
3*fZ 

NITRATE REMOVAL DURING STORAGE, 
A REVIEW OF POSSIBLE MECHANISMS 
AND A SUMMARY OF OBSERVED CHANGES 

Apri l 1973 

fti> 

The Water Re -2.5^3/Ul' 
Medmenham, Marlow,Buckinghamshk. 



CONTENTS 

1. SIGNIFICANCE OF NITRATES 

2. SOURCES OF NITRATE 

3. NITRATE CONCENTRATION STANDARDS AND 
MEASUREMENTS 

4. CHEMICAL AND PHYSICAL METHODS OF 
NITRATE REMOVAL 

4 . 1 . Ammonia stripping 

4 . 2. Ion exchange 

5. BIOLOGICAL PROCESSES 

5 . 1 . General mechanisms 

5 .2 . Effect of pH 

5 . 3 . Tempera tu re 

5 .4 . Oxygen level 

5. 5. Organic carbon requ i rements 

5. 6. T race e lements 

6. STUDIES ON RIVERS AND WASTE WATERS 

7. NITRATE CHANGES DURING STORAGE 

CONCLUSIONS 

REFERENCES 

TABLE 

FIGURES 

ILR No. 274 

T184 



1. SIGNIFICANCE OF NITRATES 

Nit ra tes a r e an important pa r t of the food chain and a r e thus widely-

used as f e r t i l i z e r s . However, the p re sence of n i t r a t es in drinking water 

can produce some very undesirable effects (1)(4). 

It was demonstra ted as ea r ly as 1868 (39) that the addition of amyl 

ni t ra te to the blood could resu l t in the formation of methaemoglobinaemia 

in mice . But i t was not until 1945 (38) that Comly showed that n i t r a t e s in 

well wa te r s could be the cause of infantile methaemoglobinaemia, a condition 

confined to babies under 8 months fed with p repara t ions made from water with 

a high n i t ra te concentrat ion. Many authors since then have ci ted cases of 

infantile methaemoglobinaemia and it has been shown (6) that, although many 

factors associa ted with the d isease a re not fully understood, in a l l r epor ted 

cases there has been a high concentrat ion of n i t ra te -n i t rogen in the drinking 

water . Nitrate is reduced by bac te r i a l act ion in the intest ine to n i t r i te and 

this combines with the haemoglobin in the blood to form methaemoglobin 

which reduces the oxygen car ry ing capacity of the blood (7). 

In recent yea r s (1)(5)(6) there has been growing concern about the 

tarc inogenic p roper t i es of n i t ro samines . Ni t ra te , having been reduced to 

ni t r i te may combine with p r i m a r y and secondary amines p re sen t in food to 

form n i t rosamines . Nitrates a r e often added to cer ta in foods for colouring 

and preserva t ion , thus increasing the quantity of ni t ra te consumed. Should 

ni t rosamine carcinogenicity prove to be a r e a l hazard then it may be n e c e s s a r y 

to reduce ni t ra te concentrations in water in cer ta in a r e a s . 

2. SOURCES OF NITRATE 

Nitrate deposits a re widely dis tr ibuted in all pa r t s of the world as po tass ium, 

calcium and sodium sal ts (2). 

Nitrogen compounds a r e produced natural ly from a tmospher i c ni t rogen and 

from decaying p l an t s and animals by bac te r i a and a lgae . 

Under the influence and action of living organisms ammonia may be 

produced from protein, urea , amino acids and other ni t rogenous compounds. 

Ammonia may be oxidized to n i t r a t e under ae rob ic , normal ly slightly alkaline 

conditions, and highest r a t e s occur at 30 to 35 C (3). 
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In o rder to supplement natural ly produced n i t ra tes f a r m e r s use 

considerable quantities of nitrogenous f e r t i l i z e r s , some of which find thei r 

way into the r iver sys tems . A further source of ni trogen in water is from 

sewage. A schematic diagram of the ni t rogen cycle i s shown in F ig . 1 (66). 

3 . NITRATE CONCENTRATION STANDARDS AND MEASUREMENTS 

These dangers of high ni t ra te concentrat ion in drinking water natural ly 

cause concern and recommended s tandards have been set (8)(9)(10)(11)(12). 

It i s general ly agreed that drinking water should contain l e s s than 

1 1 . 3 mg NO - N/ l i t r e (50 mg NO / l i t r e ) , but 1 1 . 3 to 22. 6 mg NO - N / l i t r e 

(50 to 100 mg NO, / l i t r e ) is acceptable and anything g r e a t e r than 

22. 6 mg NO_ - N/ l i t r e is not recommended. 

It is a lso recommended that physicians in an a r ea where the n i t ra te is 

within the acceptable range between 11 .3 and 22. 6 mg NO_ N / l i t r e should 

be warned of the possible hazard . More recent ly the World Health 

Organisation in the International Standards for Drinking Water (9) have found 

i t neces sa ry to reduce the recommended level to not g r e a t e r than 

10 .8 mg NO, N/ l i t r e (45 mg NO„/ l i t r e ) . In this recen t edition of International 

Standards the possible problem of the formation of n i t rosamines in the body is 

d iscussed. It is stated that it may be n e c e s s a r y to reduce n i t r a t e s in water 

because of this factor if it is shown that t he i r p r e sence r e p r e s e n t s a 

significant health hazard. In a paper by Mart in (6) it is recommended 

wherever possible , if it is imprac t ica l to reduce the n i t ra te level below the 

recommended standard, to warn local doc to rs , n u r s e s and health v i s i to r s 

so that they a r e aware of the possible health haza rds and paren t s should be 

warned against prolonged boiling of water used to make up infant feeds 

since this can concentrate the n i t r a t e . 

There a r e four recommended methods for the es t imat ion of n i t r a t es in 

wate r . 

(a) the phenol disulphonic acid method (41) 

(b) the brucine method (41) 

(c) reduction with a z inc-copper couple followed by Ness le r iza t ion , 
e i ther directly or after dist i l lat ion (42) 

(d) the salycylic acid method (43). 
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4 . CHEMICAL AND PHYSICAL METHODS OF NITRATE REMOVAL 

There a r e two pr incipal methods for chemica l or physical removal of 

nitrogen from water . Namely ammonia str ipping (13)(14), and select ive 

ion exchange (13)(14). 

4 . 1 . Ammonia stripping 

In order to achieve significant ni t ra te r emova l by this method the n i t ra te 

must be f i r s t reduced to ammonia or the ammonium ion. Ammonia stripping 

operates on the principle of converting the ammonium ions to ammonia gas 

and then stripping off the ammonia gas by contacting the water with ammonia -

free a i r . Above pH 11 most of the ammonium ions will be converted to 
o 

ammonia gas . At a i r t empera tu re s below 0 C, freezing of water occurs at 

the a i r inlet, making the p r o c e s s inoperable . 

In sewage works much of the nitrogen is p re sen t as u rea and a t tempts 

to remove the nitrogen by ammonia str ipping a r e f rus t ra ted because the high 

pH inhibits urea hydrolysis to ammonia . At a l a t e r stage of the p r o c e s s at 

lower pH hydrolysis to ammonia may take p lace , leaving an inorganic ni trogen 

source which could produce the undesirable n i t r a t e ions . 

Because of the need to reduce ni t ra te to ammonia before s tr ipping, the 

relatively low concentrat ions of ammonia, the cost of ra i s ing the pH to 11 

and the res t r i c t ions on operating t empera tu re this p r o c e s s is not an 

at t ract ive one for n i t ra te r emova l . 

r 
4 . 2. Ion exchange 

The p resen t ion exchange res ins can be used effectively for n i t ra te 

removal provided the ha rdness , sulphate and monovalent anion concentrat ions 

in the water a r e low. High concentrat ions of these anions will reduce the 

effectiveness of the res in for n i t ra te remova l until such t ime as a r e s in has 

been developed that has a high selectivity for n i t ra te over other anions in 

water . 

Continuous ion exchange (67) is being used to remove n i t ra te from a 

ground water . The p rocess is able to reduce a n i t ra te concentrat ion of 

3 



50 mg NO, - N / l i t r e to l e s s than 10 mg NO, - N / l i t r e , but no indication is 

given of how the concentrated ni t ra te is disposed of after r emova l by br ine 

from the ion exchange unit. 

5. BIOLOGICAL PROCESSES 

There a r e three major p r o c e s s e s under this t i t le . 

(a) Bac te r ia l Assimilat ion 

(b) Harvest ing of algae 

(c) Bac te r ia l nitrification - denitrification 

One, two or al l three of these p r o c e s s e s could be taking place in a 

biologically active sys tem used for removing nitrogen from wate r . 

5 . 1 . General mechanisms 

There a r e two distinct ways in which m i c r o o rgan i sms uti l ize n i t ra te 

(40)(45) ass imi la t ion and diss imila t ion. 

Nitrate ass imi la t ion is the overal l p r o c e s s whereby n i t ra te - N is reduced 

to ammonia with the subsequent formation of nitrogenous cell const i tuents . 

Nitrate diss imila t ion is an oxidative p r o c e s s in which o rgan i sms use n i t ra te 

as a source of oxygen; ni trogen does not become incorpora ted into the cel l 

const i tuents . In n i t ra te diss imila t ion the end product of reduction depends 

on the organ ism; it can be n i t r i t e , ammonia , n i t rous oxide or ni t rogen. 

If ei ther of the la t te r two a r e formed the p r o c e s s is called denitr if ication. 

Since the requ i rement of a cel l is g r ea t e r for oxygen than for ni t rogen, the 

former being used as a source of energy, d iss imi la t ion and denitr if ication 

proceed at a fas ter ra te than does ass imi la t ion . 

An effective p roces s for n i t ra te r emova l mus t involve the oxidation 

of all inorganic nitrogen compounds to n i t ra te before reduction takes p lace , 

because any unoxidized inorganic ni trogen compounds remaining will be 

oxidized to n i t ra te after denitrification has occur red . 

A la rge number of bac ter ia and fungi can reduce n i t ra te for r e sp i ra t ion 

( i . e . dissimilat ion) but it seems that a much sma l l e r number a s s imi la te n i t ra te 

into cell m a t e r i a l . Many organisms which denitrify requ i re ammonia or amino 

acids for cel l synthes is . 
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The presence of a carbon source , or somet imes molecu la r hydrogen, which 

can be oxidized is an essent ia l r equ i rement for the reduction of n i t r a t e . Also 

required in mac ro quantities a r e the m i n e r a l nutr ients sulphate, phosphate, 

chloride, sodium, potass ium, magnesium and calcium and var ious t r ace 

elements a re required for success ive enzymic s teps; me ta l s repor ted to 

be necessa ry (52) a r e molybdenum, iron, copper and manganese . 

Dissimilat ion normally r equ i re s completely anaerobic conditions, whereas 

ni t ra te reduction by ass imila t ion can take place under aerobic conditions. 

Organisms usually require a per iod of adaption to n i t ra te and anaerobic 

conditions for dissimilat ion, but this per iod is not normal ly requ i red for 

ass imila t ion. 

The p rocess of d iss imi la t ion is sensi t ive to oxygen whereas ass imi la t ion 

is unaffected, 

5 .2 . Effect of pH 

The optimum value of pH for the reduction of ni t ra te depends on the n i t ra te 

concentration, age of the culture and the o rgan ism concerned (54). The end 

product and enzyme activity depend on the pH (47)(55)(6l); above pH 7 lit t le 

N_0 was formed while below pH 7 the gas was evolved. NO was evolved 

between pH 6 and 7 and as much as 20% of the gas evolved at pH 5 was NO. 

A se r i e s of experiments (44) showed that the optimum pH for nitr if ication 

of ammonia to ni t r i te by Nitrosomonas and oxidation of n i t r i te to n i t ra te by 

Nitrobacter was 8.4. 

5 . 3 . Tempera ture 

Several authors (19)(20)(23)(28)(30)(36)(48) have indicated that the ra te of 

ni trate removal by a nitrification-denitrification p r o c e s s is t empera tu re 

dependent. Dawson and Murphy (23) in thei r paper on the t empera tu re 

dependency of biological denitrification showed a fivefold r a t e inc rease as 
o o 

the tempera ture rose from 5 C to 20 C. They a l so showed that an 
acclimatization period was needed during which t ime about a qua r t e r of the total 
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ni t ra te was removed. At 5 C this per iod was 8 days and was reduced to 
o 

5 hours at 27 C. 

5. 4. Oxygen level 

The p resence of oxygen in water may affect the ra te of n i t r i f ica t ion/ 

denitrification p r o c e s s e s . According to Slechta and Culp (46) in o rde r to 

accomplish significant removal of inorganic nitrogen all of the ni trogen 

compounds must be converted to n i t ra te before denitrification takes p lace . 

Removal of ni t ra te by ass imi la t ion is unaffected by oxygen concentra t ions; 

thus algae and plants a re able to use n i t ra te ass imi la t ively in lakes and r i v e r s . 

The effect of oxygen on dissimilat ive enzymes does not seem to be quite as 

c lear . However, it seems to be general ly agreed (19)(37)(40)(45)(47)(48)(51)(56)(57) 

(58)(59)(60) that the p resence of oxygen does reduce the ra te of denitrif ication 

and that denitrification may take place because as a resul t of oxygen gradients 

some of the bacter ia may be at ze ro oxygen concentrat ion, although the genera l 

body of water contains oxygen. 

The rate of nitrification, which affects the ra te of the ni t r i f icat ion-

denitrification p roces s , has been shown to be independent of the ammonia 

concentration, proportional to the number of n i t r i f iers p r e sen t and independent 

of instantaneous changes in BOD. However changes in the average BOD level 

can influence the nitrification ra te because this affects the concentrat ion of 

n i t r i f ie rs present (44). 

As mentioned ea r l i e r , molecular oxygen usually inhibits denitr if ication. 

In those organisms where n i t ra te reduction was linked with cytochrome (53), 

inhibitors of cytochrome, e . g . 2-n-heptyl-4-hydroxyquinol ine-N-oxide, would 

inhibit ni t ra te reduction. 

5. 5. Organic carbon requ i rements 

An essen t ia l requirement for n i t ra te diss imilat ion is a carbon source (47)(52). 

Much work has been done on this aspect of denitrification to t ry and de termine 

the type of carbon source requ i red and the optimum quantity of the carbon needed 

for denitrification. 
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Many organic carbon sources such as glucose, peptone, mala te , lac ta te , 

ethanol, acetic acid, acetone, glycerol , raw sewage, methanol and methane 

have been investigated over a per iod of t ime by many authors (15)(22)(24)(25)(26) 

(27)(28)(29)(31)(33)(36)(37)(46)(47)(48)(63)(64). 

The simple organic compounds, such as those mentioned above, have been 

found to be more effective hydrogen donors for m i c r o - o r g a n i s m s reducing 

ni t ra te than more complex carbon compounds. 

In genera l sett led domestic sewage was found to be unsuitable as a carbon 

source for inducing denitrification, it a l so added BOD and unoxidized ni t rogen 

to the final effluent, which may la te r be oxidized to n i t r a te . 

McCarty et al (47) and Mulbarger (48) using acetone, acet ic acid, ethanol 

and methanol as hydrogen donors showed that the organic carbon type has a 

significant effect on the ra te of denitr if ication and resu l ted in varying 

accumulations of ni t r i te as an in te rmedia te . Davies et a l (24)(25) using 

glucose and malate expanded on this idea and showed that not only did 

denitrification rate depend on the carbon source p resen t , but there was a change 

in bac te r ia l population with change in carbon source . 

Slechta and Culp (46) repor ted using sugar , ethanol, acetic acid and 

methanol as the sole carbon source and indicated that methanol was the 

cheapest ma te r i a l to use . Since then many worke r s (22)(26)(27)(29)(64) have 

used methanol as both a hydrogen donor and a carbon source for o rgan ism 

growth. St. Amant and McCarty (29)(47) p re sen ted a method of est imating the 

methanol needed for denitrification and pred ic ted a methanol : n i t r a te -n i t rogen 

rat io of about 2. 5: 1. Stensel et al (22) p roposed a s imi la r ra t io whilst Bar th (68) 

suggested the rat io should be 4 : 1 . 

The methanol requi rements predic ted by St. Amant and McCarty (29)(47) and 

Stensel et al (22) have been confirmed by work on municipal wastes by Smith and 

his co-workers (37) and by Du Toit and Davies (28) whose work suggested that 

the rat io of 4 :1 is too high. 
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Wuhrmann (64) suggests that no organic carbon source need be added to 

activated sludge because there a r e sufficient r e s e r v e s of oxidizable m a t e r i a l 

p resen t to maintain metabol i sm so that, in anaerobic conditions, the bulk of 

oxidized nitrogen p resen t in solution will be reduced to gaseous ni t rogen given 

sufficient t ime . The addition of carbonaceous ma te r i a l may inc rease the ra te 

of denitrification and Wuhrmann (64) and Bayley (36) found that the pred ic ted 

methanolmi t ra te-n i t rogen ra t io of 2. 5 : 1 (29)(47) was sufficient to fulfill the 

denitrification r equ i remen t s . 

More recent ly Davies (63) has shown that methane could be an ideal carbon 

source in commerc ia l denitrifying uni t s . Being a gas , it would el iminate the 

need for monitoring the n i t ra te in the water in o rde r to avoid the addition of 

excess organic carbon which would, in itself, constitute pollution. Denitrif ication 

has been achieved with methane a s the sole e lec t ron donor in pure cul ture and 

mixed cul tures der ived from set t led sewage. Methods of p repara t ion of 

denitrifying bacter ia that can use methane as an organic carbon source a r e 

desc r ibed . Bacter ia adapted to methane were used and tes t s were a lso c a r r i e d 

out on bacter ia adapted to methanol to see if they could use methane as a hydrogen 

donor in n i t ra te resp i ra t ion . 

Strong growth occurred in mos t of the bac te r i a isolated from the unit 

receiving methane, the gas evolved was shown to be ni t rogen. 

Several bacter ia isolated from the methanol enr ichment cul ture were found 

to be capable of growth and denitrification with methane as sole carbon sou rce . 

This made it apparent that no special ized forms of bac ter ia a re needed to use 

methane as a carbon source for denitr if ication. 

All i sola tes taken from both denitrifying enr ichments which showed the 

ability to denitrify using methane as hydrogen donor were capable of using all 

the other carbon compounds tes ted . Nitrogen was produced with methanol , 

ethanol, mala te or lactate as sole carbon source . None of the i so la t e s , however, 

was found to utilize molecular hydrogen for denitrification. 
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A packed column laboratory scale denitrifying unit mainta ined at 30 C 

achieved 50 percent denitrification with methane as sole organic carbon 

source . If a sys tem can be devised to ensure adequate methane in solution, 

then it should be possible to appreciably reduce the cost of obtaining good 

denitrification r a t e s , making it a possible a l ternat ive to other methods of 

ni t rogen removal from water . However, it mus t be recognized that methane 

is a l ready used as a cheap source of energy a t sewage works and the overal l 

economics would need careful considerat ion. 

5. 6. T race elements 

Some meta l chelating agents inhibited the formation of n i t ra te r educ ta se . 

The mos t potent of these were potass ium cyanide and 4 - m e t h y l - l :2 -

dimercaptobenzene. Chlorate, copper and p -ch lo romercu r i -benzoa t e a lso 

acted as inhibi tors (6l)(62). 

6. STUDIES ON RIVERS AND WASTE WATERS 

F r o m the above work it would be expected that n i t r i t e , e lementary 

nitrogen and ammonia would be produced from ni t ra te at low dissolved-oxygen 

concentrations (< 0. 5 mg/ l i t re ) in r i v e r s , sewage, e tc . provided the n e c e s s a r y 

enzymes have been induced previously under anaerobic conditions. A very few 

organisms have been reported to denitrify under highly aerobic condit ions. 

There a r e prac t ica l difficulties in demonstra t ing aerobic denitr if ication 

in r ive r s in situ, largely because penet ra t ion of oxygen into mud deposi ts , from 

the overlying liquid is l imited by diffusion with the resu l t that oxygen-concentrat ion 

gradients within the mud a r e formed culminating in anaerobic conditions some 

distance below the surface. F o r example, in a study of a i f mile s t r e t ch of 

the R. Lark below a sewage-effluent out fall (69) it was found that in a given 

body of water the concentration of n i t ra te fell from 3. 3 to 1. 6 mg N / l i t r e and 

that of ni t r i te rose from 0.2 to 0. 6 m g / l i t r e while the concentrat ion of ammonia 

stayed constant. Since the concentrat ion of dissolved oxygen at no t ime fell 

below 1. 3 m g / l i t r e , and was usually much higher , it was postulated that 

anaerobic denitrification had occur red in the mud. No organic ni t rogen 

concentrations in the water were determined, so aerobic ass imi la t ion cannot 

be ruled out. 
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In labora tory experiments (70) on r i v e r water in open 5 l i t r e beake r s 

the aqueous phase was maintained at about saturat ion with r e g a r d to oxygen; 

mud was omitted or p re sen t as a stagnant bottom layer . Only in the l a t t e r 

case was ni t ra te reduced. The ra te of n i t ra te removal was only about 10% 

of that repor ted for the R. La rk (69) i. e . 0. 04 mg N / l i t r e / h r . In s imi l a r 

experiments with Thames mud (69) the average r a t e s over 30 days were even 

lower, ranging from 0. 01 to 0. 005 mg N / l i t r e / h r . 

It has been established (71) that in the Thames Es tua ry nitr if icat ion and 

denitrification a r e important p r o c e s s e s ; in the anaerobic regions about 

25 percent of the oxygen n e c e s s a r y for carbonaceous oxidation was der ived 

from ni t ra te some of which was formed from ammonia in the aerobic pa r t s 

of the es tuary and in t r i bu t a r i e s . There a r e considerable difficulties in 

achieving a nitrogen balance for any r i v e r and because no organic ni trogen 

determinations were made a complete balance cannot be made from data of 

the Thames Es tuary . 

Hermann (17) repor ted significant n i t ra te removal in waste stabil izat ion 

ponds. Waste waters with up to 110 mg N/ l i t r e were amenable to t r ea tment 

but the efficiency of the biological sys t em to reduce n i t ra tes declined for 

loadings g rea t e r than 70 mg N/ l i t r e from about 80% removal at 70 mg N / l i t r e 

to less than 50% removal at 120 mg N / l i t r e . Denitrification occu r r ed r e g a r d l e s s 

of the BOD: nitrogen ra t io , thus supporting the theory that in the stabil ization 

pond, bac te r ia and algae a r e mainly responsible for the oxidation and reduction 

reactions that occur, and that chemical ly combined oxygen may en te r into the 

satisfaction of BOD. 

McKinney et al (30)(32) c a r r i e d out labora tory exper iments to de termine 

fundamental p a r a m e t e r s such as a l igh t -dark cycle, detention t ime , light 

intensity and biomass concentration in an a lga l -bac te r ia l sys tem for nutr ient 

removal using art i f icial light. The re su l t s indicated that a l igh t -dark 

relationship of 3. 3 minutes in the light and 2 .4 minutes in the dark and a 

10 hour retention time made the p r o c e s s effective. With a mixed l iquor 

suspended solids (MLSS) concentrat ion of 1000-1400 m g / l i t r e and a light 

1 0 . 



intensity of 400 ft-c, 92 percent removal of ni t rogen and 97 percen t removal 

of BOD was achieved. 

The work mentioned so far has been c a r r i e d out for sewage t r e a tmen t 

or in controlled laboratory exper iments . It is felt that the r e su l t s from such 

work have a direct bearing on the understanding of the mechan i sm involved for 

the removal of ni t ra te from s tored wa te r s , especial ly as many of these wa te r s 

contain sewage effluent. 

As stated ea r l i e r (71) it is ex t remely difficult in achieving a complete 

ni trogen balance and consequently difficult to es tabl ish an exact mechan i sm 

for n i t ra te removal from r ive r s and s tored w a t e r s , 

7. NITRATE CHANGES DURING STORAGE 

Below a re presented observed resu l t s and some suggest ions of the possible 

mechanism of removal for s tored wa te r s from the R. Rhine (Berenplaat) (19), 

R. Lee (Chingford Mill) (35), R. Thames (Laleham) (35), R. Thames (Fa rmoor ) 

(65), R. Chelmer (Hanningfield) (50), R. Tame (Lea Marston) (16), R. Tame 

(Elford) (16), and R. Trent (Colwick (18). 

As repor ted by Ferdov and Sergava (51) it was found (19) that the r a t e of 

nitrification was independent of ammonia concentrat ion. A s toichiometr ic 

inc rease in ni t rate concentration by oxidation of ammonium ions was not 

observed in any of the s tored wate rs studied (16)(18)(19)(35)(50)(65). In fact, 

in genera l , there was a decrease in n i t ra te concentrat ion. At the Berenplaa t 

r e s e r v o i r (19), Chingford Mill (35) and Laleham (35) it was observed that 

during the summer and autumn per iods the r emova l was g r e a t e r than during 

the spring and winter per iods . No seasonal var ia t ions were noted in the other 

p lan ts . 

The seasonal differences of ni t ra te removal may be due to t empera tu re 

changes. Windle Taylor (35) suggested that as. well as being caused by 

microbiological action, the reduction could be due to algal growth, the n i t ra te 

ni trogen being used in par t icu la r by the b lue -g reen a lgae. However, at the 

Berenplaat r e se rvo i r (19), F a r m o o r (65), Colwick (18) and Hanningfield (50) 
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there was no cor re la t ion between maximum algal counts and ni t rogen loss 

indicating denitrification to ni trogen gas mus t be par t ly responsib le for the 

removal . 

At Chingford Mills (35) the spr ing /win te r n i t ra te reduction was about 

26 percent and that of the s u m m e r / a u t u m n per iod was about 40 percen t whilst 

a t Laleham they were 15 and 38 pe rcen t respec t ive ly . 

Sedimentation followed by five day s torage of r i v e r Tame water (16) 

achieved 6. 5 pe rcen t n i t ra te reduction at Elford and about 10 pe rcen t reduction 

a t Lea Mars ton. 

At Hanningfield r e s e r v o i r (50) sewage effluent is d i scharged into the 

r e se rvo i r , but i ts contribution to the n i t ra te concentrat ion is only smal l 

compared with land drainage and run off during the winter months . The 

r e se rvo i r has a 270 day s torage and the average n i t r a te -n i t rogen concentrat ion 

of the water entering the r e s e r v o i r was 12 mg ni t ra te - N / l i t r e . However, 

the average concentration in the r e s e r v o i r was only 4. 3 m g / l i t r e and in fact 

it fell as low as 2 m g / l i t r e . Up to 83 pe rcen t remova l was achieved by 270 day 

storage without any abnormal algal growth. Others have observed n i t ra te 

removal without excessive algal growth at Colne Valley Water Board and 

Birmingham CBC Water Department (50). 

At F a r m o o r , Thames water i s impounded for a nominal 160 days and 

approximately 50 percen t of the n i t ra te is r emoved . Over a four year per iod 

from 1968 to 1971 the mean n i t r a te concentrat ion flowing into the r e s e r v o i r 

was 6.4 mg Ni t r a t e -N/ l i t r e and was reduced to 2 .7 m g / l i t r e . Weekly samples 

of ni trate were taken and there appeared to be no pa r t i cu la r pa t te rn of algal 

development with n i t ra te r emova l . 

A more detailed survey has been c a r r i e d out on the r i v e r Tren t at Colv/ick 

(18) to study the effect of 21 day s torage on water quality. The raw water 

passed through three tanks in s e r i e s each with a nominal retent ion t ime of 

7 days (see F ig . 2) and chemical and biological ana lyses were made , see 

Table 1. it can be seen from Fig . 3 (18) that the f i r s t and second weeks of 
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s torage achieve a high proport ion of n i t ra te r emova l and in fact the th i rd 

weeks s torage has only a marg ina l effect. 

During September and October 1970 one weeks s torage removed 50 pe rcen t 

of the n i t r a te , followed by no further denitr if icat ion during the second and th i rd 

weeks . After this per iod there was a genera l dec rease in n i t ra te concentra t ions 

in all t h ree tanks even though the raw wa te r level remained a lmos t constant . 

By August 1971 100% removal of n i t ra te was being effected after two weeks 

s torage . 

In view of the high ni t ra te removal after only two weeks s torage it was 

decided, for the p resen t phase of work, to modify the plant (see F ig . 4) to two 

para l l e l s t r e a m s , each with 14 days re tent ion. The chemical-biological 

analysis was a lso modified as indicated in Table 1. 

The n i t ra te removal figures for one s t r e a m a r e p resen ted in F ig . 5; the 

resu l t s for the second s t r e a m a re a lmos t ident ica l . 

The same degree of n i t ra te removal has not yet been achieved by this 

sys tem. The raw water n i t ra te concentrat ions have remained reasonably 

steady at 8-9 mg N / l i t r e . During August /September 1972 there was about 

40 percent removal of ni trate but until the l a s t couple of weeks there was 

ei ther no change or a slight i nc rease in n i t r a t e concentra t ions . 

The l a s t three weeks of March have shown an improvement in the situation 

with some ni t ra te removal as indicated in F i g . 5. Accompanying this r emova l 

is a high algal count. 

However, the reasons for these changes of fortune from one sys tem to the 

next and even with t ime in the same sys tem a r e not c lear , but they do 

emphasize the fact that the whole mechan i sm of n i t ra te removal is a very 

complex p r o c e s s dependent on many independently and dependently operating 

p a r a m e t e r s . 
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The mechan i sm for n i t ra te removal i s s t i l l not solved but many of the 

factors influencing the removal of n i t ra te have been identified. F u r t h e r work 

at Colwick will involve changing var iab les on one s t r e a m in an at tempt to vary 

ni t ra te r emova l . Initially local anaerobic conditions will be encouraged by 

methanol dosing and la te r , if n i t ra te remova l p roceeds , covering of one tank 

to exclude light will be t r ied in an a t tempt to a s s e s s the contribution algae make 

to this p r o c e s s . 

CONCLUSIONS 

Changes of ni t ra te concentrat ion in s to red wa te r s can take p lace . The 

mechanism and factors influencing ra te and direct ion of react ions a r e i n t e r ­

related and complex. 

Nitrogen ass imi la t ion by bac te r ia and algae and bac te r i a l ni t r i f icat ion-

denitrification a r e the pr incipal stages in n i t ra te removal and thei r per formance 

is dependent on pH, t empera tu re , oxygen concentrat ion, an organic carbon 

source, and the p resence or absence of var ious t r a c e e lements and mine ra l 

nut r ien ts . 

In a r e s e r v o i r conditons a r e mainly aerobic with local anaerobic s i tes 

in the top layer and an anaerobic bottom l a y e r . 

Removal of both oxidized and unoxidized inorganic ni t rogen compounds in 

the top l aye r i s mainly by ass imi la t ion . However, in the local anaerobic s i tes 

in the top layer and in the anaerobic bottpm layer n i t ra te removal is achieved 

by diss imila t ion. 

There is evidence of ammonia production in the bottom layer , possibly 

from decaying o rgan i sms . This ammonia may be oxidized to n i t ra te when 

it comes into contact with the aerobic top l aye r . 
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The complexity of the mechan ism of n i t ra te removal in s to red wa te r s is 

demonstra ted by the work c a r r i e d out at Colwick on Tren t wate r . F o r no 

apparent reason there a r e changes in t r ends and sudden r i s e s and falls in 

n i t ra te concentrat ion. 

Though many of the p a r a m e t e r s influencing n i t ra te removal have been 

identified the overal l mechanism of r emova l had not yet been es tabl ished. 

To what degree n i t ra te uptake by a lgae , bac te r i a l ass imi la t ion or bac t e r i a l 

dissimilat ion is the predominant factor is not known. Cer ta inly each has 

a role to play in n i t ra te removal and the impor tance of that role will be 

influenced by the factors mentioned above, the bac te r i a and algae p r e s e n t 

and the res idence t ime of the water in the sys t em. 

In order to be able to control and use these mechan i sms for an efficient 

rel iable method of removal of n i t ra te f rom water more r e s e a r c h will have 

to be ca r r i ed out. 
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TABLE 1 

BIOLOGICAL, AND CHEMICAL ANALYSIS 

Shaken turbidity 
Colour 
Total organic carbon 

(filtered) 
P . V. (filtered) 
pH 
Ammonia 
Nitr i te 
Nitrate 
Alkalinity-
Total hardness 
Dissolved oxygen 
Tempera tu re 
Chlorophyll 
Coliforms 
E . Coli 
Plate count 
Inlet flow 
Anionic detergents 
Non-ionic detergents 
Monohydric phenols 
Threshold odour number 
E lec t r i ca l conductivity 
Calcium hardness 
Chloride 
Sulphate 
Orthophosphate 
Total i ron 
Total manganese 
Total cadmium 
Total chromium 
Total nickel 
Total copper 
Total lead 
Total zinc 
Cyanide 
Algal count 
Total ni t rogen 
Denitrifying bacter ia 
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C = continuously monitored 
D = measured daily 
W = measured weekly 
M = measured monthly 
+ = r iver water 
X = r iver water , f i l tered 0.45 [i m e m b r a n e . 

2W = measured twice weekly. 
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