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Water hyacinth growth is kept under control by the weed eating 
weevils, Neochetina eichhornae (Warner) and N. bruchi (Hustache). 
Water hyacinth is generally considered an aquatic weed because 
i t  clogs waterways, although i t  has recently been evaluated 
as a potential biological f i l ter for sewage effluents (Wolverton 
et al. 197g; Kaiser 3amil et al. 1987). Mercury and mercurial 
compounds became widely known as toxic substances only after 
their effects received world wide attention due to the repeated 
outbreak of the epidemic Minamata disease in 3apan (Tsubaki 
1977; Takeuchi et al. 1959) and in Iraq (Bakir et al. 1973). 
[~ecently, increasing concerns stem from the wide existence 
of mercury contamination (D' l t r i  1972) and this has stimulated 
renewed interest in various facets of environmental pollution 
of mercury. Advances have been made in our knowledge of 
mercury contamination in the aquatic environment and its mode 
of interaction with various biological systems. 

Water hyacinth plants are continuously subjected to contamination 
by mercury and other heavy metals from industrial effluents 
and fert i l izer impurities (Wolverton and McDonald 1975; Kaiser 
3amil et al. 1985; Muramato and Oki 1993). L i t t le  is known 
about the interaction of heavymetals/plants/insects. Kay a n d  
Hailer (1986) studied the influence of heavy metals as Pb, Cd 
and Cu on feeding behaviour of the weevil N.eichhornae. In 
an earlier publication we reported that Cd, Zn and Mn altered 
the protein and nucleic acid content of the weevil N.eichhornae 
(Saber Hussain and Kaiser 3amil 1989). Enhanced reproductive 
act iv i ty of N.bruchi fed on water hyacinth plants grown in polluted 
waters was also reported by Kaiser 3amil and 3yothi (1988). 

Aminotransferases are generally considered as indices for metabolic 
disturbances during Hg exposure. These enzymes are key enzymes 
for transamination, i.e., transfer of amino group from amino 
acid to keto acids which are ubiquitous in insects ([~ockstein 
1965). The objective of the present study was to examine the 
bioaccumulation of mercury through the food chain in Neochetina 
eichhornae and its impact on protein metabolism. 

Correspondence and reprint requests to Dr Kaiser  3amil  
a t  the  above address .  
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MATER IALS AND METHODS 

Water  hyacinth  Eichhornia  c rass ibes  (Mart) Solms plants  were  
grown in a l abo ra to ry  pond. From this cu l tu re  the plants  s e l ec t ed  
for expe r imen t a l  purposes were  app rox ima te ly  of the  same age,  
with the same number of leaves  and s imi lar  root mass to ensure 
uniform absorpt ion  areas .  Two plants  were  in t roduced into 
each of 2 1 c a p a c i t y  beakers  conta in ing e i the r  25, 50 or 75 ppm of 
mercur ic  chlor ide  solution in 1 1 of tap  wa te r .  Plants  were  kept  
for one week in this  solut ion in a greenhouse at  28 _+ 2~ at  
60-70% RHt. Leaves  from these  H g - t r e a t e d  plants  were taken  for 
me ta l  analyses  and were  provided to the weevils  as food for 
a per iod of one week.  Insects re leased  on plants  wi thout  mercury  
t r e a t m e n t  were  used as controls .  Af te r  one week of  feeding 
the insects  were  taken  for me ta l  ana lyses  and for e s t ima t ion  
of b iochemica l  p a r a m e t e r s .  All expe r imen t s  were  r epea t ed  
3 t imes  of ten  in t r i p l i c a t e  each.  

The plant  leaves  and insects  were  washed with dis t i l led  wa te r  
twice ,  dried in s e p a r a t e  con ta iners  a t  80~ for 48 hours in an 
oven and ground to powder in a gr inder .  The samples  were  weighed 
and d iges ted  with a mix ture  (1:3) of c o n c e n t r a t e d  H2SO4, concen-  
t r a t e d  I-tNO~, and then oxidized with 6% potass ium pe rmangana t e  
solut ion.  Af te r  d igest ion the samples  were  f i l t e red  and ana lyzed  
for mercury  con ten t  using an induct ive ly  coupled p l a s m a - a t o m i c  
emission s p e c t r o m e t e r  (ICP-AES). 

The insects  fed on H g - t r e a t e d  leaves  for one week were  taken  
for b iochemica l  measu remen t s  as fol lows:  Pro te in  e s t ima t ion  
was done by Lowry 's  method (Lowry e t  al. 1951). F ree  amino acids 
were  de t e rmined  by using Ninhydrin r eagen t  (Moore and Stein 
1954). Alanine and a s p a r a t e  amino t r ans f e r a se  (AIAT and AAT) a c t i -  
v i ty  were  e s t i m a t e d  as descr ibed  by Bergmeyer  and Bernt (1965). 

Da ta  were  subjec ted  to analysis  of va r iance  (ANOVA). The da ta  
are  expressed  as the  mean +_ s tandard  e r r o r .  The level  of s t a t i s t i -  
cal  s igni f icance  employed  in all cases  was P ~  0.01. 

RESULTS AND DISCUSSION 

Accumula t ion  of mercury  in the various pathways  of the t r oph i c  
chain is p resen ted  in Table I. Af te r  one week the uptake of 
Hg by the plants  from the 25~ 50 and 75 ppm concen t ra t ions  was 
about  70-75%. At 25 ppm the concen t r a t i on  of Hg in leaves  was 
220.8 ug/100 mg, at  50 ppm 382.18 ug/100 mg and at  75 ppm it was 
597.72 ug/100 mg. Thus, a concen t r a t i on  dependent  accumula t ion  of 
Hg in wa te r  hyacinth  leaves  was found over a per iod of one week.  

The resul ts  obta ined  on b ioaccumula t ion  of Hg in insects  are  
also p resen ted  in Table  1. At the 25 ppm concen t r a t i on  the 
to ta l  Hg accumula t ed  was 15.16 ug/100 mg of leaves  in male insects  
and 14.8t ug/100 mg in females .  A s imilar  pa t t e r n  of b ioaccumula t -  
ion was observed a t  50 and 75 ppm. In males  the levels  of Hg 
were  s l ight ly  higher.  However ,  the  d i f f e rences  were  not s t a t i s t i c a l -  
ly s igni f icant .  It was also observed tha t  the feeding of insects  
decl ined as the mercury  concen t r a t i on  increased  in the  plants .  
This avoidance  mechanism of the insect  to the tox ican t  (Hg) 
is a r emarkab le  fea tu re .  This was evident  from the mercury  con ten t  
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es t imated from the insect bodies as seen in Table I. With an 
increase in mercury concentrat ions from 25 to 75 ppm thre 
was a decrease (from 6.8% to 1,7%) in mercury content  of the 
insect bodies~ this was the result of less feeding by the insects 
(unpublished data), 

Table 1. Concent ra t ion  of  mercury  in leaves and insects a l t e r  
o n e  w e e k  t r e a t m e n t  

Parameters  Mercury concentra t ions  
Control 25 ppm 50 ppm 75 ppm 

Mercury concentrat ions 0 6.23 13.10 23.67 
in water  af ter  one week + 0.46 _+ 0.29 + 0.37 

Mercury uptake by plants 0 18.77 36.90 51.30 
by difference (ppm) (75%) (73%) (68%) 

Mercury concentrat ions in 0 220.8 382.18 597.72 
leaves ( ug/100 rag) +14.96 +-13,58 +_11.~ 

Mercury concentra t ions  in 
insects ( Ug/100 mg) 

Males 

Females 

0 15.16 14.37 10.12 
_+0.81 +-0.~8 _+ 0.51 

0 lt) .81 12.71 9.67 
_+ 0.22 + 0.37 _+ 0.12 

Percentage  accumulated in 
insects by feeding on 
t rea ted  plants 

Males 

Females 

0 6.8 3.6 1.7 

0 6.7 3.3 1.6 

(ANOVA test  carried out. P (  0.01 in all cases). 

The level of total  protein free amino acids and enzyme act ivi ty  
in control and mercury-exposed weevils are presented in Table 2. 

These results indicated that  the decrease in total  protein was 
related to the concentra t ion of metal  absorbed by the insects. The 
changes were more significant at  25 ppm, which may be due 
to higher feeding rates as evidenced by their feeding marks 
on the plants. Feeding was found to decrease in the insects 
with increasing metal concentrat ions.  The results indicate an 
increase in free amino acids in mercury contaminated weevils 
over the controls (Table 2). Two possible mechanisms for this 
could b e  predicted. Firstly, the amino acids are available in 
pyruvate  via react ion involving TCA cycle into axaloaceta te .  
Secondly, the presence of free amino acids indicates a possible 
role in their increase in the rate of gluconegenesis to ac t  as 
a supplementary source of energy to meet  the energy requirements 
under mercury stress. An increase in both the enzymes A IAT 
and AAT also indicates that there is more conversion of amino 
acids into ketoacids to be utilized for energy synthesis. 
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Table  2. Changes  in b iochemica l  p a r a m e t e r s  o l  Neoche t ina  
e ichhornae  (Warner) fed on m e r c u r y - t r e a t e d  plants  

Initial mercury  concen t ra t ion  in wa te r  
P a r a m e t e r s  Control  25 ppm 50 ppm 75 ppm 

Total  protein conten t  3115.35 2086.33 2759.12 2865.66 
( ug/100 mg) _+ 71.80 _+93.68 _+ 36.83 -+ 35.11 

Total  f ree  amino acids 825.12 985.75 1210.12 1250.15 
( ug/100 mg) , 25.10 , 00.12 -+ 26.19 -+ 35.12 

AIAT ( u moles o5 12.55 18.85 16.17 15.92 
p y r u v a t e / f o r m e d /  -+ 0.02 _+ 0.25 _+ 0.25 _+ 0.50 
mg/p ro te i n /h r )  

AAT ( u moles os 10.25 13.25 12.21 12.51 
p y r u v a t e / f o r m e d /  _+ 0.28 _+ 0.31 +_ 0.35 _+ 0.0 1 
mg /p ro te i n /h r )  

(ANOVA tes t  car r ied  out. P~0.01 in all cases) 
A IAT = Alanine amino t r ans fe r a se ;  AAT = Aspara te  amino t rans fe ra se  

It is also evident  f rom our results  tha t  the dea r r angemen t  in protein 
degradat ion  is r e f l ec t ed  by changes in protein composi t ion tha t  
is prote in  metabol ic  per turba t ion  during mercury  stress.  Knox 
and Greengard (1965) repor ted  tha t  amino t rans fe rases  served 
as a s t r a t eg ic  link be tween  ca rbohydra te  and protein metabol i sm 
urider envi ronmenta l  s tress .  The re la t ive ly  higher AIAT and 
AAT ac t ive ly  demons t r a t e  high adapatab i l i ty  of the insects  
to mercury  toxic i ty .  Since these  enzymes  are  known to display 
the s t a t e  of adaptabi l i ty  under s t ress  conditions (Nichol and 
Rosen 1965), it is t he re fo re  concluded tha t  heavy meta l s  in te r fe re  
in normal  protein metabol i sm of the weevils.  However ,  s ignif icant  
b ioaccumula t ion  and biochemical  changes induced by heavy meta ls  
must  be viewed with caution with respec t  to human health 
as some me ta l  ions a f f e c t  growth ra te  and the abil i ty to ass imi la te  
food. The heavy meta ls  tha t  induce b iochemical  a l te ra t ions  
through the food chain are  poorly understood and need to be 
inves t iga ted  more extens ively .  
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