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FATE OF NITRILOTRIACETIC ACID DURING GROUNDWATER RECHARGE 
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ABSTRACT 

Experiments w e r e  c a r r i e d  out  during I f  year i n  a p i l o t  p l a n t  i n  order  t o  study 

- the  degradation of n i t r i l o t r i a c e t i c  ac id  (NTA: s u b s t i t u t e  f o r  Dhosphate i n  deter-  

gents)  during a r t i f i c i a l  groundwater recharge. 

- the  poss ib le  mobil izat ion of heavy metals from the  s o i l  of the  aqui fe r  a s  a r e s u l t  

of t h e  formation of NTA-metal complexes. 

From the  r e s u l t s  can be concluded t h a t  complete removal of NTA during percolat ion can 

be expected f o r  concentrat ions of up t o  2 mg NTA/l i n  the  surface water used f o r  re- 

charging, even during t h e  per iod of low water temperatures and under anaerobic condi- 

t i o n s .  The mobil izat ion of t r a c e  elements from the  aqui fe r  during the  percolat ion of 

water containing these low concentrat ions of NTA w a s  not detected and i s  considered 

t o  be improbable. 

INTRODUCTION 

N i t r i l o t r i a c e t i c  ac id  (NTA) has  been considered as a s u b s t i t u t e  f o r  phosphates i n  

s y n t h e t i c  detergent .  This w i l l  lead t o  the presence of NTA i n  municipal waste water 

and i n  f r e s h  water sources. A s u b s t a n t i a l  p a r t  of surface water f o r  dr inking water 

supply i n  The Netherlands i s  recharged i n t o  t h e  dune area.  Therefore, t h e  f a t e  of NTA 

during t h e  a r t i f i c i a l  recharge i s  of s p e c i a l  i n t e r e s t .  

Theoret ical  Aspects 

A number of previous s t u d i e s  have shown t h a t  NTA is biodegraded f a i r l y  rapidly 

under aerobic  condi t ions and a t  higher  temperature. However, c o n f l i c t i n g  f indings have 

been reported about the e f f e c t  of low water tem-wrature and/or l o w  redox-potential 

on the  r a t e  of NTA biodegradation. 

Another s e r i o u s  concern about the environmental impact of NTA a r i s e s  from the possible  

mobil isat ion of heavy metals from the  bottom sediments of inland waters and from the 

s o i l  during percola t ion  of water containing NTA a s  a r e s u l t  of the  formation of NTA- 

metal complexes. 
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MATERIALS AND METHODS 

The s t u d y  w a s  c a r r i e d  o u t  i n  t h e  p i l o t  p l a n t  which c o n s i s t e d  o f  t w o  r echa rge  f i l -  

ters, each 6.5 m h igh  and 2 m i n  diameter .  One f i l t e r  w a s  f i l l e d  wi th  dune sand and 

t h e  o t h e r  w i t h  sand from t h e  Veluwe area i n  t h e  c e n t r a l  p a r t  of The Nether lands.  NTA 

was i n j e c t e d  i n  r echa rge  water t o  o b t a i n  a f i n a l  c o n c e n t r a t i o n  of  1 mg NTA/l. The 

d e t e n t i o n  t i m e  o f  water i n  t h e  sand bed w a s  abou t  6 days.  

RESULTS 

a .  Per iod November 1976 - March 1977 

Recharge under a e r o b i c  c o n d i t i o n s .  

Dosing of  NTA was s t a r t e d  3 November 1976. F igu re  1 shows t h a t  NTA w a s  f i r s t  de t ec t ed  

i n  the e f f l u e n t  a f t e r  about  two weeks o f  r echa rge  and d i sappea red  from t h e  e f f l u e n t  

o f  t h e  Veluwe f i l t e r  a f t e r  6 - 9 weeks. 

90 - 

0.0.00000 WNE S A W  
****** VELUIE SAND 
C e  - M T A  ColculTRATlON N WLULMT 
C - MTA COmCMTRATlQM IN L W L W N T  

Fig.  1 .  V a r i a t i o n  of  NTA c o n c e n t r a t i o n  d u r i n g  passage through t h e  r echa rqe  f i l t e r s  

under a e r o b i c  c o n d i t i o n  

The p a t h s  o f  the breakthrough cu rves  i n d i c a t e  t h a t  on ly  d u r i n g  t h e  f i r s t  3 weeks sorp- 

t i o n  played a role i n  NTA removal. A f t e r  t h e  a c c l i m a t i s a t i o n  time o f  6 - 8 weeks no 

more NTA w a s  d e t e c t e d  i n  t h e  e f f l u e n t s  o f  t h e  f i l t e r s ,  even d u r i n g  t h e  p e r i o d  wi th  a 

water  temperature  of  3 - 5OC. 

b .  Per iod March - November 1977 

Recharge under anae rob ic  c o n d i t i o n s .  

Due t o  the  r e l a t i v e l y  low c o n c e n t r a t i o n s  o f  o r g a n i c  matter and ammonia i n  t h e  rechargs 

water  it w a s  necessary t o  dose a r e d u c t a n t  (Glucose) i n  o r d e r  t o  ach ieve  anae rob ic  

c o n d i t i o n s  i n  t h e  sand beds.  Under t h e  anae rob ic  c o n d i t i o n s  i n  t h e  sand beds t h e  NTA 

c o n c e n t r a t i o n s  i n  t h e  e f f l u e n t  remained lower than  t h e  d e t e c t i o n  l e v e l .  

Changes i n  c o n c e n t r a t i o n s  o f  t h e  trace e l emen t s  d u r i n g  t h e  r echa rge  a r e  p re sen ted  i n  

Table  1.  The f i g u r e s  o f  this t a b l e  show t h a t  t h e r e  w a s  a s u b s t a n t i a l  removal o f  Zn 

and some removal of  A l ,  C r ,  Cu and N i ,  no removal of Pb and a s l i g h t  i n c r e a s e  i n  Cd. 

Because o f  the s l i g h t  increase i n  Cd c o n c e n t r a t i o n  i n  bo th  e f f l u e n t s  a f t e r  recharge 
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and because no changes of Cd concentrat ions during the percola t ion  through sand were 

observed during the  tests with the recharge of  water without NTA, mobil isat ion of Cd 

by NTA w a s  assumed a s  a p o t e n t i a l  f a c t o r .  

T a b l e  1 

Trace elements i n  the  i n f l u e n t  and t h e  e f f l u e n t  of the recharge f i l t e r s  

N = number of samples; % = ar i thmet ic  mean; Sx = standard deviat ion 

Element 
(ug/ l )  

zn 

Cd’ ) 

Cd2 

Cd3) 

I n f l u e n t  

N 

18 

18 

19 

18 

19 

10 

19 

8 

10 

E 
24.2 

3.1 

4.7 

3.4 

1.9 

76 

0.20 

0.1 

0.30 

SX 

14.6 

1.62 

4.33 

1.34 

1.10 

88.9 

0.21 

0 

0.09 

Eff luent  Dune f i l t e r  
- 

N X SX 
~ 

17 

18 

19 

19 

19 

18 

19 

8 

10 

18.9 

1 .o 
2.4 

2.2 

1.8 

16 

0.35 

0.225 

0.26 

- .  

11.4 

0.53 

1.12 

0.85 

1.17 

7.0 

0.16 

0.046 

0.10 

Effluent  Veluwe f i l t e r  
- 

N X SX 

18 18.0 14.4 

18 0.65 0.41 

19 2.7 1.25 

19 2.5 1.5 

19 1.8 1.15 

19 13 8.2 

19 0.30 0.17 

8 0.175 0.046 

8 0.25 0.09 

1) Period 28/02 - 25/10/1977 
2) Period 25/10 - 13/12/1977 
3) Period 10/01 - 08/05/1978 

To prove this, dosing of NTA was stopped f o r  t w o  months (25 October - 13 December ‘77), 

t h e  increase  i n  Cd concentrat ions a f t e r  recharge continued (see t a b l e  1). However, 

during the las t  per iod of t h e  experiments during t h e  recharge of water with 2 mg NTA/1 

(10 January - 8 May 1978) a decrease of Cd concentrat ion a f t e r  t h e  recharge was detec- 

ted .  The conclusion from these  f a c t s  i s  t h a t  it seems unl ike ly  t h a t  the  Cd increase 

was caused by NTA. 

c. Period December 1977 - May 1978 

Recharge under anaerobic condi t ions a t  l o w  temperature. 

NTA could not  be detected i n  the e f f l u e n t s  of the  recharge tanks desp i te  t h e  low water 

temperature (4 - 7OC) and anaerobic condi t ions.  From mid February 1978 the  NTA concen- 

t r a t i o n  of the i n f l u e n t  water was increased t o  2 mg/l. This  increase had no influence 

on t h e  removal and the  NTA concentrat ions of t h e  e f f l u e n t s  remained lower than the 

de tec t ion  l i m i t .  

CONCLUSIONS 

This study supports  t h e  following conclusions: 
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- Complete removal of NTA a t  concentrat ions of up t o  2 mg N T A / 1  can be expected 

during a r t i f i c i a l  recharge of surface water i n t o  sandy s o i l  under aerobic  and 

s l i g h t l y  anaerobic condi t ions i n  the  a q u i f e r ,  which i s  a s i t u a t i o n  preva i l ing  

i n  the  groundwater recharge p r a c t i e  i n  The Netherlands. This complete degradation 

can a l s o  be achieved a t  low water temperatures ( 3  - 5OC) .  

- The mobil isat ion of t r a c e  elements from t h e  recharge aqui fe r  a s  a r e s u l t  of wr- 
cola t ion  of water containing NTA up t o  a concentrat ion 2 mg N T A / 1  i s  improbable. 
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