 1961-1974
bpT _ 13,300 1952-1071
Lindane ‘ i 10,800 o 19562-1971
JLCarbaryl ) . 20,000, . 19611968
*Trichlorofon 6,200 1961-19606
Moncerotophos 7,800 1967-19073
Leptophos s 5,500 19681875
Chlorpyriphos 11,500 1969~1983
Phosfolan 6,000 1968-1083
Mephosiolan ) 7,500 1968~1983
Other OP's 20,000 . 1968~198
Mothomyl . 6,000 1976~1983
Fenvalerate 6,000 ) 19076~1083
Cypermethrin 5,000 s 1976~ 1083

Deltamethrin 3,000 ' 19761083




Table 4. Relative Persistence of Pesticides In Soils.

Compound Time for 75% loss
Chlordane 5 years
bDT 4 "

B HC ) 3 -
Heptachlor and Aldrin 2 "
Simazine 12 months
Atrazine, monuron 10 "
Diuron . 8 "
Trifluralin - ' . 5 "
2,4,5-T ' i ) "
MCPA 3 v
2,4__D l L
Diazinon N 12 weeks
Disulfoton ) 4 "
Phorate 2 "
Malathion, Parathion 1 "
TCA : 12 weeks
Dalapon, CIPC g "
EPTC 4

The effect of Soil Type on Pesticide Persistence

The physicochemical characteristics of each soil type are
limiting factors for the rate of adsorption, leaching, degra-—
dation and translocalion of each pesticide. Data in Table 5
demonstrates the vaviation in properites of three Egyptian soil
types (Ll-Schae et al. 1969), The initial adsorption of Dow-
pon differed on the three soil types (Table 6) being higher on
the sandy type (ollowed by the silty and then the clay type.
However, Dowpon was much more lost from the sandy soil due to
the higher evaporation and leaching rates. The high percentage
of organic colloide in the silty and clay soil types account
for their ability to held the leit re¢sidues for longoer per-
iods. Similar data were reported by Ebeling (1963) and Aly et
al. (1978).
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The pesticides adsorbed on the soil surface can move into
the atmosphere in the feérm of a vapour. This property explains
the transport of pesticides and pollutants far away from the
original site. Table 7 presentsthe vapour pressure of differ-
ent pesticides, The presence of many chlorinated hvdrocarbons
such as DDT, toxaphene, lindane and Dieldrin in Scandivavian
lakes and Baltic sea can be attributed to the transportation
of its vapours by the atmospheric air and its precipitation by
rain from the mobile particulates.

Table 5. Chracteristics of Three Soil Types

Soil Water Numbetr of Organic
Type pH Saturation RBacteria matter
% per gm %
Sandy 7.8 18.9 50,000 0.09
Bilty 7.1 38.8 112,000 Q.70
Clay 8.0 60.7 211,000 0.75

Table 6. Persistence of bowpon in Three So0il Types

ppm after storage for

Soll Type

0 days 7 days 14 days 21 days
Sandy 29.95 17.5 3.5 0.5
Silty 27.30 20.5 15.5 8.0
Clay 24.85 23.0 17.5 12.0

Organic compounds bound on humic acid and on soil in gene-
ral are quite stable and give rise to what is called unextrac-
table residue (Khan, 1980 and Manahau, 1979).




Table 7. Physical Properties of Some Insecticides.

Water Solupility Vapour pressuro

Compound ppm (20-25°C.) mm Hg (20-25C) .

(mg /L)
DDT 0.0012 1.90 x 10-7
Dieldrin 0.06 1.80 x 1077
Lindane 10.00 9.40 x 1076
Ronnel ~ 1.08 800 x 107%
Chlorpyrifos 0.40 1.87 x 1079
Leptophos o 0.0047
Fenitrothion 30.00 5.40 x 1070
Methyl Parathion - 55.00 9.70 x 1078
Parathion 11.90 . 3.78 x 1070
Malathion 145.00 1.85 x 104
Mevimphos : © miscible ' 2.20 x 1073

Levels of Persistent Pesticides In Egyptian Seils:

The concentration of organochlorine insecticides were
determined in soil samples from the three governorates: El-
Minia. El-Behcra, and El-Dakahlia during 1979 by Aly and
Badawy (198l1) at August and October 1979. The data are shown
in table 8. The concentrations of the insecticides were much
higher in soil samples than the corresponding water samples
in the same investigation. This reflects the tendency for
accumulation of the chlorinated hydrocarbons in soils. El-
Dakahlia samples were obviously higher in contamination. This
roflects differences in the background levels of pesticide ap-
plications.

The chlorinated hydrocarbons are shown to be accumulated
on sediments of the brackish lakes such as lake Mariut. Data

are shown in Table 9 (Abo Elamayem et al. 1979). Similar data
were reported by Askar et al (1980) in Burullus lake. Although
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the chlorinated hydrocarbons were stopped from being uscd due
to the problem of resistance since more than ten vears, yet
their levels in the environment significantly indicate their
impact as persistent environmental pollutants.

Laovels of Heavy Metals In Egyptian Soils:

Elsokkary (1978 and 1980) investigated contamination of
roadside soils and vegelables in cabbage, and parsley by the
heavy metals lg, Co, Cd, Ni, Pb and Zn along Alexandria- Cairo
Agric. Highway. High levels of these metals more than the per-
missible tolerances were found in soils and plants near the
road. Tho sources of  contamination are the vehicle exhaust.
Example of these data are shown in Table 10,

Harmful LEffcets Cnused by Pesticides and {leavy Metals In Soils:

Edwards and Thompson (1973) indicated that pesticides in
s0ils affect animals which are non  target organisms such as
the saprophagous invertebrates (e.g. earthworms, collombolsa,
somc¢ Acarina and DiplLera larvae which are essential in the
breakdown of some kinds of leaf litter into its organic and in-
organic constituents leading to deterioration ol the structurc
and fertility ol soil.

Table 8., Concentration ¢f Organochlorine Insécticides In Seil
Samples at El-Minia, El-Behera and Dakahlieh Provin-
ces, August, 1979,

Samples Concentration in pph
Location Lindane Lndrin nut DD DD Chlordune
‘El-Minia 1 0.15 0.16 .40 1.40 n.d 0.26

1 .
El-Minia 2 0.24 0.19 1.30 1.10 n.d, 1.30
El-Behera 1 0.70 0.30 0.38 0.55 n.d. 1. d.
El-Bchera 2 0.50 0.48 0.40 0.84 n.d. n.d.
Dakahlich 1 1.20 1.00 1.54 1.34 n.d, 1.20
Dakahlieh 2 1.25 1.50 L.70 1.50 un.d. 1.24




Table 0. Chlorvinated Pesticides In Water and Scdinoot Somples

at Lake Mariat,

Aexandria.

Lake stations

__ Mean Conceentrations in p.o.b,
Lindone
Witer soedinent

b, ]\" 1 l‘lf_l_?_'m_
Water Seddinent

L 2.06 12,8 3.85 ue2
Il 2.10 71.7 2.0 Hio
111 1,94 51,6 2,79 7o
v 1.65 120.3 \ 9.M0 oo
v 1.75 02,2 5.un TO6
'VI 1.75 2.8 40 GL0
VIl 1.79 HAa.3 G.oun It
Viig . 2.%6 111.5 gL RG Wi

Tabla 10. Average Volues of Cd, Ni, I'h, and Zn 1n -1»1‘1:;» 33!

normal

Fayptian Soitl and theivr Plantat fons,

Total content (ppm)

Subs 2 L R
Substrate a 5 R
Soil 0.0 Gi.h 1w )
Cabbage (.2 LG G 1w
Parsley 0.45 2o 10 i
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Residues of organochlorine insecticides tend to accumul-
ate in earthworms ninc times that in soils, and twenty fold
in soil snails and slugs. (Gish, 1970). Such soil fauna or-
ganisms can be used as targets for monitoring of intensified
levels of pollutants. This tendency also causes injury to
the earthworms and slugs normal vitality and population,

Cole et al. (1975) demonstrated that subsurface applica-
tion of aldrin reduction in the height of corn plants due to
its phytotoxicity.

Hegazi et al. (1979) studied ithe effect of the applica-
tion of a group of pesticides (Temik, Stomp, Dinoseb, Nata,
Dursbtan, and Simazine) on Nz—ase activity in Giza Clay-loam
50il under maize cultivation. Field applications of all
pesticides showed different inhibitory effects and the effec-
cts increased with increased doses and incubation period.

Carbamate and organophosphate insecticides were found to
cause harmful inhibition of soil-dehydrogenase activity
(Khalifa et al., 1980). Similar unfavourable side effects of
other pesticides on.different essential soil enzymes were
reported.

The otrganachlorine pesticides remain in soils for long .
periods of time. During that period of time, certain amounts
of thesc compounds arc mobile and are translocated and accum-
ulate to new plantations in soil. (Caro, 1969).

The favourable effects of heavy metals, such as copper
and Zinc is connected with their functions in enzyme activi-
ties and plant growth regulation., Ilowever, excessive concen-
trations of these metals in the s0il are toxic to planis (Asshe
and Mey 1977) copper at concentrations above 40 ppm in soil
appears to have little mobility and is highly phototoxie, It
causes blackish brown discolouration of roots, which often de-
velop a syndrome commonly known as "barbed wire", Lead in the
s0il depresses transpiration and photosynthesis.  Zinc has an
antagonistic effect on iron and is toxic at concentrations of
125-500 ppm. So far, little is known about the complex and
specific effects of these metals when found simultaneously.



Mothods for Decontamination ol Soilsg:

Bryce (1973) proposed certain solutions Lo problems ol
5011 pollution by apvicultural chum}culs. By cultivation and
related Yechnigues chemicnl pollutants are brought to the soeil
surlace where they are exposed for greater evaporation and
photochemical degradation.

Aeration and ploughing are recommended in this concern,
Cropping with plants that accumulate pesticides has beon sug-
gested as another method for decontaminating soils,  For exa-
mple, uptake by resgistant plants such as Johnson grass, mize
and sorghum accounted for 25% of the atrazine applicd to soil,
Heavy irrigation has also been suggested an o meuans of accel-
crating the removal of contaminants from soil by heavy leach-
ing.

v

Adding adsorbent matcerials has often been susgosted as
A means of making persistent chemicals less harmful.  Adding
activated carbon can decreasce the acgtivity of chemicals in
soils., The possibility of cnbuncing the ability of microor-
ganisms to degrade pesticides has often been considered,  The
bieodegradation can be stimulated by raising temporature, add-
ing encrgy rich materials such as sugars or various composts,
or by maintaining the soil moist,

Jansen and Assche (1977) carried out o ficld exporiuwent
during two consceutive years to check the intlucnce of selec-
tively working: cation exchangers in o s0il contaminatod with
the heavy metals lead, copper, and zine. Alter o single app-
lication of the cation exchanger of 4 macroporous polystrrol
Lypa, very poseive and permanent offecet of decontaminuagion
wis observed. \

El-% bue and Abo Hlamayem (1975) found Lhat the activa-
ted carbon can be a rood adsorbent for most of  the pestici-
des In aguatlce el soil syvstems.

Legislations Tor Moil Protection:

TAO had published in 1979 a report on envirommental ol'i-
teria [or registeration of pesticides, The physico-chemical
data required for prodiction of hazards of a new pesticide
include water solubility, rates of adsorption and desorption
on so0il, volatility, degradation and 1leacing in soil system.

1
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The requirement of toxicity data of the new chemical on
nen target organisms include soil micro-organisms particula-
rly the Ng fixation bacteria and also the soil macroorganisms
with special reference to earthworms and other beneficial soil
fauna.

Thege requirements emphazize the importance felt by legi-
lators in putting criteria for regulation of registeration of
the new pesticides with the least hazard to soil fertility and
produectivity. Such regulations maintain management of chemi-
cal pollutants in agricultural soil systems.
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POTENTIAL OF BIOCAS IN DEVELOPIRG COUNTRIES

Timothy G. Ellis, Gene F. Parkin and Mirat D. Gurol
Civil Engineering Department

Drexel University, Philadelphia, PA 19106,.USA

INTRODUCTION

The process of digesting organic matter in an anaerobic
environment produces a flammable gas which is commonly referred to
as "blogas" in developing countries. The potential of bilogas as a
renewable energy source has been recognized as early as the end of
nineteenth century in England where the gas was used for street
lighting (1). In recent years, blogas technology has received a
renewed interest, especially from the developing countries, most of
which depend for fuel on imported fossil fuels and domestic fire-
wood, and as a consequence, have severe financial and deforestation
problems.

The breakdown of organic compounds in anaerobic digesters
produces, in addition to biogas, an effluent slurry with signifi-
cant fertilizer value, The applicarion of the effluent slurry to
over-cultivated farmland can restore deficlent soils and entich
them with nutrients, Furthermore, biological treatment of human
and animal excreta in digesters can destroy most of the pathogenie
organismé which are the major cause of enteric diseases in develop-
ing countries, One of the objectives of this paper 1s to prescnt
an assessment of the energy, agricultural and health aspects
associated with blogas technology for developing countries.

In spite of the advantages outlined above, a number of economic
and soclal drawbacks associated with bilogas technology have
hampered its dissemination among the developing countries.
Additionally, a large number of digesrers Installed in various
countries are now either inoperative or operate inefficiently
because of faulty design and construction, or other limitations



of the technology. This paper presents a brief review of the
technical aspects of the design and operation of the digesters, and
a discussion of the economlc, social and political implications of
the implementation of the technology in developing countries,

ENERGY, AGRICULTURAL AND HEALTH ASPECTS OF BIOGAS UTILIZATION

Energy Aspects

In most developing countries there 15 a need for non-commercial
renewable energy sources. Traditionally, firewood, charcoal and cow
patties have been used for cooking. Approximately one-third cf
the world's population depends on wood for fuel., This dependence
puts a strain on the forests, 40 percent of which are estimated to
be destroyed by the year 2000 in Third World Countries (2).
Forthermore, alternative enerpy sources must be investigated and
adopted to alleviate the financial burden of importing fossil fuels.

Biogas, which is 50 to 75 percent methane, has the potential
of providing a renewable and clean energy source for dcvelnping
countries. The calorific value of biogazs is about 6000 keal/m
biogas, or 1 m3 of blogas is equivalent to about 0.65 L of gasoline
or 0,57 L of dlesel fuel. The primary domestic use of biogas,
which can be obtained from either individual family-size units or
a2 community-size plant, is for cooking and lighting. For a family
of five to six people, it has been estimated that a 2-m3 biogas
unit will be sufficient for the family's cooking and 11§hting needs
(3). The fed requirements for a digester producing 2 m? of hiogas
per day can be met from the dung of four or five medium—sized
penned animals (3). The addition of human excreta (night soil) in=-
to the digester will add approximately 0.025 m3 of gas per personm
per day (4). Increased gas yields can be achieved by adding
supplemental material, such as water hyacinths and siugar beet leaves,
The output of the digester will depend on the nature of raw material
as well as the period of digestion and the environmental factors
such as temperature and absence of toxle substances. Table I shows
the approrimate gas ylelds from various waste material for certain
temperature and retention times (1).

Biogas can also be used as a fuel to power farm machlnery
and to generate electricity after minor modifications In the gas
and the diesel enginea. One cubic meter of blogas can run a one-
horsepower motor for two hours or generate 1.25 kuw-hr of electric-
ity (5). Hence biogas can be especially desirable in areas lacking
electricity. In India, for example, the cost of electrical hookups
is prohibitive: only 14 percent of the households overall and 5
percent in rural areas have electricity. Tn China, where the
electricity is also scarce, biogas is being used to generate 2200
kw-hr per day of electricity at a nightsoil treatrent facility in
Foghan (6).



Table I. 7Yield of Biogas From Various Waste Materials (1).

m3 of blogas ’ Ferment-

per kg of CHy, stion

total dry Temperature content tipe
Raw Material solids °c 4 (days)
Cattle manure 0.20-0.50 11-31 - -
Beef manure 0.86 35 58 10
Poultry manure 0.26-0.30 . 33 58 10-15
Swine manure 0.49-1.02 33-35 58-68 10-20
Sheep manure 0.37-0.61 - 64 20
Night soil 0.38 20-26 - 21
Forage leaves 0.5 - - 29
Sugar beet leaves 0.5 - - 14
Algae 0.32 45-50 - 11-20

Agricultural Aspects

Loss of topsoill and over-cultivation of agricultural land is a
severe problem in most of the developing countries. As a country
becomes more overpopulated, the available farmland is worked harder
to meet econpomic and nutritional needs. In Faiti, for instance,
the ancient practice of burning brush in an area to be planted is
common among the rural population. The cleared areca is planted for
several seasons, and then the farmer moves to another patch and re-
peats the process. This causes severe loss ot nutrients and topsoil
since the humic matter 1s burned off and nothing is returned to
teplenish the soil. This practice of shifting cultivation is
practiced on 30% of the worlds tillable soils (2).

The slurry discharged from a digester can be applied to
agricultural land to restore deficient soils and nutrients. The
slurry contains the inorganie nutrients, nitrogen, phosphorus,
potassium, varlous trace minerals, and degradable and refractory
organics and solfds. Therefore, it stimulates the growth of
microorganisms which contribute to the solubility and, thus
availabilicy to higher plants, of essential nutrients contalned in
so0il minerals (1).

During the breakdown of organic compounds in digesters,
nitrogen is conserved entirely, however the concentration of
ammonla nitrogen increases by up to 40 percent (8). Therefore, in
the application of biegas slurry to farmland, care should be taken
to insure that the slurry 1s worked into the soil to minimize the
loss of ammonia (nitrogen) through volatilization.
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A commune in Sindu County in the Sichuan Province of China
experienced increased productions by 25, 16 and 15 percent in
vegetable, wheat and rice crops, respectively, after using biogas
slurry as soil conditioner (8). In other counties, 28, 10, 25 and
13 percent Increases were reported for crop ylelds of maize, rice,
cotton and wheat, respectively.

Biogas slurry has also been used as a food supplement for pige
and fish in 5 - 20 percent mixtures (9). At Maya Farmg in the
Phillipines, the slurry is mixed with regular feed at one to ten
rario. The digested material from the biogas tanks is reported
te be high in vitamin B-12 which is an important nutrient for
young animals, and is expensive if purchased as a food supplement

N.

Health Aspects

According to a UNESCO report (io), over half of the people
alive today have no readily available access te clean drinking
water, and even less have adequate sanitation facilities, About
80 percent of the people in rural areas in developing countries
lack access to clean drinking water and adequate sanitation facili-
ties (11). As a result, enteric diseases are the leading cause of
death and disability in most developing countries. These diseases
show up as diarrhea and kill six million children every year (10} .
Helminths, or worms, infect nearly half the Third Vorld population
and kill or cause malnourishment. The Helminth Ascaris, commonly
known as roundworm, Infects 60-90 percent of young children in
developing countriea., A single gram of feces from an infected per=-
gon can contain up to 300,000 eggs.

Improvements in health conditions can only be seen when human
and animal excreta are handled and treated properly to destroy the
pathogenic organisms. The anaerobic treatment of excreta in bio-
gas dipesters significantly reduces these organismsg, as shown in
Table 11, while breaking down the organic matter and producing
blogas and a nutrient-rich effluent. The major factors which
influence the rate of dic-off of pathogens during digestlon are the
temperature in the digester, the residence time, the pE, the armonia
concentration, the lack of oxygen and physical design characteristics
of the digester.

In biogas digesters, Ascaris eggs are typically removed by 90
percent. Chinese data suggest 93 to 98 percent removal for .
general parasite eggs. Many of the eggs settle to the sludge layer
and remain viable for long periods of time. Settling Is critical;
for example, ap improvement in the settling characteristics of a
biogas tank in China by adding a drop board at the outlet of the
tank caused the vemoval of parasite eggs to increase from 80 to 98



Table II. Die—off of Enteric Microorganisms of Public Health
Significance During Anaerobic Digestion (1).

Regidence

Temp. Time Die-off
Organism (9] (days) )4
Poliovirus 35 2 - 98.5
Salmonella ssp. 22-37 6-20 82-96
Salmonella typhosa 22-37 ] 99
Mycobacterium tuberculosis 30 not reported 100
Ascaris 29 15 90
Parasite cysts (exc. Ascaris) 30 10 100

percent (13). When the digester is periodically cleaned (usually
annually), the sludge must be stored for periods greater than 6
months to one year (12). Once the sludge has been removed frow the
bilogas tank, the die~off of Ascaris continues during storage and
drying and when the sludge 1s applied to farmland. Once applied to
the field, Ascarls eggs may live from a few hours to several months,
depending upon envirconmental factors and soil type.

Effective removal of Ascaris egps can only be achleved through
heating. Anaerobic systems such as biogas units where the
temperature is usually lower than 34°C, are not satisfactory te’
remove Ascaris eggs. Thermophillic aerobie composting, however,
often achieves temperatures up to 55°C, which if maintained for
several hours is effective in complete pathogen elimination (12).
Hundred percent removal of parasite eggs was achieved vhen night
s0il was heated to 60°C by using waste heat from engines fueled
with biogas at the power station {n Foshan, China (14).

Despire incomplete pathogen elimination, significant com=
munity health improvements have been recorded after the introduction
of biogas digesters to treat nightsoil and animal excreta. Two
years after the introduction of bicpas digesters te five communes
in China, investigations by the Sichuan Tnstitute of Parasite
Disease Prevention showed that the percentage of pecple infected
with hook worm disease decreased from 63.8 to 5 percent (6). The
average number of hookworm eggs per gram of human feces decreased
from 500 to 50. In another commune in China the irncidence of
dysentery decreased from 15 cases per year to none after biogas
technology was implemented (9). There are alse fewer flies and
mosquitoes due to the safe disposal of the dung. As stated in
report by the National Academy of Sciences in Washington, D.C. (1),

".+++.There is no other practical method of treating human excreta =
whether for disposal or to return nutrients to the land as fer-
tilizer that will reduce the burden of pathogenic organisms as much
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as anaerobic digestion."

TECHNICAL CONSTDERATIONS

Biogas technology suffers from the lack of understanding of
the process fundamentals., There 13 alec & lack of data on full-
scale process performance under different operating conditiorns.
However, several factors such as temperature, retentien time, mix-
ing, biodegradability of the influent and the environmental
conditions, e.g., the pH, alkalinity, availability of macro and
micro nutrients and the absence of toxlcity are recognized as the
most important process parameters which can affect the amount of
biogas production, as well as the efficiency of pathogen removal,
In general, the efficiency of digestion can be increased by keeping
the temperature near 35°C. For domestic units, insulation and
construction of a greenhouse over the biogas unlt are two sirple
methods that can be adopted for temperature control, To maintain
high efficiency at lower temperatures, the retention time must be
increased.,

The climate, type of feedstock, economic conditions, gas
utilization, agricultural techniques employed and cultural
implications may all be important considerations in choosing the
proper design for a community. The simplest and least expensive
dipgester-to construet and operate 1s a batch reactor. The unit is
filled with organic matter and water, cevered and allowed to sit
for three to twelve months. Gas production usually commences ip
about three weeks. 1In order to maintain a continucus gas supply,
several units should be opefated simultaneously. Filling and
ecptying the digesters requires additional labor. Semi-continuous
systems, however, are either coonected directly to latrines and
animal pens, or fed periodically with colleected nightsoil and dung.

Chinese designed, fixed-dome units are the most common digesters

In developing countries. Agricultural residues are usually loaded
twice a year, and animal wanure and night soil are usually fed
every day. The gas produced 15 contained within the fixed dome as
it displaces liquid in the digester. The high pressure that
develops in this type of digester (up to 1.4 psi) has been blamed
for high percentage of inoperative digesters due to gas leaks (15),
This has led to the development of other designz and gas storage

facilities. The water pressure digester, also a Chinese design,
uses the same concept as the fixed-dome digester in thar the gas
produced displaces an equal volume of liquid. Wowever, the gas ig
stored over top of the unit to reduce the gas leaks.

Most of the biogas ¢ .esters in India are the floating-cever
design. These units st the gas in a eyclindinal metal cover
that traps the gas and forms a water seal with the dipester slurry,
The corrosion of the metal gas holders by HpS gas led to the



development of fiberglasa and plastic covers.

The Talwanese bag digester sits half below and half above the
ground, and is made of PVC, nylon or red mud plastic (a plastic
made from aluminum refinery wastes). Production rates in these units
can be quite high due to their plug-flov characteristics and their
ability to trap incident solar radiation that can increase the
dipgester temperature by 2.7°C over the temperatures observed in the
other designs (15). Therefore, 50 to 300 percent higher volumetrie
gas rates can be achleved. These units appear to be very comperitive
for developing countries due to their low cost.

Floating-cover and fixed-dome digesters can provide enough
¢as pressure to use the gas for cooking and lighting purposes.
Digesters that use balloons or plastic bags to store the gas cannot
be used for these purposes without re-pressurizing the pas. They
are convenient, however, to use in conjumctilon with internal
combustion engines which draw the gas in by the action of the
pistons.

Several other designs which were not included in this paper are
either at the experimental stage, or do not appear to be appropriate
for developing countries due to thelr relarively sophisticated
nature. Drexel University in Philadelphia, Pennsylvania, 1s
currently involved in the development of a different design for a
Haitian Church.

POLITICAL, ECONOMIC AND SOCIAL IMPLICATIONS OF BIOGAS IMPLEMENTATION

The major advances in the implementation of the blogas tech~
nology in developing countries have heen due to strong encourage-—
ment and support from the governments. In China it has been
reported that as many as seven million digesters were built under
Mao during the 1970's (14). There are twenty five blogas exten-
sion offices set up within different provinces. There are 5000
people within these extensions who train hiogas technicians. The
30,000 technicians in the country are split into 6,000 teams to
provide experlenced help in the copstructien and maintenance of
biogas units (15).

India has experienced a similar push for bilogas advancement.
Low interest credit and subsidies have been made available and
resulted in the irctallation of five to six thcusand digesters per
vear and a total of 70,000 blogas digesters (16). Other developing
countries have also made efforts to utilire biogas. South Korca
has buillt approximately 29,000 units, most of which were installed
by the government between 1969 and 1975 (15). There are abeut
340 units throughout the Fhilippines, the most impressive of which
is located at Maya farms, where the waste from 46,000 hogs 1s

ELLIS



treated in biogas units. The gas generated is used to supply all
the energy requirements of the livestock farm and 90% of those for
an adjeining processing plant (17).

The developing countries in Latin America and other parts of
the world which have started or are investigating blopas develop-
ment are (15, 17):

Country Nurber of bilogas units
Brazil 2300
Central America 110
Mexico . 150
Andean Countries 120
Thailand 300
Taiwan . 1000+
Nepal 400
Kenya 150
Ithiopia . 100
Sri Lanka 150
Pakistan , 110
Haiti 50

The sucess of biogas technology in Third World countries has
been limited. It is believed that 30 to 50% of the seven million
digesters in China leak gas and are therefore inoperative (15). 1In
India it is believed that as many as 50 to 70% are inoperaztive (7).
Though the implementation of bilogas as a solution to economic
problems is heralded as having great potential, it seems that
Insufficient knowledge and plunning have caused the construction
of many faulty digesters., Other soclal, cultural and economic
factors accompany the lack of skilled manpower and technicans with
blogas know-how. Education 1s needed to combat the lack of tech-
nical understanding at the rural level. Rescarch and development
to adopt promising new technologies to local conditions can rake
the biogas technology more viable. Organization for education and
research and development must come from the governments.

Bicgas systems offer a decentralized energy source to rural
households, The economlc advantages for the individual household
can not be realized as readily as for an industry. There are also
several limiting factors that restrict the feasibility of building
family units. An 8-m3, family-sized unit can cost from 100 to $400,
which exceeds annual family income in some parts of the Third
World (15)., Furthermore, a minimum of 3-5 pigs or cattle are need~
ed for each family-sized digester. In India, only 10-15% of the
rural population meet these requirements, Large water requirements



.

for the digesters, i.e., 80-90¥ water content €4, 5, 6), nay limit
their use in areas where water is scarce.

Fconomic advantages can be readily seen in areas where elee-
tricity, fuel oil, kerosene, firewood, or charecoal and fertilirers,
are already being purchased. These households and communities may
convert to biogas te cut thelr expenses, Other benefits from
bilogas ut{lization, guch as ilmproved health conditlons and reduced
deforestation are not economically obvious, although a community
that spends 2 great deal of time and money to treat worms,
dysentery, thphoid, etc. may realize the economic advantages from
health improvements.

Many of the inhibitions of & community or family to adopt
bicgas technology lie in the cultural superstitions and traditioms.
In Haiti, for instance, the cultural taboc prevents a Haitian from
handling human or animal excreta. Other cultursl inhibitors arise
when it comes to eating food that 1z cooked with gas generated
from manure (16€).

The need for collection of nightsoll and manure to feed the
blegas units and for transportion of the effluent slurry to the
fields for fertilizing is another reason for the resistance to the
technology. For example, in many areas in China, villagers
refused to bulld digesters claiming that transporting of dilute
slurry to the fields requires three times more work than trans-
porting composted and dried wanure. Eystems designed to channel
the efflyent directly to the fields might overcome the transporta-—
tion problems. ,

It usually takes more time to feed and maintain the blogas
digesters than traditional disposal practices. This job is more
likely to be performed by the male head of the housechold. Time
saved by using blogas as cooking fuel will be in the collection
of firewood, a job reserved for women and children. Other
advantages such as clean and smokeless cooklng, ease of regulating
cooking heat, and lack of soot on pots and pans save time for women
as well. These factors, accompanied with the fact that economic
decision~making is usually done by men, make implementation of bio-
gas digesters at the rural level more difficult (16).

The communities need to be convinced through education by
higher authorities about the potential benefits of the technology,
before the i1dea of building digesters will be widely accepted.
Incentives in the form of low-interest loans, technical advice and
experienced construction teams are necessary to overcome the
reluctance. China's success in building seven million digesters is
very likely due to the cormune system and the way the government
encourages biogas development. FEach commune has a committee of 5
to 15 people, selected by farmers, that wakes decisions for the
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entire commune. People are assipgned to the specific tasks of
cleaning and operating digesters. Meny inhibitions are overcome by
the fact that the blogas program is instituted on the communal
level and people are .cocoperative with those in charge.

SUMMARY

Piogas has significant potential in developing countries for
producing useable energy, destructlon of putrescible organic
material In excreta with a concommitant destruction in dizease-
causing organisms and an increase in the quality of public health,
and production of an end-product slurry that 1s suitable as a
fertilizer for increasing agricultural produection. The main
reasons for the lack of more widespread use of biogas are lack of
undergtanding of process fundamentals as they velate to process
design and operation, and social, politiecal, and economic consider-
ations specific to each situyation, With proper attention to the
requirements of bacterial growth such as temperature, pH, and
nutritional requirements, snd to dezign fundamentals such as
proper mixing, detenticn time, and reactor integrity (e.g.,
prevention of leaks), bhiopas technology will provide the berefits
listed above. Governmental support will be required to implinent
biogas technology, and education of the local population will be
required to overcome sociological barriers.

Biotechnology is a rare type of technology; perhaps no other
gingle technology offers such a wide spectrum of benefits for
developing countries. It is affordable, useable, and especially
adaptable to the variety of coudition found in developing countries.
It deserves more widespread support.
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WASTEWATER TREATMENT ON VEGETATED AREA
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LNTRONDUCT ).ON

ln recent years,using the planted arca for wastewatoer treabment
gained its importance again.New methods resemble the old land treat-
ment and refuse methods: of treatment in root area (Kicknth 1970) Nit-
rophyte Mothod (Niemann,1976), old land treatment moethod (Kramer,1958),
or reod method (Czerwenka,l1965; Seidel, 1966; Kraft and Erdin 1984) ,
Biotope and biocoenose which contains the mixture of plant-water~soil
microorganism effect the elimination of nutrient,The harveating re-
moves some nutrient such as N,P, K ,The hacteria which occur in soil
eliminate nutricts too,

Overland flow is one of them land applicalion wethods from waste-
water,Overland flow wastewater treatment is ® deeaptively simple procoes
But the Tand requirement for overland flow systems is targe relative
to convenlional treatment methods,The land requirement are 3,7 = 4,8
ha/l000 m3 |, & including border areas.in addition many components of
an overland flow system are similar to irrigation systews and there is
a tendency to follow irripation system practice.Uhysical desing consi-
derations Include slope grade , slope length , distrubution system ,
and runoff collection system,Desing slope arades are wusually selectel
the range from 2 to 8 percent,Minumum slope grades arc uscd when site
topography is relatively flat , and then can be taken slope grades as
0,5 percent,Derign slope length can he selected beotween 30 and 45 m
far troatment of primavy or raw wastewater,Distvibuted systems should be
used for industrinl wastewater contalning high HDDS and suspendod solids

concentrations,The wastewater application rales can be used from 0,1.-
0,3 m-’/hr° m JGenerally the spray radius bave nat been standardized ,
Most existing overland flow systems use unlivned ditehes for runof{ col-
lection,



FEXPERIMENTAL, PROGRAM

Pilot plant has a 2 m width 30 m length.50i1 composition in
which plant growth would oceur, is comsisted of 1/3 sand ,1/3 natu-
ral soil , 1/3 manure rospcctlvcly A plastie layer which prnvont&
any leacage is used and a 10 cm depth  of soil is covered of jt.After
sometime , ryegrass scads which consisted of three types , are sproeaded
over the land . After plant growth occurcnce, land is watered from
the distribution structurc.Clamped discharge pipes are used 1lo
provide equal distribution.Figure 1 shows the plant of overland {low
systems,

Loading rate of overland flow systems was 400 L/hr, The application
time 12 hy,/d. Hlydraulic loading rate wus 0,08 m” / m%, d , Detention
time as a function of application rate was 28 - 33 minutes,

RESULTS AND CONCLUSIONS

Flow propovtioned compnq1te samplew were taken from the wastewnter

which are applied and runoff during ecaci application Cyclr Fach soawmple
was analyzaed for chleride , nitrate (NO =N ), and mmmonia (NH3=N ),
BOD. ', coD , TS5 , VS5 , 5§ , fccal cnllform, pll , conductivity, total
phmuwhoruq, and. Kjeldakl nitregen , potassium QUJnlm, caleium jmapgnesiom
and cte,A summary of the analytical techniques is presented in Table

I and 2,

Awerage runoff BOD: concentrations were below 50 my / 1, S5-con
centrations remained heldw 50 mp/1  coven during winter,0f the tree tornm
of nitrogeammonia was the casiest farw to remove .ﬁrunnir niYtropen cons
contrations (Kjeldahl nitrogen) were reduced by ovevland {low during
somo months from 14,50 to 6,70 mg/l,An other aualysis showed a variation
from 19,0 to 36,9 mg/1 for organic ~N,Regressionsanalyses was done on
charecteristic parovtove regressed and are given their complete vayianees
analyses and ‘the r.sults in Table 3, Fipure 2 shows the regression
between ef {luent BODs and effluent COR , figuve 3 the one betweon inflnent
SAR and influent Na-coucentration and Figare 4 the one hetween of flaent
SAR and effluent Na-concentration,

DILSCUSSTON AND RECOMMENDATIONS

As it is seen in table 1, BOD; values of only 4 cffluent samplos
taken february and march out of 14 simples exceeds 50 mp/l.The other
samples meet the water quality standarts but gome doubts cxist ou the
treatment cfficicney of the treatment plant due to the severe weather con=
ditions in the years 1983/1984 . Also  the wastewater coming  Trom the
plant is not reused, it is five Limes wore diluted  than o same plant
located in West Germany,lt 1s not known if the increasing concentvation
meetbs wator quulily standarts.
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Dufing tin: renearch period, a BONg  treatment efficiconey of
hh,7 =~ R7.0 2, s achieyed and a final valoe of less 50 mp/l is sre-
vided,nercasing 1he Tenpth of treatment area Trom 30 m to 45 m o
60 m, Bol, removal of fieiency would he increased too,Also jupras
ying of the wastewater may improve the treatment efficioncy, horing
the poazzling process of wastovater decomposition which takes place
on the sail layer till 7 = 10w fenpth will be provented, In othor
words, solid materials which  cause decompasition somewhire ¢los

Lo
water distribolion Vine will be avaided, 6 recds are ased instead of
rycgrass in the systomg

= reeds mav be harvestead and used as raw material for paper bae-
tory in Afvon/Cay, . .

—_('nmininnfa application of wastewator will be achieved sinee it
ATOWS In the water,

- sinee watoering in every twg days 15 the minfwum poriod for eve-

s, land vequivements are 2 ta 3 time bigher, but using veeds way
reduce the land vequicemeat L/2 = 1/3 times.

= decompasition of roots would not create a problem,

= in addition , when the depth of reoot’ layer 14 increased to 30 cw
from 10 em , treatment efficiency will be increased and decopposition
af roots would not ocour,

AN

Total coliford, fecal ealiform , and total bacteria nnsher in-
crease in of fluent comparing to inflyent,The total coliiorm cotnl was
in the ranpe of 260 = 4,000/100 ml for the infloent amd in the rauge oo
200 = 7,600 /100 w1l Tor the ef fluent . The fecal coliform  concens
tration per 100 ml was boetweon 120 - 5,000 for the inflaent and between
150 = 8.200 for the offluentThe total bactoria coummt  Tar the infloent
was between 292 = 5,200 apd Uie total bacteria  count Tor the effisem
was Dotween 8550 - 7,.900/109 ml ¥or this reason the ef floent shonbd b
elorinated befare discharging to the receiving body,

When the anabysis  resnlts shown in table 2 ave studicd from ghe
point of wiew of water quality , it is understood  that  the of fluent
is a sccond eln irrigation water quality o The efffucot s yieh with
respert Lo Na—jon concentration  but a hetter quality is not observoed
on the well waters which are obtaioed in the avea of Afyon Malt Factory
plant located at Susax vegiou,This may show  that detorioration is vot

abgeprived an 1y l‘l')".'\l Ton water,
SUHMARY .
Overland flow sy method of Tand treatment of wastewater which

can he aniformly distributed by sprinklers or gated pipes across Uhe
top of cach parts of ares and allowed to flaw dewaslopo,

Stodices carried out at the horizontal [low type of plant of the
Malt Processing Factory  showed that  removal efficiencios  of COD and



BOng 65,7 - 87,0 Z and 60,9 - 79,8 % respoctively when the planted
soil used and while vuplanted soil is used It is Toond ont that the
efficiencion of €O and “0”5 decreased to 18,8 — A2 04 and A A~
41,9 4 veupeetively,

In Afyon, it is possible to incraease removal efficiencies by
overland flow on vegetated area, through increasing  the plant lenpth
from 30 m to 45 m or 60 m and inereasing the soil thickness from 10
to 20 or 30 em and distribute the water by sprinkler having 10 - 15 m
sprinkler cireles diameter, .

In Afyou ,short periads of cold woather can be econsed problems
in system performance.Therefore overland flow can be used as a poli-
shing process in such cold regions of Turkey after pretreatment pro-
‘cess. Most of the overland flow  facilities in Turkey c¢an be located
in the regions where the winter climate is relatively mild,Generally
the overland flow treatment process can cffectively use after pre-
treatment during  spring , summer and Fall months,
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Photo 1. Picture shows the preparation from pilot treatment
system , t: vepetated parts |, 2@ unvepetated parts
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Thota 2. Tn this picture, it is scen the pilol parts vegetated
arca and wastowater distribution system in situ,
Poa pratensis,Festuea rubra and Toluim perenne were
mixed and sceded as 60 gl‘/mz
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Photo 3, Tn this picturc , it can be scen wastwater distribution

system on unplanted area parts of pilot,
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Photo 4. 1t shows formation of rich ronts from Poa pratensis,

Festuca rubra , and Lolium pdrenne on the soil of

pilot plant. in Afyon-Malt Factory,
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ABSTRACT

In recent years, for ease of operation, declinig rate filtration as
opposed to constant rate filtration is finding wide applications. In
this papetr, behaviour of watetr subjected to coagulation in declining
rate filters is investigated and regression equations for filter per-
formance are developed. A mathematical model describing the performance
of declining rate filters will be subsequently developed.

INTRODUCTION -

The final treatment and clarification of both surface and ground-
waters involve filtration, In filtration, turbid water flows through

a grapular medium and the suspended particles in the water are trapped
and deposited in the pores of the filter bed. Much research on filtra-
tion has been made, and the process has been considerably improved
since 1829, where sand filters were used for the first time for muni-
cipal water treatment. Although various theories such as straining,
bridging, sedimentation, interception, Brownian motion etc. have been
cited in the explanation of the capture mechanisms in filtration, none
of these have found universal acceptance (Esen and Curi,1984; Ives,19753
Curi, 1974).

In recent years, a number of investigators have tried to describe the
filtration process through mass-balance equation for the filtered water
and the material deposited at the pores. For constant rate filtration
the first mathematical model describing the removal process was deve-
loped by Iwasaki (1937), and this model was later modified by many re—’
gearchers among which Ives (1960), Iveg and Sholji (1965), Mohanka
(1969), and Deb (1970) can be mentioned.



One such model, where the rate coefficient describing the removal of
particles is assumed to vary linearly with time, was recently devel-
oped by the authors of this paper (Esen and Curi,1984),

For declining rate filtration, the differential equation describing

the process are highly non~linear and their closed-form solution is

not possible. On the other hand, the mass-balance equations themselves
are not well defined since the mechanism of water filtration is compli-
c¢ated involving a large number of physical parameters., Nevertheles, a
model is recently being developed by the authors of this paper. A
simpler approach however, is to develop regression equations for filter
performance based on experimental data. In this study, regression
equations are developed for turbidity of filtered water, amount of
material deposited in the filter bed, relative concentration of fil-
tered water, and the head loss through the filter bed as functions of
the independent variables such as depth of sampling, size of granular
material, time elapsed from the beginning of filtration and initial
discharge.

In the experiments made, kaolinite flocs not subjected to sedimentation
have been used as the source of turbidity. Since filtration of pre-
treated water may be more efficient, instead of dispersing kaolinite

in water it was first subjected to flocculation. The kaolinite floe

was filtered through uniform sand in a model filter. Samples of water
were collected at various depths in the filter periodically during
filter runs and analyzed for turbidity. The resulting data were used

in obraining the regression equations (Esen and Curi, 1984).

DECLINING RATE FILTERS

Declining rate filters are deep filters made of granular particles

such as sand, coal, etc. The cleaning process takes place not only at
the surface, but throughout the whole depth of the filter, Water passes
through the perous medium by f£illing the pores between the particles.
The important pavameters involved are the filter media (type of filter
material, grain size and size distribution, shape of particles, depth
of porous medium, porosity, permeability), the filrered fluid (visco-
sity, depth of water above the filter bed) and the characteristics of
particles in suspension (type, size and specific surface, specific gra-
vity, concentration).

In declining rate filters, the flow at the ocutlet of the filter is

left uncontrolled so that during the filter run, the pores in the filter
bed gradually get clogged and with the passage of time the headloss
through the filter increases, and the flow rate decreases., The filtra-
tion process is terminated when either the headloss or the flow through
the filter reaches a certain limiting value. At this point, the filter
is backwashed and the procedure is repeated.



EXPERIMENTAL PROCEDURE

The experlmentﬂl set-up congsisted of three parts, namely two cylin-
dirical mixing tanks, a plexiglass cylindirical model filter and a
rectangular water storage tank (Esen and Curi,1984). Fig. 1 shows the
outline of the experimental set-up.

Dry kaolinite was ground and mixed with water. This solutlon was added
to the mixing tank through a number 200 sieve and it was mixed unril
the kaolinite particles were uniformly dispersed in water. After this
mixing, an appropriate amount of aluminum sulfate solution was added

as a coagulant. Five to seven minutes of rapid mixing was usually suf-
ficient to obtain the required coagulation effect. The solution in the
mixing tank wag then pumped to the storage tank from which the solution
was introduced into the filter. The water level above the filter bed
was fixed and the value at the outlet of the filter was adjusted to the
desired initial discharge. Clean water was passed through the filter
until the piesometer level became constant.

Discharge was measured by weight—time method. Headloss was measured

by directly reading the level on the piesometers for ten different
points. . The difference between the water surface in the filter and
the piesometer level was accepted as the headloss. Samples were taken
through various sampling ports and turbidity, hence the concentration
was measured with a Spectronic 20, Bausch and Lomb Spectrophotometer.
These measurements were repeated at convenient time intervals for about
five to seven hours.

After reaching a reasonably large headloss, the experiment was termi-
nated. In order to determine the specific deposit, sand samples from
various depths of the filter bed were carefully removed and dried in
an oven. First, this dry sample was weighed and the totsl sand and

clay amount was determined. Then, this sample was placed between two
number 100 sieves and washed with water, The weight of the clean sample
was determined again after drying. The difference between the first

and the second values gives the amount of deposited clay. The specific
deposit was calculated from the ratio of weight of deposited clay to
that of the clean sand.

REGRESSION EQUATIORS

Mul tilinear regression analysis was performed for the evaluation of
the data obtained from nine experiments. The variables considered in
this study are the following:

djp = effective size of sand - the size from which
10% of the particles are finer (mm)

ug = dgp/dip » uniformity coefficient - ratio of
the size from which 60% of the particles are
finer to the effective size
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D = depth of water above the filter bed (em)

Q; = initial discharge through the filter (m3/m?/day)

Q¢ = discharge at any time through the filter. (m3/m2/day)
C = concentration of particles (mg/L)

Co = initial concentration of particles (mg/L)

¢ = sgpecipic deposit or volume of deposited material
i per unit volume of filter

L = distance from top of the filter bed (cm)
"Lp = depth of filter bed (cm)

£t = time from the start of filtration (min)
h;, = headloss through the filter (cm)

i = Hp/Lp = hydraulic gradient

The applicability ranges for the independent variables used in the
empirical equations developed are given in Table 1.

Table 1, Ranges for the Values of the Variables

Variable Minimum Value Maximum Value
dig  (mm) ' 0.56 1.10
Ug 1.10 ' 1.20
D (cm) ’ 39 ' 7 89
"Qi  (m¥/n?/day) 91 _ 200
t (min) - _ : 420

The regression equations with the highest linear correlation coefflclents
obtained are as follows:

0.35 ,0-49,.0.2%
%= 1n 1.63 dig Qi t (1)
o 10-3% '
hy= 1406 ~ 44.26 dlo + 0.2535 Q; + 0.089 ¢ (2)
+ 0.09 L + 13.58 L/1g
dlolo-o-\l.. Qi65.2‘3
Qe= 1n s 1e. (3
e 137 18 127 im1
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dloo 598 LO 556

The linear correlation coefficients for equations (1), (2), (3) and
(4) are 0.896, 0.941, 0,971 and 0.924 respectively.

EVALUATION OF THE EXPERIMENTAL RESULTS

Equation (1) shows that the value of concentration is inversely pro-
portional to the distance of that point from the top of the filter

bed and directly proportional to the distance of that point from the
top layer of the filter bed, initial discharge and time., Plots of
relative concentration, C/Cqy, versus depth for the first experiment
are given in Fig., 2. These curves are gimilar .to those given by Curi
(1974). Results of the other experiments show exactly the same pattern.

Equation (2) shows that headloss increases with increasing initial
discharge, depth of sampling point and time, but decreases with in-
creasing effective size, Headloss versus time values at different depths
for the first experiment is shown in Fig, 3.

Variation of discharge is given by equation (3). As expected, discharge.
varies directly with effective gize and varies indirectly with time

and bydraulic gradient. Fig. 4 shows variation of discharge with time
for the first experiment,

Many investigators have studied the variation of specific deposit with

time graphically. However, the only equation available in the litera-

ture is that given by Curi (1974). Equation (4) developed in this study
shows that the specific deposit is directly proportional to the initial
discharge, but inversely proportional to the effective diameter. Fig,5
shows the variation of specific deposit with depth for the third experimen:

CONCLUSIONS

Regression equations are developed giving the variation of concentra-
tion, headloss, discharge and specific deposit with distance from top
of filter, ipnitial discharpe, time and effective size of filter mate-
rial. These equations have shown a good correlation with the actual
data obtained.

The uncontrolled declining flow filtration is a method which can be
considered for the tratment of water for small or medium size commu—
nities, especially in developing countries. The equations developed
can be used for the design of treatment units having similar charac=
teristics as those used in the experiments of this study.
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RESEARCH OF LUNG PROFESSIONAL ILLNESSES IN A METALURGICAL FACTORY -
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INTRODUCT ION

Involved in the absorbing hospital daily tasks,with no experience
in planning works of an epidemiological kind,particularly in what con-
cerns field works,without any easy contact with the populatious and
having to face some employcrs who could look ou us with distrust,we
do feel pleased to have accomplished this small work.

Althoush  we haven't come to very significative conclusions for
reasons which will be obvious through this work, we think it is worth
being published, at least because we feecl we have learned something on
doing it, which may perhaps become the starting point for more ambi-
tious future works of this kind.

As we bave already mentioned, we can’t even hope for the hest
colaboration of firm owners, which has somehow taken us to choose the
firm in which we have worked, whicl, above all hasg the characteristics
of a small enterprise, which we think to be advisable since we don't
possess the necessary experiencs. Besides, these represent the majo~
rity of the means of factories production in our country and however
unitractive they may scem for this kind of works,particularly for em-
ploying a small number of workers, they have the advantage of being
the very place where we can more easily find the consequences of a
bad unhealthy environment and where the protecticn of the worker is
most neglected. :

MATERTAL AND METHODS

- Services T1 and VII of Hospital Centre of V.N. de Caia have
carried out, in 1982, in a small metallurgical firm which speciali~



zes in making taps, an epidemioclogical study so as to trace pro-
fessional diseases pertaining to pneumology .

All workers - 82 - have been examined. Eleven have been left
out, six because they hadn't been X-rayed and 5 becausc they have
- mentioned professional antecedents which could explain a professio-
nal patholegy — 1 had been a mason, 1 a potter and 3 goldsmith.
Each worker has been through an inquiry, an examination, a pulmo-
nary X-ray plate, a functional respiratory study, an electrocar-
diogram and a Mantoux test to 1TU.

CONCTISE DESCRIPTIONS OF THE PLANT AND THE RESULTS OF THE SURVEY
OF DUST .

The plant occupies an area of 3000m2,being made up by the
following sections: foundry,deburring,power lathe,mechanical
burnisher,locksmithery,galvanoplasty,package - final control and
treatment of sand - retrieval of metal,

The walls which delimit the central corrider are not complete
(they use only to about half of the building). The southwest
(principal) and northwest fagades have removable windows. The
floor of the whele plant is made of cement and the roof in the sec—
tions of the foundry, deburring,lathes and corridor is made of a
crisp zinc plate and the one of the other sections is made of
cement (concavous and convex arches with skylights in the convex
part). :

Section of treatment of sand = retrieval of metal

This section occupies an area of 110m2 and communicates with
the outside by a small door and with the section of deburring
also by a door that is always open. The sands derivimg from the
cleaning of the furnaces are stored in this section in a small pile
as well the handwork of the foundry. The wotrker who is in charge
of the transport also makes the retrieval of metal, putting the
work in a mill which scparates the sand throwing it to the ground.
This sand is swept and mixed up with the remaining saund for a later
sifting, which is made in the same place. The ventilatien of this
section is only made through the door which communicates with the
outszide,

Secrion of deburring

It ocecupies an area of 118m2, communicates by doors with rhe
sections of foundry,treatmwent of sand and store of metal picces.
The pieces to he deburred are placed in piles on the floor, and as
they are worked, they are thrown into metallic recipients. In this
section there are on the ceiling two exaustors. The ventilation is
mixed, natural through the doors and artificial through the exaus=
tors.



Section of mechanical lathes and tinsmithing

It has an area of 285m2, but it is not completely isolated,as
it has a low wall. On one side of the section there are ten working
places (ten lathes) and on the opposite side we find the tinsmi-
thing with a lathe bed, three screw-presses and a welding place.
The ventilation of this section is a natural one through the exis-
ting openings. .

Section of foundry

It has an area of 240m2 and it 18 the place where we can find
the three furnaces. The middle furnace has a chimney with a natural
draft. The emptying of the furnaces is made by hand,with the spoons,
into the injection machines, where the molding cores are already
placed. In the section of the cores there are two shellmolding ma—
chines with three work posts, The ventilation of this section is a
mixed, natural one, made through three dumping windows, the door
to the deburring and two openings on the ceiling, and artificial
through the exaustor placed on the wall that separates it from the
deburring.

Section of the autliomatic lathes

s . 2 . . s . :
This section has an area of 360m~ with a good mixed illumipation
and natural ventilation through the windows on the southwestern wall.
There are six furnaces and a transfer machine.

Section of mechanical polishers (manual)

The occupied area is of 120m2. Distributed all over the room,
twelve workers use mechanical polishers, provided with captation of
dust incorporated to the machines and counnmected to a central control
of dusty. This section has dumping windows on one window, wich per-—
mits natural illumination and ventilation.

Section of power lathes

This section occupies an area of 166m2,where are two polishing
machines, one with 14 brushes and another with 4 brushes, disposing
of a captation - exhaustion system. The ventilation is mixed through
exhaustion by machines and through the windows on the southwestern
fagade.

Eplvanoplasty
. 2 .
It occupies an area of 230m™, where we can find the haths of

trichloroethylene,chromium,nickel and water, There are two posts in
the chromo-plating and nickel-plating,and four in the degreasing.
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The bath of trichloroethylene disposes of worms refrigorated on their
surface for the condensation of steam.

The floor disposes of grates for the drainage of liquids. The
ventilation is a mixed, natural one through the windows existing on
the southwestern fagade and door and artificial through the .exhaus-
ter placed by the door.

Valuation of some envirommental factors

We bave obtained some ambient air in the different section to
study:

= dusty

= trichloroethylene

- formaldehyde

- phenol

- ammonia

The samples bave been made on several days and phases of the
factory cycle, and we have chosen places which provided results
for the general environment and by the workers we have tested their
tespiratory organs, in their usual working places.

The presented values as well as the TLV for an exposing of 8
hours a day, mentioned by "American Conference of Governmental
Tndustrial Hygienists" can be found in Table T.

ORGANTZATTION AND GATHERING OF ELEMENTS

The inquiry comprised a gatheriny of information referring to:

- Professional history,personal and familiar antecedents,
alchoolic and smoking habits,housing, family income per capita,as
well as evidence of cardiovespiratory symptoms.

In the professional history we haven't noticed a great change
in the posts along the years. This fact,associated with the reduced
number of the sample, induced us to divide the population into 2
groups:

Group A — not exposed individuals ~ which includes the workers of
the sections of office,store,assembly,tinsmithing,power lathes,
galvanoplasty and lecksmithery.

Group B - exposed individuals - whiel includes the workers of. the
sections of foundry/cores,trecatment of sand/retrieval of metal,
deburring,lathes,mechanical and authomatic polishing.

We have considered relevant personal antecedents: measlces and
other children's diseases, as for example those which can affect
the respiratory organs, the discases of an estomatologic forum,
asthma, tuberculosis and its consequences.

As familiar antecedents: tuberculosis,D.P.C.0.; cistic fi-
brosis and lung cancer.

The valuation of tabac¢o habits was done in packets x vear/
/day (PYD).
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The workers were grouped in 4 grades according to the signals
and symptoms.

Grade 0 — non symptomatic

Grade 1 = dry cough or productivecough with viscous sputum

Grade 2 — cough with muco purulent or purulent sputum

Grade 3 ~ cough with muco purulent or purulent sputum with
dyspnoga or wheezing

Radiographye study

For this study woe have taben chest films mainly in postero-
—anterior projection, ~i- . “huerved by 3 independent persons
and prouped accordin- - . cionat classification of radio-
logyc epacitics per-i . vivld,induced by inhalatien of

mineral dust (Genove !

Functional breathing -t

Thig study took place during the working time of the factory
with a vitalograph. Kach worker did three forced vital capacities
(FVC),choosing the best result. %o we determined the following pa-
rameters: FEV_,FEV_/FVLC,FEF 25-75 and FEF 200-1200.

The resu}ts were corrected with BTPS and compared with theoryc
results from CECA tables (Furepcan Comission of Carbon and Steecl).

The peoples with FVC lesser than 807 of theoryc value and with
FEV,/FVC equals or greatter than 707Z had a alteration of restrictive
type; for FVC equal or greatter than 307 of theorye value, with
FEV1/FVC lesser than 707 the alteration is of obstructive type.

RESULTS

There were 30 smokers in this population (42.257) - 28 males
and 2 females. The average consumption is 13.6 PYD with a minimum
of 2.5 and a maximum of 40.

Within the exposed group there were 13 smokers (48,15%) with
an average consumption . of 17.5 PYD with a minimum of 3 and a
maximum of 40,

Within the non exposed group there were 17 smokers (38.647) -
2 females with an averajge congumption of 10.6 PYD and a minimum
of 2.5 and a maximum of 30.

It was made the Mantoux Test lTU to 57 individuals (80.28).
Positive (»>10um) 24 (42.11%Z). Negative 33 (57.89%Z). In the group
of individuals with Mantoux only one showed lung tubervculosis
precedents,

We haven't found alterations in clectrocardiographic data
which may be attributed to lung patology what oecasionally can
be verilied.
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In the following Tables (1~9) we report the studied parameters
for the entire population and in some cases for the exposed and

non—exposed groups.

Table 1 - Concentration values of dusty and trichloroethylene in
comparison with the maximum concentration level (TLV)
(mg/m3 of air).

Dusty

Place TLV Trichloroethylene TLV

Deburring
-~ at the bhack 3.2- 4.9

10.
- at the front 15.7-21.7
Foundry
- furnaces 10.2-12.7 4
~ machines 10.8-20.2 )
Lockmithery < 0.1 10.
Mechanical
polishers 13.9~16.5 3.
Authomatic
polishers 8.5-11.5 2.
Mechaniec lathesg
- lathes 11.8-20.8
-~ tipsmithing 2.9- 4.9 10.
- authomatic 4.2- 6.3
Treatment of sand
- retrieval of metal 1.0- 7.8 0.

Galvanuplasty

14600 335

Values for phenol,formaldhevde and ammonia-in the foundry are
respectively (in parenthesis TLV values):< 9.7 (19),< 0.7 (3),

2.0 (18).



100 ¢

In Tables 2-9, 1 is the number of cases and 2 iz Z.
Table 2 - Study of dust
Age .. Men Women Exposed N/Exposed
1 2 1 2 1 2 1 2
< 20 9 17.65 2 10 1 3.70 10 22.73
20 - 29 15 29.41 4 20 8 29.64 11 25
30 - 39 12 23.53 6 30 5 18.52 13 29.55
40 - 49 10 19.61 6 30 9 33.33 7 15.90
50 - 59 4 7.84 1 5 3 11.11 2 4,55
> 60 1 1.96 1 5 1 3,70 1 2.27
51 100 20 100 27 100 44 100
Men Women
Maximum age 60 60
Minimum age 17 19
Average age 30.0¢€ 37.40
Table 3 - Persomnel precedents
Total Exposed N/Exposed
1 2 1 2 1 2
With precedents 33 46.48 13 48.15 20 45,45
Without precedents 38 53.52 14 51.85 24 54.55
Total 71 100 27 100 %44 100
Table 4 - Familiar precedents
Total Exposed N/Exposed
1 2 1 2 1 2
With family prec. 21 29.58 7 25.93 14 31.82
Without family prec. 50 70,42 20 74.07 30 63.18
Total 71 100 27 Lie 1000
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, Table 5 - Work time (years)

Total Exposed N/Exposed
1 2 1 2 1 2
<10 31 43,66 9 33.34 22 50.00
10 = 20 32 45.07 12 44 .44 20 45,45
> 20 8 11.27 6 22.22 2 5.55
Total 71 100 27 100 44 100

Table 6 - Clinical data

Total Exposed N/Exposed

1 2 1 2 1 o2
Grade -0 36 50.70 15 535.56 21 47.43
Grade 1 7 9,86 4 14.82 3 6.82
"Grade 2 5 7.04 1 3.70 4 9.09
Grade 3 23 32.40 7 25.92 16 36.36

Total 71 100 27 100 44 100

Table 7 - Funectional breathing tests (Ypirometry)

Total Exposed ﬁiﬁxnosed

1 2 1 2 1 2
Normal 47 66.20 17 62.07 30 68.18
Obstructive 18 25,36 9 33.33 9 20.45
Restrictive 2 2.81 1 3.70 1 2.27
Mixed 4 5.63 - - A 9.10

Total 71 100 27 100 [ 100




Table 8 — Radiographic data

Tatal Exposcd N/Exposed
1 2 1 2 1 2
0 53 74.65 19 70,40 34 77.27
L 11 15.49 4 14,80 7 15.91
Pl 5 7.04 2 7.40 3 6.82
P2 1 1.41 1 3.70 - -
r3 1 1.41 1 3.70 - -
Tatal 71 100 27 100 44 100

Without pneumoconiosis radiographic images.

Numerous linear or netted opacities with a normal lung look or
with texture increased or darkened.

Pointlike opacities with a size to 1,5mm. :

A small number of opacities in an area, equivalent as minimum to
two intercoastal spaces and as maximum not bigger than one third
of lung fields.

More numerous and diffused opacities tham in category one and
distributed in great part of lung fields,

Very numerous and profuse opacities that cover all or nearly

all lung fields.

Table 9 - Relating precedent data with the state of small breathing

canals.

Affection  Total Expuscd N/¥xposed

S.B.C. 1 2 1 2 1 %
Normal No 29 40,85 7 25.93 22 50.00
Normal Yes 18 - 10 37.04 8 18.18
Obstr, Yes 18 59,15 9 33.33 9 20.45
Restr. Yes 2 - 1 3.70 1 2.27
Mixed Yes 4 - - - 4 9.10

Total 71 100 27 100 44 100
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Table 10 - Exposed people group

Years work . < 10 10-20 > 20
N¢ ind. N2 les. N? ind. N2 les.  N? ind. = N¢ les.

XB Tests
0/0 7 0 8 0 2 o]
L/1 1 1 1 1 2 2
P1/2 1 2 1 2 2 4
P2/3 . - - 1 3 - -
P3/4 - - 1 4 - -
9 12 6 27
Total ) 3 10 6 19
Table 11 - Non exposed people group

Years work < 10 10 - 20 =20

NQ ind. NO les. NQ ind. NQ les. NO ind, N? les.
XR Tests _
0/0 16 0 16 0 2 0
L/1 3 5 2 2 - -
Pl/Z 1 2 2 4 - ~
P2/3 . - - . - - -
PBM - - -
Total 22 20 z 44
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Table 12 - Average lesion degree (%)

Years work Exposed Non exposed
< 10 ’ 33 32
10 - 20 83 30
> 20 100 . 0
Total 70 30
CONCLUSIONS

With the small sample of individuals studied the reiation of
data doesn't lead us to significative conclusions in the greater
part of cases. This fact lcads us to present only the grade of the
average lesion per time of work for both considered groups {expo—
sed/non exposed) corresponding the radiolegic tests to a scale from
0 to 4.

As we can conclude from the table 12 the average lesion degree
iz similar into two groups for iime of work under 10 years. It is
stablein the non cxposed group,increases progressively in the other
group and triplicates in those above 20 years of work,

The degree of the total average lesion in the exposed group is
two point three times the nom exposed group.

Yer, the frequency of the lesion in both groups isn't signi-
ficative,

We suggest as technical prevention measures the following:

- Moving the place of the deburring department where there is
risk to the same level as the other one. The dust that affects it,
is a result of the captation system of the other burring machine.

- Setting a ventilator in the chimney in the foundry depare-
ment and isolatimg the woriers,

— Checking the captation system and good mantainance of it in
the mechanic and authomatic polisher department.

"~ The existent manual turncrs should be reduced to the minimum
until further substitution.

—- In the sand treatme .t and metal recuperating department the
gift should be authomatically done as well as appropriate masks and
gloves must be used.

- In the galvanoplasty department, the machine to shake off the
dust must be isolated and the work of the refrigeraring serpentine
must be checked and setting on the existent ventilating system
during the process of work, Try to change the suspending device of
the shake off pieces to reduce to the minimum the opening time of
machine,
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INTRODUCTION

The utilization of agricultural and forest residues as raw
materials for the production of energy and chemicals is deserving
a growing interest.

In Portugal, the ensrgetic potential of these residues alone
has been estimated as 2 Mtpe/year., The utilization of this resour-
ce in full may not be practical, due to the costs of collection and
transportation. However,industrial wastes such as sawdust, wood
shavings,pine bark and cork powder are available in amounts larger
than 100 t/day! and may be used in situ at little or no cost.

The main toutes for the conversion of such wastes into energy
are summarized in Fig.l.

Among the thermochemical methods,pyrolysis and gasification
have been developed to the commercial stape;they are simple,versa-
tile and involve conventional technologies.

Pyrolysis or thermal decomposition under inert atmosphere
produces liquid,solid and gaseous products. Gasification,invol-
ving reaction with an oxidizing agent such as air,oxypen,steam or
carbon dioxide,is used to maximize the production of pases. The
latter process consists in a sequence of steps vccurring at succes:
sively higher temperatures:pyrolysis (573-773K) originating vola~
tile matter and char,secondary reactions of the evolved volatile
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Fig. 1. Energy conversion of wood wastes

matter in the gas phase (> 873K) and char gasification (> 973K).

Complete char gasification with air introduces too much ni-
tropen in the product gas, thereby decressing its beating value.
An alternative approach would be to operate the reactor to produce
furl gas and charceal, This is an economically actractive option
provided that a suitable market can be found for the charccal. For
instance, it may be used in the wmanufacture of briguetrtes or acti-
vated carbon,

The process could be further improved if an activated carbon
were produc i direcely in the o0 ror. This would require operation
at the right temperature in order . promote partial gasification
of the carbon (20-307),thereby opening up the pore structure of
the selid and increasing its surface area.

Such a scheme is used in the “Carbonization and Casification
Chamber" (CGC),designed and built by Carbotecnica (Lisbon)?,

This unit has no internal moving parts; instead,it is positio-
ned at such an angle that the solids slide down the reactor in



countercurrent with the gas. A vibrating tray,fed by a conveyor belr,
delivers the solids directly on top of the CGC. The speed of the con-
veyor controls the flow rate of solids. The average residence time
of the solids in the CGC is 1-2 hours at temperatures of the order
of 1073-1173K. The charcoal is extracted at the bottom after quen-
ching by water injection. The energy needed to carry out the pro-
cess is obtained by combustion of a portion of the gas inside the
CGC. To to so0, air is admitted through a regist@r Jocated at the
bottom of the (GC above the level of solids. The amount of air
admitted must be carefully controlled, otherwise the heating value
of the gas produced will be very low.

The gas produced cam be used as fuel in boilers or furmaces.
Close coupled applications are most suitable, in order to take
advantage of the sensible heat of the gas.

In this communication, we report our results on the pyrolysis
of wood wastes” such as sawdust to produce fuel gas and activated
carbon.

EXPERIMENTAL

Dry sawdust with an average particle size of 0.63mm was used
in the laboratorial experiments.

Thermoyrams were carried out in a Cl Electronics MK 2B wicro-
balance with a suitable flow attachment, electric furnace and a
Stanton Rederoft linear temperature programmer, so that the sample
welght uhgngcs assaciated with a linear increase in temperature
were contlnously recorded,

Pyrolysis and gasification yields were determined in a tubular
reactor: a gsilica tube was packed wigh about 8g of sawdust,a flow
of nitrogen was established (4.5x10 'mole/s) and the tube was
inserted into an electric furnace.

The effluent from the reactor was passed through a cold trap
to condense the velatile products and the pases were vented.
Occasionally, samples of the gas were vollected and analysed in a
Varian 1400 gas chromatograph fitted with a Poropak Q column
(}/8“; 3.7m leng} and a thermal conductivity detector. Yields of
liquids and solids were determined by weighing, yields of gases
were calculated by difference.

Specific surface areas of the chars were determined from ni-
trogen adsorption data at 77K by the BET method.

True and apparent densities were determined by helium and
mereury porosimetry, respectively,
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RESULTS AND DISCUSSION
Pyrolysis

A thermogram of sawdust under nitrogen flow is showm in Fig.2.

It can be seen that most of the volatile matter is evolved
in the temperature range from 520-550K. From the composition of py-
rolytic gaszes shown in Fig.3, it cam be concluded that high tempe-~
tatures tavour the production of CO and H2 while low Lemperatures
favour the production of 002 and CH&'
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Fig. 2. Thermogram of sawdust under nitrogen flow (2.2x10‘4m01e/s)
Heating rate 10K/min.
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Fig. 3. Composition of pyrolytic gases.

In addition,the yields of char,gases and liquids were determi-
ned in the temperature range 673-1073K, It was observed that the
vield of the liquid fraction goes through a maximum in the tempera-
ture range 773-873K. Operation at hipher temperatures favours the
production of gases at the expense of larger molecules due to the
increasing importance of cracking reactions. Indeed, extrapolation
shows that the liquid fraction will be negligible at temperatures
higher than 1073K. This is an important finding, since the product
gas is required free of tars to avoid condensation and fouling of
downstream equipment.

The char obtaineg by pyrolysis for about 1 hour at 1123K has
a surface area of 98m™ /p; the char yield is 29% and the lower 3
heating value oi the pyrolysis gas produced is about 8.2x10% KJI/m”.

Char gasification’

. The chars obtained by pyrolysis are suitable raw materials for
activated carbon manufacturc by parcial gasification. A detailed
study was carried out in the laboratory,using C()2 as the activation
agent.,

F1GUE1REDD



It was observed that the specific surface areas increase with
increasing temperature up to 1098K (Fig. 4).

Gagification at higher temperatures occurs in the diffusional

regime with no further activation?,

The influence of the extent of activation upon the specifie

surface areas is vepresented in Fig. 5, showing that a plateau is
reached after about 1 hour.
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Fig. 4. Change in specific surface area (§) with gasification
temperature (T).
FPyrolysisg temperature : 1123K
co, flow ' 4.5 x 107% mole/s

2
Extent of activation 60 min
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Fip. 5. Change in specific surface srea (8) with the extent of
activation (v)

JActivation temperature 1098K
Pyrolysis temperature 1123K
co, flow . 4.5 % 10‘4 mole/s

So, an activated carbon with a specific surface area of 940
m /yp is obtained after carbonization at 1123K and gasification to
a burnoff of 18%Z ar 10¥8K for 1 hour.

The results of the present study show that activated carbons
of high surface area may be cobtained from wood wastes in a pasifier
environment together with a combustible gas free of tars,provided
that the temperature is conveniently chosen,

INDUSTRIAL EXPERIENCE

Results obtained in the industrial scale reactor (CGC) show
that the heating value of the produced gas depends on the moisture
of the raw material according tu:



O3

PC1 =I6.8 X 103 - 89H

g . 3 .
where PCL ~ lower heating value KI/m™ dry gas STP
H ~ % moisture

In addition, samples of charcoal obtained in the (UC were cha~
racterized as show in Table 1 by determination of the true densities,
0p, and total pore volumes, Vp,

Table 1. Textural characterization

. Material Py (g/cms) Vp (cms/g)
Pine cones 1.61 ) 0.516
Charcoal Y5/40% 1.82 1.72
Charcoal 30/35# 1.9 1.66

* .
Charcoal x/y means that the insuffl~tion ot
stoam wos v kp/br and the production of cho:
coal was x kp/hr.

The results confirm that, during the operation of the (GC, the
pore structure of the charcoal may be developed to such an extent
that it may be used as an adsorbent.
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TNTRODUCTTON

peneficial uses of amhient waters in a part of West
Morava river basin are defined by Federal Revulations as: public
water supply, fishery, Jfrrigation and recrevation. All ambient
waters are classified and strict water quality criterfa arc set,
But, due to rapidly increasing population migration towards river
vatleys, pollution loads were also considerably increased in recent
vears and water quality standards are in some places violated,
wholly or partfially (carbonaceous or /and nitrogenous BOD too high,
low content of disasolved oxygen, toeo many coliforms 1in water,
ete.).

This report presents an apptreach for solving serious
ambient water quality dererforation in part of Weust Morava rviver
basin with drainape area of 1250 sq. kilometers and total river
length of 94 kilometers.

A mathematical model of water quality in West Morava,
based upon the progpram STEKAR (Gherini and Summers, [978), was made
and calibrated. Diffevent alternatives for waste water troatment
(point sources only) were proposed - pach one consisting of a set
of preseribed degrees of wiaste water treatment for each point
gource {(Filip and Obradovié, 1984). The efiects of alternative
solutions were then analysed on the mathematical model for the low
flow conditions,

CLASSTFTCATTON OF AMBTENT WATER QUALITY IN THE STUDY ARFA

Ambient water quality classificatlioon is given in Table 1.
Classes I, 1I-a and 11-b respectively correspond to categories Al,



A, and A, as defined by the Council of European Communities (Luxem-
biirg, June 1965).

Table J. Clagsification of Ambilent Waters

River Class Timiting Criterja Wiater tuse

Class Parameter Value
Dissolved Oxygen 8 . Drinking Water
ROD 2 Sapply (Disinfec-

5 R

1 ’ tion only)
™S 350 . Fishery
Coliformsg ) 200 . Pecreation
Dissolved Oxygen 6 . Drinking Water
BODS 4 Supply (Conventi-

11 A : onal treatment)
™S . 1000 . .Fishery
Coliforms 6000 . Recreation
Dissolved Oxygen 5 . Substantially the
BOD. 6 same as for IT A

1B TDS5 1000
Coliforms 6000
Dissolved Oxygen 4 . Industrial Warer
EOD : 7 Supply

i ™8> \ 1500
Coliforms 10000
Dissolved Oxygen 0.5 + Qut of use

v ROD unlimited

’ Coliforms unlimited

*
All values in mg/l. Coliforms in MPN/100 ml
VIOLATTIONS OF AMBIENT WATER QUALITY STANDARDS IN THE STUDY ARFA

Measurements of amhient water quality as well as point
sources pollution emission in different river flow conditions were
conducted for one-year period, These data were then used for Model
calibration, 1i.e. determination of reaeration constants, decay
rates and other cogstants, .

The calibrated model was used for simulation of ambient
water quality in low-flow conditions for cases:



- no waste water treatment,
~ effects of different degrees of waste water treatment

Violation of ambient water quality standards for pollu-
tion loads as measured in 1978/79 and predicted pollution loads in
1985 and 1990 are presented in Table 2.

Table 2. Extent of Ambient Water Quality
Standards VYiolation

Length of River Reach where WQ are Violated

River Total --
Length . km

km -

BOD5 Dissalved Oxygen

1978/79 1985 1990 1978779 1985 1990

West Morava 61 61 61 61 ] 0 0
* * *

Despotovieca 15 0 0 0 10 10 10

DiZina 12 9 9 9 9 9 9

Cemernica 6 6 6 6 6 6 6

*
There is no limitation of BOD_. concentration in Despotovica river
- from the woste water inflows down to the DiZina river, due to
its classification in 1V Clags.

DEFINITION OF AMBIENT WATER QUALLITY PROTECTION POLICTES

The =step-wise amhient water quality dimprovement is
accepted as a policy, so the costs will be more easily met.

Ambient water quality goals are listed in the Table 3,,
given as maximum permissible concentration (MPC). Complete removal
of floating debris, grease and oi!l as well as substantial removal
of coliforme are anticipated. Implementation of the third degree of
protection ensures the class of stream prescribed by Regulations.
Water quality of this stream is wholly protected. If the fourth
degree of protection 1is introduced, some of river reaches may
attain a higher class,
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Table 3. Ambient Water Quality Improvement Goals

Prevention of MPC Violation Improvement

Degree of of Stream
Protection Toxic Dissolved Suspended Category
Materials Oxygen Solids BODS
and
Coliforms
Firat +
Second + +
Third + + + +
Faurth + + + + +

BENEFITS OF THE IMPLEMENTATION OF CERTAIN DEGREES OF PROTECTION

The benefits te be galned from this step-wige protection

of deteriorated ambient water qualicy are as follows:

First Degree of Protection

Benefits of applied first degree of protection are:

~ water may be used fatr watering of cattle and ixrigation;

- WQ in downstream reaches will be {mproved, with a corresponding

henefit to local users;

- aquatic population is protected;

~ aesthetic appearance of the stream and environment will be

improved;

~ better situation 1n water supply saystem located further, down-
stream, either in the case of direct intake, or in the case of

infiltration basins/ground water aquifer use.

Second Negree of Protection

RBenefits of applied second degree of protection are:

- all positive effects of the first degree are included plus the

following henefits:

. further improvement of water quality for all uses;

. prevention of septic conditions in some river reaches;
. better self-purification characteristics of the stream;
. full protection of aquatic life;

« possibility of using the river for recreation.



Third Degree of Protection

Benefits of applied third degree of protection are:

- all poéitive effects of the both previous degrees of protection
are included plus the following henefits:

. return of the stream in its class as prescribed by Repulations;

. guaranteed possibility of using river for water supply of towns
and industry with usual treatment only;

. better organoleptic characteristics of water;

. reduction of water quality deterloration in distribution
netvork.

Fourth Degree of Protection

Benefits of applied fourth degree of protection are:

- all positive effects of all three previous degrees of protection
are included plus the following benefits:

. fmprovement of water quality in river Despotovica, from Cornii
Milanovac to Difina, enough to raise 1t to a higher class.
Water quality in Difina, Cemernica and West Morava will be than
better to such a degree that reclassificaticn of these rivers
will he achieved.

NECESSARY DEGREE OF WASTE LOADS REDUCTION AND COST ESTIMATION

A desired degree of protection can be achieved only. by
applying the definite level of waste water treatment. Standardized
wagte water trearment plants for towns nave been supposed and unirt
costs calculated. These plants can be upgraded and enlarged if such
a necessiry arlses later. For industrial wastes that are not
compatible with municipal ones, separate physico-chemical treat~
menrs or pretreatments are foreseen. Several alternatives with
different degree of waste water treatment have been simulated on a
computer (Filip, Obradovié, 1984), and feasible solutions for
ambient water nuality protection in the region were elaborated,

Investment costs were based on 1980 prices level. Annual
coste consist of annuitles for civil works based on 13,6 percent of
invegtment, annuities for equipment bhased on 16,2 percent of
equipment costs as well as operational and maintenance costs.

Necessary degree  of wagte loads treatment as well as

investment and annual costs for 1985 and 1990 pollution are pre-
sented in Table 4 and Table 3, respectively,

FiLtp



Tahle 4. Necessary Degtee of Treatment and Costs of

Protection for 1985 Pollutfon

Treatment Costs

[
NDegree of Pollution Treatment (10__dis.)
Protection Source Level Investment Annual
Costs Costs
First Degree CUafak 11 P 98,81 20.98
of Protection Industry FH 18,79 4,462
Paper Mill FH 15.30 4,46
Trbudant FH 10.89 3.94
G. Milanovac P 85.40 20,28
Total: 729.19 54,08
Second Degree Calak 11 S 166,29 37.42
of Protection Industry FH 18.79 4,42
Paper Mill FH 15,30 4,46
Trbufani FH 10.89 3.94
G. Milanovac P 85.40 20.28
Total: 296.67 69.87
Third Degree ' Cafak 17T s 166,29 37.462
of Protection Industry FH 18.79 4,42
Paper Mill FH 15.30 4,46
Trhufiani FH 10.89 3.94
G. Milanovac 1 121.41 31.90
Total: 332.63 82.19
Fourth Degree Calak TT 5 166,29 37,42
of Protection TIndustry H 18,79 4,42
Paper Mil1l FH 15,30 4.46
Trhufani FH 10,89 3.94
G. Milanovac T 1%7 .16 41,74
Total: 368,43 91,98

P : Primary Treatment (BOD5 Reduction 30 percent, S8 Reduction 60
petrcent),

8 : Secondary Treatment (ROD5 Reduction 85 percent, SS Reduction 85
percent) .,

T : Tertiary Treatment (BOD5 Reduction 96 percent, S8 Reduction 96
percent).

Fil: Physico-Chemical Treatment of Tndustrial Waste Waters.



Table 5. Necessary Degree of Treatment and Costs of
Protection for 1990 Pollurion
Treatment Costs
6
D
Degree of Pollution Treatment (10__din.

Protection Source Level Investment Annual
Costs Costs
First Depree Cafak 11 P 111,47 24 .10
of Protection TIndustry FHit 21.67 3.20
Paper Mill FH 20.40 5.79

Trbuiani FH 27.28 5.21

G. Milanovae P 97.96 22,62

Total: 278.78 h2,92

Second Degree Cafak I1 s 195,49 4641
of Protection Industry FH 21.67 5.20
Paper Mill FH 20.40 5.79

Trbuiani FH 27.28 5,21

G. Milanovac S 145.97 18,34
Total: 410.8) 98,95

Third Degree Eatak T1 T 2n4,14 57.73
of Protection Industry Fi 21.67 5.20
Paper Mill FH 20,40 5.79

Trbufani FH 27,28 5.2
G. Milanovac 8 145,97 38,34

Total: 469,46 112,27
Fourth Degree (afak II T 256,14 57.73
of Protection Industry FH 21,67 5.20
Paper Mill FH 20,40 5.79
Trbu¥%ani T + 35,46 6.78
G. Milanovac T 189.76 49,84

Total: 521.43 125,34

P : Primary Treatment (BODS Reduction 30 percent, “S Reduction 60

percent).

S : Secondary Treatment (BOD5 Reduction B85 percent, 55 Reduction 85

percent).

T : Tertiarv Treatment (BOD

percent).

FH: Physico~Chemical Treatment of Industrial Waste Waters.

Reduction 96 percent, $§ Reduction 96

FILIP



Cost estimation for protection measures for 1990 pollu-
tion are based on assumption that no actions are takem bhefore 1990,

SUMMARY AND CONCLUSIONS

The mathematical modél deseribing the ambient water quality in West
Morava watershed are used for evaluating different water quality
protection policies. For anticipated degrees of ambient water
quality protection necessary decrease of pollution emission for
1985 and 1990 is evaluated and ¢osts are estimated.
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KEVER3E UslHOSIS FROPERTIE3S CF CELLULOSE ACETATE COAL
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University of Kosova,3B8ooc¥rishtiné,fugoslavia

INTRODUCTION

The préparation and properties of cellulose acetate
membranes have been investigated from many workers.Such
membranes are well known and commercially available.Even

though the cellulose acetate membranes enjoys the better

status in comparation with other membranes,further ho-
pes and expections were to get a membranes with good

and reliable characteristics.These characteristics (pro-
duct rate and solute separation) are achieved by diffe-
rent types of casting solutions'*? or different materi-
als,respectively additives.3’4’5

In literature are the data for uses a sulphonated Coal,
daito6,lignite and brown Coal,Tominage at al,7 and low
carbonating Coal "crushed lipnite",Tatsuyama at al? for
removing & heavy metals from solutions and wastewaters,
but lack of data for uses a Coal for preparation of
reverse osmogsis membranes.

3.Gashi and U.Dacig’lo used Kosova'’s lignite.as additive
for preparation of asymmetric reverse osmosis membranes.,



In previous papers reverse ostosis properties of ce-
llulose acetate Coal membranes have been introduced.
In these studies were described casting conditions

and effect of coal on preparation of such membranes.
It was pointed out that these membranes showed good
properties respectively the same characteristics (pro-
duct rate and solute separation) in comparation with
those of cellulose acetate under game conditions.The
advantages of such membranes showed enough promise to
Jjustify the farther research.

This work is the next step toward preparation of cell-
ulose acetate-coal membranes of solute composition
cellulose acetate-cosl (1:1,5),acetongdioxan:nagnesium
perchloratejwater.As we showed above the primary ma-
terials for preparation of these membranes were cellu-
lose acetate and coal.For such reason,and because the
higher amount of coal is used for its preparation,the
membranes are named "Cellulose Acetate~Coal membranes'.
The casting golution composition cellulose acetate-
coal of mass ratio (1:1.5) has been to modify the
characteristics of these membranes.

Reverse osmosis preparation and properties of these
membranes were the basic aim of this work.
EXPERTHENTAL

. Materials i

Eastman celluloge acetate E-398-3% with degree of acew
tilation 39.8% and Kosova basen coal were used as
primary materials in this work,

Coal preparation

The Kosova basen Coal was treated with boiled water
with stirring.The residual coal after filtering was
dried at 105°C to constant weight,grounded and frac-



tionated.The fractions of 0.24 meschis then were used.
The elemental analysig and functional groups of lignitz
used are given in 1iterature1°.

lembrane preparation

Casting solution composition of cellulose acetate,and

reagent grade acetomydioxame,magnesium perchlorate,

water and Coal were employed.The film casting details
in present study are given in table 1,

Tablel.Film casting details

Lasting solution composition,.masgk®
Cellolose acetate (LE~398~3) 10

Coal 15

Acetone ) . . < 42,06
Dioxane : . 19,23
Magnesium perchlorate 1.45
Water 12.25

Temperature of casting solutionzauoc
Temperature of casting atmosphere:2400

Casting atmosphere:;ambient air(rel.humidity 6o%)
3olvent evaporation period:zero min.

Gelation medium:ice cold water

Film shrinkage temperature 88°¢

The membrane were cast in a glass plate at zero period
of solvent evaporaticn.After being cast,the membranes
were allowed to remain in gelation bath one huur,and
were heat treated to desired temperature,which c¢contro-
lled to within ¥ 1/2 °C for 16 minutes.Membranes were
shrunk at the same temperature,ie 88°C in which we got

GASH!



the nesr same surface pore structures and hence the
slighty different solute separation at present opera=
ting conditions.The thicknegs of asymmetric reverse
osmosis membranes was ~v 0.082 mm.

Reverse osmosis experiments

Reverse osmosis expertéments were done employing the
standard reverse osmosis apparatus 2 and usual experi-
mental procedure.These experiments were carried out

at 17.65xlo5Pa using feed solution containing 0,00£85.
of sodium chlecride.The behaviour of membranes with
another inorganic salts and aquoeus solution of phenols
of feed concentration of 0.0022M were also studied.
Before the reverse osmosis experiment each film was
subjected to a pure water pressure treatment for omne
hour st 20.01x105Pa.

All experiments were of the short run type and perfor-
med at temperature of 25°C.A feed flow rate of 450dm3/
min. was used giving g mass transfer coefficient
k=45xlo—4cm/sec on the high pressure side of the mem-
brane as calculated by the Kimura-Sourdrajan analysis
of experimental reverse osmosis datal3. A constant k
was kept constant in all experiments.

For all salt concentrations,a conductivity bridge was
used for analysis.

In each experiment the solute separation,f,defined as

solute conc. in feed mol/dm3
the product rate,Pr,in gram per hour, and pure water
permeation rate,kWl’,in gram per hour per given area of
film surface 13,52 c¢m” were determined.The concentrn-
tion of phenols are determined by bensenquinoline mcthod}l



RESULQLS AND DISCUSSION

Cellulose Acetate-Coal membranes were characterised in
terms of pure water permeability constant A,solute tran-
sport parameter,DAM/K5 .The product rate and solute
separation obtainable with a membrane s0 specified is a
functions of the mass transfer coefficient,k,on the

high pressure gide of the membrane,The values of these
parameters for aquoeus solution of sodium chloride are
presented in table 2.

Table 2, Membrane Specification Data

Fiim  Ax10 5 DAM/stlo‘*' Feed cong,0.C06E5MTac]

no. 9935_1_129 cn/sec k=t5xlo_ em/sec ______
em“secla sol.sep.% prod.rate /h

1 6.12 51,95 69.54 88.66

2 4,74 47 .00 68.46 69.52

3 4.9 57.51 64,36 71.41

4 5.08 63.39 62.85 75.05

5 7.37 125.86 51.18 108.64

6 8.34 146.26 48,7 - 121.9

The data given in table 2 on the values of A and DAN/KG
for sodium chloride at 17.65x105Pa specify the membranes
used in the present studies,

As expected the values of solute transport parameter
DaH/KJ increase with decreases in solute separation

and with an increase in product rate.The membrane pore
size represented by DAN/KS from 51.95x10"4cm/sec to
146.26xlo"40m/eec showed high productivity of membranes
used at low operating pressure. '

Mwo types a presentation of data D,./K§ vs.A,end product
rate solute separation could be taken in consideration .

GASHI



to show difference in properties of these membranes and
their behaviour in comparation with those reported
erlierlo.For the sake of clarity we can write down meé=
mbranes as follows:l.Cellulose Acetate ; 2.Cellulose
acetate-Coal (1l:l) } and 3.Cellulose Acetate-Coal nem-
branes (1:1.5).

The data of solute transport parameter D,,/K§ ,vs.pure
water permeability constant,for 1,2,% types of membra-
nes are shown in figl.

\

Mem?_r;ame type

-2
0-3

(Dap/K- 510"
a5

[y

079773 10_

' A0°

Fig.l.3pecification of membranes at
17.63x10 Fa

The data of solute transport parameter.Dam/Ks yV3.pure
water permeability constant,shows that characteristic

lines of membranes 3 are located to the right of lines
for membranes 1 and 2,which indicates that membranes 3
posses better properties,ie.bigger number of pores in

surface layer eccording to Kunst at al »



From the membrane properties{product rate and solute
separation) fig.2. it should be pointed out that for
reference system of aqueeus solution of sodium ¢hloricde
and other monovalent salts these membranes shows slight
imprpvement in performances.The optimum performance of
membranes was defined as the maximum product rate at

a specific degree of salt rejection which was chosen
arbitrarily at 7o % for NaCl in this study.The order
of selectivity is the same in three types of membranes,
respectively threevalent and twovalent salts separates
better than monovalent salts.

Membranes of such properties are used for determination
of reverse osmosis characteristics of following inorga-
nic salts:liaGl-H,0,NaF-H,0,Nali0;-H;0,ka s Uy-H,0,Cu30,~
HEO,Mn304—H20,Cd504—R20,Zn$g-ﬂgO,EgSOL-HJO,and agueous
solution of phenols.The product rate ~nd nolute separa-

tion of mentioned salts with mer!rrnes ° . re also shown
in fip 2.
a-.1l3-H,0
130 o -unalo _5 Q
32
O-NaF-HQO
e ”O :—Cdi)gq;ﬁgo
w =Cud E 2
% Q—Mgioq—HQO
& 90 X e—ZnQOA-HEO
x =la,r0, -’ 0
.;6 St it T
o
£
o3 70 %

04 06 08 1.0

solute separation %
Fig 2.350lute separation and product rate
of inorganie salts
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It is evident that characberistics (relative selecti-
vity and esspecially s product rate) of membranes 3
are superior for three and two valent salts in compa-
ration with previous membraneslo.For same films the
«1rduct rate 1s two to three times more.As we idicater
previoslylo Coal affects in characteristics of membr .-
es.Now, it could be concluded that icreasing a conte:
of coal impraved considerably performances of membr: -
nes as we shows above.

'These membranes are tested also with 0.0022 aqueous .
solution of phenols, _ ’ ‘
The data of separation and product rate of phenols are
shown in table 3. '

Tabie 3.50lute separation and product rate of
Phenols by membrane 3, -

Film. no solut.gsep.¥ product rate g/h
1 89.8 _ 85,53
2 77.33 62,57
3 - -
4 93,2 | 84,67
5 38.8 lol.15
©

41,1 116.8

Data from table 3 shows that solute separation of
- phenols is up. to 93% with higher product rate.These me-
mbranes looks to be also iteresting for separation of-
organiec substances,which needs further investigation.
By the end we can congclude that these membranes have
tollov1ng advantages:
Coal wasg treated only with boiled wster ie low cost
- of membranes.



Membranes are made under normal conditions,respecti-
vely evaporation rate was gzero minutes.
Membranes showed much better flux in comparation with
Cellulose acetate membranes in low operating pressure
ie. very productive membranes.
embranes can be used for treatment of similar syste-
m. and waste waters.
Memvtranes can be used also for separation of aqueous
solutions of organic substances.
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CHARACTERIZATION AND TREATMENT OF

'SWINE EFFLUENTS IN PORTUGAL

Natalia Gaspar, An.onio Gaspar

Chemical Engineer(I.S.T.),Sanitary Engineer(F.C.T.)
Pollution Control Service — Lisboa - Portugal
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1 - INTRODUCTION
The swine breeding installations are in Portugal one of che mo

re important causes of hydric pollution. This is due to some  of.

theirs characteristics such us:

High pollutant load
= Diversity of the installations size
~ Great dispersion through the country

~ Very disordered growth

Even though it will be difficult to make a precise inventory
and to determine the exact impact that they have in the quality of
the national inland waters, it is possible, using some officiai da-
ta, to present the following map. In this map, it is presented for

-each district, the swine population, as well as the number of ins-
tallations working as closed cicle. In a general way, the pollution
produced in Portugal by the several sectors of activity; domestie,

industrial and cattle breeding are expressed in terms of equivalent

[
This work was partially supported by Volkswagen Fondation under
research contract.
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habitants as follow:

Domestic Pollution 9.291.519 (eq.=hab.)
Industrial Pollution " 20.849.226 (eq.-hab.)
Cattle Breeding Pollution 14.917.440 (eq.-hab.)

Total 45.058,185 (eq.-hab.)

The two fundamental types of cattle braedink'pullutinn are due
to '

Bovines - 8.890.654 (eq.-hab.)"
Swines . : 6.026.786 (eq.—hab.)

S0, the swine breeding installation aré¢ responmsible fot abéut
13,4% of the pollution produced in Portugal. Even though the dispeﬁ
tion of Ehe installations all over the country, it is in the dis-
trict of Setubal, Leiria, Santarem, Evora and Beja that their con—

centration is higher.

With the present publication, we intend, using specialized the
cnical bibliography and some data already existent in our country,
to make a characterization as precise as possible of the swine bree
ding effluents in Portugal and suggest some possible treatments. It
will be also mentioned the more important phases of this breeding
process and present the regsults of some analyses not only of the
global effluent but also of the sectorial effluents, carriyed on so

pe portuguese installations.
2 - GENERAL DATA OF SWINE BREEDING INSTALLATIONS o
2.1. ~ Types of Installations and Sections

Even though the great diversity in size of the swine installa

tions, they can be divided in two big categories:

x
Small impact in the inland waters because most of the animals are
in pasturing.

GASPAR



- Closed cycle installatiosns

- Fattening installations

In the closed cycle installations, there are fundamentaly five

sections:

puss

- Boars section: The boar is installed in an individual divi-
sion, due to its agressived characteristics and near the ins
tallations of the reprodutive sows. Lach boar weights gene
rally between 250-270 Kg.

- Gestation section: the sows in gos.stion are in individual di

visions or in groups. The gestation period is about 90 days
and the sows weight is general}: between 170-180 Kg.

- Nursery section: in this section, “he mother sow and the sho
ats cohabit in individual divisiors till the shoats weight
is about 5 to 6 Kg. '

- Fattening sectior; in this zone the animals are in groups

and in general, the area per animal varies between 0,8—1,2m?

- Types of Stabling

As far as stabling type is concerned, there are mainly three ty

~ Concret paversnt with straw bed
- Concret pavement without straw bed

- Stabling on slotted floors

The first type is not usual in Portugal and is used only in so-

me very small installations. In this case, most of the liquid waste

and the total of the solids stay on the straw,carrying the effluent

only part of the urine and the washing waters. In the other two ty-

pes, the effluents carry all the lees and urines together with the

washing waters, having these a weekly or daily periodicity. The pol

lution caused by this two types of stabling is much higher than the

straw bed stabling.



3 - BASES TO DEFINE THE TREATMENT PROCESS

As far as treatment process is coucarned._its chovse must be ba

sed on the following asnects:

= Characteristics of the residual waters
~ Destination of the final effluent

=~ Thechnical means avaiable

In order to can estimate the average characteristic= Cuore

sidual waters, it is necessary to take into account the to.. vy as

pects:

- Type of stabling

- Average weight of the animals presents

- Type of feed

- Water consumption (washing and drinking waters)

- Use of periodic desinfe .tions

The average weight of the animals depend on sex, age .

As far as type of feed is .oncerned, when the animals are ® i}

with milk serum, the ammount of urines is higher than if ! teed
is based on cereals. In geaeral, the daily waste production. .xpre-
sed in Kg/day is more or less 7,5-87 of the animals weight ihe vo-

lume of water used, depends on several factors such as: tvie- of f..
1l
diots, type of feed and animals age. The total water constmption i

due to drinking and washing warers.

In Portugal, and based on some informstions obtained, the w.ijo
rity of the swine breeding installations make daily washinys with a
range of 1 to 9 1/pig.day. in average, the drinking water Coreumpt i

on is about 5 to 9 1/pig.day.
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Table 1. Amount of Lees and Urines Accordingly the

Animal Weight

Feed based_on_cersals

Pregnant sows S:gki“g
30 Xg {50 Kg |80 Kg s
150 Kg [ 200 Kgi 250 Kg
Lees(Kg/day) | 0,53 0,62 |1,27 |o0,63 0,93 | 2,14
Urines (1/day) 1,90 2,20 |3,50. {6,30 8,60 3,70

Table 2. Amount of Urines Depending the Type of Feed

Type of feed
Serum Cereals
Urines {(1/day) g8-15 ] 3-4

Table 3. Dringing Water Consumption Accordingly the Animal

Wéight
Animal Weight (Kg) Water
Consumption
0,1 1/day
1,0 1/day
Shoats  20 ' 2,2 1/day
20 - 50 2,2 - 3,5 1/day
Pigs 50 - 100 2 .~ 31/Kg dry food
Boars _ 12-15 1/day
Pregnant sows - 8-12 1/day
Zurking sows | - 10 1/day + 1,5 1/
/shoat




1}
In Portugal, are often considered aa average characteristics of

he swine wastes, the following values, expressed in g/Kg animal wei-

ght.day.
Waste amount ...esvevsavsvcoanss weseseenss 14,00
Total 5014dS +veeuuevsvsrrennnnenens Ceeees 8,90

Total volatile 501ids .uosseusvvrennnaasve 5,40
BOD5 Lheeeesteerasasaneanasssanrasennrnns 3,10
COD +evvnnnnnnnn Ceertstaetarareearrarnas . 6,40
Nitrogen (NB,*) t.iiiiiiiiiiiiniiinnnenens 0,24
Total NItTOZEN svesesncavroncinsnanannrans 0,51
Phosphorus (P205) e ¢ Y %
Potassium (KZO) PP + /1

In the case of a pig of 60 Kg (average weight of an animal in

a closed cycle), the daily amounts will be as follow:

Waste amount ..seisveees iereennsnseveeanss B,44 Kg
Total s0lidS siecuvinnnaiivevosrronsnssees 334 g

Total volatile solids ......ceaennensssssns 324 g

BOD5 ........... Vevebesssevasstaseannns a. 186 g
COD v vvvervsrrssnnnnnsssseseessssonnsesess 386 g
Nitrogen (NH4+) ........... e T
Total nitrogen ....veeese.. reesscasnanans 30,6 g
Phosphorus (P205) ererranna Creasarsnana .. 25,2 g

Potassium (K;0) ..coovvnnnenvnraanennress 26,2 g

In a general way, the estimation of the number of animals pre-
sent in a feedlot is based on the number of sows conmsidering that
for each sow there are 8,5 animals. Based on the values presented,
there is a charge of 534g of total solids per animal and per day,
with a 60,7% of volatile solids. These values are 80 9 times higher
than those to the domestic sewages. In average, we will have a COD/
/BODS-Z,OGS, what shows that these effluents can easily, he treated
by a byological process, if inhibiting compounds will not be pre-

sent (antibiotics or desinfectants).
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Considering a water consumption of 15 1/animal.day we will have

the following average characteristics of the residual waters:

Total 80lidS .vvvvvivnvoranans aaevesnnaay 35,6 g/l
Total veolatile solids ..... iveiireeeseese 21,6 g/l
BOD5 ........ P e e b ea ettt ve 12,400 mg/l
COD wovnnnninen T, eeesree 25.600 mg/l
Nitrogen (NH4+) ........... e rrieeanan 960 mg/1
Total nitrogen ........ P 2040 mg/Y
Phosphorus (P2US) ......... DN 1680 mg/1
Potassium (KZO) R ererrvresaaay 1600 wmg/l

4 - RESULTS OF ANALYSIS FROM CLOSED CYCLE INSTALLATIONS IN
PORTUGAL

Table 4. Swine Breeding in Ric Maior

Section i Date | pH (0282;1) <o§$§/1>§ con/Bon
Fattening |7.10.83] 7,0 | 14400 | 28512 1,98
Shoat [

fattening |7.10.83] 7,2 3500 9505 2,72
Nursery 7.10.83] 7.3 7867 22750 -] 2,89
|Gestation |7.10.83| 7,3 8200 | 24480 |- 2,99

Table 5. Swine Breeding iq Montijo - Final Effluent

Total suspended solids (mg/l) +ov.itivernvrenenns 12.800
BOD5 (02 - mg/l) e iie e e e e st ean e 11.950
COD (0, mg/1) wuuvnnen. e e n e 22.785
COD/BO5 ..... beeus i PP Frrrsersarransameaas 1,9}

Note: Results of composed samples during 12 hours with a perio-

dicity of 5 minutes and proporcional to the flow,



Table 6, Swine Breeding in Leiria

s Total suspendedf BODS copn :
Section Date solids(mg/1) (Ozmg/l) (02ng/1) CQP/BODS
Fattening 15.06.83 21.168 13.200 25,920 1,96
12.09.83 16.546 8.285 25,650 3,13
10,10.83 17.860 14.400 28.512 2,00
Shoat
Fattening|15.06.83 9.740 12,500 25.020 2,04
12.09.83 11.788 6.200 11.230 1,81
10.10.83 11,440 4,100 9.504 2,32
Nursery 15.06.83 7.992 6.350 | 12.840 2,04
12,09.83 7.046 9.850 25.920 2,63
10.10.83 11.020 5.867 22,752 3,85
Gestation [15.06.83 16.644 8.720 ) 20.735 2,38
h 12.,09.83 10.460 11.200 24.&89_ 2,19
Table 7., Resume of the Results
. Shoat . Final
Parameter Fattening |Fattening Nursery | Gestation Effluent]
pH 7,0 7,2 7,3 7,3 1,2

TSS (mg/1) |16546-21168]9740-11788)7046-1102010460~16644] 12800
BODS (0,mg/ 1) | 13206-14400 3500-6200 |5867-9850 18200 ~11200] 11950
COD(0,mg/1) |25512-2851219504-25020{12840-25920 | 20725-24480| 22785
€OD/BODS5 1,96-3,13 11,81-2,72 |2,04-3,85 | 2,19-2,99 | 1,91

GASPAR
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5. TYPE OF TREATMENT TO BE CHOOSEN

To choose the type of treatment, three important aspects have

to be considered:

= which is the final destination of the effluent )

- whenever. possible must be given priority to the low energetic
cost processes.

='a good maintenance and control of the treatment plant must be

assured,

Considering the favorable climatic conditions of Portugal, the
lack of legislation and means to assure scphisticated mainterances,
and the fact that the majority of the swine breeding installations
are very small, it is vital to full explore the possibility of the

low energetic cost types of treatment.

_ When the jrrigation is possible, it is esgential to know  the
soil propreties as well ds the plants necessities. The equilibrium
between the nutrients supplied and used by the plants must be achig
ved. As far as irrigation is concerned, can be said that is general

1m3 of swine b}eeding effluents coptains:

2.0 Kg of Nitrogen
1,68 K); of Phosphorus

1,60 Ky of Potassium .

The irrigation is usually made by the use of a deposit pulled
by a tractor, by sectors and in a rotativity way. It is necessary
to have a tank with a minimum retention time of 30 days. To  avoid
bad odoures it is recomended to have a aerated capacity of about
5 - 8g (02)/anima1.h0ur. To feedlots with more than 500 animals, it
is useful to make a screening using the solids as manure and  only
after to storage the effluent. In the case of small feedlots, less
than 500 animals, and when the final dest1nat1un is only the soil

infiltration, must be used a septic tank with a volume of 0,3 m /a-



1

nimal corresponding a retention time of about 10 to 30 days, cepen-
ding on the periodicity of the washings. The septic tank must be

followed by infiltration drains.

Table 8, Volumes of Effluent to Achieve thecfop Necessities

in Terms of Nutrieats

Volume of effluents (m3/ha)
Permanent | Temporary
Corn Potato Pasture Pasture
NitrogenJ 65 | 50 a5 300% 190
Phosphoru EE I au 95% 95
!
{ Fotassism L. ¢ 1D 131 213%* 144
. |

* . . . N
with 1:1 dilution to avoid excess of Nitrogen that can
damage the plant.

If no one of the solutions refered can be adopted, the final
destipation will be the discharge to a superficial water. In this

case, three possibilities are suggested:

2) Screening, anaercbic pond, facultative pond and maturation
pond )

b) Screening, anaerobic pond, aerated pond and settling poud

¢) Oxidation ditch

Always that enough land is avaiable, the solution a) is  the
cheapest one. However, if the installation will have more than
1000 animals, the two others solutions b) and ¢) are more viable.
It is suggested the oxidation ditch and pot the activated Csludge
process-because the necessary brushes are already made in Portugal
and so, the initial investment is much lower. However, the mainte—
nance expences, mainly due tc the energy consumption, are relative-

ly high.

GASPAR



Table 9. Comparation between the Processes in Terms

of Depuration, Efficiency, Retention Times

Needed and Energy Consumption

_ Depuration 2fficiency|Retention tif Energy Final des
mes and 4 tination
Process 1 Consumption ¢
BODS TSS volumes of the
effluent
Storage 0 0 Over 30 0 W/hour/ | irri-
tan days animal.day | gation
Screening
* 15-20% 20-60% | Over 30  BOW hour/ irri-
Storage d : d ti
tank ays animal .day | gation
Septic : .
tank + | 50-602 | 60-80% | 0,30m°/ Soil
) s 0 infil~
+ Infiltra /animal
. y fration
tion draing
Anaerobic Anaerob. pond Discharge
pond + Fa _ _ 30(20-50)4d to a
cultative 93-99% 85-952 Facult.pond 0 Eupcrfi~
pond + Ma 20(15-40)d kial
‘turation Maturat.pond water
pond 30(10-40)d.
Anaerobic Anaerob, pond
pond + . _ 30(20-50)d, pischarge
Aerated 95-99% H5-93% Facult.pond 32:i2§:rga to a
poud + Set- 8(7-10)days ) ysuperfi~
ting pond Setting pond cial
4{3-6)days water
Oxidation 95-997% T LA O 7} 160W hour/ Discharge
ditch ’ {animal /animal. to a
! .day Luperfic.
water




Prom the membrane properties(product rate and solute
separation) fig.2. it should be pointed out that for
reference system of aqueeus solution of sodium chlorice
and other monovalent salts these membranes shows slight
imprpvement in performances.The optimum performance of
membranes was defined as the maximum product rate at

a specific degree of salt rejection which was chosen
arbitrarily at 7o % for NaCl in this study.The order
of selectivity is the same in three types of membranes,
respectively threevalent and twovalent salts separates
better than monovalent salts.

Membranes of such properties are used for determination

of reverse osmosis characteristics of following inorga-

nic salts:NaCl-H,0,NaF-H,0,Nali0;-H,0,la 1 0,-H,0,0u30,=
HEO,Mnsou-HEO,Cd504-H20,Zn59—H20,MgJoL-Hﬁo,and agqueous
solution of phenols.The product rate snd solute separa-

tion of mentioned salts with mertr:nes ' .re also shown
in fip 2.
A ~.11J1=H,0
130 o —iiali; 1,0
SRR
OuNaF-HPO
#-Cds0, -H,0
< 110 a-G “O4H S
& =L E 2
3 _ o-Hg30,-H,0
g 9 x e—ZnSOAﬁHEO
% 0 x—Na5kOu-H20
a
f
o 70 X

04 06 08 1.0

solute separation %
Pig 2.30lute separation and product rate
of inorganic selts
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It is evident that characberistics (relative selecti-
vity and esspecially a product rate) of membranes 3
are guperior for three and two valent salts in coﬁpa#
ration with previous membraneslo.For same films the

" Lerduct rate is two to three times more.As we idicates
previoslylo Coal affects in characteristics of membr.n-
es.low, it could be concluded that icreasing a conte::
of coal impréved considerably performances of membr: -
nes as we shows above.

‘These membranes are tested also with o.ooEEM aqueous .
solution of phenols.

The data of separation and product rate of phenols are
shown in table 3. '

Table 3.Solute separation and product rate of
phenols by membrane 3, '

Film no solut,.sep.¥ product rate g/h
1 89.8 85,53
2 7733 62.57
3 - -
4 93.2 84.67
5 38.8 lol.15
. .

41,1 '116.8

Data from table 3 shows that solute separation Gf
phenols is up to 93% with higher product rate.These me-
abfanes looks to be also iteresting for separation of
organic substances,which needs further investigatiom.
By the end we can conclude that these menbranes have
follov1ng sdvantages:

Coal was treated only with boiled water,ie low cost

of membranes. :



Hembranes are made under normal conditions,respecti-
vely evaporation rate was zero minutes. \
Membranes showed much better flux in comparation with
Cellulose acetate membranes in low operating pressure
ie. very productive membranes.
-embranes can be used for treatment of similar syste-—
n. and waste waters.
Menbranes can be used also for separation of aqueous
solutions of organic substances. '
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CHARACTERIZATION AND TREATMENT OF

SWINE EFFLUENTS IN PORTUGAL
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' Profesgor, Sanitary Engineering Section
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1 -~ INTRODUCTION
The swine breeding installations are in Portugal ome of (ie mg

re important causes of hydric pollution. This is due to some of

theirs characteristics such us:

High pollutant load
~ Diversity of the installations size
- Great dispersion through the country

- Very disordered growth

Even though it will be difficult to make a precise inventory
and to determine the exact impact that they have in the quality of
the national inland waters, ir is possible, using some official da-
ta, to presént the following map. In this map, it is presented for
each district, the swine population, as well as the number of ins-
tallations working as closed cicle, In a general way, the pollution
produced in Fortugal by the several sectors of activity; domestic,
industrial and cattle breeding are expressed in terms of equivalent

———

" .
. This work was partially supported by Volkswagen Fondation under
regsearch contract.
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habitants as follow:

Domestic Pollution 9.,291.519 (eq.~hab,)
Industrial Pollution 20,849,226 (eq.-hab.)
Cattle Breeding Pollution 14.917.440 (eq.-hab.)

Total 45.058.185 (eq.-hab.)

The two fundamental types of cattle breeding pollution are due
to

Bovines . 8.890.654 (eq.-hpb-)*
Swines . - 6.026.786 {(eq.-hab.)

So, the swine breeding installation aré responsible for about
-13,4% of the pollution produced in Portugal. Even though the_diip€£
tion of ﬁhe installations all yver the country, it is in the dis—

. trict of Setubal, Leiria, Santarem, Evora and Beja that their com-

ceatration is higher.

With the present publication, we intend, using specialized the
cnical bibliography and some data already existent in our country,
to make a characterization as precise as possible of the swine bree
ding effluents in Portugal and suggest some possible treatments. It
will be also mentioned the more important phases of this breeding
process and present the results of some analyses not only of the
global effluent but also of the sectorial effluents, carriyed on so

pe portuguese installations.

2 - GENERAL DATA OF SWINE BREEDING INSTALLATIONS %
2.1. - Types of Installations and Sections

Even though the great djiversity in size of the swine installa

tions, they can be divided in two big categories:

Small impact in the inland waters because most of the animals are
in pasturing.

Y . '
cmenial RTTTPENCE CTMTRE gaspan

i)
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- Closed cycle installatiuns

- Fattening installations

In the closed cycle installations, there are fundamentaly five

gsections:

- Boars section: The boar is installed in an individual divi-
sion, due to its agressived characteristics and near the ins
tallations of the reprodutive sows. Lach boar weights gene
rally between 250-270 Kg.

- Gestation section: the sows in gns ation are in individual 4i

visions or in groups. The gestation period is about 90 days
and the sows weight is general’ - between 170-180 Kg.

= Nursery section: in this section, e mother sow and the sho
ats cohabit in individual division. till the shoats weight
is about 5 to 6 Kg.

- Fattening section: in this zone the animals are in groups

and in general, the area per animal varies between 0,8—1.2mg

L=

[
b

. Types of Stabling

As far as stabling type is concerned, there are mainly three ty

pest

- Coneret pavennt with straw bed
- Concret pavement without straw bed

~ Stabling on slotted floors

The first type is not usual in Portugal and is used only in so-
me very small installations. In this case, most of the liquid waste
and the total of the solids stay on the straw,carrying the effluent
only part of the urine and the washing waters. In the other two ty-
pes, the effluents carry all the lees and urines together with the
washing waters, having these a weekly or daily periodicity. The pol
lution caused by this two types of stabling is much higher than the

straw bed stabling.



3 ~ BASES TO DEFINE THE TREATMENT PROCESS

As far as treatment process is concerned, its choosc must be ba

sed on the following asnects:

- Characteristics of the residual waters
- Destination of the final effluent

~ Thechnical means avaiable

In order to can estimate the average characteristics - .« re
sidual waters, it is necessary to take into account the f..., winp as
pects:

4

Type of stabling

- Average weight of the an'mals presents

- Type of feed

- Water consumption (wash!ng and drinking waters)

~ Use of periodic desinfe.iions

The average weighi of the snimals depend on sex, age .

As far as type of feed is  oncerned, when the animals are : A

with milk serum, the ammount of urines is higher than if teed
is based on cereals. In geceral, the daily waste production. . xpre-
sed in Kg/day is more or iesg 7,5-87 of the animals weight Ihe vo-

lume of water used, depends on several factors such as: tviy. of t..
1l
dlots, type of feed and an’mals age. The total water copsumption 1+

due to drinking and washing waters.

In Portugal, and based on some informations obtained. the w.jo
rity of the swine breeding installations make daily washing< with a
range of 1 to 9 1/pig.day. in average, the drinking water . - .umpti
on is about 5.to 9 1/pig.day.

GASPAR



Table 1. Amount of Lees and Urines Accordingly the

Animal Weight

Feed pased_nn_cerﬂﬂls

Pregnant sows S:ﬁi;ng
30 Kg |50 Kg | 80 Kg
150 Kg | 200 Kg] 250 Kg
Lees (Kg/day) ' 0,53 (0,62 1,27 | 0,63 0,93 2,14
Urines(1/day) 1,90 2,20 13,50 6,30 8,60 3,70

Table 2. Amount of Urines Depending the Type of Feed

Type of feed

—

Urines (1/day)

Serum l Cerealsg

8- 15 [ 3 -4

Table 3. Dringing Water Consumption Accordingly the Animal

Weight

Animal Weight (Kg) Water
Consumption

0,1 1/day

1,0 1/day

Shoats 20 2,2 1/day
20 - 50 2,2 - 3,5 1/day

Pigs |50 - 100 2 ~ 31/Kg dry food
Boars 12=15 1/day

Pregnant sows

lurcking sows

812 1/day

10 1/day + 1,5
/shoat

1/




\
In Portugal, are often considered as average characteristics of
he swine wastes, the following values, expressed in g/Kg animal wei-
ght.day.

.

Waste amount .evevsevvovesvscssannrnvensnes 74,00
Total 501ids +vvevssnnaserenn Meirereesiess 8,90
Total volatile 501idS veeseessssecnsnees 5,40
BOD, vvvnnrevsaesnnennnres terarenneesseaes 3,10
CoD ...... terarasdaseenanna nissasarananuy 6,40
Nitrogen (Nub*) DR | 1.1
Total nitrogen ..cessevsrrasenansns Cireneaane 0,51
Phosphorus (P205) M esarsessesranannsaannn 0,42
Potassium (KZO) Y ¢ N1

In the case of a pig of 60 Kg (average weight of an animal in

a closed cycle), the daily amounts will be as follow:

Waste amOUNt ..esonassnsucsavsssrasasssnve 4,44 Kg

Total 50lids cuvrvaneas e - & T
Total volatile solids ........ cessresewees 324 g
BOD5 e sesstatesanananrnras ernasenasvesss 186 g
COD revinvrnnnrnnrsssionnnanas vessesnaaas 384 g

Nitrogen (NH4+) Cvevereertennrenreveneenes lhh g
Total nitrogen ...eeevevansns tessevanaess 30,6 g
Phosphorus (P205) tertisnraraaanvarerarnnrss 25,2
Potassium (KZO) sreesana tesesseansnacnsass 24,2 g

In a general way, the estimation of the number of animals pre-
sent in a feedlot is based on the number of sows considefing that
for each sow there are 8,5 animals. Based on the values presented,
there iz a charge of 334g of total solids per animal and per day,
with a 60,77 of volatile solids. These values are so 9 times higher
than those to the domestic sewages., In average, we will have a COD/
/BODS-Z.OGS, what shows that these effluents can easily, he treated
by a byological process, if inhibiting compounds will not be pre-

sent (antibiotics or desinfectants).

GASPAR



Considering a water consumption of 15 1/animal.day we will have

the following average characteristics of the residual waters:

Total sclids veveevnnvnvrveinnnann crrares 35,6 g/t
Total volatile solids ..... ettt evenenns . 21,6 g/l
BODg vovnuanns sesesitessssranaaransensney 12,400 mg/l
COD sunvnnnnns haaeas R, weserer 25,600 mg/l
Nitrogen (NH,.+) .............. eeeiaaaan 960 mg/1
Total nitrogen ...cvevivvienns [ 2040 mg/1

Phosphorus (PZOS) A 1680 mg/1
Potassium (K20) feretasmvasaserrisantanro 1600 mg/1

4 - RESULTS OF ANALYSIS ¥ROM CLOSED CYCLE INSTALLATIONS IN
PORTUGAL

Table 4. Swine Breeding in Rio Maior
\

Section . Date pH (0232?1) (Ogggll) COD/BOD5
Fattening |[7.10.83%] 7,0 14400 28512 1,98
Shoat

fattening {7.10.83! 7,2 3500 9505 2,72
Nursery 7.10.83| 7,3 7867 22750 2,89
Gestation 7.10.83{ 7,3 8200 | 24480 2,99

Table 5. Swine Breeding in Montijo - Final Effluent

Tetal suspended sclides (mg/l) ...... et esenenns 12.800
BOD, (02-mg/1) D ket eceiiaan 11.950
COD (0 M/} wevvvvenvunnnnnnnns e, .o 22,785
COD/BOG wvvvnuvriurenenaeannn. e 1,91

Note: Results of composed samples-during 12 hours with a perio-

dicity of 5 minutes and proporcicnal to the flow.



Table 6. Swine Breeding in Leiria

socion | muce [tost mopemed 8 [ Togn,
Fattening [15.06.83 21.168 13.200 | 25.920 1,96 1
12.09.83 16.546 8.285 25.650 3,13
10.10.83 17.860 - 14.400 28.512 2,00
‘| Shoat
Fattening|15.06.83 9.740 12.500 25.020 2,04
12.G9.83 11.788 6.200 11.230 1,81
10.10.83 11.440 6,100 | 9.504 2,32
Nursery 15.06.83 7.992 6.350 | 12.840 2,04
12.09.83 7.046 9.850 25.920 2,63
10,10.83 11.020 5.867 22.752 3,85
Gestation [15.06.83 16.644 8.720 | 20.735 2,38
J 12.09.83 10,460 ) 1].290 24;2?0 2,19
Table 7. Resume of the Resuits
s Shoat . Final
Parameter Fattening |Fattening Nursery | Cestation Efflueny
pH 7,0 7,2 7,3 7,3 7,2
TSS {mg/1) 16546-21168]9740-11788]7046-1102010460-16644| 12800
BODS(Ozmgll) 13200--14400 3500—6260 5867-985C 18200 -11200{ 11950
COD(Ozmg/l) 25512-28512{9504-2502011284(-25920(20725-24480| 22785
COD/BODS 1,96-3,13 |1,81-2,72 |2,04-3,85 2,19-2,99 1,91
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5. TYPE OF TREATMENT TO BE CHOOSENR

To choose the type of treatment, three important aspects have

to be considered:

= which is the final destination of the effluent

- whenever. possible must be given priority to the low energetic
cost processes.

- a good maintenance and control of the treatment plant must be

assuredl,

_ Considering the favorable climatic conditions of Portugal, the
lack of legislation and means to assure sophisticated mainterances,
and the fact that the majority of thé awine breeding installstions

are very small, it iswital to full explore the possibility of the

low energetic cost types of treatment,

When the jrrigation is possible, it is essential to know the
soil propreties as well ds the plants necessities. The equilibrium
berween the nutrients supplied and used by the plants must be achie
ved. As far as irrigation is concerned, can be said that is general

1m> of swine breeding effluents contains:

2.0 Kg of Nitrogen
1,68 Ky of Phosphorus

1,60 Kz of Poragsium .

The irripation is usually made by the use of a deposit pulled
by a tractor, by sectors and in a rotativity way. It is necessary
to have a tank with a minimum retention time of 30 days. To  avoid
bad odoures it is recomended to have a aerated capacity of about
5 - 8g (Oz)lanimal.hour. To feedlots with more than 500 animals, it
iz useful to make a screening using the solids as manure and  only
after to storage the effluent. In the case of small feedlots, less
than 500 animals, and when the final dest1nat1on is only the soil

infiltration, must be used a septic tank with a volume of 0,3 m /a-

*



n

nimal corresponding a retention time of about 10 to 30 days, aepen-
ding on the periodicity of the washings. The septic tank must be

folloved by infiltration drains.

Table 8, Volumes of Effluent to Achieve the Crop Necessities

in Terms of WNutrients

Volume of effluents (m3/ha)

. T
Wheat | Corn || Potato Permanent amporary
Pasture Pasture

Nitrogen | 65 | 50 | e 300% 190
Phosphorud. ° , 2¢& ' v 95% 95

! i :
ooy rotassise Lo 13 131 | 213 144

* L] L] 1] £l
with 1:1 dilution to aveid excess of Nitrogen that can
damage the plant.

If no'one’of the solutions refered can be adopted, the final
destination will be the discharge to a superficial water. In this

case, three possibilities are suggested:

a) Screening, anaerobic pond, facultative pond and wmaturation
pond
b) Screening, anaerobic pond, aerated pond and settling pond

e} Oxidation ditch

Always that enough land is avaiable, the solution a) is the
cheapest one. However, if the installation will have more than
1000 animals, the two others solutions b) and ¢) are more viable.
It is suggested the oxidation ditch and not the activated sludge
process because the necessary brushes are already made in Portugal
and so, the initial investment is much lower. However, the mainte-
nance expences, mainly due to the emergy consumption, are relative—

ly high.
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Table 9. Comparation berween the Processes in Terms

of Depuration, Efficiency, Retention Times

Needed and Energy Consumption

b

Depuration :fficiency|Retention ti Final des
- Energy p Lo
mes and + tination
Procesgs volumes bonsumpt1on of rhe
BODS 188 effluent
S:g;:ge 0 0 Over 30 L0 W/hour/ irri~
- days animal.day [ gation
Screening .
* 15-202 20-60% | Over 30  HOW hour/ irri-
Storage |- days imal.d atio
tank ﬂy animal .day 4 ion
Septic .
tank + | 50-60Z | 60-80%Z | 0,30m>/ o Soil
s : infil-
+ Infiltra /animal .
o = tration
tion draing
Anaerobic Anaerob. pond Discharge
pond + Fa _ _ 30(20-50)d to a
cultative 95-99% 85-95% Facult.pond 0 superfi-
pond + Ma 20(15-40)d kial
turation Maturat.pond water
pond 30(10-40)4.
Anaerobic Anaerob.pond
pond + N B 30(20-50)d. Discharge
Aerated 95-99% n5-952 Faculr . pond 3gw.22?réa to a
pond + SetH 8(7-10)days nimas- ysuperfi~
ting pond Setting pond cial
4(3-6)days water
Oxidation 95-997 g5 ey [0r970.8 m/ 160W hour/ bischarge
ditch ' /animal /animal. to a
! .day kuperfic.

water
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6. CONCLUSIONS

Due to the great diversity in dimension, type and dispersion,
and the high organic load produced, the swine breeding installations
are responsable for one of the more important hydric pollution pro-

blems in Portugal.

In view of the lack of thecnical and financial supports to the
implementation of the maintenance and control of sophisticated treat
went plants and the favorable climatic conditions, the more realis-
tic solution to this problem, will have to consider the low energe-
tic cost processes, So, it is suggested, whenever possible, the use

of treatments based on stabilization ponds.

GASPAR
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ECONOMIC HTHUCTURE AND SITUATION IN KENYA AND ZAMBIA
Kenya

The growth ol the economy in Kenya over the period 1964-81 was at
an average annual rate of 5,2 %. The average population growth ratc
has been 3,6 % for the whole period. However, World Development
fepart (198 pives o World Buank forecant of 4,1 % for Kenya's
population growth in 1980-2000. This growth rate estimate is the
zecond highest in the world.

The Kenyan economy in based on agriculture mainly privately owned,
Puring the period 1904-81 the annual agricultural growth of Grosp
Domestic Production (GDP) was 3,7 % as an average and the industrial
growth was 7,2 %,

Being one of the most industrialized country in East-Africa, Kenya's
industrial portion of GDP is only about 10 %. In 1481 the three
major foreign exchange commodity earners of the country were petro-
leum products, coffve and tea, The fereign exchange earnings from
tourism have ingreased steadily up to Ksh 2 400 million in 1982
corresponding a value of one third of the total industrial portion
of GDPb, .

According to the Development Plan for the period 1984 to 1988 the
projected GDP in industries will increase with 33 % up to K3h 10 Q00
million. The most important sub-sectors enumerated in succession
according to their value in GDP are metal and enginecring industries,
food industries and chemical sub-sector. The highest projected rise
in 1983-1988 is within the leather industries with nearly 60 %
increase, The textile sub-sector comes next with an estimated rise
of 42 % the other sectors remaining between 25 and 40 %,

In spite of the relatively small portion of industry in the economy
of Kenya water pollution problems have risen since late fifty's.

For instance the Nairobi river can contain up to 60 % sewage effluent
during the dry weather and is therefore highly polluted.

Zambia

The total population of Zambia was 5,8 million in 1978 out of which
about 40 % was living in urban areas, Nowadays the urban population
is growing faster than the population as a whole., The average annual
growth rate was 3,1 % in 1980.

The industrial production was 39 % of the GDF in 1980. At the same.
time the production in agriculture was only 15 %. The main exported
items sere copper {91, %), zinc (2,5 %) and cobolt {2 %). The value
of exports -decreased 20 % in 1982 mainly because of the world market
prices for copper and cobolt decreased of the order of 20 %. The



industries and mining activities are concentrated on the Copperbelt
and the vicinity of Lusaka. The most remarkable industries are food
and beverage, chemical!, metal and textile industry.

In 1980 a half of the population was in working age (1% - 64 years)
out of which 11 % worked in industry, 67 % in agriculture and 22 %
in services. The average annual growth rate of labour force is
estimated to bhe 3 % during the next 20 years,

The industrial sector has been regarded as a source of employment
and income generation, However, uncontrolled urbanization brings
wider environmental problems and greater needs for services,
especially housing, water supply and sanitation.

WASTEWATERS OF LEATHER INDUSTRY IN KENYA

Leather Industry in Kenya

The raw hide and skin exports represent some 25 % of Kenyan exports
of crude matertals. In 1981 Kenyan exports of leather were about

KSh 2 million which was about 10 % of Kenyan exports of manufactured
goods, During the last few years about 2 million hides and 6 million
skins have been available, This estimate includes the unrecorded
imports from neighbouring countries.

In 1981 there were 7 major tanncries operating in Kenya. Of the
total hides only about 20 % are prosessed to finished product state.

Typical process for African dry hides for corrected grein upper
leather contains the following stages:
-~  soalk

- lime

- delime and tan

- retan/dye

-~ finish to requirement.

Water consumptior varies quite much but it can be estimated that a
typical hide of 5,5 kg dry weight may consume €50 1 of water during
the processing to the crust state. The major sources of pollutants
are the constituents of the raw hide, the chemicals employed and
miscellaneous pollutants from machine working and other sanitary
activities. In addition to the efflucnts produced tanneries produce
large volumes of solid wastes.

For reducing discharges it is possible to use in-plant mnusufes like

reducing water usage, curring by sun dry instead of using =salt,
improving lime/sulphide dehairing, pickle and chrome tan.

GATHUO



of Some Tannerios

Vorothis o stindy three ditflTerent Kenyan tanneries woere chosen,

i tannery

The st tannery bnoof amad ]l i wilh daily prodact pon of st de e
cattle cond Cnoee deied sheep and goat, skins. The Lotal wister conisieg-
tion b been estimated to be about 100 m? /d. The liming and soakrng
Liquoars and the rinsing wastewaters are collected and treated sopara-

tely from Lannage tigqoors,

The irdng and soaking Liguors o throuag) mi]phi(i(z stripping tank
(by atr) betore cntering an oxidation ditch with o retention pepiad
of 24 hones, The wastewaters are then clarified in oa sedimentat jon
basin trom which they are ased directly for irrigation. Slodge s
variped o deyving beds and the deied stadpe da used as loand fertis

Plwer,

cher tanmatgr Ligquors ars ded into o holding tank with o retention
period of 24 hones, pll i raised to about 9 by adding lime. Chreorior
tecicek et Then precipitated and cheomium sludge drjed. Thnnage
1o e pre-nged for two times betfore chromium precipitation,
oot the ohcomium Yeomo the dried studge has been studied,

Me sttt sl oty baned one six camples obf the et floent weres

Pt e s a0 total snapended solids 120 mg /1 ound chirowmoum O, 6

%3 T, The bighest values were two to three times as much. Conductivity
of e haent ranged from 4 000~ 10 000 &5/em, The suitability of the
et laent tor arripation eieopt the most tolepant plants is quostio-
noble. However, ippigation can be used as a effective means of

wortew e dinponal, the operation of the wastewaler treatment plant
wies -t el ect fve and some improvesents and chang, had beoen mude
ard several were still under consideration. Anyhow cheomium removial
system woas very innovative and seemed to be warking quite well,

Vecond o

a8 b O dried
sheop arel wvoat cking a day. The Lotal water consumption is about
Lo st The wastoewaters are pretreated betfore discharging into the

SN e lpal sewerape )

The second tannery is of medinm size and it proce

3 Lem,

Heeyrs Botse Trgquors together with rinsing waters are passed through
sulphide ctropping chanber where air is added. The liguor taken
1o oan o oxidation tank cfor 24 hours, Thereafter the iguor pon

A clariCication tank after which 1t joins the wastewatoers {rom the
tanpage . This combined sewnge is pumped into the municipal sewermee,



wn

Pickling and tanning liquors are screened and led to a seao o -
tion tank for 24 hours, Facility for raising pH exists hat in pored:
used, The offluenl joins the beam house efflucnt before pumping
into the municipal sewer. Chromium siudge is removed.

According to seven grab samples the pH ranged from 6,8 to 8,49;

H()Dl) from G50 Lo 920 mg 0;)/1. chromium content from 1,53 to 40 mg/l.
Thesie vinlues dire Loo hiph and shontd not be acceptiahle tar dinehar
into the municipal sewer. The improvement of the opcration ot the
wastewater treatment plant would be very important,

tannery

The annual production of the third tannery is about 300 tons of raw
hide and 18% tons of raw skins. The water consumplion for industrial
use is about 650 m’/day. The water for social use is taken from the
municipal network.

Tanning and beam house liquors are treated separately. lHeam house
liquors from the old tannery are conveyed to two oxidation lagoons
where they are combined with beam house liguors from the new tannery.
Atter the peoriod of 12 hours thoy ape punped to two other gerated
lagoons for a total period of 12 hours. Finally the wastowaters are
clarified for one more 12 hours before they are discharged into a
river. )

The chromium liquors are separated but the pH ia not raised and
therefore the precipitation of chromium is quite slow.

The lowest BOD5 value observed was 450 mg 0,/1 and the lowest 53
value was 120 mg/l. The chromium values were from 1,3 up to 3% mg/l.

The effluent puidelines were exceeded by far.

The minimum daily dry weather flow of 14 years in the recipient

river was about 0,% m /s and the tannery's discharge was 0,01 - 0,02
m' /5. The dilution is therefore about 25 times. This may not be
enough because of poor operation of the treatment plant snd bocaase
the river upstream is already quite highly polluted by coffec tuctory
wastes and non-~point pollution.

Conclugion

The survey showed that none of the three tanneries could meet Lhei:
effluent guidelines. However , it must be noted that these guide-
lines mostly originate 1rom loreign sources and proper effluent guides
lines for Kenyan conditions should be developed, Thin etlor. should
tak. 1nto account the hydrological, climatic, tehnological, cconanic
and sociolegical situations prevailing in the country.

TATHUO



The charges of dischacging the wastewaters to municipal sewers should
be buagsed alue on the strength of the effluent instead of pure hydrau-
li¢ loading. This would motivate the operation of pretreatment plants,
The importance of skilled manpower for operation of the plant cannot
ever be overemphasized. In-plant measures for reducing discharges
should :lso be emphasized, This would save the processing costs in

the manufucture as well as wastewater treatment costs. Reuse of
chemicats i.e. chromium should be further developed as well as
possibilities of utilization of loecal resources (solar energy for
drying etc.) in the waste treatment should be studied.

A MULTI-INDUSTRIAL URBAN CENTRE

Background of the Survey

This study deals with some of the basic water pollution problems

in an urban centre in Zambia. Industrial activities and inhahitants
are uvoncentrated on upstream areas, where as the raw water source,
an impoundment, lies downstream.

SEWAGE
WORKS

CONSUMPTION

IMPOUNDMENT

RESERVOIRS

"WATER
TREATMENT PLAN

Figure 1. A schematic map of the surveyed area.



The industrial centre consist of wide range of industrial and con-
mercial activities'ranging from refineries to carpentry workshops,
The biggest plants are a paper mill, two breweries, sugar refipery,
two goap and derdrgent factories and a chemical factory.

Urban development and industrial expansion have been encouraged in
the area without introducing water pollution control measures, until
quite recently. Partly this is understandable because of shortage

of manpower and finance to monitor discharges. Also the knowledge of
legislative, administrative and technical procedures to control
water pollution has been lacking.

The reasons for this survey were bad tastes and odours in the city
" water supply system, which caused a lot of complaints by consumers.
The main reason was found to be the deterioration of the raw water
source, especially during the dry season. This led to a pioneering
research of municipal and industrial discharges to the watcr course.

Discharges

Municipal wastewaters are treated in two treatment plants with a
combined capacity of 16 000 m* /d. The treatment process includes
primary elarifiers, triekling filters and secondary clarifiers. The
- filuent is discharged directly to the stream. At the moument the
r atment plants are overloaded by 30 % of design flows. The monthly
ver: Bon, values of the influent were 150 - 280 mg 02/1. Respec-
iv 1y the average BOD_ values of the effluent were 25 - 45 mg 02/1,
ich »» Tlightly higger than the target value set by the City
cowe i1, 20 n,/1l. The removal of BOD_ was 80 -~ 20 %. Thus the
discharged B”“b invading from wastewater treatment plants was in the
range of 400 ="720 kg/d.

The average concentration of phosphates analyzed in August 1983 -
January 1984 was 10,6 mg/l in the influent and 8,1 mg/l in the

ef fluent.. The removal was about 20 % on average and the daily
discharge of phosphates to the stream was 130 kg/d.

The total wastewater discharge of the industries was 4 700 m®/d.
Only the paper mill includes a treatment plant for its wastewaters
before discharging to the stream (precipitation by aluminium sulphate:

The studied industries and some of the analyzed parameters of
their wastewaters are shown in the table below.

GATHUO



R
Wubslewatler BOD 1
INDUSTRY discharpe 9
(m' /) mg/1l  kg/d % g/l kp/d %
Brewsey | 1200 500 &00 14 2,0 10,8 a9
Brewery 11 120 4 600 S50 13 20,% 2,3 8
Sugar retinery 600 2 040 1 220 29 2,5 5,7 20
Soap and detergent ,
factory 1 530 560 300 7 5.0 2,7 10
Soap and detergent
ractory L1 65 960 50 2 B,0 0,5 z
Paper mili* 2 QRO 650 1 350 a2 2,5 5, 19
Chemical factory 95 b 220 120 3 6,0 0,8 2
- e L 1 b
rotal 4 G5 4 200 100 27,8 100

»  amples were taken after the waslewater treatment plaat,

The total BOD, loading from the industry was about 4 200 kg/d. The
highest BOD fuadjng (32 %) came still from the paper mill, despite
of the instidlled treatment facilities. However, the treatment plant
has reduced about S0 % of the BOD, load of the paper mill, which
means also a remarkable reduction™ (30 %) in the total industrial
BOD_ discharged into the stream. Another fairly large organic
pol?utinn source was the sugar refinery.

The total phosphorus load from the industries was 28 kg/d and the
major phosphorus load came from the Brewery I (about 40 %).

Considering the discharges as a whole, about 90 % of the organic
load as BOD_ was discharged by the industries and 10 % by municipal
wastewator Treatment plant. Over 82 % of the phosphorus loading came
from the wastewater treatment plants and less than 20 % from the
studied industry. The agricultural runeff has not been included,
Anyhow this can be fairly high especially in the beginning of rainy

scason,

Hecipient Water Course

Tne stream with the smaller tributary streams was under heavy pollu-
tion from the industries and from the wastewater treatment plants,
vring the study very high decomposition of organic malter wan {fuun
in the streams. This was detected in low dissolved oxygen valuoes,
the lowest monthly average was only 1 mg/l (temperaturc 26°0 -28°0
the annual average dissolved oxygen values in the stream in 1976-H1
have been 1 - 4 mg/l (26 - 28°C), According to measurement the
dissolved oxygen values did not recover until in the impoundment,
but however almost anacrobic conditions remain in the deeprest pointo,

1



The impoundment is 6 km long, man-made, eutrophic lake witnh &
capacity of 15 x 10 m, The deepest points are less than 10 =

and during dry secason only a few metres. Eutrofication domatgtes
the aquatic life of the lake, because of high nutrient levels in
the water. In November 1983 —= January 1984 the analyzed concentra-
tionsg of PO, were B - 22 mg/i and those of N“i 8 o~ 135 mp/l. The
atudied period was very dry, which meant a miftimal diluton,

During the dry season the lake was covered almost entircly by
floating weed (Salvinia Molésta). In places where sun lipght could
penctrate into the water, huge alpae blooming occured. Resnlt wus
typical of trophical waters - so called supersaturation. The dissolved
oxygen values rosc up to 15 mg/l at 27°C. Generallyv the upper lavers
of water were rich in oxygen, 7 ~ 1% mg/1, but the hottom lavers
contained only 0,6 - 3 mg 02/1 {temperatures 24 - 28°0),

What to do ?

First of all, a more comprehcnsive pesearch of the dischioree ard
the characteristies of the reciplent water course is necestary., After
that the main trouble causing factors can be recognized and peroves,

In order to reduce the growth of algae and weed an the ampondmen
the level of nutrients should be decreased. Agricultural ron-—off
should be studied further. Continuous monitoring ol dischirper of
industry and municipal wastewater treatment plants should bo
implemented in order to have more reliable guality and guantit.
analyses of discharges, Also flow measurement must be inclode i
of course, the flows in different streams should be measured n
order to get dilution ratios.

The capuacity of Lhe wastewater treatment plants could he Lneponsed
by expanding the plants, The phosphorus removal by precipitation
ciould be considered, The priority of the sower network penovotion
should be studied and rehabilitation part by part could be started,
This reduces the portion of infiltrated water an: storm witep {pte
sewage and decreases the hydraulie load of the wastewator 'roatoent
plants,

The treatment possibilities of some of the industrial wastewaters
should be studied. The industries can have theéir own wiilewater
treatment plants or thon have a combined treatment with municaipil
wastewsters or some Kind of combination of theose,

Last but not least, the. implementation of pollution comtrol by levin-
lation and co-operation between industries and water anthor itres
¢could safeguard the water resources,
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The removal of the bottom sludpe by flushing can improve the water
quality (reduce phosphorus and anaerobic zones) in the impoundment.
At the moment the flush-out is clogged by sediment which should be
removed, Some appropriate remedies can be tried also. For example
by improving the self-purification capacity of the streams a lower
erganic load into the impoundment could be achieved.
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CONSIDERATIONS IN DEVELOPING MASTER
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ABSTRACT

The objective of the present study was to develop and evaluate
the Master Plan alternativeg for the collection, treatment, and
disposal/reuse of sanitary and industrial wastewaters in the
Enlarged Shuaiba Tndustrial Areua (ESIA) of Kuwait, The ESIA,
which is the largest industrial area in Kuwait, consists of the
relatively well developed Shuaiba Industrial Area (51A) and the
less developed Mina Abdullah Tndustrial Area (MAIA).

The least cogt collection alternatives were combined with the
corresponding treatment options to determine the minimum cost
Master Plan. Minimum Cost sequences of treatment processes which
can provide the required water quality for marine disposal,
irrigation, or boiler feed reuse were determined using a simu-
lation model konown as SWAT. The least cost Master Plan was

“agsociated with the collection of combined wastewater in SIA and
MAIA, and providing the treatment separately in each area, Cost
benefit analysis showed that the reuse of treated e{fluent in
irrigation is the most economically attractive option.
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INTRODUCTION AND STUDY OBIECTIVES

One of the major challeages to industrialization and
development projects is how to undertake them while proteciing
the guality ot the environment for safe and enjoyable living.

In many countries, new industrial projects are planned and
influenced from the carliest stages by environmental protectien
issues,  [n other words, environmental evaluation has become the
third dimension in project feasibility studies, in addition to
technical and economic considerations, To incorporate environ=
mental evaluation properly, several alternatives must be available
for the major features of the proposed industrial develupment.
With the availability of alternatives, the most enviroumentally
sound gystem within the acceptable technical and economic
feasibilities can be selected.

The !nlarged Shuaiba Industrial Area (ESIA) is Lhes larpest
and most important industrial complex in Kuwait. ESIA includes
Stuaiba Tndustrial Avea ($1A) accommodating the nattonal fndus-—
tries of petroleom, petrochemicals, power peneration, and
desalination piants; and Mina Abdullah Industrial Area (MAlA)
assigned tor such light iadustries as building wmaterials, con-
struction, and paper manufacturing,

Phe FSTA is located about 50 km south of Kuwait city on the
coastal streteh of the Arabian Gulf between Mina Ahmadi and
Mina Abdullabti. The SIA is a relatively well developed jndustoral
region vovering an area of - about 1100 hectares. The topopraphy
of the areva is characterized by a general inclination from about
40 ms olevation above mean sea level at the western border to
about 5 ms elevation at the eastern shoreline., The MATA is tocated
sonth-west ot S1A and occupies au darea ol about 1300 hectares, out
of whivh only abont 257 is developed by light industrial
activities and the remainiug area is assigned for future extension
and develnpment of similar industrial activities, The ground
elevation in MAIA varies from 75 ms at its west above the mean sva
loevel to 25 ms towards the cast,

Two wastowater collection systems are servicing the SIA. The
first is the sanitary wastewater collection system which currently
dispeses of untreated wastes into the Gulf, The second is the
stormwater collection system that also collects industrial efflu-
euls af ter various degrees of pre-treatment and similarly disposes
ot these wastes ultimately to the Gulf. The projected averape
flow in S1A for sanitary and industrial wastewater for the year
2010 were estimated to be about 20 and 230 l/sec, respectively.
These !ivires were ohtained based on flow monitoring programme
and intormation on tatare developoents.



At present time, there is no collection network in MATA for
any of the generated wastewater streams.  However, local dispos:al
systems are established to serve the specific ngeds of each
industry. The projected average flow in MATA for sanitary and
industrial wastewater for the year 2010 were estimated to be about
50 and 100 1/sec, respectively based on the following assumptions:

i. Labour force is 40 persons/hectare.

)

Averapge Sanitary flow rate is taken as B0 1/person/day.

. : 3
3, Average Industrial flow rate is taken as 7.5 m /heotare/
day.

The primary objective of this study was to develop and cvaluate
Master Plan alternatives for the collection systems of sanitary
and industrial wastewaters within ESIA, and the corresponding
treatment and disposal/reuse options. Needless to mention that
evaludation of Master Plan alternatives should be made accordiag te
its technical feasibility, cost effectiveness, environmental impact,
and resource conservation acceptability.

The Master Plan alternatives were to consider the following
two potential situations:

1. Including the wastewater flow from a major indastry
Kuwitit National Petroleom Company (KNPC roedinarics)
which generates an estimated average industrial tlow of
about 95 V/sec by the year 2010,

2. Excluding the wastewater flow from KNPC assuming thad
this large industry will develop its own system o
callection, treatment and disposal/reuase of fts wastes
water,

DISPOSAL/REUSE OITIONS

Treatment of wastewater depends primarily on the subsequem
digposal/rense option as well as the quantity and quality o
wastewater,  The eost of treatment I8 a function of the gquaccyr o
and Tortoent and desired ettt huent quality of wastewater, Within
this 'rume the disposal/reusc options determine the dewrec on
required treatment prooesses to achivve the specificd e Luent
quality standards,

CHOBR (AL



In the ESIA the possible disposal/reuse 6ptions were confined
to the following:

1. Marine discharge,

2. Reuse for landscape irrigation or low quality industrial
process water.

3. Reuse as boiler feed water (make-up water).
4, Joining an existing treatment system.

To serve the purpose of the cost estimates for the treatment
of wastewater long term water quality objective standards were
developed for the first three disposal/reuse options, see Table 1.
The fourth option rests on the fact that SAA has contributed a
significant capital cost towards the Ministry of Public Works (MPW)
in order that the latter accepts sanitary wastewater from ESIA at
the existing treatment plant provided for the Kuwait Village
Sanitary Scheme (KVS$) at Reqqa, some 25 km from the ESIA. However,
the connecting points to the gravity collection system of the KVSS
is approximately 6 km distance from the center of the ESLA as shown
in Fig. 1.

Table 1. Long Term Water Quality Objective Standards
for Different Disposal/Reuse Options

Principal Discharge  Land Scape  Boiler

) : to sea, Irrigation Feed
Pollutants mg/1 mg/1 mg/1
Chemical Oxygen  200.0 150.0 10.0
Demand

Total Suspended 30.0 15.0 5.0
Solids

Total Keldahl 30.0 20.0 2.0
Nitrogen

Total Nitrogen 125.0 40,0 4,0
Ammonia 10.0 10.0 1.0
0il 10.0 5.0 0,1
Hydrogen Sulphide 2.5 0.1 0.0
Chromium 0.3 0.3 0.1
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Experimental results (Nesaratnam, $. and Chobrial, F., 1984)
indicated that the industrial waste arising from STA are amenable
to {most economic) biolopical treatment in admixture with one
tenth or more by volume of sonitary wastes. Fortuitously, this is
about the ratio which will prevail for the 81A when the area is
fully developed. However, the separate collection and treatment
of each of the sanitary and industrial wastewaters had to be
considered in the scope of the present study to serve the fourth
disposal/reuse option,

TREATMENT PLANT LOCATIONS

The lecation of the treatment plant influences the cost of
the colléction system and to certain extent the cost of trcuatment
aud disposal works.  Three different locations for the treatment
plant within 51A and one location within MATA have been suggested
by the SAA and therefore considered in the study. Table 2 describes
these locations and Fig, 1 shows them,

Table 2, Possible Treatmerit Plant Locations in the ESIA

Treatment Plant

X Location Remarks
Reference

TP ' SIA This location is central
to SIA only

TP2 SIA On reclaimed land,
within the harbour arca

TP3 ‘ STA This loecation ig central
to both the S1A and MAIA

TPM TATA At this location the
plant will only receive
wastes from MAIA,




The location of the treatment plint close to the cooling water
intake (T172) shall be on reclaimed | o! which will add an extra

cast to the treatment works in cong o o with the other locations,
This location has the advantage . available land space
within ESIA borders tor allocating rtant industrial plants
or the extension of existing ones. .5 the location (TP1Y

is central for S1A it is relativel hIAL However, (TP3)

is central tor both 8IA and MAIA, . hdals have been kept
in mind in developing collection sva:. itives.

TYPE OF COLLLCTION SYSTEMS

The collection systems alternatives w.o:. 4 to serve
toth the disposal/reuse options and the dittoo. . ottt
tocationg,  Moreover, two sets of allernatives woere o . Lo
comsider in oone the inclusion of the wastewater flow o aNC
d io cf o ther the exclusion of it. Accordingly thive tvpe of
volls SyRtems were investigated.,

Sep o ate sanitary
Sepearate industrial
3. Lombined

The weparate sanitary collection system for 514 aud MATA

crved tha purpose of connecting the sanitary wastewiter to the
n\ s, he geparate industrial collection system was a most either
i+ S1A or in MALIA whore sanitary wastes are separately collected
to comect the KVSS,  In this cuase the separate industrial collec-
tion svstom served S1A and MalA to divert their industrial wastes
to the three locations of the treatment plants in SIA,  The combined
svstem served the purpose of treating both sanitary and industrial
wistes from S1A in any ot the treatment plant locations ot STA
topether with or without the vombined wastes !rom MATA, Lt also
served the parpose of treating combined wastes from MAIA in the
treotuert plant located in MAIA namely (TPM).

The voilection system in every case was consisting of gravity
collection network, pump station, and force main. In developing
the collection system alternatives for 518 the existing sanitary
wastewiater collection network wis considered and checked Yor its
hydraalic capdcity and reintorcements Were made s uecessiary to meet
future developments and extensions,

GHOBRIAL



SELECTION OF THE FEASIBLE AND LEAST COST.TREATMENT PROCESSES SEQUENCE

: Two technically feasible sequences of treatment processes were
used in this investigation., The first treatment sequence was
developed primarily for the purpose of treating high strength
wastewater of the SIA at any of the three treatment location sites
in the SIA. This sequence is shown schematically in Fig. 2. The
second treatment sequence was developed for the treatment of the
less concentrated wastewater generated in MAIA at the treatment
plant located in MATA.

Analysis of the industrial wastewater in both SIA and MAIA
and the sanitary wastewater to determine their general character-
istics was the first step in developing the adequate treatment
process sequences. Given the influent quality characteristics,
the minimum cost sequence of treatment processes 18 determined in
two stages. The first identifies the feasible sequences of
treatment processes whose efficiences in removing pollutants are
adequate to provide the desired effluent quality levels. Then,
total costs of these identified treatment seguence are estimated
and the least—cost sequence is selected.

The total cost of the treatment included the capital cost of
the units and equipment, land and civil works as well as the
annual operating and maintecnance (0&M) costs for wastewater and
sludge treatment over the life time of the treatment facility. A
computer software package was used to perform the cost analysis.

A modified computer programme for the simulation of Wastewatér
Treatment (SWAT) model was used in selecting the feasible and least
cost option within the given sequence of trearment processes in view
of the requested effluent quality standards. This model was devel-
oped (Macal, 1978) and several enhancements and adaptations were
performed on this model (Kotob and Farah, 1984) before using it in
the present study.

Briefly the SWAT simulation model enumerates all possible
sequences of treatment processes which can be linked together.
Sequences which meet the treatment standards are costed over the
planning horizon of the treatment facility. The SWAT costs are
simulated annually and discounted over the planning horizon. The
least cost sequence which meets the treatment standards for a
specific option of disposal/reuse is then selected. The main data
input to this programme were as follows:

* The scheme of MATA is similar to that shown in Fig. 2 with the
exclusion of the oil separation units, the pH control unit, the
cooling unit and the chemical addition for the biological
treatment.
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Fig. 2: Schematic of the proposed process sequence of the
central wastewater treatment facility.




1. The projected characteristics of the influent wastewacer,
2. The projected peak flow rate reaching the treatment plant.
3. The effluent guality standards as given in Table 1.

Far cach of the two main treatment sequences the removal ratio
in each of the treatment units was piven for the various water
quality parameters. Moresver, the unit cost functions related to
Kuwait Market were developed separately and used as part of the
progranme.,

DEVELOPMENT OF MASTER PLAN ALTERNATIVES

A number of Master Plan alternatives were identificd for the
callection, treatment and disposal/revce of wastewater within the
ESIA. 1ln developing the Master Plan alternatives the following
points were taken into account are:

i The possible location of the wastewater treatnient
plant and the type cf wastewater to be treated.

2. The type of wastewater collection system required,

3. Whether the flows from KNPC are included or not,
thercfore, each alternative Master Plan was
effectively considered twice-once with the KNPC
wastewater flows excluded and once with them included,

A summary of the technical data for the various developed
Master Plan alterns. iw¢x are given in Table 3.

CQST MINIMIZATION QF MASTER PLAN

The cost of the Master Plan alternatives was estimated in two
cessive steps, The first determined the total cost of each
lection alternative., The second minimized the overall cost of
wetion and treatment for each optien of wastewater disposal/
aptiou, hence identifying the minimum cost master plan.
costs are the sum of the total present worth of operating
“sintenance costs discounted at 107 over a planning horizon
sty ive years and the total capital cost, Master Plan cost

A

te
cslir ites were presented for two phases of implementation. The
initil phase covers the peeds of the first 15 years while the
ultir.ite phase includes projected needs during the last ten years

of the plinning herizon.
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Table 3. Data Related to Master Plan Alternatives
bisposal or Collection System
Alternative Treatment
Location Type Location

p-1 KvS§ 5 s1a?
D-2 KVSS S CSIA
E-1 TP1 I SLA
E-2 ' ™2 I STA
F-3 TP3 I STA
F-1 P! I s1a”
F-2 TP2 1 s1A?
61 TP1 T s1a?
6-2 TP2 1 s1a?
A-1 TF1 C SIA
A-2 TP2 c STA
A-3 TP3 o} S5TA
B-1 TP1 C s1at
B-2 P2 c g1p?
c-1 TP1 ¢ sra”
c-2 P2 ¢ s1a®
H-1 V55 ) MATA
-1 TPl 1 MATA
1-2 TP2 I MALA
1-3 TP} I MATA
K-1 TP1 C MATA
K-2 T2 c MALA
K-3 T3 C MATA
L-1 KVS5 c MATA
M-1 TUM o MATA

Notes

a = Flow from KNPC is included,

TPl, TP2 and TP} = Treatment planf lovasiens in §TA,

TPM = Treatment plant located in Mima Al 1. industrial Area.

$, L, and € = Sanitary, Industrial and (oo oo vastewater,

respectively,

GHOBR1AL



COLLECTION ALTERNATIVES COSTING

The capital, operating and maintenance costs of collection
alternatives vere determined based on the estimated unit costs of
the proposed type of pipes for use as gravity sewer and the
corresponding appurtenances, pumping stations, and force mains.
Four main options for the combination of the sanitary and indus-
trial wastewater collection systems in SIA and MAIA were investi-
gated twice, once including and once excluding KNPC flow. Costs
of all the collection alternatives combinations within each option
were estimated. The least cost alternative combination for each
option was then idenrified. Table 4 prerents a summary of the
least cost collection alternatives combinations related to the
four main options for each of the two caass of including and
excluding KNPC flow.

COLLECTION/TREATMENT COST MINIMIZATION.

the minimum cost treatment alternatives corresponding to the
collection alternatives combinations, lisited in Table 4, were
identified for the three disposal/reuse options. SWAT model was
used to determine treatment costs., KVSS alternatives costs were
estimated, according to the fees of the Ministry of Public Works
per w3 of wastewater as KD. 250 capital cost and daily overatior.
charge of KD. 0.050, respectively., Total cost of MNast:.r Vla
alternatives was determined as the sum of the leas' cos' ¢ 11 t
alternative and the corresponding treatment cost, The 1.2 [
Master Plan alternatives for the various disposal/rer cotic s or
identified in Table 5 for both cages of includiny and . 1 o
KNPC flow.

Table 4. Least Costly Altermatives for Co'l criwn
Samtvaxy and Industrial Wastewaté

Strategy and option Alternatives Cost
combination (thousand KD)
Excluding KNPC-Mina Abdulla
1 (D=2)+(H-1)+(E=3)+(1-3) 6 920
2 (A-1)+(M-1) 4 240
3 (A-1)4 (H-1)+(I~1) 6 550
4 (E-1)+(D=2)+(M~1) 4 840

Including KNPC-Mina Abdulla
1 (D-1)+(H-1)+(G=1)+(I-1) 7 320
2 (B-1)+(M-1) 4 730
3 (B-1)+(H-1)+(I~1) 7 030
4 (M-1)+(D-1)+(F~1) 5 310




Table 5 indicates that option 2 is the least cost Master Plan.
This option consists of the combined collection of sanitary and
industrial wastewater for individual treatment in S5IA and MAIA
respectively.

Excluding KNPC

Results presented in Table 5 indicate that if KNPC flow is
excluded the least costs are associated with Master Plan~Option
2 and it varjes from MKD 24.6 for marine discharge up to MKD 43.6
for boiler feed reuse.

Including KNPC

Including the flow of KNPC the costs increased as expected but
least costs are still associated with option 2 and varied from
MKD 31.5 for marine discharge, to MKD 58.6 for boiler feed reuse.

. Cost estimates were also made for the several alternative
combinations associated with alternative (L-1) where combined
wastewater from MAIA are treat:d in the KVSS. To consider alterna-
tive (L-1) for further impleme:tation negotiation should be
initiated with the Ministry of Public Works (MPW) to get their
permisgion to accept the chars teristics of the combined wastewater
from MAIA in the Treatment plant of KVSS. The results indicated
that the least cost Master Plan Option is associated with the
combination (L-1) + {A-1) if KNPC is excluded and (L-1) + (B-1) if
KNPC is included. The estimaced cost of this Master Plan Option
is approximately MKD 23.5 and MKD 30.5 excluding and including
KNPC flow, reapectively, for mavine discharpge; and MKD 26 and
MKD 33 for ircrigation.

COST BENEFIT-ANALYSIS OF WATER DISPOSAL/REUSE OPTIONS

In order to select the most attractive end-uge for the treated
wastewater the cost effectiveness and benefits of each use was
investigated, Table 6 pregents the cost effectiveness unid benefit
analysis for each of the end-uses in both cases of includivg and
excluding KNPC flow. In Table 6 the average ultimate {low was
used to calculate the average unit cost,

Wastewater reuse for hoiler feed requires that it possesses
the same technical charact.ristics as desalinated water. The
actual unit cost of desalinated water supplied by the Ministry of
Electricity and Water (MEW) in Kuwait ia 0.647 KD/m3. Irrigation
water is lower in quality than the desalinated water and
accordingly cheaper. The actual unit cost of irrigation water,
also provided by MEW is 0.337 KD/m”’. Irrigation water is lower

GHOBRIAL



Table 5. Estimare! €osts ol tollection and Treatment Alternatives For Various End Uses,
Fxoluding and Incledineg Tlows [rom ENPC-Mina Abdulla
Costs (thousand ¥D)
End use Option Excluding KNPG-Mina Abdulla Including KNPC-Mina Abdulla
Collection Treatment Total Collection Treatment Total

Maripne discharge 1 6 920 20 100 23 000a 7 320 25 80D 32 900a
2 4 240 20 300 24 600 & 730 26 100 31 500
3 6 530 19 400 26 QOO 7 030 24 900 31 900
4 4 B8B4G 20 300 25 200 5 310 26 990 32 300

Irrigation 1 6 920 26 400 33 300 7 320 31 200 38 SOOa
2 4 240 22 800 27 loo® 4 730 29 400 34 100
3 6 550 22 500 29 000 7 030 27 400 34 400
4 4 840 25 20Q 30 000 5 310 29 BOO 35 100
. . - - -

Boiler feed 1 6 920 39 BOO 46 700 7 320 52 100 59 400a
3 -4 240 39 400 43 6007 & 730 53 900 58 600
3 B 550 38 200 45 SOOa 7 030 53 300 60 400
4 4 840 38 700 43 600; 5 310 54 000 59 300

a - : . : )
Least cost option for this end use and strategy.

Tl
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Table 6. Cost-Benefit Analysis of Water End Uses, Excluding and

Including KNPC

et Excluding Including
Pescription KNPC KNPC
Flow rate (m3/dny) ) . 25662 33882
Marine Discharge
. /
Unit cost of treatment . :
(KD /M) 0.229 0.238

Irrigation

Actual unit cosgt
(XD/m3) ' 0.337 0.3137

Incremental treatment
unit cost? . :
(KD/m3) 0.03 0.024

Benifit: cost ratioP 11.2 14.0

Boiler Feed

e L

Actual unit cost

(KD/m3) . 0.647 0.647
Incrementgl treatment - M

unit gost?

(KD/m?) : 0.224 0.242
Benetit: cost ratiob ) 2.89 2.67

The incremental unit cost above unit cost for marine
discharge.

This is the ratio hetween actual cost and incremental treatment
unit cost.,

GHOL
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in quality than the desalinated water and accordingly cheaper,
The actual unit cost of irrigation water, alse provided by MEW is
0.337 ¥b/m3.

According to Table 6 the unit cost of treating the wastewater
to reach the minimum quality characteristics for marine discharge
is 0,229 KD/m3 and 0.238 KD/m3 for the two cases of excluding and
including KNPC respectively. 1In order to make use of the treated
water in irrigation the additiomal unit cost expenditure is
0.030 KD/m? and 0.024 KD/m> excluding and including KNPG,
respectively, which is more than 10Z increase over the marine
discharge unit cost. On the other hand the incremental unit cost
for boiler feed reuse is more than 907 higher than the marine
discharge unit cost.

From the above analysis it can be seen that there is saving
in reusing treated wastewater for either irrigation or boiler feed.
However, the benefit, as measured by the cost benefit ratio given
in Table 6, is much more viable for reuse in irrigation than for
boiler feed. This benefit is greater when flow from KNPC is
considered, N :

Therefore, water reuse for irrigation is considered beneficial
and cost effective, im particularly for those master plan alterna-
tives including the flow from KNPC. 1In a country like Kuwait the
option of reusing water for irrigation adds more benefit of
congerving and prolonging the life of the scarce groundwater
resources which are the conventional source for irrigation water.
This makes the irrigation option the most attractive for implemen-
tation,

DISCUSSION AND CONCLUSIONS

The results of this study indicate that the separation of the
sanitary and industrial wastewater would not only increase the cost
of collection network but would also reduce the dilution available
and possibly decrease the treatability of the industrial wastewater.
It has been demonstrated that the exisving sanitary wastewater
collection system in the SIA has sufficient eapacity to handle the
combined sanitary and industrial flows in the first phase of
deve lopment, providing the wastes from KNPC are excluded,

Toward ultimate development the combined collection system is
still considerably more cost effective than separate systems.
Cost analysis indicated that the location of the treatment plant
(TP2) is not an economic proposition as both the cost of the
corresponding collection system and the land reclamation required
will exceed that for other locations.
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The least cost Master Plan was found to be associated with the
collection of combined wastewater from the SIA for treatment in
(TP1) and the collection of combined wastewater from MATA for
treatment in (TPM), In fact, the minimum cost Master Plan corre=~
sponds to the least cost collection alternative and the cost of
the Master Plan increased by about 257 if the flow from KNPC is
included.

. L .

Whilst the SAA has made a capital cost contribution to the
MPW to allow sanitary wastewater from ESTA to be connected to the
KVSS system, the additional capital costs required for separate
collection of the sanitary and industrial waste reduced the cost
effectiveness of this alternative. The cost of this solution was
found 137 and 22% higher than the least cost Mascer Plan with and
without the flow from KNPC, respectively,

Kuwait has been able to develop alternative sources of slightly
brackish water to serve the needs of landscaping vegetation
including private gardens within the urban area. 1In addition al}
sanitary wastewater has been directed after treatment to extending
the e¢xisting agricultural forestry schemeg, Increasingly in
Kuwait, in common with other developing Middle East countries,
policies are towards greater eificiency in waste reuse and economic
utilization of resources,

Investigations of the cost effectiveness of treating the waste-
water to meet the required effluent quality standards for the
different disposal/reuse options revealed that the unit cost of
treatment for reuse in irrigation is only about 10Z more than for
marine discharge, However, the unit cost of treatment for reuse
as boiler make-up waste is 907 higher than for marine discharge.

In addition to the high costs of such a sophisticated treatment
system, its reliability of performance is mot yet comsidered
adequate for being a critical part of a vital industry such as
electricity generation and water desalination. Therefore, the
treatment of wastewater for reuse in irrigation seems to be the

most economjcally attractive option, Wastewater reuse In irrigation
also presents a major conservation factor for underground water in

a country like Kuwailt wheve water resourceg are scarce.

{f better use s to be made of the investment in KVS3,
negotiations should be held with the authorities of the MPW to
explore the possibility of accepting combined flows of both sanitary
and pretreated industrial wastes from MAIA into the village scheme.
This would result in about 57 cost saving over the selected Master
Plan for the same water end use. The accuracy of the cost estimates
canpnot be taken as more than 5%-10% which means that the cost for
the two options are effectively the same and the choice between the
two must take into account the following technical features:

GHOBRIAL
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* Operational and maintenance difticalties associated with
the tong rising main required for dischargiog «ombioed
wistes from MATA to KVSS lipkine point

* The loss of potential for veo o withi the RN T N P
flows discharged to KVSS,

* The greater flesibility inheren oot I o
Lreatment plant within the MAL: -t s Feoeransion
and coping with oy changes in oo Jtes ot (i b Ties,
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Technological, Economic, and Environmental Policies in Resource
Recovery: the example of wastewater Irrigation

by Charles G. Gunnerson

During 1976 to 1978, The World Bank conducted research on
appropriate technnlogy for water supply and sanitation in developing
countrivs. The technological, financial, and economic findings of that
project are being implemented in a number of World Bank and United Nations
Development Programme rural and urban projects in Africa, Latin America, and
Asia. The tindings revealed a need for research and development in integrated
resource recovery (waste recycling) which was undertaken in 198] with UNDP
collaboration. The research findings are being synthesized, and scheduled for
publication in 1984 and 1985.

The research has revealed that there is increasing recognition in
both developing and industrial countries of the need for technical and
economic efficiency in allocation and utilization of resources. Collection
and processing of solid waste materials for reuse provides employment for an
estimated 1 to 2 percent of populations in developing country cities.
Permanent or seasonal disposal of an estimated 80 percent of the sewage from
these cities is to irrigation.

Policy decisions common to resource recovery from either solid or
liquid urban wastes concern technological, economic, and environmental issues
and their priorities. Technological issues include uscr service levels,
system resilience (robustness), comparative costing of upgradeable
alternatives, sophistication of both hardware and software, and engineering
fees bused on services rather than on construction costs. Economic issues
concern institutional change, full economic costing and cost recovery,
rationalization of locally relevant elements of the underground econowmy,
present and future self sufficiency in resources, and due regard for fact that
most of the costs are rarely borne by the sectors that receive most of the
benefits. Environmental issues concern ecological stability, resource
allocation, public health, and risk (where zero-risk is a restatement of the
thermodynamically impossible zero pollution discharge previously sought after
by some industrial country policies).

In all cases, whether for wastewater or solid wastes recycling,
technology selection and investment priorities can be based on cost-benefit
ratios which have been shown follow a logistic curve.



ACTUAL SLUDGE PRODUCTION IN MUNICIPAL'
SECONDARY WASTEWATER TREATMENT PLANTS

Mchamed F. Hamoda

Department of Civil Engineering
Kuwait University, Kuwait .

ABSTRACT

Treatment and disposal of sludge is usually the most diffi-
cult and expensive aspect of wastewater treatment. Proper design
of sludge facilities requires caveful estimation of sludge guanti
ties to be handled. This paper presents actual sludge preoduction
data from 26 activated sludge plants evaluated in an attempt to
provide a better basis for the design of sludge facilities,

The plants studied received normal pollutant (55 and BOD)
loadings and showed good performance. Actual total sludge produc-
tion coefficients found varied according to plant size. Values
obhtained differ from thouse typically used in design suggesting
that empirical sludge production coefficients developed in well-
performing facilities would provide a more realistic design basis.
The mass of waste activated sludge solids produced per mass of
BOD removed increased with F/M loading applied and a linear corre-
lation was found. Values obtained were higher than cell yield coe-
fficients based on process kinetics. Sludge generated at the plants
studies hasc a high nutrient content and its good fertilizing value
remains after anaerobic digestion.



IHTRODUCTION

Wastowater treatment involves nct only the treastment and repnov-
ation of the liquid but also the processing and disposal of the
solids removed or generated during treatment of the }iquid. Sludge
may be defined as a mixture of the solids and associated liguid pro-
duced during the treatment ¢f wastewater. Processing and disposal
«T aludge may account for up to 50% of the total cost of treating
wastewater (Farrell, 197h),

Proper design of sludge Tucilities requires careful evaluaticn

of sludge quantities produced at wastewater treatment plants. An

_engineer must be able to cstimste the total quantity of siudge pro-
duced during treatment before the design of sludge. processing and
disposal facilities ¢an be completed., Mathematical calculation of
sludge quantities generated by each treatment process can be made
based on vrocess fundamentals (Benefield et al., 1975; Metcalf &
Eddy, 1979). However, it will generally be necessary to assume
sludge production rates based on "typical” values taking into accouut
the probable nature of the waslewater, the capacity of the works, ihe
type of wastewater treatment procesges to be employed and likely
seasonal variations.

This study was initiated in an effort to provide a better evalu~
ation of sludge quantities based on actual sludge production data
obtained from ovperamting secondary wastewater treatment plants employ-
ing the conventional sctivated sludge process, The popularity of
this type of treatment has increased to satisfy the need for a good
quality effluent,

METHODOLOGY

Sludge production dats were collected at 25 operating activated
sludge plants in the province of Ontaio, Canada, through a survey of
municipal wastewater treatment facilities. In addition, the main
activated sludge plant in Kuwait was also surveyed, These plants
ranged in capacity from about 500 to 200,000 m3/d (eubic meter per
day). All facilities trested primarily domestic wastewaters and en-
compeeEsed primary and secondary {conventional activated sludge)
treatment stages, Yearly sludge production datem werpe obtained from
these plants. Moreover, the monthly average data were available from
the main plant in Kuwait to allow further evaluation.

It is commonly difficult to obtain a precise estimate of themass
of sludge solids generated abt a particular wastewaler treatment
plant duc to lack of representative samples for solids determination.
Changes in the sludge inventory within the treatment process snlse con-
tribute to this diffieculiy. However,such problems are overcomsd by

-



evaluating sludge production on a monthly or longer basis,

Attenpts were made to relate sludge production with common
Jperating parameters. Statistical correlations were examined in
ench case, Data Trom all plants studied were analyzed to formulate
general relationships whereas detailed information from Kuwait's
main plant was used to examine specific perameters.

RESULTS AND DISCUSSION
The results of this study involve wastewator chafacteristics,

total sludge production, surplus activated sludge quantities, and
sludge characteristics at the plants considered in the study.

Wastowatuor Characteristics

Average annual concentrations reported for raw wastewater sus-—
pended solids (S5) and five-day biochemical oxygen demand (BOD) are
presented in Table 1 along with the per capita loading values of
these principal contaminants, Ontario plants surveyed reccive medium—
strength wastewater whereas Kuwait's plant treats strong wastewater
according to typical composition of raw domestic wastewater. (Metealf
& Eddy, 1979). The high strength of Kuwait's wastcwatcr is presumably
due to the relatively low per capita wastewater flow and the esta-
blished habits of community residents. Significant variations are
reported in the 5% concentration of Kuwait's raw wastewaeter caused
primarily by frequent sand storms.

The unit waste 58 and BOD loading factors presented in Table 1
lie within the normal range of 90-150 ¢ 8S/capita,d and #0-120 ¢
BOD/capita.d reported from various municipalities (Metculf & kddy,
1979).

Total Sludge Production

The quantity and c¢haracteristics of sludge produced is related
to the wastewater flow and characteristics, type of process, and
degree of treatment. The two main sources of sludge generated at
secondary (activated sludge) plants are suspended solids from the
influent wastewater (raw primary sludge) and biological solidr
synthesized from BOD removed in the activated sludge process (waste
activated sludge).

Information from treatment plants concerning the relative pro-
portions of raw primary sludge and waste {excess) activutea sludge
was generally not avdilable, Some plants combine both types of
sludge before processing and disposal while others pump the exceus

' HAMODA



Table 1, Raw Wastewater Characteristics and Loading Faclors

Parameter Ontario Kuwait
85 (mg/¢)? 212 £ 78 280 & 121
BOD (mg/8)% 190 + 65 Lis & Th
Flow (%/capita,d)® 485 273
88 (g/cupita,a)P 105 8o
BOD (g/capita.d)P [#3) 113
(a) mean * standard deviation
(b) based on mean values
Table 2. Sludge Production Unit Values
Unit Value
3 3 3 :
m’/103 m? of waste treated L.oo
Kg T5/103 m3 of waste treated 219
g T3/capita.d 95
g TS/ (56 + BOD) removed 0.83




activated sludge to the primary sedimentation tanks for co-settling
with primary sludge. Consequently, total (primary plus waste acti-
vated) sludge production figures are considered in thesc analyses.

Table 2 presents average sludge volume generated based on waste-
water volume Lreated and average sludge quantity (dry weight  of
s0lids) produced based on wastewater volume treated, population serv-
ed, and pollutants (SS + BOD) removed, In Table 2, the average
volume of sludge produced per volume of wastcwater treated (avout
0.%%) is typically reported (Bemefield et al. 19753 Mctcall & Eddy,
1979) although a higher value 1% is usually assumed (U.S.EPA, 1974).
Average sludge dry solids production values obtaincd differ from thows
desien rimures ( Metcalf & Eddy, 1979),

An attempt was made to relate  the yearly sludge quantity pro-
duced (dry total solids) from the plants of various sizes studied to
the corresponding flow rates, population served, and 83 + BOD removed
reported at these plants. Figures 1 to 3 display the relationships
obtained on a logarithmic scale, respectively. The line of best fit
found in each case shows a good correlation. Table 3 gives the
correlation coefficients and regreszion equations obtained, It can
be noted from Figure 1 that as the plant size increased from 103 to
105 m3/d the amount of dry solids produced per unit of flow decreased
by about 35%.

L

Waste Activated Sludge

Although total sludge production is most important for practical
application, excess activate sludge growth solids contribute signifi-
cantly to total sludge production. Data were available from Kuwuit's
main plant to allow further evaluation of the waste activated sludge
portion of the total sludge produced. The performance of the activat-
ed sludge process was examined using monthly operation data collected
in the years 1975, 1280, and 1983, during whieh the plant passed
through various stages of increasing hydraulie and organic loadings,

Activated sludge production and wasting reguirements mmy vary both
between plants and also within a single plant for diffcrent periods,
It might be expected that sludge production could be predicted based
on the organic loading factor, i.,e. fond-to-microorganism ratio (F/M),
or other parameters that influence uctivated sludge process perform—
ance. Efforts were made to examine the effect of this factor, expre~
ssed as mass of BOD applied per day per mass of mixed liquor suspendcd
solids in the aetivated sludge seration tank (Kg BOD, /Kg MLOS.Day).
Figures 4 and 5 show respectively the dependency of BOD removal effi-

“ciency and sludge volume index (5VI), a measure of sludge sctitleabi-
lity, on the organic leading factor, Consequently, this factor would
most likely influence activated sludge production.

HAMODA
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To compare activated sludee production at different plants, a
common basis for documenting sludee gencrated is the mass of volu-
tile suspended solids (V83) produced per mass of BOD removed express-—
ed a8 8 coefficient (Kg VS5/Kg BODR). Volstile suspended solids is
likely a better measure of sludge biomass than total suspended
solids, although the later parameter is perhaps more commonly deter-
mined in practice., 'The mass of BOD removed was calculated using in-—
fluent and effluent total BOD results of the activated sludge pro-
cess, Activated sludge solids intentionally wasted were only used
in elaculating sludge production, In this study, the solids lost in
the activated sludpe system efTluent were insignificant to  contri-
bute to total solids production. However, significant quantities
of effluent solids, if presecnt, may introduce an unnccessary variable
into the evaluation,

The relationship between the loading factor (F/M ratio) and
the sludge wasting coefficient is presented in Figure 6 for the load-
ing range of the conventional activated sludge process. The least-
squares line of best fit obltained shows a correlation coefficient, r,
of 0,86 indicating a reasonably good linear correlation betwecen these
two parameloers within the studied runge of F/M loadings. However,
the lincar corrclation obtained may not be valid for lower or higher
F/¥ loadings indicative of different microbial growth phases. (Shultz
et al,, 1982).

The values obtained for the activated sludge wasting coefficient
shown in Figure 6 are somewhat higher than a typical cell yield coe-
fficient of 0.45 Kg V8S/Kg BODgR or 0.65 Kg 133/Ke BOD, commonly used
in system design based on process kinetics (Benediet et al., 1979
Shultz et al., 1982), knowing that the average volatile content of
the sludge susponded solids observed in this study wuas TOk.  Thus,
cell yield coefficients that address only microbial solids growth
should not be used as estimates of sludge production.

Sludge Characteristics

In order to design sludge treatment and disposal facilities
properly, not only the quantities of sludge solids are required but
also the characteristics of the sludge to be handled must be known.
These characteristics vary depending on the origin of the solids
and sludge. GSome particular characteristics which are important in
considering the fertilizer value of the sludge were studied using
the data obtained from the surveyed plants. These plants practice
the annerobic digestion of sludge and the land disposal of digested
sludge.

Table b summarizes the data obtained on sludge solids, nitro-
gen and phosphorus content which are important characteristics
where the sludge is 4o be used as 2 soil conditioner., Data on
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Table 3. Sludge Production Relationships

Relationship Correlation ) Regression
Obtained Coefficient, r Equationia
Figure 1 + 0,31 log ¥ = 0.881 logQ + 1.972
Figure 2 _ + 0,82 log ¥ = 1.027 logP + 1.518
Figure 3 + 0,9k log Y = 0.970 logX - 0.005

(aly o sludge produced in tonnes dry solids (TS) per year

= wastewater flovw treated in thousend cu.m. per day
= population served in thousands
= 53 + BOD removed in tonnes per year.

ol I B

Table L. Average Nutrient Characteristics of Total Uluuﬁu Produ-
ced at Secondary Activated Sludge Plants
[ .

Untreatfd) Anaerobically An;§robicglly
igeste
Constituent Studgels Digested NS,
(mg/1) Slud%e(ﬂ Sludge
(me/ (%2 of Dry wt.)
Total Solids (TS) 20,00048,500 L0, 1000%18,200 100
Volatile Solids (VS) 13, 000-;,300 20,500 ¢ 3,360 51
Total Kjeldahl 2,400 610 2,110 £ Los - 5,16
Nitrogen ()
Totsl Phosphorus (T) 1,000% 520 975 ¢+ . 603 2.38

(a) .

mean * standard deviation
(b}

based on mean values

HAMODA
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heavy metals present in the sludge were scarce,

The data presented in Table 4 are comparable to those reported
by Metecalf & Eddy (1979)., In general, these data indicate a high
nutrient content of the sludge. This quality was not greatly influ-
enced by anaerobic digestion.

SUMMARY AND CONCLUSIONS

This paper has presented actual sludge production data from 20
well-performing activated sludge plants which were evaluated as to
provide a better basis for the estimation of sludge production valu-
es used in the design of sludge facilities,

Analysoes of wastewnter characteristics have shown that the
plants studicd recdeived normal pollutant (39 and BOD) loadings.
However, total sludge production values obtained differ from those
typically used in design., These values varied according to plant
size, It has been found that the quantity of total sludge produced
per pollutants (S8 + BOD) removed is a more reliable parameter than
the "per waste volume' or "per capita served" ratios often misused
for design,

The mass of waste uludge generated per mass of BOD removed by
the conventional activated sludge process increased with the incre-
ase in the F/M loading applied and a linear correlation was obtained.
The actual waste sludge production coefficient (Kg VSS/Kg BODg) was
higher than the cell yield coefficient typically used in design bau-
ed on process kinetics.

Sludge production values are expected to vary according to
local factors which should be decided case by case, Empirical sluage
production coefficients developed in well-performing lacilities pro-
vide a more realistic basis for design if good facility performance
is to be achieved.

Sludge generated at the plants studied has a high nutricent con-
tent. The fertilizer value of the sludge was not greatly influencad
by anavrobilce digestion,
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CONTROL OF LIQUID EMIERIONS FROM THE PATFR CONVERSION INDUSTPY

Ahmed Hamea, Ph.D.
Prof. Env. Health, Alexandria Univarsity

.
IRTROPUCTION

e proauct of the paper marhine 1: raw paper commonis cel e " Jumn,
roi'". Tne processing of thie buls rutput inte finished progu @, 16 termed
"paper conversion”. The basic differencer in the variowg rvhes of papers

sfiinde durability flexibiliey, brighrness, opacity, smoothness and print-
arai1ty are function of raw materiel sciection and paper-maki-., techn. Jues

The VARTA Paper Conversion Complex in Alexandria includes twc plants.
Plant 1 produces coated printing {one or twp sides), coated brisrel, index
tag. fine packaging, upecial industriml paper, facial tissue and napkin,
wiile plant I1 produces unbleached limer board, corrugating, folding carton,
Spinning cones for textile fibers and special packaging papers. The esti-
mated annual water consumption of plante ] and 11 are 3600 and 31500 cu. me-
ters, respectively. The processing effluents are currest)v discharged through

four separate outlets to the sanitary sewerage network.

SURVEY OF POLLUTION SOURCES AT VARTA

The preparation of printing cylinders in plant 1 involves photographin

ctrhing and galvanization of the cylinders. In these operarions scveral

weltiais are used including hvdroqunione, sodium sulfite, pota-giae Eremide,
~owrnnothiesulfate, cyanoacetic acid, ethyl alcohol, amments, paraffin oil,
twtassiuk cvanide, silver nitrate and sulfuric acid. Most of the chemicals
are Laed in dipping baths which are frequently snriched through addition of
new chnemicals, When the chemicals are exhaused or rendered unsuitable due

to increase of concentration of impurities, they are direcriv disposed off

to the sswarags network,

The dumping of chemicals i& an intermitient process which depends 1o a
#Tvat exrent on operatore judgement. Ovher operatfons at plant ! include
nvion printing (sodium tricvanide, esodfum bromide, and sodium thiosulfate)
atd el conveTsion prog esses (nnamal s:vE. Cnine clay, Bariun sulfate and

tontine inks).  These operativne are @ryv Iu pature and waslewaters are ge-

nerated nnly during cleanup and equipment maintenance. keth ef fluents of

t.ant 1 contain extremely high levele of chemical oxvy demand (COD) and




)
rrochomical oxygen demand (BOD).  The suspenced mellds (810 are hipt wis

03t and gprease (0 & G) are norwel as shown i1 Table (1)

Major chemicals used in processing of corrugated ané foldiny carten :in
plant 11 are sodium silicates, starch and sanimal glue (Ef2.T1-1) while efi-
luent 3 the utilities and mainte .ance deparatments contain very bigh ¢ 4 G
rontent due to frequent dumping of lubricating oil in the seweres. Bigk Je-
vels of nollutanes dn the processing effluents occur as a result o the low-
volume water ube for cleshup end maintendnce and the direct dumping of che-
mi.ait wnd ©ils in the sewer system., Occasional testing indicated high sul-
tide level (5-10 mg/l) in effluents 1-1, I-2 and I1-1.

Egvptian emigsion standards for discharge 6f industrial wasteg to public
newers iimit O & G to 100 mg/l and sulfide to 1 mg/l.
been set for BOD, COD and S5 (law 93/62).

No maximus }imit has

BENCH-SCALE TREATABILITY STUDIES OF THE COMBINED EFFLUENT

Although feducing the organic Joad of the wastewaters from thie plant
does tot receive great attention as eiiluentig digcharged to public sewers,
1t was felt that any proposed acheme for waste trestment should provide for
adegnate reduction of the BOD and COD. As shown in Figure (1) adsorption
by natural clay (Aswén clay) 1is pot highly effective for temoval of pOL. COD

ane b, spevlally when used in low doses of 230-500 mg/l. However, e viay

is iovally available and need not to be regenerated, The estimated (0 4 M
¢est of the Fystem is 30 cents/cu meter wher applying a dose of 1000 mg /1

clay in the adsorprion procest.

Direct aeration is highly effective for removal of the sulfides (5).
Moderate removals of the ROD and COD were achieved upon extending the aer-
aticn period to 12-16 hours. Aetvation has limited effect on removal of $5
s showty in Figure (1). To improve the treatment efficiency, double megaa
t1ltration {(sand ©.45 mm with 5% povdered activated carbon and sand O.45 mm)
was applied to the aerated effluent. A sijoificant fmprovement in the trent-
ment efficilenty was achieved hf aeration f.r 12 hours followed by filtration.

Houwever, the estimated O & M coste of this system is 52 rents/cu merer.
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inoview of the existing emission limivations, it 1t mar advisa®’e v,

tune (1av dLporprion due to i1te JOw treatment effdciency and aeration

Tottenm nut 1o the high O & M cobts. A recommended treatmen: Evsten gshoulc
snimpantes equalization and 1H adjustment, Redimentation. acratior and
clurafaction to achieve acceptable removals of solius and swlifioes anc par-

t1al reduction of the organic loading.

PROPOSED TREATMENT SYSTEM AT vaRTA(1:Z:3)

1t is proposed ro implement the pollution control program in two phakes.
Frhase 1 should emphasize sepregation of lowsvolume toxic effluents 'from the
preparation of printing cylinders and nylon printing departtents. The seg-
regated vastes should be collected and treated in separate tanks Bf showr in
Figure (2). The cyanie wastes can be treated with sodium bisulfite followed
by 10C mg/] polymer coagulation. Conc acids should be neutralized while
printing wastes may be treated by high cosgulant dosage () B/) alum, 100 mg/1
pelymer).  The detoxified effluents should be carefully monitored hefore
gltimate discharge to the public sewers.

Phase 11 includws diversion of the existing four outlets te a common
treatment system as showm ip Figure (3). Dumping of 0 & & from the“main-
ten;nca depatment should be ceased and grease trap must be installed for
thh effluent 11-2 as a protective measure to ingure removal of mest of 0 &

¢ hefore reaching the treatment EYstem.

“The proposed treatment of the combined effluent includek primary sedi-
mentation, aeration and clarification as ghown in Figure (4). Derailed
svetem for treatment of VARTA effluent i depicted in Figure (5). The pro-
posed mvstem will meet the regulations for discharge of § and 0 & G, #nd
will 2id in reducing the organic load before discharge to public severs.

CONCLUSTONS

A field study has been carvried out at VARTA paper conversion plant to
develop practical pollution sbatement mcheme 1o meet the emission limitation
<1 industrial effluents to public kewers. All plant effluents are low-vol-

ume highly concentrated wastes &ince most processes are dry in nature with

HAMZA
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Fig. 4. LAYOUT OF TREMENT UNIT OF VARTA
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tha water use limited to cleanup ane BoinLentan.d angrations . oo gge

voadine 16 priributed to dirvect dumiang ©f processin, chemaical:s and 46 i

v the sewels. The proposed treatmenh! scheme invelves REFTERATInrn ANC de-
taxitiration of hazardous chemicals used in Bome departments and diverting
- tert of the processing effluents T& a common i teatment systen whict
ancxunﬁ svdimentation and peration to remove golids. pulfider and portion

of the organic constiruents.
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