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Since the ear ly  1970s when n i t r i l o t r i a c e t i c  acid (NTA) was 
proposed as a subst i tu te  for  polyphosphates in household laundry 
detergents, several studies were performed to evaluate i t s  possi-  
ble environmental impact. However, only few experiments were de- 
voted to the study of the e f fec ts  of  NTA in the marine environment 
(Perry et a l .  1984). At present there is no evidence that NTA 
might be tox ic  for  adul t  marine animals (E is le r  et a l .  1972; Bott 
et a l .  1980). 

In the present work we evaluated the e f fec ts  of  NTA on embryonal 
stages of some marine animals, general ly  more sens i t i ve  than the 
adult  ones. 

MATERIALS AND METHODS 

The test  animals were chosen among common species of the l i t t o r a l  
zone. The e f fec ts  of NTA on ear ly  phases of the l i f e  cycle were 
studied on embryos of the mussel M~tLlus qal l™231231231 Lmk. 
and the sea-urchin Paracentrotus l i v i d u s  Lmk., and on larvae of 
the two Ascidiacea Bot r~ l lus  s™231 (Pal las) and Bot™ 
leachi (Savigny). In a l l  experiments sea water co l lec ted at least 
I ml le of f -shore was used. 

M~ qallo_~™231 is  sexual ly r i pe  in w in ter .  The spawning was 
st imulated by placing the animals in pre-heated (about 24 ~ C) sea 
water. 30 min a f te r  the f e r t i l i z a t i o n ,  the eggs were co l lected by 
means of a plankton net to e l iminate  the excess sperm, and trans- 
ferred in 200-mL beakers with the experimental water. About 40 
eggs per mL were present. After 40 hr at 20 ~ C, a l l  samples were 
f i xed with neutra l ized formaldehyde (5~ in sea water) and the 
frequencies of the ' s t r a i g h t - h i n g e '  stages determined. 

B. schlosseri  and B. leachi are sess i le  co lon ia l  Tunicata (Asci- 
diacea). They are v iv iparous and produce non-feeding, planktonic 
larvae which pers is t  fo r  few hours before metamorphosing into a 
pre-adul t  benthic stage. Ripe colonies from the natural  environ- 
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Figure I. Frequencies of 'straight-hinge' stage in eggs of M__ 
ga_ll_o~roviDcialis in presence of NTA at 40 hr from f e r t i l i z a t i o n .  
Numbers in columns indicate the total  number of eggs scored. The 
degree of s ta t i s t i ca l  significance, evaluated by G-test, is indi-  
cated. A -> D refer to separate experiments. 

ment were put in vessels with filtered, 35%. salinity, sea water. 
At the onset of spawn�9 the larvae were collected with a "Pas- 
teur" pipette and distributed in beakers (10 larvae each) with 100 
mL of treated sea water with the same salinity. For each concen- 
tration of NTA, 10 replicates (i.e, 100 larvae) were used. After 6 
hr at 18~ the samples were fixed and the number of metamorphosed 
larvae determined. 

Sperm and eggs of P. lividus were obtained by KCl-method (Ruggeri 
1975) in filtered, 35 %. salinity, sea water. In every exper�9 
eggs from only one female were fertilized with sperm from only one 
male and, after raising of the fertilization membrane, were washed 
to eliminate the excess sperm and distributed in 100 mL experimen- 
tal water at a concentration of about 50 eggs per mL. Three repli- 
cations per concentration of NTA were performed. After 40 hr at 
25 ~ C the samples were fixed with neutralized formaldehyde and 
filtered by a 25-mm diameter millipore filter (1.2 H). Filters 
were washed with demineralized water, dessicated (60~ and moun- 
ted on slides with oil cedar, in order to measure the somatic rods 
which are a good index of the initial endotrophic growth of the 
embryos (Marin et ai.1987). Eighty 4-arm echinoplutei per ropli- 
rate were measured. 

Analysis of variance, G-test and comparison intervals of means 
were calulated and applied as suggested by Sokal & Rohlf (1981). 

RESULTS AND DISCUSSION 

Figure I shows the results of four experiments on developing eggs 
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Frequencies of metamorphosed larvae of B. schlosseri in 
presence of NTA at 6 hr a f ter  spawning. The degree of s t a t i s t i c a l  
s igni f icance, evaluated by G-test, is indicated: ns=  not s i g n i f i -  
tant ;  * = P<O.05; ** = P<O.01; *** = P<O.OOl. 

of M~ gaLlo_~™231 An apparently small, but s t a t i s t i c a l l y  
highly s i gn i f i can t ,  f i se  in frequencies of the 's t ra ight -h inge '  
stage with the increasing NTA concentrations is present in a l l  
tests. 

The ef fect  of NTA on the metamorphosis rate of the larvae of B~ 
schlosseri was tested in nine experiments whose resul ts  are i l -  
lustrated in Figure 2. NTA induces an increased frequency of 
metamorphosed larvae at concentrations between I-5 mg/L.  With 
increased concentrations of NTA no fur ther increase in the respon- 
se is noticed. 

Similar resul ts  were  obtained in experiments on larvae of B~ 
leachi (Figure 3), but the l a t t e r  species seems to be less sensi- 
t i ve  to NTA, since only 4 of 6 experiments gave pos i t i ve  responses. 

The greatest s e n s i t i v i t y  to NTA was shown by developing eggs of P~ 
l i v idus  (Figure 4). A highly s ign i f i can t  increase in somatic rod 
lenght is already evident at concentrations as iow as 0.05 - 0.1 
mg/L. Above 1 mg/L, no further s ign i f i can t  increase with increa- 
sing concentrations is noticed. Four more experiments were perfor-  
med using both natural and a r t i f i c i a l  sea water prepared in the 
laboratory (Marin et a l .  1987), with and without 10 mg/L of NTA. 
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Figure 3. Frequencies of metamorphosed larvae of B. leachi in 
presence of NTA at & hr from spawning. Symbols as in Fig.2. 
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Figure 4. Mean rod lengths of young plutei  of P. l iv idus at 40 hr 
from f e r t i l i z a t i o n  in presence of NTA. Vertical bars represent 95% 
comparison intervals of means. 

The results (Figure 5) confirm the larger echinopluteus size in 
the presence of NTA, but indicate that bigger mean differences 
between treated and untreated embryos are present when natural sea 
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from f e r t i l i z a t i o n  in presence of NTA. Experiments in natural  and 
a r t i f i c i a l  sea water. Ver t i ca l  bars represent 95% confidence in-  
te rva ls  of mean. 

water is  employed. The s ign i f icance of t h i s  in te rac t ion  was tested 
by means of a two-way analysis of var iante:  i t  was s i g n i f i c a n t  in 
experiments G (P<O.O01), I (P<O.O01) and L (P<O.01). The occur- 
rence of larger echinopluteus size in a r t i f i c i a l  sea water in 
comparison with that obtained in natural sea water, is a frequent 
phenomenon due to the unavoidable p o l l u t i o n  of coastal sea water. 
In two successive experiments the e f fec t  of  NTA on the developmen- 
t a l  rate of the l a t t e r  organisms was studied by sampling the 
experimental l o t s  every 2 hr,  from 18 to 24 hr, a f te r  f e r t i l i z a -  
t i on .  NTA seems to speed up the progression from the �87 to 
the 'young p luteus '  stage (Figure 6). 

The resu l ts  of our experiments confirm the lack of in vivo t o x i -  
c i t y  of  NTA on aquatic organisms already shown by other authors 
(E is ler  et a l .  1972;  Barica et a l .  1973; Bott et a l .  1980). Out 
resu l ts  general ly agree with several repor ts  on the e f fec ts  of  NTA 
on microorganisms, insects, mammals, as wel l  as on several types 
of cul tured oe i l s  (see fo r  references: Venier et a l .  1987). 

Present data c lea r l y  ind icate that NTA is  able to influence the 
ear ly  development of marine invertebrates already at concentra- 
t ions as low as those that may be present in natural environments 
(Bartholomew and Pfaender 1983). 

The strong capacity to sequester metal ions as water soluble 
complexes is considered as the real hazard posed by the intro- 
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Figure 6. Pattern of prism stage frequencies in eggs of P. l i v i dus  
developing in presence of NTA in two successive experiments. In 
abscissa, hours from f e r t i l i z a t i o n .  

duction of NTA in natural environment (Perry et a l .  1984). In fact  
several insoluble metals increase the i r  t o x i c i t y  a f ter  the i r  so l -  
u b i l i z a t i o n  by NTA (Montaldi et a l .  1987). NTA also interacts with 
soluble metals, in some cases lowering or removing the i r  t o x i c i t y  
(Allen et a l .  1980; Muramoto 1980). In fact the t o x i c i t y  of trace 
metals seems to be dependent on the concentration of the f ree 
metal ions (Allen et a l .  1980), as strongly chelated metals are 
usually hot read i ly  taken-up by the organisms (Mottola 1974). 

This property of the chelating agent may p a r t i a l l y  explain the 
resul ts of out experiments. Trace tox ic metals are normally pre- 
sent in sea water ( in par t icu lar  in the coastal zones). In general 
they are complexed in a l a b i l e  form with anionic s a l i n i t y  compo- 
nents (Nurnberg & Raspor 1981), which presumably are easi ly  lost  
at the membrane leve l ,  al lowing the penetrat ion of the metal. In 
the presence of NTA much stronger l inks are formed between NTA and 
metals, resul t ing in the de tox i f i ca t i on  of the sea water. However 
the resul ts obtained in experiments performed with a r t i f i c i a l  
laboratory sea water (G-L, Figure 5) show that other mechanisms 
must be involved. In fact in the a r t i f i c i a l  medium, in which heavy 
metals are absent, the e f fec t  of NTA is s t i l l  present, though not 
as strongly as in natural sea water. As shown by Raspor et a l .  
(1977) and Nurnberg & Raspor (1981), in sea water some relevant 
s a l i n i t y  components, in par t i cu la r  the a lka l ine  earth ions Ca(I l )  
and Mg(I l ) ,  compete for the ligand NTA. The chelat ion of such ions 
might a l t e r  the ion r a t i o ,  and, considering the high b io log ica l  
s igni f icance of the involved cations, th is  could explain the 
observed ef fect  on the sensi t ive developmental stages. In con- 
clusion, in evaluating the possible ef fects of the presence of NTA 
in natural sea water, the p o s s i b i l i t y  of an a l t e ra t i on  of the ion 
ra t i o  should hot be neglected. 
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