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Chlorination of water using bleaching 
powder is an accepted procedure for puri-
fiication of water so as to render it suitable 
for human consumption. A standard 
level of chlorine is prescribed in such chlo-
rination procedures. However, indiscrimi-
nate use of bleaching powder many times 
much above the safe limit is often practiced 
in public water distribution system without 
taking into consideration the hazards of 
superchlorination. The superchlorinated 
water when consumed over a long period 
of time is a potent health hazard for men 
and animals. But, this aspect has not been 
the subject of detailed investigation, 
although its implications are very signifi-
cant. A study vvas undertaken taking duck 
as a model to elucidate the biological effects 
of consuming water with high chlorine 
content. The results obtained have been 
presented in this paper. 

IVlaterials and iVlethods 

Eighteen white Pekin ducklings of 1-2 
months of age were used. They were 
maintained on standard duck mash. Feed 
and water were provided ad lib, Aft®r an 
observation period of t~vo weeks, they 
were divided into three groups of six birds 

each. They were provided with water 
containing Z mg and 5 mg of bleaching 

powder {chlorinated lime} per litre for EO 
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days for groups one and two. Birds of 
group 3 were given water without chlori-
nation and served as experimental control. 

Body weight ; 

Weight of the birds were recorded be-
fore the commencement of the experiment 
and at fortnightly intervals. 

Haemoylobin 

Haemoglobin was also estimated at 
fortnightly intervals. 

At the end of 60 days ducks were 
sacrificed by exsangunation and weight of 
bursa, spleen and thyroids were recorded. 
Representative samples of tissue from elf 
organs were collected in i 0 % buffered 
neutral formaldehyde. Paraffin sections 
prepared were stained with routine haema-
toxylin at~d eosin. 

Resultts 

The data on body weight are shown 
in Fig. {1). Analysis of the body weight 
of the birds showed significant reduction 
in the weight gain of birds in group 11 
compared to that of group I and III. 

Haemoglobin 

Haemoglobin values are shown in 
tables 1 to 3. Haemoglobin concentration 

did not show significant difference among 
different groups. 
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Body weight gain in ducks 

Organ weights 

The data on weight of thyroid, spleen 
and bursa are shown in Fig. 2. ~Veight of 
thyroid in the birds of group it snowed 
significant increase compared to tha control 
birds and birds of group 1. 

Thera was 'no significant differenca in 
the vveights of spleen and bursa of ducks in 

different groups. 

Clinically the ducks of both experi-
mental group show©d diarrhoea in the Later 
part ofi the experimental observation 
period. 

On postmortem examination there vvas 
severe enteritis. Gross examination of the 
thyroid of the birds of experiments! group 
showed moderate enlargement. The liver 
and the Ecidnay were congested. 
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Fig. 2 VUeigi~t ofi thyroid, bursa and spleen 

Histologically there was enlargement 
of the thyroid fol licles when compared to 
the normal {Fig. 3). Follicles of varying 
sizes were evident. Some of them were 
much dilated. The follicles contained 
pale thin colloid and some of them did 
not contain any colloid (Fig. 4). There 
was moderate congestion of capillaries. 
Degen©rated and desquamated epithelial 
cells were seon in the lumen of the 
follicles. Tf~e histological picture was one 
of colloid goitre. The changes wore more 
severe in the ducks fed Nigher dose of 
chlorine. 

Then© was moderate to severe catar-
rhal enteritis. The mucosa had partially 
desa,uamatad and the sub-mucosa was 
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infiltrated with heterophils, {ymphocytes 
a rid few monocytas. The vessels were 
severely engorged. 

The bursa of Fabricius showed loosely 
arranged lymphoid follicles (Fig. 5). Within 
.the follicles, lymphoid cells were few and 
the germinal centres wer® inactive. There 
was interstitial oedema and congestion of 
moderate degree was evident. 

There was granular degeneration of 
hopatocytes around the central vein. The 
centre! vein and the sinusoids wer® sev®re-
ly engorged. 

The spleen and the kidney showed 
congestion. The other organs did not show 
any change. 
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Table 1. Haemoglobin level at fortnightly intervals: Group-I 

IV V B 1 II Ill 

9.6 9.$ 10.2 10.2 10.4 10.2 

9.4 11.4 9.4 10.8 i 0.2 9.8 

1 0.2 9.8 7 9.8 9.8 9.2 

9.8 10.2 9.8 9.4 8.4 9.2 

9.6 1 0 9.6 9.8 9.2 8.2 

9.2 10.6 10.2 8.2 9.4 9.6 

Mean 9.63+ 10.30± 9.37+ 9.7+ 9.57± 9.37+ 

with S E. 0.141 0.251 0.491 0.357 0.299 0.280 

Table 2. Haemoglobin level at fortnightly intervals: Group-II 

10.8 10.4 9.2 9.2 9.2 9.0 

8.4 11 8.8 10.4 8.4 9.2 

10.2 10 8.4 9.8 10.0 
9.8 9.8 1 0.0 1 0.0 8.6 9.8 

1 0.6 9.2 9.6 8.8 1 0.4 

1 0.2 1 0.4 8.2 9.2 9.2 9.0 

Mean 10.0± 10.13± 9.03± 9.57± 9.30+_ 9.25± 
with S E. 0.350 0.251 0.284 0.244 0.317 0.189 

Table 3. Haemoglobin level at fortnightly intervals: Group-III 

8.2 8.8 9.6 9.8 9.4 9.2 
9.6 9.4 9.4 i0.0 10.2 9.8 
9.8 10.2 9.8 10.4 9.6 9.4 
9.0 9.4 11.2 10.6 9.8 9.6 

1 0.2 8.8 10.4 9.8 9.2 9.4 
9.8 9.8 10.6 10.2 9.2 9.0 

Mean 9.43± 9.40+ 10.17+_ 10.13+_ 9.57_+ 9.4+_ 
with S E. 0.294 0.225 0.280 0.133 0.158 0.115 

Haemoglobin level : g/dl. 
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Fig. 3 

Thyroid; Normal duck. Follicles lined 

with cuboidal epithelium. H&E x 250 

Discussion 

The observations made during the 
course of this investigation have clearly 
showed the deleterious effects of super-
chlorination of drinking water in ducks. 
This was evidenced by the severe enteritis, 
colloid goitre ,hepatic degeneration, deple-
tion of lymphocytes in bursa and rnoderate 
congestion of other visceral organs in ex-
perimental birds. The changes observed 
were significantly doss dependant. It 
would appear that chlorine induces vascu-
lar changes in the liver and this should be 
considered as the toxic manifestation of 
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Fig 4 

Thyroid: Chlorinated water: Dilated follicles 
lined with flattened epithelium. Some of the 
follicles are devoid of colloid. H&E x 250 

chlorine ion. The irritation caused by 
chlorine might have been responsible for 
enteritis. 

The changes in the thyroid was one 
of colloid goitre. The competitive role of 
halogen group of compounds is wail 
known. The superchlorination had result—
ed in poor absorption and utilisation of 
iodine and this was manifested in the form 
of colloid goitre. 

The changes in the bursa of Fabricius, 
were an indication of immunosuppression 
and this was characterised by lymphoid 



92 Leenadevi, Valsala, Vijayan, Gangadharan and Rajan 

Fig. 5 

Bursa: Chlorinated water: Loosely arranged 

lymphocytes in the follicles and oedema. 

H&E x 200. 

depletion. This has great relevance and 
practical importance. When livestock are 
given chlorine water indiscriminately over 
a long period of time this will lead to 
immunosuppression. Ths consequent effect 
will be breakdown of immunity and poor 
immunological response following vacci-
nation. Now-a-days farmers, particularly 
poultry farmers experiences this problem 
and many times the reasons for this poor 
immunological response are not identified. 
In urban and suburban areas chicken are 
given chlorinated water as a routine and 

that too, superchlorinated. This will have 
_serious adverse effect on liv©stock health. 

The normal permissible level of 
chlorine in water is 0.2-0.5 mg/litre. In 
this experiment the doses employed were 
2 mg and 5 mg;'litre. Although no specific 
analysis of water was undertaken the 
taste of water in many public water 
distribution system indicated high level. 
This much concentration can be expected 
in the water supplied. The experimental 
observation was only for a period of two 
months and natur211y when superchlori-
nat©d water is consumed for a long period 
the effects will be much more severe. The 
available literature did not reveal any 
reports on similar studies. 

Summary 

Clinicopathological effects of super-
chlorination of drinking water at different 
dose levels were studied in ducks. White 
Pekin ducklings of 1-2 months of age 
were provided with drin:cing water 
containing 2 mg and 5 mg of bleaching 
powder per litre for a period of 60 days 
Clini:,ally there was diarrhoea and weight 
loss. Sever© enteritis and moderate 
enlargement of thyroids wer© noticed on 
post mortom examination. There was 
colloid goitre and the bursa of Fabricius 
showed depletion of lympho;,ytes chara-
cterised by loosely arranged lymphoid 
follicles, inactive germinal centres, and 
interstitial oedema. Other prominent 
features were granular degeneration of 
hepatocytes and congestion of spleen an d 
kidney. Findings of this study points 
towards the immunosuppressive and 
goitrogenic effect of su~srchlorination of 
drinking water and this may lead to break-
down of immunity particularly in chicken.
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