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|. Exccutive Summary
unJab a prosperous state ol India. _pioncers in both agriculture and industrialization.
However these two activitics along with ever increasing urbanization are leading to pollution

of its vast watcr resources. Despite being one of the richest states of the country in terms of

‘ﬁé:r“capita income. the health indices of the state arc not the best with an infant mortality of

42.per 1000 live b]llh\ high pu\'dlunu of- ammn among children between 6-35 months

_(80 2%) and pregnant wotnen H 0%0) as pu N wional Family Health Serio.s-3 (NFHS- })

'On]y 34.7% children with dii ihm_Lu lmmd “with oral rehydration solulmn Due to

tgxbamzatlon and industric xlx/almn in the stalu a laroe amount of wastewater is generated and

i
is drained mostly parti: I”\ oruntreated in the local drains, which had led 10 the pollution of
these drains. The present study was umduchd in Punjab to ascertain the eftect of effluent
water pollulmn on human health and water qualitv among the people living near five major

effluent drains viz. Buddha drain. Hudiara drain. IZast Bein drain. Tung Dhab drain and Kala

. Singha drain of the arca.

!
¥

' Mapping of arca was done by a tcam of field investigators under supervision of medical

officer and study investigators (o prepare a village level profile in terms of exposure to

industrial wastes, proximity ol industry (o the v ¢ and pereeption of local people

regarding ground and tap water pollution. The villages were classified as reference and

control areas. which were of high (mid and down sucam) and low polluticn ¢ coriy stream)

respectively.

A total of 5371 and 2018 study subjects were sclected by systematic random sampling from

refercncc and control arca respectively and i ~ed to elicit information on various

morbiditics. Samples ol water. vegetable, fodder, urine and milk (human and bovine) were

collected to ascertain cffects of pollution on their muality. This included testing of physical
and chemical quality besides contamination by heavy metals and pesticides. Blood samples
were also collected to estimate pesticides concentrations. Buccal smears were scrapped to

ascertain initiation of mutagenic activity in epith tial cells.




met g and discoloration of “tecth

‘delayed milestones.

association of occurrence of gastromtcstﬁial

The study revealed a statistically significant
water telated vector borne diseases (malana dengue) :

problems (diarrhca. vomiting cte).

skin, eye and bone problems among persons residing in reference arca (p<0.05). Drain wisc

stratified analysis revealed a significanty higher association of gastrointestinal, skm eye and

bone problems among resident of reference arca of Buddha drain. The numcrous mdusmal Qe £

units in Ludhiana. discharging inadequate or untreated cffluent and municipal waste water

could be a major reason for the morbidity profile of the study subjects in that arca The study

slem in Punjab with significantly higher association of -

\-/

revealed thatflourosis is a major prol

¢ ani than permissible fluoride levels. Overdll -

vastrointestinal problems and blue line on gums were significantly

higher among children of reference wica as compared to control arca. Average abortion rates

among women were also significantly higher in reference area.

Mean biocheniical and chemical oxygen demand (BOD and COD respectively) levels in

"eators of inadequate treatment of domestic

excess of the permissible limits (MPTY are
An analysis of the level of BOD and COD

sewage prior 1o discharge into water bodies.

according to place ol sampling in relation o the point of scwage disposal into the drain has

aim that the unticated or partially treated sewage is discharged mto'

further substantiated the ¢l

these drains. I.cvel of organic pollution as refle cted by BOD and COD value was observed to

be maximum al points which were just downstream from point of municipal scwage dlsposal.

The possible point sourees had been identified. The study also revealed Mercury, Cadmium,

Chromium, Copper and Lead to be hipici in samples of ground and tap water tested. Metal

and clectroplating industries found in abundance in these towns from which the drain pass

arc the most probable cause of higher levets of heavy metals in drain. tap and ground water.

Cadmium and Sclenium are fowgl in higher concentrations due to effluent discharge from

food, dying and lcather industrics. Similarly Copper, Lead and Chromium levels are

attributed to leather. tanning and metal ndustries. The bacteriological quality of drinking tap
water was tound to be poor as shown by presence ol higher total coliform and E.coli.

Fndosulphan and Chloripyriphos pesticides were observed in concentrations

[eptachlor. 3
21.5% and 16.1% samples of ground and tap

exceeding the maximum res sidue limit in 23%
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~ levels of heavy meml\ and p

“food, milk and blood. Majority of the morbidities observed are acute toxicities of these heavy

may “manifest in the coming years.

‘ev1denoc of genetic damage 1s 0

: persons in reference ar

in subsequent timc

r. Pesticides were also detected in vegetables, fodder. bovine and human milk and blood

'samples ThlS shows that pesticides havc entered into food chain. The possible reasons for

detection of these pesticides may be duc to agricultural run off and irrigation of fields with

drains water. The health effects observed in the present study are a manifestation of higher

esticides in drinking water, which is bioaccumulating in fodder. *

metals and pesticides. Since th rapid ‘ndustrialization has its onset. which can be traced to

19905. it is very likehy that lhg chronic effects of heavy metals and pesticides contamination

Fvidence of micronuclei in epithetical cells. reflecting
bserved to be higher in epithetical cells of buccal smear from

ca of Hudiara Nallah. The DNA adducts study in limited blood

samples has con firmed carying degree of mutations in 65% of the blood samples. This is an

early indication of likelv increased manifestation of cancerous lesions. which might be SeCTlysg.

7Y 3

Another evidence of likely chronic effects emerging in future 1S the
alence of gencral health etfects likc\y{‘lmbncss of fingers and Iyéof
%

m indicator of carly neurotoxicity due to heavy metal concentration

significantly higher pre
finger nail/hair. which % 1

like mercury and lcad

It is concluded thal morganic and organic pollution is an important problem in all major

drains as reflected by higher BOD. COD, heavy metals (Hg. Cu. Cd. Cr. Pb) and pesticides

residue (Chlorpy riphos. A alathion. Dimethoate. Aldrin, Heptachlor. o-Endosulphan. -

Endosulphan) in relerence s compared to control arca. This is also reflected by higher level

of heavy metals ¢11g. (o G i Ph. Cr) besides pesticides residue (Chlorpyriphos. Malathion.

Dimethoate. Aldrin. Ileptachlor. o= I:ndosulphan. p- Endosulphan) in ground and tap water

which has affected the food chain and human health as reflected by higher concentration of

these heavy metals and pesticides seen in samples of vegetables. fodder. bovine and human

milk, urine and blood in reference arca as compared to control arca. Mercury and fluoride

levels have been found to be consistently more than permissible limits in reference and

control areas. There is an cvidence of genotoxicity as reflected b) higher prevalence of

occurrence of micronuclei and mutations in reference population as compared to control area.

which is significant in subjects belonging to reference arca of Hudiara Nallah. The health

10




cffects of walter pollution is reflected by ;igmiicanll.\' higher association for occurrence of
gastrointestinal problems.  water related vector born discases (Malaria. Dengue). skin
problems, eye and bone problems in the reference population. Average abortion rates among
~“women and delayed milestones among children are significantly higher in reference area. ;
There is no evidence at present of higher chronic health problems duc to genotoxicity since

D

lenvironmental pollution takes long time cven in decades to reflect in chronic discases.

- Recommendations:

Since there is a high level of inorganic and organic pollution in major wastewaler drains of
N RLET T2

Punjab, the Technical Review Committee of the project recommended that
1. There is a need for regular monitoring of water quality of drains. induslr_'j\t' and municipal
bodies for organic and morganic pollution. The Municipal Committees and regulatory
bodies nced to strictly enforee the relevant rules for water pollution. o L :
2. Water Supply and Scwage Board, Punjab should undertake steps for provisiol; (I_lf.su_l'c
drinking water and proper disposal of sewage. Rural development and Panchayati raj
department should cncourage panchayats in rural arca to plan. construct, manuge and
- maintain their own water supply and sanitation facilitics as a model. which is successfully
being implemented in Gujarat.
3. The local bodics department should support Municipal Corporations committees of major

towns in Punjab to sctup sewerage/solid waste treatment facilitics. Similarly, industry

3 should treat their cffluent before discharging into water bodies and it should be strictly
enforced by regulators.

4. Water Supply and Scewage Board should also do regular monitoring of drinking water
quality. 1t should include monitoring of physical & chemical parameters. heavy metals,
pesticides and bacteriological testing. Strict action should be initiated against defaulters.
The board should also setup or identify regional laboratories in the state in public or
private sector to undertake tests-for water quality including heavy metals and pesticides.

5." The Health Department should establish a surveillance system to identify acute and

_ chronic effects duc (o heavy metals and pesticides. Regional laboratorics in government
" or private scctor should be identified to monitor heavy metals and pesticides in urine and ‘

"blood. Local health authority designated by health department should undertake

D e i anie s e T T R R R




peioning the level of heavy metals and pesticides in the food. Similarly Biomedical
i\_g%uc Management rulcs should be strictly followed in all health institutions of the state
.x;,x;\'ent possible contamination of drinking water with mercury.
Q\sﬁg\uhure and dairy development department should undertake regular monitoring of
‘ g\mmde and hcavy metal levels in food grains, vegetables, fruits and milk.
'h},\anment or Coopualm department should promote voluntary action for xcstoralxon
o water quality of nm;m drains as demonstrated by experience of eminent pecople
weiking on Buddha Nallah and East Bein. Government should extend full support for
An\\y‘c carrying out such voluntary activities. | ﬁ;
Huither studies for identification of DNA adduct  are needed to ldcntlfy the specific

W‘*}'- metals and pesticides involved in genotoxicity. Sll’l’ll]ﬂfl)%«SOlll‘CC identification for

¢ oollution from industry and municipal committees should be undertaken.

Ak




> Introduction

Punjab is one of the most prosperous states of India. pioncering in the green revoldtion and

industrialization. Punjab has abundant water resources. but due to rapid migration of pcople

from villages to citics. industrialization and usc of fertilizers and pesticides. these resources

are getting polluted. Large amount of elfluent being generated by different kind of industrics.”

which are responsible for formation of some big effluent drains.

The sources of water pollution are industries. municipal sewage. urban storm water and non-

point pollution especially due to runolf l‘romnugriculun"c':ﬁclds cte. which discharge fluid

laced with various contaminants including heavy metals into the water bodies. Heavy metals

- “are naturally occurring clements and arc present in varying concentration in all ccosystems.

There are huge numbers ol heavy metals found in elemental form and in a variety of other

chemical compounds. uman activities have drastically ¢hanged the biochemical cycles and

balance of heavy metals”

[lecavy maals are known o le potentially hazardous substances. They can be absorbed by

ts. which are the primary producers in the ccosystem. As they move up the food

green plan
ate in the plant and animal

chain from producers to consumers, they tend to bioaccumul
12

tissues and gausc Sshysiological and neurological disorders. In Punjab. various studics 5
) £ & |

have already reported bioaccumulation of heavy metals like lead. mereury and zinc in aquati:

fauna. Metals like Cadmium. Lead. Zine and Chromium have also been found bevond

permissible limits in ereen vegetables grown in ficlds irrigated with water from drains like

Hudiara Nallah and Gandha Nallah in Amritsar and Buddha Nallah in Ludhiana. Studics by

“PPCB have also reported the presence of heavy metals in waters and sediments of major

. 13
rvers .

A preliminary study done by PPCB show that main source of pollution in Last Bein s

untreated wastewater ol the citics, industrial wastewaler, agriculture and other related
activities of the villages along (he Fast Bein. Ground water quality has also been affected

with respeat to total dissolved solids. Accumulation of Chromium. Nickel, Zinc, and

pesticides ax high in the sediment of IFast Bein. Traces of metals like Chromium. Nickel,

13
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and Zinc were detected in soil samples of the ficlds irigated by the cfftuents of Fast Bein v
ater quahty of Hudiara Nallah has deteriorated due to discharge of untreated/treated

ts by industries. Municipal Corporation of Amritsar and Guru Nanak Dev University.

This Nallah is not only affected by industrial and city sewage but also from agriculture and

Another sludy show that bdslmcnluologcal and vcctor borne diseascs. i.c. malaria, dcnguc.

It had been reported in a study that people living in close proximity of Tung Dhab Drain,
which is sub-drain ol Iludiara Nallah, are having' significantly higher genotoxicity

compared (o the people not exposed (o contaminated water living in control arcas. With the
above background. it was decided to undertake an epidemiological study on the cffects of
efﬂucnts on human health and water quality among the people living in close proximity to

major waste water drain in Punjab.




e

3) To assess health profile of people living near wastewater drains.
G0 4) “To find out any association between exposure 10 chemical pollution and health profile of
5 1

3. Aims & Objectives

1) To ascertam the status of chemical composition of effluent of five major ¢ffluent drains.-

2)-To asscss the pattern and chtcnl of chemical pollution of tap and ground water ai ¢
A g )

adjoining to the study sites.
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study population
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4. Mecthodology

which has literacy rate of 74%. Access 1o

north Indian State,
'« 93.7% and 56% respectively while 54% of population

't;ation in urban and rural arca 1s
(79.4% urban, 38.4% rural). The health indicators

access to piped drinking watcr supply
ate of 18.1 and 6.7 per 1000

-+ af ‘ab reveal a birth rate. death rate and infant mortality r
cly. It is called the land of 5 rivers.

population; and 40 per 1000 live births respectiv
ource of irrigation is mainly canal~water

¥ A/}gticglture is the main source ol living for people. S

Figure-1: Mapping of Study Areas
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s of Punjab. which include Buddha Nallah, Hudiara

The study includes five major drain
1. Buddha Nallah originates

ast Bein Drain, and Kala Singha Drait

Jallah, Tung Dhab Drain. I
(District. Ludhiana) passes through Lud
a natural -storm water drain, which

ear the village Raipur ( hiana city and meets river

Jvovvoewdu v".u 7 01 uf_uf Hﬁ Ho_ o*yﬂ-

I‘ast Bein or Chitti Bein is

_ UJ near Khera Bet.
ict Nawan Shah

originates necar village Bhairan Majra in Distr ar. Several sub-drain fall into
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East Bcein, of which Kal. Singha drain is most important as it carries individual wastes ol
Kapurthala and Jalandhar and meets Fast Bein near Khanpur. Hudiara Nallah is basically a
storm water drain with total length of 35 ks originating from the village Heir on Amritsar-
Ajnala road up to village Daoke, alter which it flows into Pakistan. Tung Dhab Drain is the
tributary of Hudiara Nallah. which ongntes near village Sll;llllx.ll_])lll.l passes  throuph
' Amrltsal city carrying industrial and domestic sewage and falls into Hudiara Nallah near

Khiala Kaian. A map showing the location of various drains is shown in figure 1.

o i v}

4.2 Study Design i
" A cross scctional study was conducted in the arcas covering cach of the five selected drains
in Punjab. A rapid survey for mapping of the arca along the drains was done and a \'illdg.
level profile of the entive arca was prepared in terms of exposure to industrial wastes.
proximity of industry to the village, usage of pesticides in farming and perception of local

people regarding ground and tap water pollution.

Table I: Drain-wise distribution of study villages for epidemiological study

D Study Villages
: e o ARl i IO N A
; Reference area ~_Control area Ty
[ hera Bet, Ghaunspur, Chandan Nagar. Malakpur. .
Buddha Nallah e o e Raipur. Bahlolpur
Partap Singh Wala
= ; ; Nabicroa, s han-Ishuan, I’Ilul( i .I ll i
East Bein D, WATEHIGEC D I y : M”“ e Hedr, Kulam. Barnala Kalan
Haripur
. . . Haler Khanpur, Bulandpur, Kesarpur, Fatehpur, .
Kala Singha Drain et IRl PATROPIT Esar) S Nangal, Nahmudpur
: Kala Singha
. R al. Lahori Mal, hwa. Bhajni Rajputan, :
Hudiara Nallah Bilga. L al. Mehivi aj an Naneal Panuan. Bhoma
\Llllll”\()l 8
( Yoparal Ba) Singh, Khiala Kalan, .
Tung Dhab Drain e T \j Sing Bullowal, Shankarpura
Guru Amardas colony

These villages were catcporized into high and low pollution villages. Two low pollution
s~ . s . . . . ~
villages per drain were ~lected as control arca. These include the village at the origin of the
drain and another village > km proximal to the origin. A total of five villages were sclected
as the reference arca for cach draimn. These villages were the arcas where effluent disposal

17

Bt R :Z

eih e

)

o

._ﬂ..;s»'z,mhﬁnﬁhmmnaaanmnmnnaaaamo

7



nmo the drain was maximal. 1 hese villages were selected by stratified random sampling to

include equal proportion of villapes near the mid-point and end point of the drain.

Table 2: Drain-wisc distribution of study villages for samplc collection and laboratory

testing

Study Villages

i i Drain - 2l )
Reference area Control area

Buddha Nallah - Khera Bet. Chandan N"xg,u Raipur

= e

East Bein Drain _ l\'hiu}-Kh_un. Phul Guddowal . Barnala Kalan

" Kala Singha Drain

i
Fatehpur, Kala Singha Nangal

Hudiara Nallah R;Tn Tal. Lahori Mal Bhoma

Mahal. Boparai Baj Singh

Tung Dhab Drmn

Shankarpura

The study has two cmmmm‘niféfI'u'slly to ascertain health effects of cffluent pollution on

human health and secondly 1o ascertain the effect of effluent pollution on physical and

chemical parameters and concentration of heavy metals, pesticides in water. vegetable and

fodder.

~4.2.1 Epidemiological study for health effects of effluent pollution

A cross sectional cpidemiological survey was conducted to ascertain cffect of cffluent

pollution on human health in selected villages along cach drain.

4.2.1.1 Sample size

,Sample size was calculated using Epi Info statistical program. Census 2001 population

flgures for Ludhiana. Amritsar and Jalandhar werce 30.6 lakhs, 30.21 lakhs and 29.50 lakhs
respectively. Assuming expected prevalence of gastric disorder caused by effluent exposurc.

Ty s
BN

%" a3 10%, incidence of genctic disorders as 0.56%, desired precision ol 2.5%. worst acceptable

a6 0.10% and confidence level of 95% a sample size of 1000 was worked out for reference

hold survey, it was estimated to select five thousand

A

arca. For the cross-sectional house

T




E'

- The samples were collected from the res

cand individuals from the control arca ol all the

-

individuals from reference arca and two thou
five selected drains.
Thousand individuals were 1o be selected from reference arca of cach drain. which was

further sub-divided into 200 individuals per village of the reference arca. Similarly. four

hundred individuals were scelected from control area of cach drain with further sub-divided
into 200 individuals from cach village of the control arca of the sclected drains. These

individuals..were scleeted by systematic random sampling after preparing @ scl ol all

households in the village. Overall 7856 study subjects were selected, of which 5567 and 2289

were from reference and control arca respectively. In reference arca 4317 subjects were

adults while 1250 were children. Similarly in control area adults and children were 1777 and

512 respectively.

4.2.1.2 Study Tool

Household questionnaire:
otested structured schedule to clich information on soclo~demographie

Ihe individuals. selected in the above mentioned manner were

interviewzd on o

profile, source and quality of drinking water, perception of water pollution and system wvise

(gastrointestinal. skin. cye. hone. Kidney. obstetrical and miscellaneous) morbiditics.
Individuals were also enquired about their health status over the last one-year. Scparate
schedules were used for adult and childhood morbidities. Survey was done by a team of (wo
Junior rescarch fellows and four Field investigators under supervision of a Medical ofticer.

who elicited information on morbiditics.

4.3 Laboratory Testing for Assessniend of Effluent pollution
pective villages in reference and control arcas of the

five drains (Table 2). These samples included ground water (15). tap water (6) and effluent
water (15) in cach of the six rounds for sample collection. These samples were tested for
physical-chemical paramcters. heavy metals and pesticide residucs. Vegetable (10), fodder
(10) were analyzed for heavy metal and pesticides while urine (10) samples were analyzed
for the presence of heavy mnctals. Bovine and Human milk (5 cach) were analyzed for
pesticide residue. Ground and tap drinking water samples (12) were also assessed for

19

T I LG B

g

NN NN,

=

&
I5

L0000



bacteriological quality. Besides this blood samples (25) were also analyzed for pesticides and

DNA adducis.

round water. the water (Hand pump) source was first sterilized with the

For collection of g
allowed to run off for first half an hour and

burning flame using spirit lamp. Water was

ereafter samples were collected. Similarly in surface water collection. tap was sterilized

cooling tap was let on for 5 minutes and then mid-stream

using sprit lamp flame. Alter
sample was collected. Fifluent water samples were collected from approximately middle of

‘the drain with the help of a container tied to a long bamboo stick with rope.

e

Representative samples of vegetable and fodder were taken from the ficld along the drains.
hour urinc sample was collected in sterilized containers. Water samples, which

Twenty-four
r a period of one year (2006-2007).

ere collected, were staggercd in different seasons ove

amples (2006-2007)

Table 3: Scason wisc collection of water s

Sample Summer Monsoon Winter 3
(Mar, May) (July) (Oct, Dec, Feb)
Ground Water i 1(7‘_ 15 : 45 A
4 Tap Walcrﬁh - A A IZ.‘—_——— 6 18
——JL”_\ED\MLI 30 SR 15 | 15

The physical-chemical parameters. which were analyzed, were pH. alkalinity. total hardness,

1 phosphate, total iron, chloride.
ollution Control Board. New Delhi was

calcium, magnesium, ammoni residual chlorine and

. fluoride. Watcr testing kit standardized by Central P
Demand) and COD (Chemical Oxygen

g BOD incubator and COD apparatus

ays at 20° C and titrated to

péed for the analysis. BOD (B3io-chemical Oxygen

Demand) were measurcd for clfluent sample usin

TV ST T TSP

respectively. or BOD estimation, samples were incubated for 5 d
get the results. Similarly for ¢ ‘01 analysis samples were condensated for 3 hours and titrated

' to get the value.
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A total of twenty pesticides were tested which include organochloro pesticides (Dieldiin,
Alpha-Endosulphan. Beta-Lindosulphan,  Endosulphan  sulphate.  alpha-HCH.  beta-HCH,
gamma-HCHL, delta HCTL A0 4-DIT. 20 4-DDT. DDE, DDD. Chlordane. Chlorpyriphos.

Aldrin,  Heptachlor)  and organophosphorus  pesticides  (Malathion, — Dimethoate,

Monocrotophos). ‘
Table 4: Drain-wisce laboratory testing of samples.
. Parameters Tested g
‘Drain Arcea Phy/Chm. o Yo ;
Higlom, COD/BOD Heavy Metals Pesticides
. Parameter’'s ) T 7 REIN AR N :
) ‘.i N ¢ 2 | ‘( 2 ]
Buddha Nallah I‘.‘_" el LT L I N ,]_l SS ee. p T L
L Contiol b1 SR WS AR ST N . -
serenes ) %4
East Bein Drain | - ,R?‘?.“.L'?% . »-:A(_.’A,.A_“ o .-_-.,.A.,,_J_i’,___ I P A W | .
| Conuol S L R - L L Db g, - > 9
% e {eronce 2 S 2 2
Kala S. Drain S l\L]Ll_Ll_l_kL S e 2 ’_() SRS 30 . 0
ef. . Contl w0 W 5 12 6
Yoo Pspsiiess 75 ! 3 R
Hudiara Nallah ifelerenee o : W ! . 2/
Control . 10 R ) O |
B omee Lo L ) { . , ]
- ) O - X RS
lung D. Drain RA‘ ference 2 ..J'._'?_.,_._,-,,, s ,.”,A == L ' . ,‘U .= / _w_.__"),_._-_..
e Cantrol 10 ) 3 | 12 L™ a5 8 N

The samples were processed by extraction, clean up and concentrated by using Rotary

Vaccum Evaporator to approximately 2 ml. For the identification and quantification of

" pesticide residues. Nucon 57605 gas chromatograph fitted with electron capture detector (for

organo chlorines) and Nitrogen Phosphorus detector (for organo phosphorus) was used. For
ECD 1.5% OV-17 and 1.95% OV-210 Pyrex glass column used and 3% OV 101 for NPD
(100-120 mesh size). 2%uDicthylene Glycol Succinate (DEGS) column was used as an

alternate column for the confirmation of organochloro pesticides.

Heavy mectals viz. Copper. ©ead, Mercury, Cadmium. Chromium. Sclenium. Nickel and
Arsenic were analyzed using Atomic Absorption Spectrophotometer {or the quantification of

heavy metals.
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3.1 Micronucleus assay for genotoxicity

ce hundred samples ol buccal smcirs were collected in duplicate from the residents of the-

ages along each drain for the analysis of genotoxicity through micronucleus (MN) assay.

V’:_rl.s}'hese included 210 samples distributed uniformly in all villages of reference arca and 90

g \f;om the control area. These individuals were seleCled by systematic random samplin

village' after preparing o list o
e individuals were made to rins

e*'mlc‘hcck with a sterilized blunt spatula.

¢ within
{ all households. The samples were collected between
cbruary to December 20006. ¢ their mouth with water. The
uccal mucosal cclls were scrapped from inner- sid

was made on albumin-coated slides: TFe shdes were then fixed in 95% alcohol and

ned by papanicolaou method (PAP stamm;:)

The micronuclcus (MN) analysis was done with a

h slide was coded and scored blind.
ndrcd cells were scored per slides and then

lig tmxcroscope at 400X magmhulmn Five hu

MN per cell was calculated.

4.3. 2 DNA Adducts

‘NA was extracted from EDTA blood. using
instructions. The extracted DNA was quantificd

action (PCR) to amplify a

QiAmp DNA blood mini kit (Qiagen.

,.Germany) according to manulacturer’s
etrically and then subjected to polymerase chain re

spectrophotom
ation of DNA adducts.

10 4 kb HPRT fragment in order to detect the form

Prlmers used
HPRT Forward: 5" TGGGAT NCACGTGTGAAC CAACC 3

.}IPRT Reverse: 5° GCTCTACCCE TCTCCTCTACCGTCC 3

= - PCR Conditions

Denaturation 0357 0 see

Annealing - 30740 see

Amplification - 72°C 40 scc

VU 3acycles
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The amplified product was then subjected o a 1% agarosc gel clectrophoresis? A semi-

quantitative densitometric assessment was done for the PCR products by comparing the pixel

density of control bands with that of the test bands using Image Master Total Lab software.

The intensity of the bands was inversely proportional to the DNA adduct formation and the

pixel density of tests was expressed as percentage of pixel density of control.

4.3.3 Data Entry and Analysis

Epidemiological data was entered in SPSS version 10.0. Univariate
categorical epidemiological survey data by chi-square test and cstimate of risk for association
nce in reference arca was calculated by

analysis was done for

of various adult and childhood morbidities with reside

odds ratio. Stratiticd analysis ol health elfects across all hive drains was done. Role of

possible confounding factors was cvaluated by stratifying the results of epidemiological

survey according (o various. socio-demographic variables like age, sex, education and

occupation besides personalFhiabits vig, smoking, drinking cte. Mental [aenzel combined

odds ratios were computed combining the different strata.

Data of laboratory tests was entered in MS-Excel 5.0 spreadshect and analyzed using SPSS

10:00. Separate drain wise mean levels of physical-chemical parameters, BOD-COD. heavy

metals and pesticides in walter samples and; pesticide and heavy metals in vegetable, fodder,

bovine and human milk were computed. Drain-wise prevalence of samples with mean level

of paramecter tested more than the permissible limit was compared to draw association with

place of origin of sample (reference versus control). Statistical significance of mean

concentrations across arcas. drains and seasons was assessed using t-test.

Mean micronuclei count per cell was compared among residents of reference and control
-area and statistical significance computed using t-test. Age and scex-wise analysis for
micronuclei count was also done. Arca-wise comparison of difference in prevalence of

micronucelation in cells was done using chi-square test and odds ratio.
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5.1

pollution

Table 5

ST

Characteristics

| Hausch olds

Total Population
Male %
Female
Adult
Children
Mean Age (in yrs)

‘| Average Family Income

Below 840
840-2499
2500-4199
4200-8399
8400-16,799
| 16.800 or abave
Type of Locality
Residential
Industrial
Commercial
Farm Land
Other

Yes
No
< N.A. o

Smolunn llu[uls
Alcohol Habits

Perception of chiemical exposure

“Results

5.1.1 Bascline characteristics ol study groups

: Bascline Characteristics of Study Population

Epidemiological Survey to determine the health effects of effluent water

Reference Area

1002

Control Area
—4bt

5567
2875 (51.64)
2092 (48.33)

2289
1206 (52.08)
1083 (47.31)

Gt

4317 1777
1250 S12
27.93 284
2062 (26.14) 128 (32)
499 (19.8) 184 (406)
210(21) 75 (18.7)
21.¢2.1) 12 (3)
8(0.8) 2(0.5)
2(0.2) V]
901 (89.92)* 391 (97.5)*
12:¢1.19) 2(0.5)
2(0.2) 0
85 (8.48)* 8(1.99)
2(0.2) 0

* Figures in parenthesis imdicaies pereeitine

537 (12.441)
3643 (84.21)

183 (10.29)
1595 (89.7)

146 (3.37) 0
143 (3.31) 64 (3.0)
98 (3.51)

297 (6.87)

A total population ol 3567 and 2289 persons was sclected in reference and control arca. An
apploxunalc proportion of cqual males (~ 52%) and females (~ 48%) were observed in both

areas. The mean age and average family income were also similar in the two groups with

predominant familics having an income range of 840-2499 in both reference (49.8%) and

control arca (46%). Significant difference was observed in the distribution of population in

terms of type of locality (p-0.001) and pereeption of exposure 10 chemical (p=0.02). with
higher percent population in reference arcas (12.4%) having exposurc. There is no significant
difference among, the population residing in reference and control arcas according to smoking

habits (p>0.5) or alcohol consumption (p>0.053 { Tablc 5).
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Table 6: Asscsament ol Water Quality in study population

EraL
. L F Number of Households (%)
3 Characteristics .
e B Reference Area (N=1002) Control Arca (N=401)
e of Drinking Water
hallow hand pump 91 (9.08) S8 (14.40)*
Deep hand pump . ' 658 (65.60) ; 293 (73.006)
Tap 208 (20.75) . (10.97)
¢ 4 (0.4) 1(0.24)
, ; 41 (4.1) ) 15124
- Perception of polluted drinking watct 501 (50) 282(70.32)
- Duration of consumption (in yrs) [.22 2
. ‘Treatment of drinking water 45 (4.5) 3(0.75)
9d41;(rial Water Pollution
i Industry close to drinking water sciiee 79 (7.78) 1.(0.24)
‘Solid disposal in open space . 78(7.78) s 1(0.24)
te water in open drain 76 (7.58) 1(0.24)
‘Industrial waste in ficlds 7 » NGH T )
id Waste Pollution -
Type of Toilet Facility
Septic tank 234 (23.24) 98 (24.43)
Dry pit 205 (26.44)-- 107 (26.68)
pen air defecation 408 (40.71) 176 (43.89)
* Sanitary latrine 94 (9.38) 20 (4.98)
e 1(0.1) 0
jgricultural Practices
#-1" Use of pesticides in ficld 320 (31.93) 90 (22.44)
Use of nallah water for irrigation 132 (13.17) 0
- Use of vegetables grown in nallah water 79 (7.88) 41

:2Fjgure in parenthesis indicates percentage

"otstf"cbbmmon source of drinking water is deep hand pump in both reference and control

~area. Half of the families percéivc that-they are drinking polluted water in study area and

g ..7(‘)% of the families in control area (Table 0).

Ili'dustrial water pollution (7.8% in study arca, 0.24% in control arca), usc of nallah water for

e, . . P . ~ . .
*g‘lgatzl'on, (13.2% in study arca and nil in control area) and practice of growing vegetables in

allah water (7.8% in study arca and 1% in control area) was more in study arca as compared

Table 7: [Houschold perception of environment pollution in the locality

Number of Households (%)
Characteristics "~ Refdrence Area e MR Sl s
. (N=1002) (N=401)

Ifidustrial Water Pollution 215 (21.45)* 2(0.5)* 54.5 (14.7-54.7)*
= ) Ground Water Pollution 660 (65.86) 137 (34.2) 3.72 (2.89-1.78)
2 Waste Water Pollution 690 (68.86) 217 (54.1) 1.88 (1.47-2.4)

» Solid Waste Pollution 652 (65.00) 233 (58.1) . 134 (1.05-1.71)
@  ‘Figure in parenthesis indicatcs percentage o




-

There is statistically significant association of houschold pereeption of environiiental

pollution with the location of residence in Nallah arca. High association of industrial water

pollution was observed in reference arca (OR=54.5; 93% Cl=1 4.7-54.7) (Tablc 7, Fig{njc -2).

)

Figure 2: Arca wise Houschold Percepuon of environmental pollution.
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5 1.4 Arca wise mor lmhls profile

Table 8: Morbidity profile of adult study population

o [ R e — T
e sl I ~ontr ’
N = Characteristics R(l;[\:(:';‘;l7'}“" T (,(z;t::(;;'//\;)ca’—‘ p-Value OR (95% C.I)
égg;tm[nlestmal Problcm 626 (1°1.3) 100 (5.63) <0.001 2.884(2.285 - 3.540)
1_.Cramps ; 378.(8.75) 41(2.3) <(.001 -
~‘Nausea = 293 (6.78) 28 (1.57) <0.001 -
- Constipation 280 (6. 18) 52(2.92) <0.001 -
' Loose stool FOHAY T) ¢ 15 (0.84) <0.001 4.521(2.655 - 7.698)
i - Watery Stools PR30 14 (0.78) < 0.001 4.533 (2.614 = 7.8061)
: “Stool with mucus O 9(0.5) 0.069 1.930(0.937 - 3.973)
ot 38 (2.03) 7.(0.39) <0.001 5262 (2.432 - 11.38)
agpssr . [8(0.41) 0 0.006 E
PSR (3.33) 20(1.12) 0.505 0.837 (0.495 - 1.413)
100 (2.31) b= 2T(1.18) 0.004 1.985 (1.236 —3.188)
BB e
ks 39 (1 36) 8 (0.45) 0.002 3.064 (1.461 — 6.425)
7(132) 8 (0.45) 0.003 2,959 (1.409 - 6.214)
; s 4t 7»}1() 0oy 1. 0 0.2606 L=l
; Sklnprablem : 3 326 (7.5 n 96 (5.4) 0.003 1. 430(] 131 - 1.809)
- ttching of skin S 33T 47.57) 95 (5.34) 0.002 1.451(1.147 — 1.836)
wmfon K 261601 79 (4.44) 0.013 1.383 (1.069 — 1.790)
s - omasd | ]
Eye problem 5 07) 75 (4.22) 0.021 17365 (1.048 — 1.779)
Y S . 21T (188) 65 (3.65) 0.036 1.353(1.019 - 1.797)
frritation 1.ey€? 160 (3 71 51(2.87) 0.105 1.303 (0.946 - 1.794)
x:&:;cgrgf‘s‘% o4 (3.8) 57(3.2) 0.340 1.161 (0.854 — 1.589)
S, N Tl e L 207 - 1.889) |
: gﬂnepmblem 374 (8 66) 105¢5:91) < 0.001 1.510(1.207 - 1.889)
: 370 (8.306) 104 (5.85) <0.001 1.508 (1.204 — 1.888)
35 (0.81) 9 (0.5) 0.202 1.605 (0.770 - 3.347)
| Kidney problem 55 (1.27) 15 (0.84) 0.152 1.516 (0.854 — 2.69)
y / - —_—f - - . ,A._.___—__——’_—‘
| General health problem ) '
* Motiling of teetl 3RS (8 91) 70 (3.94) <0.001 2.386 (1.838 - 3.097)
;o Discoloration ol el Vo8 1) 61(3.43) <0.001 2,472 (1.872 - 3.264)
i Hair loss 1(_»’ (6.006) 79 (4.44) 0.012 1,358 (1.074 - 1.7906)
FEE| S Numbness 1;; (3.50) 43 (2.42) 0.(;24 0.753 (0.372 - 1.524)
|- Mental retardation ;—((()(_)IIT; & (8'67) 8 55? )
8 (0 1R) 0 0.070 -
| TR S A [

igtlstlcally significant association of any GI problem, cramps. nausea. constipation, loosc

stool waltery stool. stoolwith fever. stool with hlood. Toss of appetite with reference (p<0.01)

ompared to control area (Table 8, figure-3).

wgs observed in reference arca as ¢




Figure-3: Arca wise adult morbidity profile
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water related discascs (malaria. dengue). skin problem:

Overall guslroinlcslinul problems,
s were significantly associate

cye problem (irritation in cyes. redness ete) and bone problem

ca of drain (p<0.05). Drain wise stratificd analysis :cvcalﬁd the

with residence in reference ar
arca of Buddha Nallah had a statistically
cye and bone problem cach (p<0.05). On tt

residence in reference sigr{icant assuciation witlt
gustminlcslilml discascs, skin.

occurrence of
1d skin problems were significantly associatei] witg

()lhcr' hand water related discase ar
reference arca of East Bein drain (0.004) and Tung Dhab drain (0 04) respectively whi
gaslroinlcslinal discascs wcerc statistically significantly associate ] with rejerence arcf
all drains. Overall [Kidney problems werc higher in ref renee arcd (1.39%) thi

residence of
atistically insignificant (p=

0.1) (Taple 97 ‘

the control arca (0.8%) which was however st

29

L A AT AR TR e



Morbidity

G I Problem
Hudiara Nallah
Tung Dhab Drain
East Bein Drain
Kala Singha Drain
s Buddha Nallah

sl gm Related Disease
o Hudxarn Nallah
£ ]‘ung Dhab Drain

F.as! Bein Drain
](q,lp Singha Drain

* Tung Dhab Drain

~East Bein Drain

Kala Singha Drain

g ‘Buddha Nallah

| ‘Eye Problem

... Hudiara Nallah

.i - Tung Dhab Drain

~ East Bein Drain
Kala Singha Drain
Buddha Nallah

| Bone Problem

: Hudiara Nallah

“Tung Dhab Drain

East Bein Drain

ala Singha Drain

- “"Buddha Nallah

- Kidney Problem

Hudiara Nallah

-Tung Dhab Drain

‘East'Béin Drain

Kala Singha Drain

Buddha Nallah

Hudiara Nallah

. Tung Dhab Drain

4 - East Bein Drain
{§: ;- Kala Singha Drain

{5 Buddha Nallah

4 “lemld Disease

Hudiara Nallah

- Tung Dhab Drain

. East Bein Drain

- Kala Singha Drain

Buddha Nallah

Number of person

NS R e OR 95% Cl p-Value
'\\l\lLIILL (nnlml R " o
a5y TTTIooGse3) | 2884 | 2.3-3.54 <0.001
111 (16.8) 27 (7.06) 2.648 1.7-4.1 <0.001
79(9.66) 19 (5.42) 1.865 1.11-3.13 0.017
197 (22.1) 25 (6.8) 3.878 2.51-6.0 <0.001
LF7413) 18 (5.94) 2.377 1.42-4.0 0.001
92 (10.6) 11(2.94) 3.912 2.1-74 <0.001
3‘)(! 1()) 8 (0.45) 3.064 1.5-6.43 0.002
15(1.78) 5(1.30) 1.369 0.5-3.8 0.544
1 (0.12) 0 - - 0.513
31 (3.81) 3(0.81) 4.808 1.5-15.8 0.004
8 (0 88) 0 - . 0.099
~10.2) 0 - TR OB 4 =
326 (7.34) 96 (5.4) 1.430 1.13-1.81 0.003
835 (H0.1) 27 (7.06) 1.478 0.94-2.32 0.088 v
O{0.73) 17 (4.9) 1.778 1.03-3.1 0037 <o ta
27(7.35) 0.924 0.60-1.5 0.743
48 (3.33) 16 (5.28) 1.015 0.57-1.8 0.959
~64(7.37) 9(2.4) 3.228 1:6-6.6 0.001.
245 15.67) 75 (4.22) 1.365 1.05-21.7 0.021
310 20 ((5.23) 0.975 0.6-1.7 0.928
566 11) 12 (3.42) 1.836 09635 | 0:060
64 (7 17) 20 (5.44) 1.341 0.8-2.25 0265
18 (5.33) 16 (5.28) 1.015 0.6-1.2 0.959
4o l6) 7 (1.87) 2.533 1.12-3.76 0.020
37!(\ \(») 105 (5.91) 1.510- 1.21-1.9 <0.001
88 (10.10) 29 (7.59) 1.123 1.0-2.21 0.114
63 (7.71) 20 (5.71) 1.379 0.82-2.32 0.224
96 (10.76) 20 (5.44) 2.092 1.3-3.44 0.003
63 (7) 23 (7.6) 0.921 0.56-1.51 0.744
C64(737) 13 (3.47) 2210 1.20-4.1 0.009
5§44.23) 15 (0.84) 1.516 0.85-2.7 0.152
1 (1.60) 4(1.04) 1.600 0.52-4.9 0.406
7(0.80) 2(0.57) 1.504 0.31-7.3 0.610
20¢2.2:0 3(0.81) 2.783 0.82-9.42 0.086
8 () ‘-H\ 4 (1.32) 0.673 0.20-2.3 0.518
6 (0.7 2(0.53) 1.295 0.3-0.44 0.752
w() ll) 0 - - 0.521

0 0 5 = z

0 0 2 . L
NUREE 0 - . 0.521

0 0 - - -

0 - - - -
8(0.18) 0 . s 0.070
11011 0 - - 0.500
3(0.37 0 - - 0.256
3(0.33) 0 - . 0.266

0 0 . - -

10 12) 0 - i 0.511 |
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Table 10: Arca wise general health problems among adults in live drains

eI ™

Morbidity ‘"‘"‘—iﬂc‘r“oﬂgﬂ‘_-‘ OR 95% C1 »-Value
s Reference Control " P
‘Mottling of Teeth TT385(891) | 70394 2.386 1 838-3.097 <0.001
“" Hudiara Nallah 100 (11.89) 26 (6.8) 1.818 1.179-2.897 0.007
Tung Dhab Drain 100 (12.23) 7(2) 6.834 3.142-14.86 <0.001
East Bein Drain 107 (11.99) 14 (3.81) 3.437 1.942-0.083 <0.001 ‘
Kala Singha Drain 15(1.67) 17(5.61) 0.285 1.141-0.578 <0.001
__ Buddha Nallah : 63(725) | 60.6) | "800 ] 20591119 __<b.oo1 |
Discoloration of Teeth ' 349 (8:1) 61 (3.13) 2.472 1.872-3.20- <0.001 65
Hudiara Nallah 86 (10.22) 9(2.33) 4.721 2.350-9.485 <(.001
Tung Dhab Drain [ 97(11.87) 5(1.42) 9.296 .~ 3.749-23.05 <0.001 @
Last Bein Drain 90 (10.08) 16 (4.33) 2.462 1.426-0.489 0.001 -
- Kala Singha Drain 19 (2.11) 23:(1.6) -0.263 0.141-0.489 <0.001 y
BuddhaNallah 57 (6.56) 8(21.3) 3.215 1.519-6.809 <0.001 G
Hair Loss 262 (6.06) 79 (4.44) | 1.388 1.074-1.796 | _._0.012 ‘
Hudiara Na''ah 37 (1.39) 12(3.1:) 1419 0.731-2.753 0298
Tung Dhab Drain ! 47 (5.75) 24 (6.83) 0.829 0.499-1.379 0.470 d
East Bein Drain 78 (8.74) 16 (4.35) 2.102 1.210-3.652 0.007
Kala Singha Drain 61 (6.77) 15 (5.28) 1.396 (.781-2.494 0.258
Buddha Nallah 7.5 | 1232y T AAl9 o | 0:734-2742 0215 3
Numbness 153 (3.54) 43 (2.442) - - 0.024
Hudiara Nallah 28 (3.32) 8(2.09) 1.610 '_ 0.727-3.5606 0.236 .
Tung Dhab Drain 32(391) 8(2.3) 1.743 7 0.795-3.821 0.161
East Bein Drain 44 (4.93) 8(2.17) 2.328 1.085-4.996 0.026 :
Kala Singh Drain 31(3.44) 11 (3.03) 0.947 0.470-1.908 0.879 -
Buddha®aliah sl | 8@l13) _0.969 0.418-2.248 0.941 !
'-zMe_nlal Retardeiivon 22 (0.5) 12 (0.67) 0.753 0.372-1.524 0.429 ‘
Hudiara Nallah 6 (0.71) 6(1.57) 0.450 0.144-1.405 0.159 L
Tung Dhab Drain 4(0.49) 1 (0.20) 1.717 0.191-15.42 0.625
East Bein Drain 6 (0.67) 1(0.27) 2.479 0.297-20.66 0.386
Kala Singh:a Drain 6 (0.60) 4(1.32) - 0.502 0.141-1.790 0.279
| Buddha Nallih _ v 0 - NPT ..
Headache 264 (6.11) 71 (3.99) 1.359 1.193-2.039 0.001
Hudiara Nallah 58 (0.89) 8(2.09) 3.403 1.637-7.327 0.001
Tung Dhab Drain 56 (6.85) §(2.3) 3.100 1 462-6.574 0.002
Last Bein Diain 87 (1.75) 19(5.17) 1.979 1.098-3.578 0.008 i
Kala Singhu Drain 28 (3.14) 23 (7.06) 0.391 0.222-0.690 0.001 ;
Buddha Nallah 35(4) 13 (3.47) 1.167 0.610-2.232 0.641
emretiart) By

Overall arca wisc analysis ol general health problems in five drains revealed that mottling

R0 v A R

and discoloration of teeth. hair loss. numbness and headache were statistically significantly

associated with reference arca (p<0.05) (Table 10. figure-4). Drain wise stratified analysis

revealed that mottling and discoloration of tecth were both significantly associated with

reference arca of all five drains. with maximum association (OR=6.8 and 9.3 respectively for

mottling and dizcoloration ol teeth) recorded in Tung Dhab drain. Significant association of

hair loss and numbness was found with reference arca of East Bein’drain (p<0.05). Headache

was significantly associated with reference of all drains except Buddha Nallah (p<0.005).
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Figure-4: \iea wise general health problems among adults
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Table 112 \ica o i hildhood Morbidity among study subjects in five drains

i v : .
Morbidity l : «» 7 Numibei of person OR 98% C1 p-Value :
N Reference ____ﬁ_*Conl_l_‘Ql__ﬁ__' | = = A DS H
Low Birth Weight 11 (3.28) 15(2.92) 1.1 0.6-2.0 0.7 i
Hudiara Nallah | S12.81) 1 (0.8) 36| 0.4-290 0.3 ?
Tung Dhab Drain [ L el 1 (0.96) 1.6 | 0.2-14.2 0.1 L
Fast Bein Drain i IE (69 Tl1.29) 0.3 | 0.2-1.2 0.1 i
Kala Singha Dram | Sureh 4:(3.22) 0.8 ‘ (0.2-2.9 0.7 :
____ Buddha Nallah i CE ) IR (N | — oy ] B9 WS e L g
Congenital Disorders 12 (0.96) 7 (1.30) 0.7 0.3-1.8 0.5 '
Hudiara Nallah PikA) 2(1.0) 0.9 0.2-4.9 1.0 v
Tung Dhab Drain M0 75) 1(0.96) 0.8 0.07-8.9 0.6 I
IFast Bein Drain Y& 1(1.61) 0.5 (.04 =5.6 0.5 / ‘
- Kala Singha Drain i RN ] 32D 0.3 0.1 2.7 0.7 o g
Buddha Nallah D "IN LS, LTI G - T o |
Delayed Milestones 15 (28) 1(0.78) 3.0 1.3-10.3 0.007 =9
[Hudiara Nallah S (1 70) 0 - - 0.3 L
Tung Dhab Drain 10 (3.75) 0 - - 0.068 b7
Last Bein Drain, | 161 006) 3(1.83) 0.8 0.2-3.1 0.7
Kala Singha Diam i 001 ) 1 (0.8) 3.3 0-1-2.8 0.4 p
_ Buddha Nallah . i H18) DU IS SN SN, WIS D Pk
Mental Retardation } D7) 1 (0.19) 3.7 0.5-29.3 0.183 i
Hudiara Nallah ] | (0.33) 0 - - 0.507 g
Tung Dhah Drann | 0 © 0 | = = - : €
Fast Bein Do (0N 1(H6h : 13 | 013-11.03 .83
kala Singha Dra (b by 0 = I - 0.:139
_ Buddha Nallah ) (0.88) 0 - - 0.354 :
Any G.I Problem 91(7.52) SRRy AT 28 0.020 C &
Hudiara Nallah 26 (9.15) 11(8.8) 1.04 0.5-2.2 0.908
Tung Dhab Drain 11 (113) 3(2.88) 1.45 0.4-5.31 0.571 0
Last Bein Drain 1 (16 66) 6 (9.67) 1.87 0.75-4.62 0.171 H
Kala Singha Drain ; 8 (3.52) 1(0.8) 449 | 0.55-36.35 0.124 P
 Buddha Nallah | 8 (1.3) 2(2) 1.74 0.36-8.32 0186
Blie Line in Gums i 18 (1) T w009 33 1 123006 | ooz
Hudiara Nallah 742.:16) 0 - - 0.077
Tung Dhab Drain ‘ 0 0 - - -
iZast Bein Drain i 9 (3.03) 0 - - 0.126
kala Singha Drain | 0 1 (0.8) - - 0.175
.. Buddha Nallah | sogly . 1 @ b s g | 0354 P
Malaria i 9 (0.72) 0 - - 0.054 ¢
Hudiara Nalloh Y (0.7) 0 - - 0.347 ;
Fung Dhab Drain : 1 (037) 0 - - 0.531
IJast Bein Drain ! 1 (162) 0 - - 0312 ? ®
Kala Singha Drain ‘ 0 0 - - - i
 Buddha Natlal . 2 (0.88) 0 : - basd
| Jaundice/ Hepatitis 6 (0:18) 1 (0.19) 23 0.3-20.52 0.388 : -
Hudiara Nallah l R A 1 (0.8) 0.9 0.08-9.8 0.917 :r P
Tung Dhab Drain 1 (0.37) 0] - - 0.531 b
ILast Bein Dram Yl () - - 0.382 "‘
Kala Singha Diaim 7 0 0 - - - i
| BuddhaNalah | 0 0o - I B
*Figure in parenthesis indicates percentae {
» ¢
There were 1250 children romi reference area. 51 2 children from control” arca. Overall.
actayed milestones amony: children were observed to be significantly associated with -
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reference arca (OR 3.6: 93% €1 13-10.3). Children in reference arca were having
gher prevalence ol any gastrointestinal problem (p
low birth weight and mental retardation although found to

e
"'f‘signiﬁcanlly hi =0.02) and blue linc in

, .lf:‘gums (p=0.02) Malaria. jaundice.
as statistically insignificant (Table 11. figure-5).

~ be higher among children of reference arca w

§: Arcn wise general health problems among children

Figurc-

B Rclcrence Area O Control Area

7.52 )




5.1.4

‘Table 12: Prevalence ol discases among

Association of different marhidities with soc

io-demographic variables

adults according to age.

1’

Agpe ;_,mup (\(.\rs) ‘7
Discases 1020 21-30 3140 viso 1 sie0 ] 60 | \ o
o ey N 1640y | (N=1523) | (N=1110) | (N=752) | (NSSUT) | (R252) Bl
Gastrointestinal 1358 ) 168(11) 14(13) 117(16) 78(15) S8A(15) <().001
Water-related |0 1) 2001.3) 15(1.3) 10(1.3) 6(1.2) 1(0.7) 0.5
Malaria - - - - - i
Skin Problem Nl ‘, 13(5) YA WA! NURRE! S2¢10.1) 6(10) <0.001
Eyc Problem Wi B IS 0 A2ELT) O60(8.8) 09 7) 7o) < 0.001
Bone (1) 15(3) SU(8) 109(1-4.3) S$8(17) 133¢24.1) 0,001
“Kidney M0 3 11(0.7) 18(1.6) 15(2) 10(2) [1(2) <(.001
"Canccr - - - - 1(2) 0.1
lhyrmd - 2(0.2) 4(0.8) 2(0.) 0.005 .
Mottling of teeth S0 09(6.35) 87(7.8) {0(10.6) 54101 31(9.2) 0,00 E]
Discoloralion of tceth TR0 T) 92(0) 79(7.1) 70(9.3) S1(9.8) A0(7.3) | - o.nug
Hair/Nail Loss 63(39) 91(5.9) 75(6.7) 59(7.8) 31(5.9) 20(3.0) <(TOUERY
Numbness in fingers 150 9) 17(3.1) 19(4.4) 44(5.8) C28(3.4) 13(2.4) «0.()()1—“‘
Mental Rumd.llmn M0 3 9(0.0) | 7(0.0) 5(0.0) 0T _J_f-u*(),_‘l‘)____h()f/

*Figure in pﬂlCIl(h(.\l\ indicates percentage

J

nghu prevalence for all the systemic and general health problems was nbxuwd dmong:

@:fcmalcs with statistically signilicant association (p=<0.05) being obscrved for eye. bonc and

and numbness Linger

sk;ldncy discases besides peneral health problems viz. hair/nail loss

| 2-13).

among the females (Table

ot

Fable 13: Prevalence of discases among adults according 1o scX.

Discases Male Female OR i
iseases X
Sy (N=3122) | . N=2972) | 9s%ChH |
Gastrointestinal H\( 11)* 338(11.-h* 0.8(0.7-1)

Waltct-related 3l 36(1.2) (0.8(0.5-1.3)
| Malaria 30(1) 35(1.2) 0.8(0.5-1.3)

“'Skin Problem 205(6.0) 217(7.3) 0.9(0.7-1.1)

Eye Problem 133(:4.3) 187(6.3) 0.6(0.5-0.8)

Bone 153(3) 324(1 1) 0.4(0.1-0.5)

Kidncy 25(0.8) 15(1.5) 0.5(0.3-0.8)

Cancer L 1(0.03) -

Thyroid - ) 8(0.3) =

Mottling ol teeth 203(6.5) 252(8.5) 0.7(0.6-1)

Discoloration of teeth 182(5.8) 228(7.0) 0.7(0.60-1)

Hair/Nail Loss 129(4.1) 212(7.1) 0.6(0.4-0.7)

Numbness in fingers 57(1.8) 139(:+.7) 0.4(0.3-0.5)

Merital Retardation 1505 1 Ceh _0704-15)

FFigure in parenthesis imdheate preoreentaee

(p<0.001) across decadal age groups among the study
tor borne discascs. cancer and mental

ore than 40 years for all

A stalmllmllv significant difference
subjects for all the discises exeept water related vee
retardation. Higher prevalence for all discases was obscerved at age m

discascs.
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Table 14: Prevalence of Jiscases among adults according to education.
el e
Y . Education )
Diseasc Iliterate | erat Primary Middle Metric Secondary Degree p-Value
o | (N=1855) (N=180) | (N=990) (N=1040) | (N=1201) (N=570) | (N=248)
Gastrointestinal 2606(14.3) 25010 119(14) 105(10) 113094 | 39103 37(1.9) <0.001
| Water-related 18(0.9) 320 9(0.9) 13(1.3) 15(1.2) 5(0.8) 4(1.6) 10
;= | Skin Problem 177(9.5) 103 3) 66(6.6) 68(6.5) 57(4.7) 30(5.3) 14(5.6) <0.001
E;h "| Eye Problem 144(7.7) 1307 2) 40(4.0) 36(3.5) - | 749(4.1) 203.9) 15(6) <0.001
Bone 270(14) 17¢9 1 69(7) 41(4.0)| 48(4.0) 16(2.8) 15(0) <0.001
| Kidney 27(1.4) Sl o 16(1.0) 10(1.0) 10(0.8) 3(0.5) 1(0.4) 02
‘| Cancer ;i 1(0.05) ; - - - - - 09
“Thyroid =~ 4(0.2) - 1(0.1) 101 - 2(0.8) 006
ottling of teetl 182(1) RV 84(8.4) 65(6.3) 71(6) 26(4.6) 12(3) <0.001
coloration of teeth 154(8.3) 16(V.0) 79(8.0) 62(6) L 66(5:5) 213.7) 112(5) <0.001
Hair/Nail Loss - . 85(4.6) 1o b S8(6) - 70(6) 37(6.5) 29(12) 0.001
Numbness in fingers 78(4.2) 10(5.3) 42(1.2) 252.0) Y| 9016) 73) <0.001
‘Mental Retardation -~ _ | _ 24(13) o) 303 10.2) 1(0.4) <0001
Figure in parenthesis indicates pereentagte 5 -

<(.001) was observed for diseases like skin diseases,

_,‘_é.t:_atisvtically significant different (p
cth, discoloration of teeth and

diseases, mottling of te

_eye problem, mental retardation. kidney
0 ;:ducational status with highest

sithjects accbr@ing t

,..’"ﬁMbriess of fingers among stui
literates while latter four among just

r four discases found among

Generally the lesser cducated and illiterate had higher prevalence of

 prevalence for the forme
literate rcspccti\'cly.

diseases (Table 14).

Table 15: Prevalence of Jiscases among adults according to occupation.

we Occupation
B i . Semi = . Semi- Unskille | Unemplo P-
e r:!l;.” Prof ‘l‘-‘)\”:lt ll\;ljll‘g; \ lﬂgt‘?b S}:l:l:;; Skilled d yed Value
R | (N=TD) | =277) Ll )|« ) | (N=89) | (n=276) | (N=643) | (N=3886)
Gastrointestinal 1206 | 200D fao | e 34(17) 6(6.7) 44(16) 6a(10) | 463(12) | 002
Water-related - 3(1.1) 1N 9(1.5) 1(0.5) s 1(0.4) 7(1.0 45(1.1) 0.7
Skin Problem 5(6.5) 17(0) o010 35(6) 15(8) 4(4.5) 14(5.1) S1(8) 275(72.1)y | 07
¢ Problem 7(9.1) 15(5.4) S8 ) 31(3.3) 8(4) 3(5.0) 7(2.3) IS sH |03
\ o7.8) | 156 | ode: 51(9) 11(5.5) 4(4.9) 103.6) | 3453 | 398D 0.001
idncy . - 6(2.2) TR 6(1.0) - | - 4(1.4) 3(0.5) 50(1.3) 0.2
Cancer : | - = . 1(0.3) - 1.0
Thyroid . = = - - 8(0.21) - 08
.%ogtjh}g of teeth 5(6.5) | 1010 ol 1-(8) 17(8.5) 4(4.5) 14(5.1) | 44D 30277 | 02
“Riscoloration ofteeth | 7(9.1) 17(6) o105 | 36(6) 11(5.5) 3(3.4) 16(5.8) 39(0.1 275(7.1) | 06
Hair/Nail Loss 113y | 2710y | el 23(4) 6(3) - 134 |23 233(3.6) | 0.001
Numbness in fingers 1(1.3) | 725 S(RT) 1424 2(1.0) 4(4.9) 4(1.4) 1726) | 1420.6) | 002
Mental Retardation | - | 10D A0 l . ‘ - - \ 203 | 2707 106
~*Figure in parenthesis indicates p.i‘rbérﬁi‘:iﬁu
Farm owners reported having significantly higher prevalence of gastromlcstmal (p=0.02) and

(Table 15). Additionally, farm

and numbness of fingers (p<0.001)

bone diseases (p0.001)




)

. o Smokers g_—_] e Drinkers
" Diseasc Yes “No OR | - T Yes No OR 7
S| ve2omy | (noseen) PERIS%RCD | pvalue | (n=395) | (N=5699) | (95%C) §Nlne
Gastrointestinal 37(18) | 689(12) 1.6(1.1-2.4) 0.007 08(17) 658(12) 1.6(1.2-2.1) 0.001
Water-rehated R (VAN 63D 1 8(0.6-5.1) 0.2 9(2.3) 58(1) 2.3(1.14.6) 0.02
Skin Problem 18(8.7)ccsn gy FOUG8) 1 3(08-2.1) 0.3 36(9.1) 386(6.7) 1.4(1.0-2.6) 0.1
Eye Probilem 209.6) | ==F00s D 2.0(1.2-32) 0004 27(6.8) | 293(5.1) ] 4(1.0-2.0) 0.14
Bone 26(12.0) ASHLT) 1.7(1.1-2.6) 0.011 44(11) 435(7.6) 1.5(1.1-2.1) 0.01
Kidney 2(1.0) 6801 2) 0.8(0.2-3.4) 08 8(2.0) 62(1.1) 2.1(1.0-4.0) 0.10
4 Cancer- - - 0.8 - - - 08
1 Thyroid-~ - : . 0.6 - - - 0.5
5 Mommgoﬁcuh 26(13)" FA29(8) = 1.8(1.2-3.0) 0.004 39(9.8) 416(7.3) 1.4(1.0-2.0) 0.06
1 Discolottion of tecth | 23(11.2) 387(66) 1.8(1.1-3.0) 0010 | 3809.0) 372(6.5) 1.5(1.1-2.1) 0.02
- 4 Hair/Nafl Loss 7(3.4) 3305 6) 01»(0.3-13) 0.163 14(3.5) 327(5.7) 0.6(0.4-1.0) 0.07
Y Numbn&ss in fingers 9 (4.4) 18703 2) 1.4(0.7-2.7) 0.340 12(3.0) 184(3.2) 1.0(0.5-1.7) 1.0
| Mental Retardation | 2 2(1.0) 12031 18(04-7.5) | 04 2(0.5) 32(0.6) 1.0(0.2-4.0) 1.0

owners reported highest prevalence ol water related vector borne discases and skin discases

besides general health problem like mottling and discoloration of teeth.

s .

@kllled workers reported having lowest prevalence for gastrointestinal, water related and skin

dlsordcrs besides general health problems like mottling and discoloration of teeth.

Talile 16: Prevalence of discases among adults according to smoking and drinking habits

7 igure in mn.mlu.sm indicates percentage

“Smokers were observed to have statistically signilicant association with gastrointestinal, cye

and bone dxseams besides mottling and dlbLOlOlallOll of teeth (p<0.05) (Table 16). Smokers

had a greatel assocmtlon (for all the diseases observed in the study except kidney disorders

and hair/nail loss. Similarly. alcohol drinkers reported to have higher association for all

diseases observed in the study exeept hair/nail loss. Significantly, higher association among

alcohol dlmkcm was observed for gastrointestinal, water related and bone diseases apart from

geneml health problem’s viz. mottling and discoloration of teeth (p<0. 05).

5.1.4 Arca wise st -atified analysis of adult morbidities according to socio-demographic

variables

Area w1sc analysis ol adulthood morbidities according 10 socio-demographic variables

re\fealcd lhat none of the variables individually viz. age, S€X, occupation, education, smoking

habits “and- pereeption ol chemical exposure to - sell had any confounding effcct on

gastrointcslmal and water-related health problems (Table 17).
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Table 17: Arca wise Gastroitestinal and Water Related discases stratified across
socio demographic variables

? ‘ Gastrointestinal Water Related Diseases
i L Blusibier wfSuilijere Adjusted OR Number of Subjects | v od OR
Reference C ontrol (95% C1) Reference Control (95% C1)
(N=4317) | (N=1777) | (N=4317) | (N=1777)
Age. 2.9 (2.3-3.6) 2.9(1.4-6.2)
12710-20 116 (10)* | 19 (0¥ 11()* 1(0.2)*
- .20-30 148 (14) 20/ (4.0) , 16 (1.4) 4(1)
30-40 130 (2) 11 15(2) 0
40-50 97 (18) 20 (10) 9 (1.6) 1(0.5)
50-60 67 (17) 11(88) 4 (1.0 2(1.6)
) | =60 08 (19) | lo®) | 4(1.1) 0
| Sex o, sl 2.8(2.3-3.5) 3.0 (1.5-6.4)
; Male 294 (13.3) d4+44.8) 28 (1.3) 3(0.3)
_ Female | 333CSY) | S085) 31(L5) 5 (0.6)
Education ' T i 2.8(2.2-3.5) 3.1(1.5-6.4)
| Hliterate 229 (16.4) 17.(8.1) A 17(1.2) 1(0.2)
j; Literate 25(20.3) sl 2(1.6) T1(1.7)
it Primary 100 (14) 19(6.7) 9(1.3) 0
Middle 89 (13) 16 (1.3) 12 (1.7) 1(0.3)
Metric e b el I8 (1.6) 14 (1.7) 1(0.3)
% ~ Secondary STsT(13. 25 R0l 3) 3(0.7) 2(1.1)
"Degree . . 36 (18:3) 1 (2) 2(1) 2 (4)
Occupation 2.8 (2.3-3.6) 3.1(1.4-6.5)
b) Professional 9 (8.3) 10.3) 0 0
Semi-professional - 25(13) IR 3¢1.5) 0
Farm owner 8(10) L) 1(2) 0
Farmer 61 (13.3) 2:40-5) 9(2) 0
f:fi_‘«- Farm Labour 31(24) 3(1.5) 0 1(1.4)
: Skilled worker 6(8.4) () 0 0
Semi Skilled 36 (18) 8(11) 1(0.5) 0
.| Unskilled 50 (1) 1 (7.40) 6(1.3) 1(0.5)
™ | Unemployed 400 (13) 03 (5.1 39 (1.4) 6(0.5)
Chemical Exposure 2.8(2.3-3.5) 3.0(1.4-6.3)
Y Yes 86 (106) 5 121(2:2) 1(0.5)
_No 1540 (14.3) 95 (6) ) 47(1.2) 7(0.44)
Smioking 2.8(2.3-3.6) 3.1(1.5-6.3)
3": Yes 31(22) 0(94) 3.1 1(1.3)
B No 595 (1) 9.1 (3.5) b 56 (1.34) 7(0.4) ]

1% *Figure in parenthesis indicates percentage

» y " ' T , 2
. Any gastrointestinal disorder was observed to be significantly higher (p<0.05) among study

““subjects of refercnce arca across all decadal age groups and sexes. The association of

2 gastrointestinal discasc. was higher

among those who perceived exposure 10 chemical
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Table 18: Arca wise

Variables

*Figure it parenthest mdicates

’

Associalion ol cyc problems an

area) was obscrved o

professionals.

among thosc who pereciv

39

|

e ik Shin dis

Faye ' oblem

Numbet ol Subjects

Referencee

e (N"‘4Jl7)
Age
10-20 200N
20-30 A40h)
30-40 37 (-1.8)
40-50 ‘. 19 (9
50-60 5 RN
=00 viad
Sex |
i Male I s D
CFemale \ 147 (M
Education
Illiterate orer b
~Literalc 1)
ot Primary L 33 (10)
. g, Middle \ o (3N
L Metries R REE Y
Sccondary 5.2
Degree - 13 (0.0)
Occupation
Professional 6(12.3)
”vj" P Semi-profcssiun.ul 13(0.7)
¥ " Farm owner O)
Farme. RN R
Farm Labour 1)
Skilled worker 1(3.0)
Semi Skilled 7(3.5)
Unskilled 19 ¢
Uncmployed [ECA AN
Chemical Exposire
Yes WM
No e 200 (SN
Smoking
Yes 1510 )
No A 3E

pereeniii

be highest for 20-

No significant

————————————

|
|
i
|

|

|

Control

(N<1T777)

7 (1.5
5¢1.h)
13(:1.06)
17 (8.2)
T(NG)
T TR

35 ¢
‘“H:(,‘)

10(8.7)
230
7(2.%)
10 (3)
11H{3.0)
()
.!M}

12 (6.3)
17 (1)

12 (6.5)
ARG

3(8)
70 (4 1)

association W

|
|

|

A 0.0-2.0)

RO

ywong, reference arcd

30

cd exposure L0 pollution

AR

ith respect to arca W

cases stratified across socio-demograp

e

Adjusted OR
(95% C1) Reference

61 (8.2)*
02 (8.7)
58 (7.9)
57 (10.5)
| 19(12.5)
;\ 39 (1)
-7
155(7)
1.3 (09-1.6)
140 (10)
8 (6.3)
54 (7.0)
| 18 (7)
30 ()
23 (0)
_"}_ﬁ’_‘(’)
3(06.3)
15(8)
6(12)
31N
P (8.4)
3(4.2)
11 (0)
38 (8.4)
208 (7.0)

HENREE)

study subjects

ycars. female sex, just

Skin Problem .

Number of Subjects

AN=4MT). AN=1T7T) e

= _“ﬁlﬁ;-lL

as obscrved for ¢ye discascs

and cigarette smokers (Table 18).

hic variables

Adjusted OR

Control (95% C1)

IR EARL)]

20 (4.2
RERS

20 (06)
23 (11)
320

| 17 (8.6) t
'; Lo a(a-18) "‘
50 (5.1 |
L4 (-0
37 (8.1)
234
12 (4.2)

| 20(3.6)
| Tk
7 ()
“_1_(2)

2(N
2(2.3)
: 0
EEERERY
! (6) ll
1(5.5)
3 ()
13(7
67 (5.7

(as compared 10 control

litcrate by cducation and

-l




as comparcd L

Education

Variables

Age
41020,
2030°
30-40
- 40-50
50-60
=060
Sex
Male
‘Female
Hliterate
Literate
Primary
Middie
Metric
Secondary
Degree

Occupation
/Professional

Table 19: Arca wis

Semi-professional

Farm owner
Farmer

Farm Labour
‘Skilled worker
Semi Skilled
Unskilled
Unemploycd

Yes
No

Chemical Lx; posu re

Smoking
Yes
No -

Slgnmcaml\ highe association (p
y control arca wis ahserved for 50-60 year olds. females. non-smokers and

Bone and I

Numl)u of \ul)|uls

Reference
(N=4317)

I eh

3431
67 (8.0)
87 (10)
R T U
[OO ("W

2] (3.5)

2R

27
HEARIRY!
37(8%)
284 1)
33 (1)
10 (2. 3)
13 (6 06)

(13N

(12.5)
1264
T
10 (8 7)
S(oh
(5 0)
730
24 653

200 (10)

S3 i)
300 (8 1)

2141
)\1(‘\ ‘)

*Figure in parenthesis indic.tes percentas

Significantly higher association

observed for older age groups (S0 vears),
non smokers and those not perceiving any exposurc

professionals and scmi skilled woii.

[or

bone I’rublcm

= those not perceiving: exposure fo Bemical pollution.

U 05 for skin problems among residents ol reference area

-\ discases stratified across socio-demographic variables

I\ldnm Pr oblcm

| Adjusted OR _ Number of Subjects | coi OR
Control (95% CI) Reference Control (95% CI)
(N=1777) | L N=4317) | (N=1TTT)
1.6(1.3-2.0) 1.5(0.9-2.7)..
()T ‘ 4(0.3)* 1(0.2)*
i12.3) 9 (0.8) 2(0.5)
2 (6.5) 14 (2) 4(1.2)
(1) 12(2:2) 3(t4)
gt 5 S(7) 3 (] o)
TES 523 3(1.5)
1.5(1.2-1.9) 115827
13 7) 20 (1) 5 (0. 58yl L5
SRLR s(le | o2y I
4 (1.1-1.7) 1.5(0.8-2.0)
Vil 21 (1.5) 6(1.3) i
Vs 3(2.4) 0
i12) 13(1.8) 3(1)
| 131(3.6) 701) RGN )
L o1seh 7(1) 3(1)
6 (1.3) 3 0
2(h 1 (0.51) 0
5(1.2-1.9) 1.5(0.8-2.7)
0 0 0
L3 3) 5(2.6) 1(1.2)
(1R.5) 0 1 (14.3)
L8 6(1.3) 0
! Vel () ]
i 0 0 0
I A 3(1.5) (1.3)
oS 2(0.4) 1 (0.52)
| Vi ) 39 (1.4) 1l
a ———— e ———
| 1.5(1.2-1.9) 15(0827) |
| 13 (0.5) 11(2) I (0.55)
T 302 gy
| 5(12-1.9) 15(0.8-2.7)
| 38 2(1.4) 0
| o0 o) IR B0 O - 1 I S

IS

hone problems (reference area VErsus control arca) was

both sexes illiterate and primary grade educated,

R PINTE (VA LTHIIN . T Nn
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€

problems were higher across all age and sex specific stralu&?

e 4 e
although insignificant (p=0.03) (Table 19). ; &

to chemical pollution. Kidney

Table 20: Arca wisc Mottling and Discoloration of teeth stratified across soci<)-dcmographi£
variables )

&
o " Mottling of Tecth Discoloration of Tecth a
Vartahles “ Nlimhcr u_f—ngl:jéc_clfsﬂ——r o 'N"ml;:»(:Subjcc(s L
e e Adjusted OR  |——— = —— ] Adjusted 0R¢
Reference Control (95% C1) Reference | Control (95% CI)
- ey | (N17TT) (N=4317) | (N=1777) | ¢

Age 2.4 (1.8-3.1) ; m

10-20 70 (6)* 1 3)* 70.(6)* ! 8 (1.
20-30 87 (8) 12 (3) 77 (7. 1= 15(3.4)
30-40 70(9) 17 (3) # & 66 (8.5) | 13(1.8)
"40-50 72 (1.0 8 (4) e le3arey | 734
50-60 47 (12) 7(5.06) 44 (11.2) 7(5.6) |7
>60 39 (11 12.(6.1) 29 (8.2) - 1.4 (5.6) .

T RTIRERY Z’S(W—fs_)z
Malc 176 (8) 27(3) 160 (7.3) 22 (2.4) :
Female . 209 (10) 305 | T e 189 (9) | 39(4.5)

Education 2.4 (1.8-3.1) I o 2.4 (l.8-3.2)‘ i
Hliterate ; 136 (1) 26 (3.0) 130(9.3) 3:4:45.2) =
[iterate - 0 1207 | 4(7)

Primary 711 13 () 00 (V.3) 13 (1.0)
| Middle 53(7.7) 1203 1) 52(7.0) 10 (3) i
| Metric o1 | 1| 58(7.1) 8(2) q
| Sccondary 200(5.2) hi(3.3) 19(3) 2(1.1) &
Degree 11 (50) I (2) 12(0.1) 0

“Geenpution o ST AR D | | 2.5(1.9-3.3)
Professional 510 - 7(14.6) | 0
Semi-professional 11(7.3) 2(2.4) 15 (8) | 2(2.4)

Farm owner 9(18) 0 ‘ 6(12) | 0

[Farmer Lo 0 34(7.4) 2(1.0)

Farm Labour 17 (13 (0 11(8.3) 0

Skilled worker 1 (6) 0 3(4.2) 0 <
Semi Skilled 12(0) 2(3) 15 (7.3) 1 (1.3)

Unskilled DL | 12063) 27 (6) 12 (6.3) q
Unemployed VIR (Y S S) 231 (8.5) 3437 p

Chemical lxposure 2.3(1.7-2.9) 2.4 (],BT
Yes, 6O (1) Dl 1} 48 (9 4(2.2) )‘f ’
No 298 (8.2) | 08(13) 275 (7.6) 57(3.5) ‘

Snioking 24(1.8-3.1) ' 25(1.9-33)
Yes 21 (13) 5(8) 18 (12.0) 5(8) ; 1
No 06187 | 65D | 3@ | 503 ‘

"Figurc ill |\2lrmiit#ii :l;l:—;vhlkcnldl’t e I e \
®
&.
QC\
®,
4
A
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e
:"*?'":5;2 Laboratory Results

e 5.2.1 Physical and Chemical Parameters
$ 52.1.1 Area wise analysis

o 3,

2001 Efffucntwater

" Table 21: Arca-wis, 1" 3i al-Chemical parameters in Effiuent Water

Buddha Nallah Hadiara Nallah {oast Bein Drain Kala S Drain *Tung Dhab Drain Overall Mean
Rer | Cul | Ref | Cud Re Cul | Rt [ Cul Ref | Ctl | Ref Cin | MPLS
(N=10) | (N=5) (N=10) | (N=5) N 40) (N=5) | (N=10) | (N=5) (N=10) | (N=5) | (N=50) (N=25)
; 6.75 6.6 6.0 09, 02 6.2 6.7 6.5 6.5 6.44 662 9.0
. 1" o ([ 3 o 1 ¥
425 311 153 1068547 106 1894 609.3* 538 476.1 273.6 492 404 600
. 251 228 310 3148 .5 e A i 4233 324 394.1 235 350 | 295 600
timas) AR US| I T I I e,
157 138 163 |. 18313 Jf2 215.6 216.6 203 221.1 159.8 194.7 180 200
939 90) w156 8 206.7 120 171.4 96.2 154 8* 119* 100
1.64 0.5 2.3 206 054 2.05 0.5 2:28 0.3 2.08 092 50
HE | ST S - iy | L L .
0.57 0.14 0.5 06 l el 068 0.7 0.72 0.5 0.16 061 046 50
0.64 0 0.2 (it f 0 : 03 0 0.4 0 035 001 1
2424.' i e {6 54 80 181 0 s g 124.6 182.1 95.5 106.2 69.59 1411 100 1000
0.1 0 0 0 002 ] 0.03 0 0.03 0 0.018 0 10
. A=gse | 15| 23 | s |3 250 3 2* 3¢ | 235 | 27° 20

©x A1l values fexcept pH) are in mg/L ++* MPL Standards-BIS

“_;._-n Ceneentration more than MPL,

mical parameters in effluent water are given in Table-21, figure-0.

{ reference (6.44) and control (0.62)

@ The area wisc phy: ical-che
The study revealed that overall pll in cffluent water o

and the difference was found to be statistically significant

s/ area was observed to be acidic
-~ (p=0.02). Overall alkalinity and hardness was found to be below maximum permissible limit

in both reference and control arca. llowever, statistically significant difference for both

alkalinity (p=0.000) and hardness o, (.02) was observed between reference and control arca.

Mean concentration of calcium and magnesium in reference arca was higher than control

.area, the results were however found to be statistically significant for magnesium (p=0.02)

- and insignificant for calcium (p 0.3). Mean concentration of ammonia, phosphate, iron.

o A ——— o ——
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and control arca werc observed 1o be below &
maximum pcrmissihlc limit. Also overall concentration of all these parameter were found to‘-'
[However. re ults were found 1o bc‘;

chlorides and residual chlorides in reference

be more in reference arca as compared o control arca.
statistically significant for all (p<0.05), except phosphate (p=0.08) hetween rcference andG

control arca (Table-21. fipure-6).

Figure 6: Arca isc l’h_\'sicul-Chcmical parameters in Effiuent watct

M Reference Arca [ Control Arca

..-:;’"6()0’ —1

492

500 1

N OODOLE nOOnO O

CIRIE IR

300 A

Concentration (mgh

200 1

100

A NGl O DAy

I ardness ~ Calcium Magnesium "

0 -

Alkalinity
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Table 22: Arca-wisce I'hy sical-Chemical parameters in Ground Water

L gl SR :
Buddha Naliah | Hudiara Nallah I ast Bein |)rainj Kala Singha Tung Dhab Drain Overall Mean S E
SR TN R I————— e MPL ‘
|| T . : w f Curl ;
:Rcf Ctrl ‘} Refl Ctr Ctrl Ref Crl Re 1 Ref .( 1 | ger (N=10) [
| v=10) | (N=5) | (N10) NS |t | (N=S) | (N=10) | (NSS) (N=10) | (N=5) | (N=10) | (N=5)
7 2 i THR 7 61 7 7 703 | 69 7
982 | 1786 3m0 | 22 | R0 S 323 a0 | 2362 | 426 | 270 600 |
i IO B O P RN S TS
3279 249.2 387.8 429 370 346 374 339 336 276 360 328 600 |
154.7 134.8 | 212.5% 2377 JI2* 194 237 165 186 1553 200 Faed7 . 200
|
1632° | t1aar| 176* | 193 e | Taae | a3t | dmae | 1S0e | L9t ieR o oo |
045 0.5 0.5 03 033 0.5 0.29 0.3 0.3 0.6 S04l 044 18
I PESSESSSES S B - e e ] B B = [ SRS NS
0.18 0.1 0.07 006 98 0.04 0.04 0.06 0.07 0.08 0.08 007 5.0
0.1 0 0 0 a1s | o | 002 0.04 0.04 0.02 0.06 0.08 I
w3662 .1257 | 8 | U4 oSl e | 792 | LS | B[ T6SE uded 1000
0 0 0 0 0 0 0 0 0 0 0 0 02
[T, R | { e
2.45* 2* 1.75% 3% . B 1.5% 2.5% 2% 2.25% 3 2.3* Rl : .5
. R— o et Mt MR S SR A
Concentration more than MPL ** Al vt s (except pH) are in mg/L *** MPL Standards-1S: 10500-1991

52.1.1.2 G round water

Overall prevalence of samples {1y more than permissible limit for pH was found to be

higher in refercnce arca (81.11%) as compared to control area (77.8%). However, results

o were found to be statistically insionilicant (OR=1 227: 95% C1=0.5-3.2) (Table-22, figure-7).

Overall Alkalinity and Hardness were found to be more in reference arca as compared to

control area. Tl arca wisc mean concentration was statistically significant for Alkalinity

o
FER TON

W (p<0.001), whilc insignificant for hardness (p=0.3).
Mean concentration of Calcium. Magnesium and Fluoride in reference arca was found to be

f- higher than control arca. THoweves, (he results were found to be statistically insignificant

(p>0.05). Thesc paramelers Were consistently higher than permissible limit in both reference

and control arcas. Overall prevalence of samples with more than permissible limit for

calcium was found to be more in casc area (40%) as compared to control area (33.3%)which

was however statistically insignificant (OR=1.3;95% CI=0.06-3.0).

44
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Samples with more than perinssible lmit o Magnesiun associated more in control area

~ ~"0n

(66.66%) as compared to reference arca (0-.—- the difference was sLa\lileaHy

») however

insignificant (¢ V0.8 8% ded. 0] [.8). O crull Concentration ol Phosphate and Chlorides

were found to be higher in reference arca as compared 10 control arca. However the
difference were found to he statistically insignificant for both (p>0:05) Samples with 1;;§re
than MPL was associated more in control area (83.3%) as comparcd 10 reference d;g:a
(77.8%) for (uoride and no tatistical difference was observed (OR=0.7: 75% CI:O.3:2.C‘}.‘N

Figure 7: Arca WISC l’hysical—Chcmicul__Pummclcrs in Ground water

8 Relerence Arca [0 Control Arca

4206

350 1

300 1

Conceptration (mg/L)

100

50

==l

Alkalinity | Tardness Calcium Magnesiwn
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- §,2.1.2 Scasonal ariation

;5.2.1.2.1 Effluent water
“Seasonal trend of effluent water ‘for physical

wintér followed by summecr and monsoon. Overall

acidic) in all e three season
owed by winter (465.1 mg/L) and mo

insignificant (p=1.0). Overall

~almost similar (i.c.
*summer (466.10 mg/L) foll

‘was however statistically

- Magnesium, Phosphate, Chlorides and Residual Chl

".foliowed_by summer and Monsoor. However,
(p~0.05) except. Phosphat

_.nsigniﬁcanl for these parameters

2 Signfﬁcant (p=0.012).

"~ Overall concentration of Calcium. Ammonia and Iron was

_,iifsfigniﬁcant for calcium (p 0.34), iron

statistically significant for

Fluoride and diffcrence was formd

Table 23: Seasonal Pattcrn of Physical-Chemical p

and chemical parameters W

‘i be statistically insignificant (p=1.0).

-

as observed as
pH in Effluent water was found to be

s. Alkalinity was found to be higher in
nsoon (451 mg/L) which

concentration of Hardness,

orides was found to be higher in winter
results were found to be statistically

e. which was statistically
found to be statistically

(p=0.8) and difference was observed to be

Ammonia (p=0.0002). No seasonal trend was observed for

arameters in Effluent Water

L3 f - R A SO "
.- #% All values (except pH) are in mg/L * NP Standards-BIS

R SRS BA L

s AL :
Par;i;;{c!.c'rs** Summer Vionsoon Winter Mean —
(N==30) (N=15) (N=30) (N=75)
_ Py T e T 647 6.52 6.5 9.0
[ Towl Alkaliniy | 46611 450.8 465.07 160.66 600
erewrscll T 309.13 — T 3584 | . 32149 600
Calcium 177 21 e T e | w0
Magnesium e ‘W—Ultl-l 02 -7l—|_2,4 e 156.9 B 137.8 l()()__—d
Ammonia e i.l? 1()?.’4 2.23 17 5.0
Phosphate 1 h.* ().;1-(»)-——-— 7—_—();_’_—“ 0.54 5.0
T()lill‘i-r(—)l.lﬂ 021 0.25 v ._”7(-).‘2‘5—(?’.“——_—724 1
e | - 12 116.34 140.47 T 12755 | 1000
i Cl | o3 0 0.016 0.012 1.0
merenmia IRV RN 247 2.47 _ 247 2.0

vt St 2
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hardne

——————

each drain. Ovcerall |

L4

Parameters**

o

Total Alkalinity

I —
Calcium
Magnesium

Ammonia

Phosphate

e

Total ron

Chlorides

Fluorides

) R,
**All values (except pll

47

Total Hardness

Residual ar

5.2.1.2.2 Ground water

case of monsoon (0.53 mg/L.
* difference was found to

observed for residual chi

- Seasonal trend of ground water for physical aid che

monsoon followed by summers and winter. The study revealed that ground water shows no

seasonal variation for overall pll. Overall alkalinity and chloride concentration was observed

1o be maximum during monsoon followed by

winters followed by summer and monsoon. Howe

for these pal‘amctcrs‘»(.41.5’().()5)."(l’)\’cx'alliunmonia concentration was found to be maximum in

) followed by summer (0.4 mg/L) and "winter (0.4 mg/L) and

No scasonal variation was

Slil;l mer AT
(N=30)

7.00

86

153
342.53

<193.23

149,30

04l
0.08

0.03

38 87

0.00

2.19

e

found to be statistically insignificant for alkalinity (p=0.4) a

ss. calcium., magnesiuni. phosphate and iron concentration was found to be higher in

‘be Statistically significant (p=0.04).
orides. moreover 1ts concentration W

Juoride concentration shows no scasonal variation and results were

found to be statistically i'r'nsignil'xcanl (p=. 993)

mical paramcters was observed to be

-

winters and summer. However, results were

nd chloride (p=0.7). Overall

ver. no statistical difference was observed

as found to be negligible in

"""" \I-Chemical parameters in Ground Water

Monsoon

(N=15)

707

409.43

328.67
189.47

139.20

0.53

0.03

—

0.00

65.97
oo

2,19

Winter
(N=30)

168.67
038

S

0.08

SN

————

0.07

e

64.91

000
218

P—ﬁl.\glcan ]\] pL‘

(n=75)

B 7
ywar . . W0
SETTEE
ST TP T T
‘————]52.3() o 100

' ().'—HV o l_,ixdm'w
T o | s
PSS

0.04 !
PP T
000 0.2
2.18 15 |
sl

Yare inmgd * N -\I:nulz\r-d;'-ig.l()ﬁk;kfltl—()‘)l

|
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2523 Tap water
¥ Seasomal trend of tap water for phyasical and chemical parameters was observed to be

r was observed to be

[y
Cg TOT00T followed by summets ol winter. Overall pHl in tap wate
3 ~ enernl 71 all the three scasons and results were however found to be statistically significant
and chloride concentration was

<. calcium, phosphate an

\

Wi( Ovcrall alkalinity. hardne

wtﬁ be higher in monseans followed by summer and winters.
i

- EESHT cation was found (0 b st r all the parameters (p>0.05) while
phosphate  (p~ -0.008). Overall magnesium
1soon followed by winters and summer.

p>0.05). Concentration

The difference in

o,
¢ ; m\H\ insignificant fo

: mwany signiﬁcanl for and ammonia
nd to be mz\ximum in Mol

= atlo was fou
atistically insignificant for both (

: r- results=were found (o be st
2 fmmm was humd (0 be above MPLin each drain. Overall iron and residual chloride c
" gomeentration was negligible and result were however insignificant.

cach scason was similar and results were found to be

-d. but fluoride

Awerf! fluoride concentration in
variation was obscrve

L EG i e

il ‘amtistically insignificant (p- 1.0). Ne seasonal
coacentration in cach drain is higher than MPL..

in Tap Water S s Lo

Table 25: Scasonal Patte nl"l’hysical-Chemical parameters

b 1 y | Summc“ Bl | \\;;;;;»()n
. Parameters®* MPL*
(N=12) (N 0)
iy ; | 6.98 TS 7
¥ - ;——-—,,_ e [E———
~ Total Alkalinity 417.95 (30 600
* Sodiasaniit S NS o
- Total Hardness 287.7 351.2 600
= SN Calcium T 181 200
e I I e
;.;: Magnesium 130.2 167} 129.07 142.22 100
.
- = 3 - - — e e |l
i I Ammonia 0.324 035 0.324 0.337 1.8
——_—L e —— e & o——— - 3 .___’—-/ =
thplmlc 0.05 0 0.074 0.041 5.0
- S S PR | [ |
E Total Iron 0 1] 0 0 1
- S r-'— o i i e = = e BP— —/_’_—
m‘ 3 Chlorides 51.12 (1.004 34.72 48.95 1000
L e R - -
s Resudual Cl 0 0 02
Fluorides gl 2 i ) 23 “ 1.5

MP1, Flmndards-lﬁ-'i 'lTl:{()O—VI 091 *¥*All values texepapihing in mL/l



eblor.de
ehlor.de

—savedt

In Tung Dhab drain alkalinity. ammonia and

drains was obscrved to he statistically significant for alkalinity.

‘in concentration was found to be

“TSR.

T TGN "

5.2.1.3 Drain wise analysis

5.2.1.3.1 Effluent Water

Drain wiss analysis shows that in kala Singha drain alkalinity. hardness. and magnesium and ¥

The difference ol concentration among

(luoride concentration weie observed o be higher.
hardness. magnesium

(p<0.001) while insignificant for iluoride (p=0.087). In East Bein drain concentration of pH,

calcium and phosphate were observed o be higher. Towever the results were found to be

rs. Buddha Nallah has higher concentration of g

statistically significant for all these paramete

chlorides (171.25 mg/l.). which was statisticaliy significant (p=0.025).

5.2.1.3.2 Ground Water 6
and magnesium among all -

Hudiara Nallah has maximum concentration of hardness. calcium

the drains. The drain wise difference i concentration was found to be statistically signifieant:

for calcium (p=0.03) whilc insigniticant for hardness and magnesium. In Last Bein drain

alkalinity, iron and uoride Concentration was found to be higher. The drain wise difference
statistically significant for alkalinity and fluoride (p=0.05)

while statistically insignificant for iron (p=0.727). Kala Singha drain has higher

concentration ol chloride. which was statistically significant (p<0.001).

Ry

i
5
-

5.2.1.3.3 Tap Water A
Buddha Nallah has maximim concentration of pll. hardness and calcium among all the %n:

drains. The drain wisc ditierence in concentration was found to be statistically significant for

hardness and calcium (p .00 p<0.001) respectively while insignificant for pll (p=0.010).

fluoride has highest concentration. which was

statistically significant for alkalinity and fluoride (p<0.001) while insignificant for ammonia

(p=0.285).

Toa o, o oL, B o WFW@i‘vnvaﬂw T —




5.2.2 Chemical Oxygen Demand

.1 Drain wise analysis
be maximum during

ration was found to
nd winter (448. 25 mg/L)

gnificant

{ mean COD concent
(479.37 mg/L) a
d to be statistically si

present study reported tha
jﬁ"er (508.87 mg/L) followed by
26, figurc-8).

monsoon
This result was observe

:;speCtivcly (Table
fCOD

casonal pattcm 0

Table 26: Drain-wise s

745 83
16133

Last Bein ‘-1—1'* P

Tung Dhab § = ()()‘): . 547.67
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W’l'()lal i’()887 _ g
#p<0,001 MPL= 500mg/L (BIS Sland'\rd) ----------- All values are in mg/L
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5.2.2.2 Arca wisc aualysis T

Table 27: Arca-wise COD in Reference and control arca

51

Drain

Buddha Nallah

Hudiara Nallah

zast Bein

'l"uTg Dhab

Kala Sngha

Total

900 1 855.09

Concentration (mg/L)

800 -

N w (@)} <

) (@) o o

o () () (=
1 1 1 2

300 A1

200 4

100 1

7 Reference (N=51) Control (N=25) Total (N=70)
855.09 4258 - 720.94**
836 7 299.6 227 |
35()5 i oy 266 309**’ oy
m“\,.o' S -3-75.8 547.67**
1"8 N 204 4006.67**
\(nZ()l* T 326.24* 484.46

#p<0.001. **p<0.001 MPL=500mg/l. (BIS Standard)

~=Figure 9: Arca wisc COD pattern
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B Reference Arca [0 Control Arca

483.6

330.5

633.6

All values are in mg/L
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@ the oresenl study revealed that COD was obscerved to be higher in reference arcd us
he [ive drains (Table-27, IFigure-9). In Buddha Nallah mcan

gares 1 ",.nml arca inall t
\d to be higher than control area

FEs fvas ==
e arca (835.09mg/L) was fou

s of COD f()r rclucnc
found to be olatistically significant (p<0.001). Total COD value

2 Nallah (720.94mg/L) followed by
1t (p<0.001).

s fme/L), which was
Tung Dhab Drain

; ‘ﬁqils-"r*"d t6 be maximum in Buddh

and found to be statistically significal

Figure 10: Drain wise seasonal pattern of BOD
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The present study revealed that the mean BOD value was found to be maximum during

summer (399mg/L) followed by winter (395. 29mg/L) than monsoon (359.67mg/L) and n_

was found to be statistically significant (p<0.001) (Table-28. Figure-10). ﬁ
¢

Tahle 281 Drain-wise seisonal pattern of BOIDD

Drain \ummcr (i 30) \\’m(cr (N= 30) Monsoon (N=16) Taotal (n=76)
. ' o ——— —e e e r———— N: =
A Buddha Nallah 609,67 497.33 49733 583.13 5%
RSN N ;. R, S (
140 ¢ Iudiara Nallah 17,5 130.83 412 353.53 % .
: Last Bein et T dzm T | 2967 24993 -
: T Tyng Dhab 136.17 Jins T s 40972
Kala Singha Bs 1T 3w 38 b -3394:3
. T;)IT 7 7 }‘)‘);A_—W.._n_v—~-—-‘;‘;ﬁ 29* 359.67* 380.72
#p<0.001 MPT=100mg/l (1318 Standard) ) T T Allvalues are inm;‘
2.3.2 Arca wisc analysis ois ¢
. . Iable 29: Arca-wise BOD in reference and control arca :
& [
e B <
& - NG o
Drain Reference (.\ ’il) " Control (N=25) [ Total (N=76)
Buddha Nallah R Y 583 13+
1 Hudiara Nallah ) “_;T I ‘--'7‘233.8 353.534*
. [Fast Bein 273 203 249 93**
T Tung Dhab 1617 T 409 734+
Kala Sngl;i o lk).:l . I—&;:s 339.40**
. 1 e s oo il o e A 3
Total 157.90* 250.64* 389.72
*p<0001. **p<0 GO NPT AomeA (9IS Standard) All valucs are in mg/
The present study reported that BOD valuc was observed to be higher in reference arir
compared to control arca in all the five drains (Table-29. Figure-11). Buddha Ndllah x‘
value of BOD for relcrence arca (700.73mg/L) was fund to be higher than (,ontrol
€
(324mg/L), which was found to be statistically significant (p<0.001). Total BOD value\
found to be maximum in Buddha Nz lah (583.13) followed by Tung Dhab Drain (40‘
and was found to be statistically significant (p<0.001). -
0 ¢
53 ° €
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4 Heavy Mctal Analysis

2:4:1 Area wise analysis

*:21‘55.1 Effluent water

Figure 11: Arca wise BOD in reference and control area

M Reference Area O Control Area

467.7

134 , SrEy 4104

197.4

East Bein *

diara Nala Tung Dhab

k48

Table 30: Arca-wise Ilcavy Metals in Effluent Water

'.- “h, .

i7" 1 Buddha Nallah Hudiara Nallah Tung Dhab Drain East Bein Drain | Kala Singha Drain Overall Mean MPL

Ref Ctrl Ref Cul | Ref Ctrl Ref Ctrl Ref Ctrl Ref Ctrl | aas

(i

| N=12) | (N=6) | (N=12) | (No6) | (N=12) | (N=6) | (N=12) | (N=6) | (N=12) | (N=6) | (N=60) | (N=30)

i .-;_'? “0.0185 | 0.0058 | 0.0035 0.00035 0.000S5 0.0006 0.0225 0.0030 0.0029 0.0208 0.0096 0.0071 30
0.0815 | 0.0011 0.0085 0.0002 0.0018 0.0006 0.0020 0.0024 0.0003 0.0002 0.0028 0.0009 20
0.0012 | 0.0097 | 0.0081 0.0021 0.0037 0.0036 0.1450 0.0019 0.0054 0.0029 0.0349 0.0040 0.1

; 0.0242*:1:0.0063 | 0.0277* | 0.017 it L ooriar | 00201 | 0.0397* | 0.1921* | 0.0320* | 0.0327* [ 0.0310* { 0.0537* | 0.01
00122 | 0.0073 0.0038 0.0069 00084 0.0126 0.0142 0.0007 0.0340 0.0029 0.0084 0.0061 ol
0.0029 | 0.0029 | 0.0009 0.0011 0.0018 0.0001 0.0024 0.0005 0.0013 0.0003 0.0018 0.0009 0.05
0.0020 | 0.0030 | 0.0031 0.0143 00050 0.0043 0.0026 0.0017 0.0018 0.0026 0.0029 0.0052 0.2

<] -0.0224 | 0.0018 | 0.0113 0 0044 00103 0.0000 0.0076 0.0122 0.0150 0.0082 | 0.0133 00053 20
tion more than MPL. - o ***MPL Standards' BIS
\!911 values arc in mg/L
18 .
Zu 54
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Overall Copper, Cadmium and Chromium concentration in effluent water of reference area
was found to be higher as compared to control arca, which was however found to be
statistically insignificant (p 0.7: p 0.1; p=0.4) respectvely (Table-31. Figure-12). Overa]l
concentration of Mcreury was more than permissible limit in both reference and control area~
and was found to be higheuin conlfé?%ﬁ?ca (0.054 mg/L) than reference area (0.03 mg’L)L
which was however Iotmd to be statistically insignificant (p=0.4). Overall concentration of;

Lead, Sclenium and NlCl\CI was observed to be higher in reference arca as compared to

control arca. The mu}» wise dilference in concentration was found to be staustlcally

significatit for nlcki!L(qS**U 006) while insignificant for lead and selenium (p=0.4 and p=0, 2)
mnpuuuvaly Overull ArsenleToneenteation 1n contre! (0.008 Mp/l) wae found to be high

than reference (0.003 mg/L.) arca. however results were found to be statistically insignificant

(p=0.16). Out of 90 samples of cfllucnt water., Arsenic was detected in 63 (70%) of samples,

but within the permissiblc limit.

Figure 12: Arca wisc IHcavy Metals in Tap and Ground Water.
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5
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AT
‘"‘hmlt was hlghcr in control area (2.8%)

Table 31: Arca v
%farnmeter“ Reference Area (N=90) Control Area (N=36) OR (95%C1) MPL -
He===Copper 220 RTERS 0.8 (0.07-9.06) 0.05
Bas==opPer © L~ R Lol i—
| . Cadimium 10(6.00) wam 2.5(0.3-21.5) 0.01
-~ Chromium 2(2‘22)_A VVVVV 0 ; 005
Mercury 76(84.14) 328888) | 07(021-22) 0.001
T 2(2.22) o 0 - 0.05
"~ Selenium 1(1.11) 0 . 0.01

’«»results show no significant differcnce (OR=0.8; 95%

control area.

. *Figure in parenthesis indicates pereent

- Overall Copper, Cadmium
"wasvfound to be higher as comparea (o control ar

0. 05) Overall prevalence of samples with concentration of Copper more than permissible

5.2.4.1 2Ground water

fcuvy Metals in Tap and Ground Water

age ** All values are in mg/l,

Table 32: Arca-wise lleavy Metals in Ground Water

1

.a. which was statistically insignificant

and Chromium concentration in ground water of reference area

as compared to reference area (2.2%). However,

CI=0.07-9.0) between reference and

.t. -
G e . . AR s . _ MPL
{‘m Buddha Nallah Hudiara Nallah Tung Dhab Drain East Bein Drain Kala Singha Drain Overall Mean
7| Metals** T el . ann
e -y Ref.. |- Ctrl Ref Cul Ref Ctrl Ref Refl Ctrl Ref Ctr!
(N=12) | ‘(N=6) | (N=12) | (N=6) | (N 12} (N=6) | (N=12) | (N=6) | (N=12) | (N=6) | (N=60) | (N=30)
. Cu 0.0023 0.0032 0.00444 00002 00039 00131 0.0193 00019 0.0011 0.0050 0.0062 0.0040 0.05
? 24 3 G y
cd 0.0006 | 0.0000 | 00024 | 000 oG oounz | 9-0006 00017 | 00062 | 00017 | 00016 | 00012 | 00I
ey 0.0026 | 0.0058 0.0041 Qools | 0000l 00043 | 0.0081 00020 | 0.0031 00013 | 00048 | 00320 | 005
- "4 Hg (0.0401* | 0.0045¢ | 0.1951* | 02595* | 0.0332* | 00246 | 0.0284* 00876* | 0.0754* | 0.0423* | 0.0744¢ | 00837* | 0001
0.0017 0.0008 00040 00059 00054 00075 0.0016 00000 00123 0.0050 00050 00038 005
- Se 0.0045 | 0.0011 0.0016 | oeods poons | 00018 | 0.0021 00012 | 00007 | 00009 | 00019 | GoOIs | ©Ol
& 0.0005 | 00005 | 00015 | 00017 [ 00018 | 00006 0.0008 | 00006 | 0.0047 | 00017 | 0.00i8 00010 | 001
S - 00022 | 00062 | 0003 | vouxo | ooeor | 00033 | 00101 | 00087 | 00043 00010 | 00040 | 00041 | 0.005
3 d A T e N7 3 r y
“* Concentration more than MPL, **All valucs arc i Tme/l F¥¥N{P1. Standards USEPA (except Cu. As. Ni), Cu. As. Ni -- WHO
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Overall prevalence of samples with more than pcrmissiblc limit for Cadmium was found to
a (6.7%) as compa

95% CI=0.3 21.54). Overall -Mercur
ve maximum permlssxble :

be morc in refcrence are red to control drea (2.8%). Hoswever, rcsults were
gnificant (OR=2.5:

d control arca (0.

y (.oncuntratlon in §E¢

statistically insi
both reference (0.07 mg/1.) an )§ mg/L) was ¢ abo
arca. however found to be

1 u)nu.ntmtmn amon

g reference and u)nnol

hmlt Difference it
0.9). Overall high prevalence of samples with more than permissible lipit

~insignificant (p=
arca (88.9% and referencc area (84.4%).

for mercury Was observed in control

ccl was 1ound to be h\ghcr in reference uyea

ngréll concentralion of Lead, Selenium and Nick
be statlsncally msxgmfygant': .

found to

hmh was however
0.005mg/L) was found to be5 ¢

as compared 10 control arca, W
Arscnic in control area (

(p>0.05)- Ovecrail concentration ol
results were fo

003mg/L). [lowever.
(126) samples of water with 90 and” ‘36 samples of ground -

und to be mSlgmﬁcant

higher than reference arca (0.

T

152 (57.7%) and 18 (50%) wcre found

ithin per ‘missible hm:ts

(p=0.4). One hundred fwenty Six
| for Arsenic and

W tap water rcspcctivc\y. but were Wi

o and tap water respectively were teste

10 be positive for both ground a

5.2.4.2 Sq_xsonal yariation

5.2.4.2.1 Effluent water

{o be summer followed b}

r and Cadmmn1

al was observed

| that overall Coppc
or followed by Summe

Seasonal trend of (.lﬂmnl water for heavy met

on (lTable- 33).

winter and monso The study revealed L
¢ maximum in wint

Iy insignificant (p=0. 7, p:O.?“
€

I WCeIe {ound to b
found to be statistica
Mecreury, Selenium. AT

by winters and monsoon. The dlﬁercnu: p

ters (p>0.05). Overall Leaa ¢

':oncentration in cfflucnt walc

hich were however

and monsoon W
1 of Chromiun.

respectively. Overall concentratiol senic and Nick.

€
was observed 0 be higher in summer followed
these paramc

as slatistically insignificant for
0.0091 mg/L) followed by monsc 1‘

concentr ations W

s found to be maximum during winters (

(0.0053 mg/l). However

concentration wa

(0.0077 mg/L) and summer

results werc {ound to be statxstually

insigniﬁéént (p=0.4).

—~
N
~

Y



my
}- ' Table 33: Scasonal Patiern of Heavy Metals in Eftiuent Water

% L . TRy RO SR S e ST
| » Parameters*”® Summer (N30} Aonsoon (N—l%) Wmtcr(N =45) Mean (N=90) MPL

. B Copper T 00096 “ooo3e T o009y o077 | 300
S e Cadmum | o2 wooid | oo024 T o002 ] 20
Chromium | 00509 00036 | ootol 0.0235 0.1
" Mercury T o060 00242+ T oo0284% | 0.0379* 0.01
e 0 0053 CavETT T Tooeer | 0.007m3 0.1

Sclenium .00 0.0011 00014 | uoots 005
Arsenic T oo | oo .1 00036 | T 0.0035 0.2

~Nickel T 007 o008 *_”‘—_W_’W 20

EG- centration more ll\nﬁﬂii’i_' Al values are inmel

52422 Ground water

Seasonal trend of ground watcr for heavy me
Ul Copper comunmuon in wlound water was found to

tal was obsuvcd to be summer followed by

winter and monsoon (Table-3-4). Overd

= be maximum during winter (0.009 me’L) followed by monsoon (0.007 mg/L) and summer

"B (0.0003 mg/l). However, restlis were
m and Sclenium was found to be higher

fhyund to be statistically insignificant (p= 0.2). Overall

) concentration of Cadmiu in winters followed by
found to be statistically insignificant for

~ summer and monsoon, which was however
= - Cadmium and Selenium (p=0 12 p 1.0 respectively).
N,
Table 34: Scasonal Pattern of Teavy Mectals in Ground Water
o
: Parameters** Summer (N=30) Alonsoon (l'\—lﬁ) Win(cr (N=45) Mean (N=90) MPL
: i i ek o Miaincih ol WSS, TT
- Copper 0.0003 00076 0.0008 0.0029 0.05
Cadbium | 0.0013 ooty | o o7 00014 0.01
Chromium | 0.0003 00035 | 0.0032 1 0.0043 0.05
‘ Mercury | 0.1011* oo | 00334 0.0991* 0.001
B Lead | 00010 0ua19 0.0039 0.0022 005 |
B oo | 00015 coiis [ o020 | 00016 0.01
“ : N e . = I |
Arsenic 0.0019 0.0009 0.0116 0.0048 0.01
o : SEEEE———__ B T SRR R —— e e e T
j ‘ Nickel 0.0099 0 0010 0.0045 0.0051 0.005
‘qu _7i C Concentration more UE{,}T\{F] '7\1] T:\Vlm’» we i vag | = B al o
i &
.
o a‘
58




Overall Chromium. 1 cad and Nickel were found o be maximum in summer {ollowed by

winters and monsoon. which was statistically insignificant (p>0.05). Overall Mercury
concentration was found to be maximum in monsoon (0.1628 mg/l.) followed by Summer -
(0.10 mg/L) and winter. However, the difference in concentration was found to be
statistically insignificant (p 0.2). Overall Arsenic concentration was found to be maximum
in summer (0.002mg/1.) followed by wimcr (0.0016mg/l.) and monsoon. However, the

difference in concentration was found to be statistically iisignificant (p=0.8).

5.2.4.2.3 Tap water

o e 1

e ’

~Seasonal trend of tap water !lwl'_lii;£>i§')' metal was observed to be monsoon- followed by
summer and winter (Table-35). Overall Copper concentration in tap water was observed to be ;
higher in monsoon (0.0665mg/L) followed by winters (0.0046mg/L) and summcr
(0.0007mg/L). lHowever no 7signil'xczm"t difference  was  obscrved  (p=0.4). Overall

concentration of Cadmium. I cad and Sclenium was obscrved to be higher in winters
followed by monsoon and summer. The. difference in concentration  was  statistically

insignificant for these parameters (p>0.057, Overall concentration of Chromium was found to

be maximum in summer [ollowed by monsoon and winter. The results were however, found

to be insignificant (p 0 7)

Table 35: Scasonal Pattern of Heavy Mctals in Tap Water

-~

59

e ST

-y vy
A )

Parameters** rﬂummvr (N=12) - _f;l()nsoou (N=0) ‘I \\’inlc:(l—\;il;) J Mean (N=306) MPL***
w1 Copper 0.0007 T 0.0065 ; oot J 0.0039 0.05
Cadmium 0 0009 Too008 | 00060 | 0.0026 0.01
[ Chromium 00311 Toonsa T oo 0.0135 0.05
Mercury 0.0513* Tooire T vonoos "'“fﬁ 0.0420* 0.001
Lead 00049 T 0.0048 [ o0 T 00070 0.05
Sclenium 0.0013 0.0026 f 0.0032 ' o020 | T0.01
Arsenic 0.0013 00017 ; 00009 | 00014 0.01
« Nickel 01671 0.0008 f 0.0048 ’ 00577 0.005
* Concentration more than MPL.=* AT values e g/l **NPL Standards USEPA (exeept f‘ul As. NI Cul As. N1 - WHO
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4 tration of Merenry and Nickel was found to be maximum in summer followed

’ . Overall concen
found to be statistically insignificant

by winter and monsoou. The difference was. however.

for Mercury (p=0.4) and Nickel (p=0.4

ollowed by summer and winter.

). Overall Arsenic concentration was observed to be

. maximum 1n monsoon [ however results were found to be

-G

b= sta_tistically insignificant (p

5.2.4.3 Drain wisc analysis

- k)
“‘ddha Nallah has maximum concentration Lead, Selenium and Nickel among all the drains.

“The drain wisc dilference in concentration was found to be statistically insignificant for there

p>0. 05) East Bein drain has maximum concentration of Chromium and Mercury.

(o be statistically insignificant for Chromium (p=0.4) and

‘The dlfferencc was ,howwu found

“Mercury (p=0.3). Hudiara Nallah has maximum concentration 0
atistically significant for Cadmium -

f Cadmium and Arsenic.
. However the drain wisc difference was found to be st

(p=0.03) and insignificant for drsc.

__5 2.4.3.2 Ground Watcr

x Kala Singha has maximum concentration of Cadmium, Lead and Arsenic, which was

insignificant among all the drains. East Bein has higher

however, found to be statistically
kel. The drain wise differencc was however

£~ - concentration of Copper. Chromiuni and Nic

found 10 be statistically significant for Nickel (0.048) while insignificant for Copper. and

ah has higher concentration of Selenium (0.0033 mg/L).

E" A-'_ Chromium (p>0.05). Buddha N

; ¥ The drain wise difference in concenti
' R

tion was found to be statistically significant (p=0.01).

& 5.2.4.3.3 Tap Watcr

Among drains Hudiara Nallah has i " Copper, Cadmium, Chromium

aximum concentration of

was however found to be statistically significant for

- Cadmium and Chromium (p>0.05).

.+ and Mercury. The drain wisc difference
¥®  Mercury (p=0.029) whilc insignificant for Copper,
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5.2.4.4 Heavy Metals in Fodder Samples
les (10) Nickel.‘Selenium,

in fodder samp
1d to be below

wnd Cadmium Were detected
tions were foutr

[ ead, Cliromium <
concentra

Arscnic ere also analyzed but thetr

detectable limit (Table-30).

al in fodder samples.

Table 30: Analysis of heavy mct

Fodder
10 (Raja

- : |

Fodder8
*|(Fatehpur (Fatchpur

Fodder?
(Ra'\pur“

Fodderd

Fodders pFodderd Fodders

.| Fodder2 s
(:;(,)‘(-l;l?‘«r;“ (B. B. “\l:‘ctll)d (Raipur** (Khera (Khun-
;__]‘ Singh) ) Bet) Jchun) ) ) )
BDL BOI BDI 5.182 BoOL BDL
13356 ().7224 1 2642 06018 (.7824 0 4746 (.8394
1| I— e _
B3DL. 13Ol 13Ol 0024 0.0276 0o BOI
BN O ol | I A -
*All values arc inmg/l. . Villages are Jhown in p<\|cmhcs'\s_”Conuul Arca
5.2.4.5 Heavy Metals in Vegetable Sample I
nium were deteeted 10 yegetable samples (8). (Tab\c—37) beside I
s found -

jum and Cadi
onccmralion wa

Lead, Chrom
jum. Arsenic and Mereury was also analyzed but their ¢

Nickel, Selen

to be below dctcclub\c limit.

Table 37: Analysis of hecavy metals 10 vegetable samples.

I

Raddish ‘( ‘”(‘:l“‘::_):”
(l-‘.nchpur) \ Bet)

Potato
(Raja
Tal)

Chillies
Carrot2 .” s
Bhom (Whun-
(Bhoma)| g hun)

SR ; ¢
Carrot! . |

P o ) Gourd Lady
(Khera Lady ! ingert | (g anor \ Finger2

e

\

¢ Sing
Bet) (B. B ingh) Alal) (R;\ipur)
,,,,, | gl N
| | |
| 7168%* (IR YA B3Ol (833 0.513 | 1754 BDOL 0.8364 1 2_‘)()22"
| | G
— \ I T SR, oo SR N =
BOL BOI postt \v RIRI RDI 3 602** LT | 410** 1 00R6** 0.6‘
\ ‘.‘ \ - —— ek "
Cadmium 0033 131 \ (K1l 1\ 0016 BDI \ RO 0021 BOL 0.0222 Jt
*All valucs ﬂ?l.ln_l- i;\}“Ji‘ L oncentratien nn\n-‘ll;l;l;rf\ri—l‘lr .';;>l\l|;ir Sl.;m‘l:\rd\ \\lrl—l?):”\"lill;;:'c—; ;"—;‘»-;R;;'” mn DR\ICI“\\CSIS. —i
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5§.2.4.6 Heavy Metals in Urine Samples

The pfeéeﬁt study revealed that concentration of heavy metals like Copper. Arsenic, Lead,
d Selenium were reported to be higher in East Bein Drain. Similarly

Mercury an
cre réported to be higher in Buddha Nallah and-

n"”ntratlon of Nickel and Cadmium w

Hudiara Nallah respectively. Iowever all values for these metals were within permissible

Timits (Table-38)

n of Arsenic was reported to be higher in reference area otl:asl Bem“Dram and

trol area. However, it was hlghcr in control area of

”hcentratxo
liara Nallah as compared (o these con

Buddha Nallah. as compared (o reference arca. Mercury concentration was reported to be

_er in reference arca of liast Bein Drain and in contr
les were Chandan Nagar, Raxpur (control) from Buddha

ol area of Hudiara Nallah. The

-villages selccted for urine samp
Nallah, Lahori Mal, Bhoma (control) from Hudiara Nallah, Khun-Khun, .Barnala. Kalan

~(c0ntrql)_from East Bein drain. Mahal from Tung Dhab drain. Kala Singha from Kala Singha

drain.

Table 38: llcavy Metals in Urine Samples

- : ' el o Kala | MPL
Parameters* Buddha Nallah Hudiara Nallah East Bein Drain rungr[;til:b Singha
- o dIA L Drain  [ug/day)
'_,, = Reference | Control | Reference Control _Rcfcrcncc _Conlrol Reference | Reference
.. ‘Copper 0.2 0.04 0.4 0.7 0.45 72 0.9 0.2 4(;
Cadmium 0.03 o1 | o | o1 0025 | o012 | 0052 0.3 0.2-2
Arsenic 0.013 cor | Toors | ooos | oo4s | 0004 | 0013 0.03 10-30
Lead 0 0 Toas | e 0 | 12 0 0 -
Mercury 244 | 24 | o213 BENEE 33 | 0413 | 1.258 33| 2200 |
‘ Nickel 10 003 | o6 | 086 0.02 0.1 0.3 05 2-8
"8 | Sclenium 0.06 005 Toos | vos | 003 0.07 0.05 0.02 :

~*All values are in mg/L

5.2.4.6.1.3;;1c'tcriological analysis of ground and tap water

In the present study. a total of twelve samples were collected (10 from reference arca and 2

arious villages situated along five major drains in the study.

- from the control arca) from
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The microbiological analysis of the drinking water samples shows that total coliform were

found:to be positive in tap waler of Khun-Khun (last Bein). Boparai B. Singh and Judge

Nagar (Tung Dhab)

E. coli and total coliform was reported to be positive in tap water of Khun-Khun (East Bein),

and Boparai B. Singh (Tung Dhab). The latter also showed the presence of total coliform.

The ground water samples were negative for total coliform and I. coli.

5.2.5 Micronucleus Assay

Table 39: Age-wisc distribution of Study Subject with Micronuclei in Buccal Smear

Age-Group | A Study Subjeels ‘ = s _"4_'l—\—l—icronuc|ci Per Cell
_ _ , OR (9% Ch |- it
(YCE\FS) Referenee (N 210) Control (N-90) Reference Area Control Arca
Tlo—14 | oe@in 6(51.5) 0227 00a-100 | woose | 0.0312
s—19 | 10@o 1 (36) Cwassy | oontis | 00061
021 | 7028 2(16.6) T S0304) | 0.0094 0.0006
25—29 8 (28.5) Coain T T 20269 0.0039 0.0029
034 | 7630 s T Teoae | 00128 0.0077
3539 | 9@ vaee 1T T 20me T o089 | 0.0062
w04 | 4o T B TR T “TTooms | o001
140 | 700 vas | 230 3178 | 00052 0.0132
so—si | 1042 00 oS o068 | 000
5559 | 5680 1(22) CUTRWaey | ooost | 0.0083
0—6d | 13 o 0700149 | 0.0027 0.0038
T Gser (3095 31+ (25.66) U090 (0.627-1856) | 0.0074+%* 0.0081***
1S ’;‘p.(] ] » ) RS e RS

*_Figures in parenthesis represent percen ek aleiiEe #nd
| | | |

The study revealed that out of 210 references and 90 controls prevalence of occurrence of
15 found to be higher in reference arca (65: 30.95%) as compared to control

micronuclei wi
be statisticalty insignificant (p=0.35).

area (24; 25.6 %). which was however found to
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picK.il

ve micronuciel among person residing in

sis by age (ORM|1-1,097.

assoctation of having positi

4+ C1-0.627-1.856). Stratified analy
Cl, 0.594-1 778) revealed that there was

{®: There was no significant
¢ areca (0R-l.07‘). 95%
904) and scx (()I{M“-l.028, 95%

sex (Table-39).

.ferenc
5% CI, 0.632-1

b confounding result by age or

her in reference arca than control area in 7 out of 11

ei per ccll was found to be hig
(15-19, 20-24, 25-29, 30-34, 35-39,

pecially the younger age groups
est MN/cell found in referen

‘Micronucl
ge groups studied, es
» '}%0-44, 45-49 and 50-54 ycars). The high
0115, and 0.00948 in the age roup of 30:34, 15-19 and 20-24 respectively.

ce area was 0.0128,

1

Figure 13: Drain wisc distribution of Micronuclei in Buccal Smear

e B Reference Area O Control Area

70.8

70 4 66.6
63.6

454 455

27:5

Sné‘_dy' Subject (%)
i
(=

S
1

L

Tung Dhab

Buddha Nala I:ast Bein Kala Singha Hudiara Nala*
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Table 40: Drain-wisc distribution of study subjects with Micronuclei in Buccal Smear

Mean MN/cell £ S.D

/”'\.——_ 2 s - 1
blud\ subject with MN (“/o) 1 ll
|
“ e e ' e et 08%, 3 e i S TR
Drain Reference | Control OR (95% Ch) ‘
(N=2210) (N=90) \ Reference Control
I G | RS ey
E ‘[}uddhu Nallah 8127.5) ' 6 (606.0) 0.4 (0.1-1 3) ‘ (.005 2 0.011 0.008 ¢ 0.016
IBCR—— ‘ i preen SIS A
: , \ _ l |
East Bein 10 (33 3 | 7(30) 0.7 (() 2-2.1) | 0.005 4 0.017 l 0.006 £ 0.013 0.005 £ 0.016
SR s I - == o e e
Kala Singha 14 (16.0) \ 7(63.0) 0.7 (0.2- 2,_s) \, 0.008 + 0.021 [ 00204 0065 | 0011 £0.039
| e I | - . ‘ i e — 2 e -
Hudiara Nallah*| 17 (70 81 1 | (5.26) 13.3 (l 6-110.1) ‘ 0.007 + 0.016 0.001 # 0.004 0.005 + 0.013
Tung Dhab 15¢15.h 3 (13.3) 1 (().3-3.3) 0.001 4 0.023 0.006 £ 0.013 | 0. 010 ¢ 0.021
s tceaihes = B IRl (e ey _,,,_,.ﬂ\
Total 63 (300 2.4 (206.6) 1.068 (0.6-1.8) 0.007 + 0.018 0.008 1 0.031 ()08 40.023 }

*p<0.05

Drain wisc analysis ol study  subjects for the presence of micronuclel revealed that
prevalence of MN in buccal smear was higher in subjects belonging 10 reference arca of

Hudiara Nallah (70.8%0)
. significant (OR 13.5:95% % C1.1.6-110.4).

as compared to control arca (5.26%). which was statlsucallv

No statistically signilicant difference in the presence of micronuclei (MN) in buccal smear
was detected among study subjects in reference and control arca of the remaining drains.
detected in subjects residing in Kala

Overall highest number of micronuclei per cell was

Singha drain arca while least in East Bein drain.

5.2.6 Pesticides

for samples with more than MPL concenlration of pesticides was obscrved

and Heptachlor among all
PL. for Chlorpyriphos, Heptachlor

Higher prevalence
five drains ('I’ablc-ﬂ)

for Chlorpyriphos. B-1:ndosulphan
sentration in CXCESS of M

Prevalence of samples with conc
mum in Hudiara Nallah (40% and s0% respectively) and f-

was observed (o be maxi
ddha Nallah (50%). Staustlca\lv there was no

Endosulphan was found to b¢ maximum in Bu

. drain wise difference lnund among the five drain arcas.
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Table 41: Drain wisc prevalence of effluent samples with more than permissible limit

i Hudiara Nallah e Si.ngha East Bein Drain Tang [?hab
Nallah N=10) Drain (N=11) Drain "
(N=16) : (N=10) (N=14) |
5(31.3) 4 (-10) 2 (20) 4(36.3) - 3(21.4)
= B-Endosulphan 8 (50) (1()) 2 (20) 3(27.2) 1(7)

" Dimethoate 0 2 (20) 0 0 3.214)

4 (25) 5(50) 1 (10) 3(272) 3 (21.4) s
0 0 0 1(9) S

Chlorpyrxphos B-Endosulphan #nd fleptachlor was found in Hudiara drain (26. 3%) Kala

Smgha Drain (26.6%) and Buddha Nallah (33%) respectively. Aldrin was above permissible

hmlt in 12.5% samples of East Bein Drain. No statistical significant drain wise difference

Wi " observed among the five drain areas.

g

_ Table 42: Drajn wise prevalence of samples with more than permissible limit
g (Ground & Tap Water)
B i ticides® ';“3‘1;’::: | Hudiara Nallah K“'Srflii?]gh“ East Bein Drain T“gﬁa'?:""
; N=24) | D) (N=15) (N=1e) (N=19)
Aldrin 0 r 1(6.7) 2(12.5) 1(5.3)
. Chlorpyriphos 2 (8.;) ‘ 3 (2—(,3) 3(20) 3(18.8) 421
' B—En;iosulpilan 5 (20.8-) 12 4 (26.6) 3(18.8) 421
* ' Malathion 0 { - 0 1 (6.6) 0 0
’ """ Heptachlor 3(33{ R ’ ;(1548) 4(26.6) 3(18.8) 3(15.8)
' ; q-Ex;désulphan 0 f 0 0 0 1(52)
g% *All values arc in mg/L | :
E’ 66
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Table 43: Arca wisc prevalence of samples with pesticides more than permissible limits
N 1 (fluent Water T a v—(air’oTu:J_\-\’atcr ) Tap Water
T p HH —— - S~ i s ds i T —— N O I e e coyr ) AR W= 30)
Pritiahics Ref. Crl OR (95% Ref. | Cul. | OR(95% Ref. “Ctrl. | OR(95%
(N=43) | (N 18). (N=46) } (N=19) n (N=24) (N=4) cn
: 13 } e 5
Chlorpyriphos 5(277) 1.1(0.3-3.8) 10 (21.7) 0.8(02-2.7) 0 0 -
(30.23) (26.3)
10 - . PR e
B-Endosulphan | (23.2) 738 8) | 05(0.0-1.5) 9(19.6) (15 8) g y . )
| p i
e
Malathion 0 0 4l | 0 0 -
I (0.09)
e B, S e _.ia_ﬁ,__.
3
Dimethoate 5(11.6) 0 0 z 0 2
(6.5) i
[ T B Wl =, e I
Aldrin 4] ( ! 0 - 0 -
65 | - (4.2)
) S 3 : .'“,j,'., a y 6 ~ 1 o
Heptachlor ZL'i 5277 11(23.9) [ T(04:68) | 2= 'l(?"s”
(25.3) (15.8) =25 @25 3)
iy T o g
A-Endosulphan | 1(2.38) ! 0 - 0 0 :
(2.2) ! L_
|

- *All values arc in mg/l.

Area wise prevalenc
statistical signi

Figure 14: Arca wisc prevalence of water s¢

Positive Samples (%)
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i  Ovcrall arca wisc
P excess of permissible limit in ¢Mluent. ground and tap water samples of both reference and

control except tap water samplc of control area (‘Tablc-44).

Table 44: Area wise mcan pesticide lcﬁ)el in water and effluent samples (ug/L)

analysis of mcan pesticide levels reveled that Chlorpyriphos 1s found in

?All values are in mg/L
Ahalysis-'-'pf effluent revealed that p-IEndosulphan and Chlorpyriphos were present in

Effluent Water Ground Water Tap Water Overall
Pesticides*  |——— T : MPL
Ref Ctrl Ref Ctrl Ref Ctrl Ref Ctrl
(N=43) (N=18) (N=40) (N=19) (N=24) (N=41) | (N=113) | (N=41)
o-Endo 0.1190.t 0 0.0071 =20 = . = 0.0482+ 0 0.1
: : 0.7803 TEEIT00480 0.4%2
P-Endo 0.1274+ | 0.25157 | 0.06194 0.1943% | 0.1290+ | 0.0261+ 0.1011+ | 0.2031¢ 0.1
i 0.2822 0.3829 0.1384 |- 066«?_5 0.2315 0.0522 0.2228 0.5170 |
oa-HCH 0.1413+ | 0.04170 | 00546+ | 0.0610+ | 0.1060+ | 0.0357+ | 0.0985+ | 0.0501% 3
0.3194 0.0649 0.1763 0.1082 0.3221 | 0.0367 0.2712 0.0853
- P-HCH 0.0022+ [0.0147+ | 0.00294 0 0.0709+ 0 0.0171x | 0.0065+ 3
& 0.0099 0.0450 0.0140 0.3227 | 0.3227 0.0302
YvHCH . | 0.0083+ | 0.0894+ | 0.5 3 | 0.0003% | 0.0175¢ | 0 0.0127+ | 0.039%4% | 3
0.0397 0.3001 0 0587 0.0014 0.0741 | 0.0558 0.2007
8-HCH 0.02624 0.23284 0.0011+ | 0.0133+ 0.0137+ 0.1059+ 3
0.0770 0.6265 0.0053* | 0.0267* 0.0545* 0.4243+
Malathion 0.0253+ | 0.0076t | 0.0077¢ | 0.0309% | 0.0016+ | 0.0062+ | 0.0131+ | 0.0183+ 0.5
0.0765 0.0321 (10263 0.1336 0.0060 0.0124 0.0508 0.0928
Dimethoate 0.19514 | 0.00201 O 11814 0 0.0108% 0 0.1249+ 0.0009+ 0.1
- 0.7131 0.0085 0.6374 0.0519 0.5993 0.0056
Aldrin - - 0.0089+ | 0.0024+ | 0.0032+ 0 0.4866+ | 0.0465+ | 0.03
00389 0.0079 0.0111 0.0255 0.0054
. Heptachlor 0.0841+ | 0.09784 0.0717¢ 1 0.0560% | 0.0511% | 0.0499+ | 0.0720+ | 0.0737% 0.1
0.2048 0.1791 0.1733 0.1030 0.0712 0.0997 0.1711 0.1400
.+ 44-DDT 0.0047+ | 0.0115¢ 0.03734 0.0054+ | 0.0184+ | 0.0106+ | 0.0209+ | 0.0086x 1
. 0.0218 0.0394 (0.1331 0.0180 0.0330 0.0213 0.0879 0.0291
. DDE 0 0.01074 | 0.00294 0 0.0013+ | 0 0.0015+ | 0.0047+ ]
0.0109 0.0123 0.0062 | 0.0084 0.0272
fe;!' _'Chlorpyriphos 0.0365+ | 0.08434 | 0.02354 | 0.0450+ | 0.0121% f 0 0.0268+ | 0.0578+ | 0.01
o 5 0.0939 0.2197 01632 0.1634 0.0466 { 0.0864 0.1823

. Was found above MPL. in reference arca

concentration above MPL. in both reference and control area. Dimethoate and a-Endosulphan
’ “'was found in concentration in excess of MPL in reference area alone. y-HCH was observed
to be higher in reference arca (less than MPL) than the control area. which was statistically
significant. B-Endosulphan and Dimethoate were present in excess of MPL in ground water

of control and reference arca respectively. Tap water analysis revealed that B-Endosulphan
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5.2.7 Vegetable

(ested for pesticides residuc analysis and a -HCH. §-HCH, v-
vegetable samples (Table- 45) however, there

Besides this Dimethoate. Malathion.

Eight vegetablc samples were
HCH, 2,4- DDT, Dieldrin werc detected in
found to be  below MPL

concentration wecere

Chlorpyriphos and a-1:ndosulphan were also analyzed but there levels are below detection

limits (BDL).
Table 45: Pesticides residuc in Vegetables x ‘

¢ 9

_____—:T—T — 'T___.__._ e = . e g —____———-‘
- ?&;‘r:rla F::ladc)rl Gourd l::;:l(lc);z Carrot; Chillies PolaloT Raddish FCIa‘:Ici Tori.
pesticides® U Bet) - ﬁ}g} (Lahori (R:\ii;pur(Bhoma) (Khun-| (Raja (Fatchpur (Kohcr:r\ (Khun-. MPL
e o] g | | ) it Bol COLEN N Khin)
a-HCH 0017 | 0.054 0014 | no2a | 0085 0.027 | BDL 0.122 0.038 0.082 1
__—"’—y-HCH 0.037 1 0036 | 0022 0018 nors [ oo | 0236 EREY 0.07 0.102 3
T HCH _B'DEM—A_B.#()_I B HI)IV, & 0.005 é-[;{,"_ 0.012 0.014 0.01 3
—_-i)ieldrjn Foorr 0015 B BDL ' 70-0”5 'ﬂﬁ#_m;;-‘“(),<)32 1 002 0.028 0.1
p-Endosulphan| BDL BDL | BDL . | BDL | BDL | o024 | BDL 0.036 BDL 2
4,4-DDT BDL " pol. B lmr “BDL | BDL | 'f{i;dﬁ BtL_jy(n-x BDL 3.5
—24ppT | BDL | DL | B0 R I A T T | oo | oor | oz
( shm\n in p lrLlllhk,blﬁ

e
*All values are in mg/L, Villages ar

5.2.8 Fodder
Table 46: Pesticides residue in Fodder Samples
T e [0 e vt il Rt Fodde :
- Fodderl Qe (Khera Fodderd , N p Fodder7 | Fodder8 Fodder9 r
Pesticides® Raja Tal (B. B. Bet) [(Rai yur**) (kchora (Rdan- (Rai yur**)|(Fatehpur) (Fatehpur) 10 (Raja
(Raja Tah} - gy 0p) . al Bc() Khun) an 2o ey Tal) i
— __‘;__———-7—‘_4_——-———.——-— — e et f e St e e e i o S ) ___—————___‘-——-
o-HCH 7| - BDL. 13ROI, 0.092 ) _l}!_)l, ) Hl)l _(_1(}*:‘%_ B () 024 BDL BDL BDL
y-HCH 0.09 0.082 .05 0.024 0 078 0.08 B[)L 0.09 0.09 0.144
I . LI Ny ; L S (. L B e | -
§-HCH BDL BOL B3DL HD_L_ 0_()19‘ 0.0 1_‘3__ 7___[}!714 0.02 0.016 0.022
Chtorpyriphos m)l ol BDI BDL | 009 4 0 o4 | BDL BDL | BDL BDL
Dieldrin 0.0\8 () 922 RIDIE (]()l l () (Y’" HH(» BDL 0.044 0.012 0.056
L LELL N e B - Pl N o) === ey l
2,4-DDT BDL RPN i3OI Hl)[ » Hl)l 11 | »lH Bl )‘l_:‘;_L_B_[‘)E_ - L BDL 0:0628
*All values arc in mg/l Villn;'r\ are shown i parenthests.

for pesticides residue analysis and o -HCH, 8-HCH, v-HCH,

Ten fodder samples were tested
1 fodder samples (Table- 46). Besides B'

cre detected

2,4- DDT, Dicldrin, Chloropyriphos W

athion. o-lindosulphan and B-Iindosulphan were also analyzed but werc

this Dimethoatc, Mal

found to be BDL..
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328 Milk

£ 523 1 Bovine Milk

" Overall analysis of Bovine milk revealed the presence of a -HCH, 8-HCH, y-HCH, 2,4 - DDT.
{O-bDT, Malathion, Chlorpyrphos. Dicldrin, B-Endosulphan. Overall concentration of & -HCH.
E oniorpyTiphos, B-Endosulphan was found to be above the MPL (Table- 47). Besides this

Dimethoate and o~Endosulphan were also analyzed but their concentration were found to be -

- BDL. ‘
| ¢ = Table 47: Pesticides residue in Bovine Milk Samples )
E o - Bovinel Bovine2 Bovined Bovined BovineS =
.’7' Pesticides* (C.Nagar) |(IKhun-Khun) | (B.B singh) (Barnala Kalan) | (Raja Tal) Overall MPL
i : o-HCH 0.1195 0.2441 0.1288 BDL 0.4476 0.188* 0.05
& T yHoH 0.0641 00193 | BDL BDL BDL [ 0027 | 005
&~ sHCH 00063 | 00088 - | 0.0073 BDL 00317 | 00108 ~| 005
, © Malathion BDL 0.1399 BDL BDL BDL 0.028 005
@  Chlorpyriphos BDL | 00239 | 0.1276° BDL 0.1229* 0055+ |- 005
. "~ Dieldrin BDL 00223 | 0.0311 BDL BDL | - 0.062 0.05
gl | BEndosulphan BDL Bpl. | BDL 0.2379 0.0191 0.0541*__| 005 -
4,4-DDT BDL BDIL. 0.134 0.0344 BDL 0.0096 0.05
& | 24DDT BDL BDI | BDL BDL 02023 |  0.0405 0.05

vanzes are in mg/L, *Samples with above MPL. Villages are shown in parenthesis, .

52.92 Human Milk

l_ ® Overall -analysis of Human milk revesied the presence of Heptachlor, B-Endosulphan,

4.4 -DDE and Malathion and there concentration were found to be

& Chiorpyriphos, o-11CII,
ah. the concentration of 4,4 -DDE was found to be above the

, elow MPL but in Hudiara Nall
® MPL (Table- 48).

. Besides the above pesticides a-Endosulphan, Endosulphate, B, 7, §- HCH, 4, 4 — DDT, 4, 4 -

hosphamidon, Aldrin, Dieldrin and Monocrotophos

‘ DDD, 2, 4 - DDT, Dimethoate, Chlordanc. P

' were also analyzed but not detected.




Table 48: Pesticide residue in Human Milk Samples

. : Milk-4
o a Milk-1 Milk-2 Milk-3 > Milk-5
Pesticides* i 5
esticides (Raipur) (Raja Tal) (C. Nagar) ”.\h"" (Mahal) MPL
s p_ e | I e Khun) .
Chlorpyriphos ND ND ND 0.001 ND 0.05
Maiathion ND ND ND ND 0.05 0.05
R . - 4
a-HCH ND ND 0.00114 0.002 ND ‘£ 0.05
7 Heptachlor ND ND ND 0.002 E ND 0.05 I
B-Endosulphan ND ND ND W= 0.03 0.05
ol - 3 : ‘
4,4 -DDE 0.02 0.005 ND - = 0.1135 0.05
e i
*All values are in mg/L, Villages are shown in parenthesis,
{
5.2.10 Blood T
S ) \

In the present study arcawise analysis revealed that concentration of B-Endosulphan, 4,4 — ¢
DDE, a-HCH, y-HCH, 8-11CH were detected in subjects of reference area.as compared to !

¢

control arca of Buddha Nallah.
Heplaclﬂor, a-HCH. B-THCHL. 6-11CH were detected in subizcts of reference area of Hudiara

and Tung Dhab Drain in reference arca as compared to but not in control area except .

Heptachlor.

Heptachlor, o -HCIL B-1ICIHL §-1ICH, y-HCH, 4, 4 - DDL were detected in reference arca

and 4, 4 — DDT, Chlordanc were detected in control area of Kala Singha.

Similarly in East Bein Drain. Aldrin, Heptachlor, « -11CH. B-IHCH, 8-HCHwere detected in

reference arca and « -HCTL B-TTCH. 6-HCH, y-HCH were detected in control area of East

Bein Drain. (Anncurc-3).

©5.2.11 bNA Adducts

‘The amplification ol the TIPRT gene in casc of test samples is cxpressed here as the
‘percentage of HPR'T" gene expression in case of the normal healthy control. Lower the

percentage amplification. higher will be the presence of DNA adducts (which are indicative

of mutations).
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e ko Jn the percentage amplilication of HPRT genes in the study samples. the subjects
il ... ool o the following groups:

%, smpiification of HPRT gene No. of patients

»wd to healthy control)

(Almost Normal) 7(C-08, 11, 14, 15, 21, 22,23)
(L\'Ipderately Mulzil-.:_d ks -8’{C-06, 16, 17, 18, 19, 20, 24, 25)
(Mutated) o 3 (C -09, 10, 12)

(Highly Mutated)

iewas observed that the mei;iinum number of cases (8) had moderate mutations (75-90 %

wexure\\xon) while 7 cases showed ‘aimost normal amplification (>90 %) indicating the
¢ muations. Out of the rcmulnmg 5 cases 3 were reasonably mutated (50-75 %

Gearer while 2 cases were highly mutated (<50 %).

ﬂ;.. Quality Control
Jiected by field workers. was comparable with JRF and Medical Officer for

imu:'z::c:cg::al study. Testing lor quality control of 10 samples of water (ground (3).

effuent (30, wp (2)) along with

one sample each of vegetable and fodder was conducted at

* Pgac oricultural Post harvest Technology Center, Punjab Agricultural University,
f Fpgiana for cross checking the results of testing laboratory. Quality control was done for
= f‘ f ==y metn! and pesticide residue analysis.
P =comizge Of agreement for pesticides in effluent, ground and tap water was found to be
i b pmsomaniy comparable in testing and quality control laboratory. Similarly the percentage of
mreement for heavy metals in cffluent, ground and . tap water was also reasonably
semramaoie  30-100%).
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il
2 6. Possible source of drain water pollution
) " The results of drain and village wise laboratory sampling for individual sample for differe:

parameters arc given in Anncxure-4.

6.5 Buddha Nallah
The study revealed that overall concentration of Cadmium and Selenium was found to

maximum in Midpoint arca. [t may be becausc of the presence of food. dying, leath

“industries in the near by arcas W hich discharge their effluent into the near by drain. Over

Coppcx Mcxcug, Lead. Chromium concentration was found to be maximum in downstrea

area, may be because of lcather, tanning, metal industries in the downstrcam area Over

COD was reported to be maximum in midstrcam area may 1

' concemratlon of .BQD and

because of municipal scwage.

" ;- Figure 14: Mapping of main industrics along Buddha Nallah
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along the drain revealed that mid-point area (Chandan Nagar)

g arca
Lead, Selemum Arsenic, Nickel, COD and BOD

Analysxs of samplin
ws higher concentration of C admium,

0.004. 0.003. 0.003.7950. 815) mg/L respe

- sho
(0.003, 0.02,

- downstream drain arca.

ctively as compared to upstrcam and

ation was found to be higher in midpoint drain because of Nut and Bolt factory

“Lead concentr.
present in Buddewal and Tajpur village also contain

m Pharowal v1llagc Food Industrics-

| wod cans contain small concentration of Lead. Selenium

occurs naturally in environment, it is

5 metal alio’ys (Nut & Bolt). Arsenic
vely. Cadmium and Chromium concentratio
and BOD was found to be higher in Chanda

also present in phosphate fertilizers. Selenium is used in

and Nickel are naturally present in soil and foodstuff

n is because of dyeing unit present.

respecn
n nagar (mid-stream

' Concentrallon of COD

p01nt) because municipal wastc ol L.udhiar
= sewage of the villages falls into this drain. Also effluent of the near by industries fall into this

drain, which contain higher concentration of organic and inorganic matter.

on of Copper and Mcrcury were observed to be higher in downstream area of

- Concentrati
on vas found to be higher as compared to midstream and

Buddha Nallah. Concentrati

pstream of Buddha Nallah because metal. tube and dying Industries are present near the

lownstream arca.

Concentratlon of Mercury, Copper. Chromium was found to be above MPL in downstream

al. tube and dying units present in near by areas (villages). BOD

because of presence ol met
L

was observed to be above M a city

PI. in midpoint stream because municipal waste of Ludhian

félls near this point.

: The‘village wise laboratory paramcters in water along Buddha Nallah is shown in Table-49

e Effluent water of Khera bet has higher concentration of Heptachlor. B-Endosulphan,

‘I This pattern was found during all thrce scasons of the

. Copper. Chromium. Nickel
permissible limit in samples of

year. [Icptachlor was observed to be more than

| water in Khera Bet.

effluent and grounc
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iana city falls before this stream (i.e. mid point). Th(ﬁ%fi ‘
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e Greater proportions ol labhoratory parameters of cffluent water in Khera Bet were

observed to be morce than the pcrmissiblc limit than Chandan Nagar and Raipur.

-~ &

e Noteworthy among thesc parameters include physical and chemical parameters hkef

Ca, Mg. Cl. E. BOD and COD: heavy metals including Fe. Hg. As. Cd, .Cr and
¢

pesticides including Beta cndosulphan and Heptachlor. o)




Table — 49: Village wise laboratory parameters in water samples albng Budhha Drain

Fcbruary' March May July October \ " December
Sample Area. . — - :
x Detected >MPL ) Detected >MPL Detected >MPL Detected >MPL Detected >MPL \ Dretccted \ >MPL
!1 CaMg.NH,.P.Fe, .| CaMgN conad ; He
CLF.CuCdCr. | MgFe.COD, | H3.PCLF | Cd,Cr,Hg,Pb,Ni,Se As 29 1 Ccd,Cr,Hg.S . b
ew | Khem | HeNiSeAsCOD | BODF.B- | CuCdCr | FeCO | .cODBOD,.CaMg.NH DFNI- | ¢ As,cODB ggg?’é g%gg"@;‘&g% Mg Fe,COD, | CuCdPbSe |
i Bet . Endo, HgNiSe. | 7’ v 3,P,ClI.F Heptachlor, Endo.He 0OD,Ca Mg, e H'3 = C'l £ ;Se As BOD,F.Hg As |
-; BOD, j-Endo. | Heptachlor t Fe.As.CO \ : B-Endo fehior | NH3P.CIF 8 P
i Heptachlor-HCH | D.BOD | P | , \
| | | | , | K.
i Ca.Me NH:P.Fe CaMgN | | Cd.CrHg Ni Sc:,g,g;_;,y;,n:ﬂ% ‘f i
H\488) Lr.re < ‘ . . ’ ) ’ ' ' ' ' i i
' chaday | CLECHCACr | MeCOD, | HrEi | Meco \ ccdc,)%r.epg,glésms,:a Mg.COD. | .Pb,SeAsC | CaMg,C | NH3P.CLF.SeA | CaCODBO . (. ypop |
EW el HeNi.Se.As. BODF. | k.‘:'\..'sf‘ I'DBOD | "5 o\ 'HaéHg’B | BOD.F, ' OD,BOD.Ca | OD,BOD, sB-HCHS- | DEHgChlo =
A L copBon - B-Endo I:'_:"\ L'C(Lj F HC'HG'H&(:]Q a.fnao | BENGO  MgNHIP. F Hg HCH.v- | rpyriphos Il
i Inde . “"'35' gt S| CLF \ HCH.Malathion. |
' : [ | d.BOD l\ Phospmict=~ |
i y ‘ , 'i
CaMgNH:P.CLF | | Cr.Hg.As. . Cd,Hg.Pb,As.COD.B i | ,
l ; \ , | CaMeN | | OD.CaMg,NH3PCl | CaMgC S(/j\'?go'gg'?a{ | Cr.Hg.Ni,Se.Ca, i
L EW \ Raipur | Cu.Cd.Cr.HgNi, Cr H3P.CLF | As | FDieldrinMalathiona | ODHg, | G ca M Mg.NH3,P.CIF, | MgBOD CuSeAs |
i . Se.As.COD, 5¢,COD. -HCH,y-HCH, B-HCH, | B-Endo | \haB ot Se,As 5
: | BOD Heptachlor BOD B-Endo b *
| CaMg.NH;.PCl, Cd,Hg.Se, :
“ . iy e Cd.Cr,Hg,Se,As,CaM Cd,Cr,Hg,S Cr,Hg,Ni,Se,Ca, O C g
GW L N e Me.F s, | PHE 9,NH3,P,CIF 4 4- FHg | eAsCaMg, | Mg.FHg | MgNH3PCLF, | MgF.He gl
\ il B i i b DDT,a-HCH NH3,P,CIF Se As st
| ,Heptachlor £
| | CaMg NH:.PCLF Cr Hg.As. Cd,Cr,Hg,PB,SeAs,C | Mg,F Hg, Cd.Cr,Hg.Ni.Ca
| . . ; NiCaMg, | FNiH a,Mg,NH3,P,CI,F Hep - Hg,Ca,Mg,N 'N;'l I‘DC'IF' M BN He Cu.AS S
OW 1 Ralpur | ¢y ca Cr.HgNi, MeF | Nmspcl | e tachlonubiCH B | Endobs | CHARCLE | [ | MBNHAELLE. 1 MESTE =
Se.As,Heptachlor F.Se Endo ptachlor ;
Ca Mg.NH:.P,Cl, Cu.Cr,Ni, :
i ' F, Cd,Cr,Hg,Pb,Se As,C Cu,Hg,Se,C Hg,Ni,Se,Pb,Ca,
Gw | Khem | FCuCACRHENL | pepachior, | SSASTG | FeF | aMgNH3PCLF.4s4- MOrto | aMgNHIP | FHg | MgNHIPCIF, |  FSeHg s
Sl s i o ¥ B, DDT,a-HCH, B-Endo CIF Se,As
a-HCH H3.P.CLF
CaMg.NITPCLF : : Cd
. Khera : Pors.Ca. CrPb As CaMgNHa, | P10 | CugSec | CaveEaE. | camgnint | cocdpose
SW Bet CuCd.Cr.Hg. CaMg.Pb . N.H}. Cca.lg | P,C|F Heptachlor,4 4- Endo H a,Mg,NH3,P CaMg 'Sg'As LCLF, Mg,Ni. ! A .
Ni.Se.As.u- g i DDT,a-HCH, B-Endo | °h'l @ CIF HCH‘“’M l"{;‘i g g
HCH.DDE -F.OC ptachlor ,Malathion
Ca.Mg,P.Cl. Cd.Cr.Hg, Cd,Pb,Hg,Ca,Mg,NH3 Cd,Cr,Hg,Pb,Ni, i .
Gw | Cmdin | FCuCACrHe. | yor | P2CaMg | CaFli | P.CLF.Dimethoate.he CaMaF. | HoSe.CaM | @@ e | SeASCaMgNH | CaMgFCd. | CuCdPhse
Nagar | Ni.Se.As.Heptachl MeE L NH3PCI g ptachlor,4,4-DDT a- "f‘c 9. i 9.F.Rg | 3p CIF.SeAsa | NiHgPb As
or F.As.Se HCH,5-HCH, B-Endo ¢ -HCH,Heptachlor



Cu.Cd.Pb.Se
Hg.Ni.Se
F.As.Se
Cl.F.Se
Hg.Ni.Se
Cd.Hg.Se
Cr.Hg.Pb.Ni.Se

1

6.5 Hudiara Nallah

.1 The study revealed that concentration ol Cadmium. Chromium. Mercury. Nickel, COD and

BOD was observed to be maximum in mid-strcam arca. Concentration of Chromium was

found to be maximum, may be because of textile mill in the ncar by area. Chromium is also

used to make molds for the firing of bricks. C oncentration of COD and BOD may be because

of municipal wastc of Amritsar city. which falls into Hudiara Nallah, and effluent of khasa

distillery. Effluent of Tung Dhab l)mm also falls into Hudiara drain.

Figure 15: Mapping of main industries along Hudiara Nallah

Hudiara Nallah
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5 7
l\hml 3 I\iuu(i Bhoma o~

nan lltldld -
. = i e ./
| \J’a”“‘ 1(‘ \x Nangal Panuan
| .Y\“.\“f! an * GURDASPUR

Ac‘hmlkot e er 411 1ol ij\
i Tungdhab Drain

honnml

Municipal was(e —\~ S

by - Rajata‘l of Amritsar,
7 ~ T\

AMRITSAR >

/ KAPURTHALA
-
i
( § g ~<j """ L
- ) FIROZPUR " - eeetie
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Distillery
Plastic
’ water along Hudiara Nallah are shown in

The village wisc laboratory parameters in
Table-50.

o All villages along the [udiara Nala recorded more than permissible limit of

mercury and fluoride in cfTluent. ground and tap water.
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s Jiffluent water of Lahori Mal has more than permissible concentration of

Dimethoate. Heptachlor. 4.4-DDT. Alkalinity and Nickel. Tap (tap) water of ~

- i,ahori Mal has higher concentration of Cadmium, Chromium, Lead. Selenium.

" Flouride and its ground water has higher concentration of Hardness and Copper.

“fiffluent water of [X1ji Tal has higher concentration of a-HCH, B-HCH,,

. _Iindosulphan, Malathion and its ground water has higher concentration of DDL .

¢ [iffluent water of Bhoma has higher concentration of p—Endosulphan, y-HCH,

Ilouride and Arsenic its ground water has higher

e S

,(‘Jlglorpyriphos, Lead,

concentration of Hardness.
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bSeAs Ca _

Cu Hg, Pb Ca.

j CaMg
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$,Heptachlor,a-HCH, |
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Table - 50; Village wise laboratory parameters in water samples along Hudiara Drain
Samp Village 2 Feb March sz July October December
le Detected >MPL Detected >MPL Detected . >MPL Detected >MPL Detected >MPL Detected [ ST
FW | lahori | CaMgNH3 P Fec Mg.COD, [ Cd.CrHg,P [ Mg,COD, | Gr Hg.Pb.NiAs, | 'Mg,COD, | Cu,Cd,Cr Hg, Mg,C | Cd,CrHg.Ni,Se,COD, | Ca,Mg.COD, Cd,Hg,Cr.Pb,
Mal I,F.Cu,Cd,Cr Hg,Nij, BOD,F H b As COD, BOD,F.H | coD ,BOD,Ca,M BOD,F H As,COD,BOD, OoD,B BOD,Ca/Fe, Mg,NH3, | BOD,F,Hg Se,As
} Se,As,COD ,BOD, i g, Dmeth BOD,Ca,Fe g g,NH3,P,CI,F He g, B- Ca,Mg,NH3,P, OD,F, P.CIF Se As =
| Dlmethoate Heptac | oate, ng I Mg,NH3, P, ptachlor,4,4- Endo,He ClF Hg | s
! hior, ! tachlor I CIF,Se ;' DDT, B-HCH ptachlor i
_ | a-HCH ! | i ) | : !
Raja | CaMg NH3 P ,Fe,C | Mg,Hg,Dl " Cu,Cd,Cr,H ' Mg Cu,Cd,Hg,Se As, Hg, B- | Hg,Pb.NiAs.C | Cu,Cd,Hg,Ni,Se As.C | Mg,Hg Cr,Hg,Pb,Se, |
Tal ,; I.F.Cu,Cd.Cr, Hg,Ni, methoate " g, NiSe As, COD,BOD,CaM Endo | OD,BOD.Ca, OD,BOD,Ca,Mg, NH3 As i
. SeAs,COD ,BODH ,Heptachl'?i“ ‘COD,BOD, g.NH3,P.CIF 4,4 © Mg, NH3.P.Cl. | P.CI,F,Se As, B- .
eptachlor or  7:CaFeMg,N | -DDT,a-HCH,y- | F i Endo, Dimethoate Mal '
H3,P.CILF ! HCH, B-HCH, B- | i athion,y-HCH !
oS ‘ L ! ‘ Endo i i
AN 3homa CaMg NH3.P Fe.C Mg.F Hg Cd,Gr,Hg,P 'CaFAs. Hg.Pb,Se As.CO | Mg.F.Hg, . Cu.Pb.As.CO F " Cd,CrHg,PbNiSeAs | CaMgF Cd.Cr,Hg.As
LF.Cu,Cd.Cr \Hg.Ni. 3- 0,As,COD, Hg D.BOD.Ca,Mg,N B- D,BOD.Ca,Mg COD.BOD,Ca,Mg,NH Se
Se.As,COD,BOD. Endo, ke BOD,Ca.Mg H3,P,CI.F,Hepta Endo,He NH3, P CILF 3,P.CI,F,Se As ! i,
B-Endo, Heptachlor ptachior  NH3.P.CI.F chior,a-HCH. B- : ptachlor | | o
-HCH, Chlorpyri Se ; | Endo i I' | :
y-HCH phos , ! !
T Gw Lahori | i CaMg,NH3,P.CI. F, Mg,F Cd,Cr,Hg,P i Mg, F Hg | Cd Cr Hg As,Ca, |
© Mal{ CuCd,Cr,Hg,NiSe, ; | | Mg,

5 WHS,R:C) Hg,He Endo.Chlorpy He
CiF 4-DOT,a-HCH,y- x ptachl | B-Endo Malathton Y- riphos =
HCH, B-Endo ' or | HCH,Heptachlor,Phos
3] b b g ¢ it . /__pmidan ; - !
CGW Bh‘o‘t}na 'CaMg,NH3,P.CI, F, | Ca,MgF, i Cd Cr, Hg A | CaMg,F,; [Cd.Cr \Hg,PbAs, “Ca Mg F, Cd.Cr.Hg,Pb, | CaMg Cd,Cr,Hg,Pb,Ni,Se.C CaMg,F Hg, Cu,Hg.Se As '
{ ‘ R i icugd.er Ha.Ni,Se. { Hg, B- ! s,Ca,Mq.Cl, Cd Hg Ca,Mg,NH3,P.Cl Hg SeAs.CaMg, | FHg a,Mg,Cl,F,Se As Ni | He
| As, B- | Endo | FAsSe F Heptachlor 4 NH3,P,CIF ! N
g~ -—— | ExoHeptachior | - ; 4-DDT.a-HCH .
i SH Lahori CaMg NH3 P CIF, ] | Cd.CrHgP | MgF.cCr, Cu,Cr,Hg,Ni Se, - CaMg,F | Cd.Cr,Hg,Pb. CaMg | Cu,CdHg.Pb,NiSeC Ca,MgF.Cd, | Cu,Hg.SeAs
j | Mal | Cugd,Cr Hg Ni Se. b.Se As.Ca, Hg As,Ca Mg NH3,p SeAsCaMg, | FHg | aMg.CLF.SeAs B- Ni
| l AsHeplachIor a- ‘ Mg,NH3.CI, .CI,F Heptachlor, NH3,P.CIF Endo,Malathion,y-
L HCH . F a-HCH HCH
TN | Lahori MWW Cr,Hg,Pb,NiAs, WW Mg.C | Cd,Cr.Hg.Ni.Se.COD. Cd,Hg,Cr.Pb,
Mal \ LFZuCd.CrHgNi | BOD F.H | bAsCOD, | BODFH COD,BOD,CaM | BOD,F H As,COD.BOD, | ODB | BOD,Ca Fe MgNH3. Se As
‘ SeAs,COD,BOD 9.Dimeth | BOD,Ca Fe g9 g.NH3,P,CI.F He g, B- Ca,Mg,NH3,P, | ODF, P.CI,F.Se As H
: | Dnethoate Heptac oate,Hep |. Mg NH3 P, ptachlor,4,4- Endo,He CILF Hg
i tlor,.a-HCH | tachlor CIF.Se DDT, B-HCH ptachior



Cr.Hg.Pb.Se
F.As.Se
CI.F.Se
Cu.Cr.Hg.Ni.Se
Cutd.Cr.Hg.Ni.Se
Cu%25c2%25a3d.Cr.Hg.Ni.Se
Cr.Hg.Ni.Se
Cu.Cd.Hg.Pb.Ni.Se

6.5 Tung Dhab Drain
almn of Cadmium, Chromium, Lead, Sdunum BOD and

% The study revealed that concentr

%% COD was observed to be maximum in midstream area. Concentration of Cadmium, Chromium,

: Lead was observed maximum which could be because of paper mills, food industries. dying

al alloy industrics in the near by areas. BOD and COD was obscrved to

tcktilc and met
$ maximum may be bec
ant and also municipal waste of Amritsar city.

ause Tung Dhab drain mid stream receives outfall of sewers and effluent

4 of verka milk pl

gopcentrahon of Cadmium and Nereury was obscrved to be more than MPL may be because

‘ofdymg, pharmaccutical Thealth aid necar by hmg Dhab drai
into Tung Dhab drain. Industrial area,

1. Domestic effluent of military

Cantt and Guru Nanak Dev University also falls directly
%lch includes 126 industrics. includes 81 dying houses, 2 vanaspati, 5 pulp and paper mills

’ and'31 plckup and electroplating units, 3 dairy units, 1 distillery and one chemical industry.

f Out of 126 industries, 34 discharges their waste water directly into Tung Dhab drain which

i ultimately falls into Hudiara Nallah
Figure 16: Mapping-ol main industries along Tung Dhab Drain
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“The village wise laboratory parmmceiers in water along T'ung Dhab drain is shown in Table-

51.

e Mahal village had more than permissible concentration of Mercury. Dimethoate in
effluent water while it recorded concentration of o-Endosulphan and Malathion more
than permissible limits in ground waler.

‘e Effluent water of Boparai Baj Singh has higher concentration of o—~HCH, Heptachlor,
Dimethoate> Nickel. Sclenium. Arsenic and hardness. Its tap (tap) water has higher
A]_k_al_inily:rS—'l’l‘{:j'lfﬁ/\hlrin. Chromium and I.cad concentration and its ground water has

lnghcn é:adliiitlx_lj_ . 44-DDT. ‘

Effluent water of Sl‘.uml\‘zu‘pum has higher concentration of B~Endosulphan, -HCH and

Chlorpyriphos and its ground water has higher concentration of y-HCH.

i
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5 : Table — 51: Village-wise laboratory parameters in water samples along Tung Dhab
% | sasinke Viila : WEeb {4 March v May July October . December |
P i Detected | >MPL Detected >MPL Detected >MPL Detected | >MPL Detected >MPL Detected >MPL |
EW Shankarpu | CaMg,NH3,PCI.F, | MgFHg | Cd.CrHgPbAs, | MgFH | CrSeAsCOD.B F, B-Endo Cu.Cd.Cr, Mg.F | Cu,Cr,.Cd,HgNi.Pb, | CaMgF.H | CuHgAs, Hg |
ra Cu,Cd.Cr,Hg,Ni,Se, ,Chlorpy COD,BOD,CaM g 0D,Ca.Mg,NH3, Pb.As,CO COD,BOD,Ca,Mg, g Se
As,COD,BOD,Hepta | riphos g.NH3,P.CI,F,Se P.CI,F,a-HCH, D.BOD,Ca NH3,P,CI,F,Se As
chlor, B-HCH,a-HCH | ! . , B B-Endo Mg, NH3,
&3] HCH, Heptachlor P.CILF
_ i i | | .44-DDT.y-HCH | ' i ; i
i EW © Mahal , CaMgNH3;P.RCIF | CaMgC | Cd.CrHgPbAs, | CaMg, | Hg.Se,COD.BO | CaMg,COD. | Cd.CrHg, | CaMg, | CuCdHgPbNiSe | CaMgCO 1 Cd.Hg.Pb. |
: . eCLFCuCdCrHg. | ODBOD | CODBOD,FeC | CODB | DCaMgNH3P, | BODFHg | PB.SeAs, | FeCO | LAsRCICOD.BOD, | DBODF, I SeAs
: ! Ni.SeAs.COD,BOD, | [FHgDi ! aMgNH3P.CI, ' OD.FH CIF * ¢ COD.,BOD | p.BOD, Ca.Fe,Mg,NH3 P C Hg !
Heptachior ; methoat F.Se g ' ‘ ' CaMgN FHgH | |.F.Se As,B- :
i e H3.P.CLF sotacnl | Endo.Malathion.a- .
i : i : ar HCH Alann.Heptac
! ‘ hior '
EW Boparm B 1 CaMgNH3.PFeCl. | CaMgC . CuCrNiAsCO : Mg.CO | CrHg.PbNiSe | CaMgCOD . HgPbCO _ CaMg  Cd.CrHgNi.SeAs. | CaMaCO | HgPoSe
Singh FCuCdCrHgNi.S } OD.BOD D.BOD.FeCaM i DF | AsCOD.BOD.C | BOD,FHgHe | D.BODCa ; Mg , COD.BOD(CaFe, | DBODE | ‘As
| eAsCOD.BOD,B- | FHgDi | gNH3P.CLFSe | I aMg.NH3.PCl. ptachlor | Mg NH3, | . Mg.NH3P.CIF.Se. Hg 8-
{ ! i Endo,Heptachlor methoat : F.Heptachlor,a- | PCIF ; { As Enco i !
| i | e i HCH { % ! ‘
GW i\ Mahal( Ca,Mg,NH3,P.Fe,Cl, Mg.,F.Hg | Cd,Cr,Hg.Se.As, Mg, F.H Cd,CR,Hg,Pb,S Ca,Mg,F Hg. Cu,Cr,Hg, CaF.H Cd,Hg,Pb,Ni,Se,Ca | CaMg,F.H Cu.Hg.Pb,i Hg
F.Cu,Cd,Cr.HgNi,S .0-Endo | Ca.Mg,NH3.P.Cl g e,As,Ca,Mg,NH Heptachlor Pb,Ca,Mg, g \Mg,NH3 P.CI.F.Se | gChiorpyri SeAs |
e.As, a-Endo,a- F 3,P,CI,F.Heptac NH3,P.Cl, As,a- phos !
HCH,5-HCH hlor,4,4-DDT a- F HCH,Malathion,Ph | :
{ HCH ospmidan ! !
i GW BoparaiB | Ca.MgNH3.PFeCl, | MgFHg | Cd.CrHgCaMg | MgFH | CdCrHgPbAs, | MgF.Hg B- | Cd.CrPb, F.Hg Cu.CrHgNi,Pb,Se, | MgFHg | CuHgPb, | Hg
Singh F,Cu,Cd,Cr,Hg,Ni,S .NH3,P.CI,F As, g Ca,Mg,NH3,P CI Endo Hg As,Ca, As,Ca,Mg,NH3,P,C SeAs |
e,As, Heptachlor,a- Se ,F.Heptachlor 4, Mg,NH3,P |,F.Se As I
‘ HCH 4-DDT,0- .CLF |
HCH,5-HCH, B-
Endo
GW Shankarpu | CaMgNH3,PFeCl, | MgFHg | CdHgPbSeAs | MgFH | CrPbSeAs_Ca, CaMg,F CuCrHg., | F.CuH | Cd.Hg.Ni.Se.CaM Ca.F Hg Cu,Cr,Hg, Hg
, ra F.Cu,Cd,Cr,Hg.Ni,S .Ca,Mg NH3,P.C g Mg,NH3,P.CI.F, Pb.Se,Ca, g g.NH3,P,CI,F.Se A Se.As
i e As, B- IF Heptachlor,a- Mg,NH3,P s i
Endo,Heptachlor,y- HCH,y-HCH .CLF i
HCH.a-HCH
SW Boparai B | CaMgNH3PFeCl | MgFHg | Cd.CrHgPbCa | FCrHg [ Cd.CrHgPbAs, | TAMgF.Hg | CdCrHg | TAMg. | Cr.Hg Ni.Pb.SeAs, Mg.,F.Hg.A | Hg.Pb.Se, Hg
Singh F.Cu,Cd.CrHgNi,S | Heptach | .Mg.CIFAsSe Pb Ca,Mg,NH3,P CI B-Endo PB.SeAs, F.Hg Ca,Mg,NH3,P.CIF, Idrin As
e As Heptachlor,a- lor ,F.Heptachlor,a- Ca,Mg.NH Se As, B-Endo.a-
. HCH HCH,6-HCH, B- 3P.CLF HCH,5-
Endo HCH, Malathion Ald
fin,4,4-
DDT.Phospmidan
EW Shankarpu Ca Mg ,NH3,P CIF, Mg.FHg | Cd.CrHgPbAs, | MgFH | CrSeAs.COD.B F, B-Endo Cu,Cd.Cr, Mg.F Cu.Cr,Cd,Hg.Ni.Pb, | CaMg.FH | CuHgAs, Hg
ra Cu,Cd,Cr.Hg.Ni.Se, .Chiorpy | COD.BOD.Ca.M g 0OD.Ca.Mg,NH3, Pb.As,CO COD,BOD,Ca.Mg, ] Se
As.COD,BOD Hepta riphos 3.NH3,P.CI.F,Se P.ClF.a-HCH, D,BOD,Ca NH3,P,CI,F,Se As i
chior, B-HCH,a-HCH . B- B-Endo Mg.NH3, ’
. "HCH, Heptachlor P.CIF !
4.4-DDT.y-HCH , ‘
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F.As.Se
Cu.Cd.Cr.Hg.Ni.Se
Hg.Pb.Se
g.NH3.P.CI.F.Se
NH3.P.CI.F.Se
Ni.Pb.Se
Ni.Pb.Se
Cu.Cd.Cr.Hg.Ni.Se
Cu.Cd.Hg.Pb.Ni.Se
CI.F.Se
Hg.Po.Se
P.CI.F.Se
NH3.P.CI.F.Se
Cr.Hg.Pb.Ni.Se

6.5 East Bein Drain

The study revealed (hat concentration of Cadmium. Copper. Selenium. Arsenic. COD and

BOD (0.003, 0.03. 0.004. (. 004.°0.01. 339, 272) mg/L respectively were observed to be

higher in mid strcam arca of |: :ast Bein drain i.e. Khun Khun village.

Nickel is source of foundry. foodstufr etc. Arscnic-and Selenium are nulura“y present in
certain 'soils and grains, cereals and meat respectively. Selenjum--is present in phosphate
fertilizer. Chemical industrics are present in"TI"’"ﬁagwara. Cadmium and - Chromium
concentration was found to be maxinium in midstream area may* be because of presence of
spinning mill in Nasrala Choc. Also Arsenic used as insecticide applications on farmland.
Excessive fertilizers and pesticides reach water systems t]nough tap runoffs. Major crops

grown in Hoshiarpur are rice. wheat. maize, sugarcanc and sunflower.

Figure 17: Mapping of main industrics along East Bein Drain
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neentration of BOD and COD was observed to be maximum in midstream

{ East Bein received municipal waste
ution in East Bein. This carried the effluent of M/s

Wmum co
- @s can be becausc O
i -~ Jmin Was onc of the major sourccs of poll

2 g?aper, Sarla K
s carrying industrial ¢
,M/s Surjit Starch, M/s JCT and M/s Punjab bone

of Nawanshahar. Pathlawa

hurd. Phagwara drain besides carrying domestic effluent from Phagwara

{fluent of four major industries at Phagwara viz. M/s Oswal

mill. Discharge of Phagwara drain is

: renaived by East Bein drain.

VAR T i

ion of Lead and Chromium was s observed to be maximum in downstream drain

because of presence of lannmg-'md leather industries present in Jamsher khas.

also received by East Bein drain. Concentration of

from Kala Singha drain was
d to be above MPL might be because of

Cadmlum Chromium. | ud was observe
and lcather industries present in East Bein drain.

13w

o plastlc, paper, tanning, spinning

" #he village wisc laboratory parameters in water along East Bein drain is shown in Table-52.

oride, calcium and magnesium were found to be more than permissible

ges along East Bein drain.
mium, Nickel, Selenium,

W .-Mercury, ﬂu
,hmlt in effluent water of all the villag
r of Khun-Khun has greater than MPL of Cad

phos and Alkalinity and its ground water

Effluent wate
Arsemc 0 Lndosulphan Malathion. Chlorpyri
B-HCH, 6-HCH and Aldrin .

has hlgher concentratnon of B Iindosulphan,
a—HCH, Heptachlor, 4.,4-

Effluent water of Barnala Kalan has higher concentration of

DDT, DDE and Mcreury.
al has higher concentration of Alkalinity. hardness and

- Gropnd water of Phul Goddows:

LCopper.
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i Table — 52: Village-wise laboratory parameters in water samples along East Bein
y . fi " i
A ) =, . T
Sample | Village Feb _ March May July October December {
Detected >MPL Detected | >MPL Detected >MPL Detected | >MPL i1 Detected >MPL | Detected | >MPL |
EW | Khun | CaMg,NH3P FeR Mg.F.Hga | Cu.CrHgNi, | MgF Cu,Hg.Ni,Se.As. 1" Mg F.Hg Cd.CrHg, | CafHg | 'Cu.Cd.CrHgPbN CaFHg | CuCdCrH | Hg
KNiun CI.CI,F,Cu.Cd.CrH i -Endo.B- ! SeAsCODSB ! COD.BOD,CaM ! Pb,CODB | il CQ‘D,BOD.Ca.Fe‘M B g.Pb.SeAs !
g.Ni. Se As.COD B i Endo.Hept | OD.Fe,CaMg g NH3,PCIF | 0OD,CaMg | g.NH3 P.Cl.F Se As, | Zndo.Ch .
0D, a-EndoB- | achlor | NH3PCLF ' l NH3.P.CI. B- lerpyriph ‘
Endo.q- | ; ! F i Endo,Malathion.Pho os
: HCH.Heptachior | ! i ‘r | i spmidan |
i EW Phul CaMg,NH3,P.Fe.C | MgFHg ! CuCdCrHg, | TAMgF.C CrHgNi.SeAs. | MgFHg | Cu,Hg,Pb. Ca.F Hg Cu.Cr,Hg,Pb.Ni,CO | CaMgF | CrHa.Pbs Hg
{ Guddow ! I,F,Cu,Cd,Cr.Hg.Ni. ! | Pb.SeAs,CO ! r.Hg COD,BOD,CaM [ As,CODB D.BOD,Ca,Mg,NH3, ' .Hg e.As
i al * SeAs,COD,BOD, i { D.BOD,Fe.Ca | gNH3PCIFa- | 0D,Ca.Mg P.CLF.SeAs. |
! - , | Mg.NH3P.C! | HCH ! ! NH3PCI * , ,
] Endo,Hentachlor,a- 1 F ' | F !
: HCH < i
=\ CaMc.NH3PCLF.  CaMgFH  CuCrHgNi. CaMgFH CdHgPbCOD  TAC: Mg.  CdCrHg  Mg.FHg Cd.CrHgNi.Se.CO <CaMgF | Cu.CcHg i
Cu.Ce.CrHg.Ni.Se 3 Se2.As.COD.B 3. B- ' BOD.Ca.Mg . NF F.Hg As,COD B D BOD.Ca.Mg.NH3 Se As
As.COD.BCD 0OD,CaMg.N Snoo.Heot 3.P.CIF 0OD,Ca.Mg P ClLF.SeAs ;
Heptacnier H3,P.CI,F. 8- achlor NH3.P.C! » i
Endo.Malathi i F ‘ i
ocn,DDE.a- | i
HCH,5-HCH :
W Ca,Mg NH3P CIF, Mg.F . Cd.CrHgSe | CaMgF.H | Cd.CrHg.PbSe { CaMgFH | HgPbSe ' TACaFH | CdHgNiSeCaMg | MgFEN CuHgSe.
Cu,Cd.Cr Hg.Ni,Se, , | CaMgNH3, g As,Ca,Mg.NH3, 9 As,Ca,Mg, = g.Heptachl NH3.P.CI.F Se As, l Hg.Aldri As
b As Heptachicr. 8- ! CILF As Hept P.CIF.Aldnn.a- i NH3,P.CI. or ; . B-Endo,a- . n,B-
: HCH ) i achlor44- HCH,5-HCH ! l F i HCH Malathion Aldri ! Endo.Ch
g : i ! ! DOT = ! ' > nHeptachior,4.4- | ‘oroyriph i
{ i | ) : A i | DDT.Phospmidan |  os i
GW byl CaMg. P FeClF.C | MgFeFC ' Cd.CrHgSe, ‘CaMg,FH | Cd.CrHgAs.Ca TA-THCa, | CrHgNi.S | TA.CaMg, Cd,Cr,Hg,SeNi.Ca. | CaMgF CuCdCrH | CuHg |
vuddow | u.Cd,Cr,Hg,Ni,Se A | u,Ni.Hg, B- | As.Ca,Mg.NH g Mg.NH3,P.Ci, | Mg.F Hg e Ca,MgN i F.Hg Mg.P.CI.F.SeAs Hg G.Pb.Se As ‘ x|
’ O s, B- | Endo 3.CI.F Aidrin,Heptachlo H3,P.CIF | ‘ |
‘ : Endo,Heptachlor,a- | o ‘ r.4,4-DDT,c- | |
; | i HCH.6-HCH | ! HCH.5-HCH | | ! 3
| GW | Bamala Ca,Mg.NH3,P.CIF, Mg.F Hg Cd.CrHg.Se, | Mg.F Hg Hg,As.CaMg.N F Cd.CrHg. | Mg.F.Hg Cd.Cr,Hg.Ni,Se,Ca, Ca.Mg.F Cu.Hg.Se, I Hg |
3 ‘ ‘ Nalan Cu,Cd.Cr,Hg.Ni Se. As,Ca Mg,NH H3,P.CI.F SeAs.Ca. | Mg.NH3,CI.F,Se As, .Ni,Hg As i
| l As, Heptachlor 3.P.ClF.a- Mg,NH3,P i B-Endo,Malathion | |
5 . : HCH : Clf | | |
g SW 1 Bumalh | Ca.Mg,NH3.P.CIF, Mg F.Hg | Cd.CrHg.Ca, Mg.F.Hg, | Cd.CrHgPbAs, | CaMgFH | Cd.CrHg. i CaMgFH | Cd.CRHgNiSeCa, | CaMgrF Cu.Hg.Se. ; ‘—i
| | Kalan Cu,Cd,Cr,Hg.Ni.Se, Mg.P.CIF As, Ca Mg ,NH3 P CI g PbAs.Ca, i g Mg.,NH3,P.CI.F.Se A .Ni.Hg As | !
i ! As Heptachlor Se. B-Endo -!| Endo,Hept F Mg.NH3.P | s |
- ! achlor CLF | 4 |
i EW L Khan Ca.Mg,NH3 P FeR | Mg.F Hga Cu.Cr Hg.Ni, Mg.F Cu, Hg.Ni,Se As, Mg.F Hg Cd.CrHg. | CaF Hg Cu.Cd.CrHgPb.Ni, | CaFHg | CuCdCrH l Hg
i Khun CI.CLF.Cu.Cd.Cr.H -Endo, B- Se,As,COD,B COD,BOD.CaM Pb,COD.B | COD,BOD.Ca,FeM . B- 9.Pb.Se As t 1
l g.Ni,.Se,As,COD.B Endo.Hept | OD.FeCaMg g.NH3 P CIF OD,CaMg | g9.NH3, P CI.,F,Se As, | Endo.Ch .| i
i 0D, a-Endo B- achlor NH3.P.CILF NH3.P.CI, | B- lorpyriph ‘
| Endo.a- F | Endo,Malathion,Pho os I
L l HCH.Heptachlor | spmidan |

-
!
3
s
4
s
3
3
3
:
3
)
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Cd.Cr.Hg.Pb.Se
Cu.Cd.Cr.Hg.Ni.Se
Cu.Hg.Se
Cd.Cr.Hg.Se
Cu.Cd.Cr.Hg.Ni.Se
Cd.Cr.Hg.Se
Cd.Cr.Hg.Se
Cu.Hg.Se
Cu.Cd.Cr.Hg.Ni.Se
Cu.Cd.Cr.Hg.Ni.Se
Cu.Hg.Se
Hg.Pb.Se

5

6.5 Kala Singha Drain
The study rcvealed that concentration of Cadmium, Chromium. Mercury, and Lead” was

- Aobserved 1o be maximum in its midstream area may be because of tanning, forging metal and
A food industries present near by arcas which discharge their effluent into the Kala Singha
dram Concentration of BOD. COD was found to maximum in midstream area because of
" Jalandhar municipal waste which falls into East Bein before mid point area and also because
. ofdé:iry effiuent which falls into IFast Bein drain.

Figure 18: Mapping ol main industries along Kala Singha Drain
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The village wise laboratory paramelers in water along Kala Singha drain is shown in Table-

e, Mercury, calcium. magnesium and fluoride were found to be more than permissible

limit in effluent water samples of all villages. Mercury and fluoride were observed to

be more than MPL in ground and tap water samples of these villages too.
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Eftluent water of Fatchpur has higher concentration of Hardness and  3-Endosulphan
and its ground waler has higher concentration of Arsenic and Mercury .

Effluent water < Kala Singha has higher concentration of o -HCH. 4.4-DDT,
Chlorpyriphos, Nickel and Selenium.

Effluent water of Nangal has higher concentration of Copper. Alkalinity and its ground

water has higher concentration of Aldrin and Heptachlor.
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Sample | Village el March - May (08 July October December
Detected Detected >MPL Detected >MPL Detected >MPL Detected >MPL Detected | >MPL |
Ca.Mg,NH3.P.CLF, K Cd.CR.Hg, L Cu.CrNi.C 1
Cu.Cd.Cr,Hg.Ni,Se, - Cr.Hg.Ni.Se.As.C Hg.As,COD.B PbAs,CO | TACa, | 07,BOD.C
EW | Nangaki)) As, OD.BOD.CaMg, | MgF | OD.CaMgNH | MIFH | 5305¢a | MoFH | atigNH3, i C“-':\gse
; COD.BOD,Heptachl NH3.P.CIF 3.P.CLF 9 Mg.NH3 P, q P.CLF.Se. S
! or ClLF As i
! [ | 1 CdCrHg |
; | | | Pb.Ni,SE.A l Ca.Mg,
i ! | !
| CaMaNH3P FeCl | o [ TAan,  Cd.CrPbSeC ! mgco | CdCrHe “amg = SCODBO | cope |
s 1= vs conaon e | Cu.CriHgNiSeA ¢ . OD,BOD.CaM . Pb.CODB | | D.CaFeM | OD.FH | )
-  Rala RCLFCuCdCrHg.  MzCODBODF | ~Co S mee  copa oNH3P.CLF, | DBOD. | ol | con ONH3PCI | gp |- CtHaS:
SHICHN ) I s e i aMgNHapCiF | ODF Heptachioro- @ SHOHe nygp ot O0FH | Tegeiad” | Endoc o
mERaEnae 2 HCH glachiar ¢ 7 ¢ 8- hlcroyr:
Endo.,Phos = cznos
pmigan R
Cd.Cr.Hg i
C: Ha Po Po.Ni.Se T
Ca Mg.NH3 P Fe Ci o s S Cd.CrHg.Ni&a  _ 3 SR ODBODC CaMg
) s o2 . Cu.Cr Hg.NiAs.C 1\ Ca > TA.Ce 3= As CO i
- catenpurij £ Cu.Cd.CrHg.N..S S -y s.COD,BCD.C "DEGD s | TAcsr | aFeMgN . CODB st
2 ; e.As.COD.BOD. 6- ‘21392?,2;2“ i Mg’c aMgNHzpCl  MIFH ne el Ak | pap e, | odRw | MaSess
Endo.Heptacnior A : 3 F 2 ' ‘-"’CI;:"" i Se.As B- g i
| i ! X Endo.a-
bs i i HCH - .
f CaMg.PFeCIF.Cu | i Cd.CrHg
w‘ 1 ¥ | ' B v
, Kela | SCALEHGNISe s, CaHgPoAsCa, | Camg | COCRMGPD | ooy | HoasCa | oy | G ltCS: CuCaks .
Q Singha(J) - Mg.P.CLF Se FHg | ASCaMoNH3 | ol | MGNH3P | o aMgNH3, | CaFHe | “gln e
ing Endo.Heptachlor,a- SRR SR LPICLF fi TG CIF "9 VG NS, A
CI,F,Se As
,[ HCH | S
CaMg.NH3.PCIF, Cd.Cr.Hg, |
- Fatehpurt) | Cu.CG.Cr.Hg.Ni.Se, Cd.CrHg.PbAs, | MgF.H gi,-lcmff‘;g Ad S’é’;‘ﬁe'ﬁ caf | NiSeAsC | CaMg | CuMgse
’ ) As, Heptachior,a- Ca,Mg.CI.F,Se q Mg, s Y Haﬁcgl.F ' aMgP.Cl | F.AsHg As
_ HCH : i F.Se.As o
Ca.Mg.NH3 P Fe.Cl. CaHgPbAsCa, | MGFH | o o ggf;gg %L:)i?gf Bt
GW Nangal(J) F.Cu,Cd,Cr,Hg Ni,S Mg.CI,F Se, g.Hepta giNlias g, Mg.F R F.Hg Rl | Mg, Hg.Se As Hg
e B bl ARt o 9.NH3.P.CL.F Mg, NH3.P, Mg.NH3Cl | F Hg |
, s : CIF F.SeAs i
v Ca,Mg.NH3,P.CIF, : .
. Cu.Cd.Cr.Hg.Ni Se, Cd.CrHgAs.Ca, Cd.CrHg, Hg.NiSe.C .
. Kala Mg F.H | Hg.CaMgNH3 | Mg.FH As,CaMg, a,Mg,NH3, Cu.Hg.Se
SW Singha() As, B- Endo,Heptachlo Mgq.P.CI.F,Se,He PCIF NH3.P CI F.Hg CIF Se As F.Hg AS Hg
inghatd) Endo,Heptachlor,a- f ptachlor,4,4-DDT 9 S 9 £ 8-End
HCH _ PrERda
CaMgNH3PCIF, | Cd.CR.Hg. Cu.CrNi.C ) R
Cu.Cd.Cr.Hg.Ni.Se, | Cr.Hg.Ni,Se.As.C Hg.As,COD.B PbAsCO | TACa | OD.BOD.C
EW Nangalt)) As. f 0DBODCaMg. | MgF | OD.CaMgNH | M&FH | pEopCa | MgFH | aMgNH3, CakMg- Cu o
i COD,BOD, Heptachl NH3.P.CIF 3,P.CLE g Mg,NH3.P, g P.CLF Se, 5
L or CL.F As



Hg.Ni.Se
Cu.Hg.Se
Ca.Mg.Cl.F.Se
Cu.Hg.Se
Cu.Hg.Se
Cr.Hg.Se
Cu.Hg.Se
Mg.Cl.F.Se
P.Cl.F.Se
Cu.Cd.Cr.Hg.Ni.Se
Cu.Cd.Cr.Hg.Ni.Se
Mg.P.Cl.F.Se
Cu.Cd.Cr.Hg.Ni.Se
Cu.Cd.Cr.Hg.Ni.Se
P.Cl.F.Se
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[Discussion

The present study was conducted in the arca of five major drains in Punjab to

ascertain the cffects of effluent pollution on human health and water quality. A total of 5371

aind 2018 person were sclected by a systematic random sampling from reference and control

arca respectively and interviewed to clicit information on various morbiditics. Samples of

{1p:ground-and cffluent water: vegetables: fodder: bovine and human milk: blood: urine and

[ uccal smears were colleeted from February 20006 to March 2007. Water samples were testec

{or physical and chemical parameters: concentration of heavy metals and pesticides and

I-vels of organic pollution by estimating BOD and COD values.

Overall distribution of persons in the reference and control arca revecaled that the

siudy population in two arcas was cimilar in terms of socio-demographic characteristics;

smoking and alcohol consumption habits. A higher prevalence of utilization of drain water

o irrigation in ficlds (p=0.05) was abserved among residents of reference arca. Significantly

hipher proportion of study subjects from relerence area had an industry discharging its waste

i close proximity to its source ol drinking water (p<0.05). Statistically significant
association for occurrence ol gastrointestinal problems. water related vector borne discases

(ralaria, dengue). skin, cye and hone problems was obscrved among persons residing in

relerence arca (p< 0.005).

Iigher occurrence of skin allergy. gastritis, hypertension, joint pains and respiratory

problems has also been reported Juring an assessment of impact of industrial cffluent on

himan health in Noyyal river basin arca in Tamilnadu which is affected by the effluent

di icharge from dycing and bleaching (actorics in Tirupur. a major hosicry center in South

In lia. ‘The city of Ludhiana also has numerous industrial including hosicry units involved in

dyeing which discharge their clfuent into Buddha drain. Drain wisc stratified analysis for

morbidities also realfirm this finding. which shows a significantly higher association of

gastrointestinal, skin, cyes. and bone problems among residents of Buddha drain. A similar

stirdy conducted in Noyyval river basin in Coimbatore. Erode and Korur districts to study the

nature and impact of ¢lfluent water pollution on human health among houscholds in 31

&

villages organized three health camps o perform a primary survey for health status, It was
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observed from all the three camps that the ¢ were symptoms of skin allergy, gastritis and

roblems among villagers. On an average. one forth of the villagers attending -

respiratory p
these camps had onc ol the symptoms of water borne discases !
A survey of prevalence of general health problems in the present study revealed that
halrand fingernail loss was observed to be significantly higher among residents of reference
y area (p<0.05). A casc study to obscrie (he environmental pollution of paper and pulp
industry wilhj respect to human health problems conducted in Srikakulam (Andhra Pradesh,
India) reported higher occurrence ol hair loss form hand and fingers and other dermal
. prOblems among mill workers and residents of village situated within a radius of half

-‘Ai'cilom‘et(;r's of mill ¥/

7 Occurrence of mottling of teeth which was observed to be significantly higher in the
' residents of reference arca correlates well with average fluoride level of tap and gro@_nd water
more than the permissible limit set by WITO U 1 igh levels of fluoride in the ground water is
also validated by WO analysis which reports that 16.2% samples tested in Punjab had
fluoride level in ground water in excess ol 1.5mg/l. High fluoride levels were also reported in

district Bhatinda (11.7mg/l). Punjab is known as an endemic state for dental and skelctal

& flourosis.
: ;

Another study from Punjab reported fluoride levels in Jalandhar, Amritsar and
Ludhiana as 0.55ppm. 0.45ppm. and 0. ’ppm respectively. Present study however reported
hig‘her average level of fluoride with 60% and 69% samples of ground and tap water
respectively having fluoride Tevel more than 1.5mg/l. No significant difference in {luoride
levels of ground waler was observed between areas affected by effluent pollution and thosc
not affected. These high [Tuoride levels are due to excessive tapping of ground water for
irrigation purpose and other sources. which leads to leaching of fluoride in carth’s surface

into the water.

All the systemic and genceral health problems were observed to be higher among

% - females. Eye, bone. kidney problems along w ith hair/nail loss and numbness of fingers were

}
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observed to be significantly higher among the females (p<0.05). Men have larger average
lean body mass and higher water content. resulting in higher distribution volume for water-
soluble substances, thus more dilution. Women on the contrary have larger relative fat mass,
thus larger distribution volume (or fat-soluble substances. Most environmental chemicals are
lipophilic. Many of them pass readily through skin/dermal route which.is important for
formal and informal occupational cxposures. as well as exposures from cleaning agents,
cosmetics and other products applied to skin 151 Another study observed that women are more

vulnerable to cadmium and lecad. Cadmium accumulates in the renal area and in the bone,
i3 - 1

causing renal dysfunction and ostcoporosis 1671

" Besides [luoride. ground and tap water in the study arca had higher than pcrmissible

limit of pH, calcium and magnesium with To-signilicant difference between relerence and

control areas.

The present study revealed higher than permissible levels of BOD and COD in
efflucnt water from reference arca. Similar results have alzo been reported by another study,
which found the BOD level in Buddha drain water in the range of 233 to 960 mg/L. Four
major industries in Ludhiana have been reported to be discharging their wastes into the
Buddia drain without any cffective treatment. This high level of BOD and COD indicate
indiscriminate discharge of domestic sewage. industrial waste and diary discharges into the
drain without any treatment ™ Another study conducted in the Buddha drain arca to asscss
the quality of ground water for domestic purpose along Buddha drain in Ludhiana city has
also reported higher than permissible COD level ' This is also an indicator that organic
;Sollulion in thc form of high BOD and COD level of effluent drains is contaminating the
adjoining ground water sources. The influence is more towards right hand side than left hand
side "

Mercury levels were found to be more than permissible limit in over 8C% saiiples of
ground water from both reference and control arcas. Mean concentration of mercury was also
observed to be higher than maximum permissible limits in both arcas. Mecrcury primarily
alfects the central nervous system causing tremors, emotional lability, insomnia, mecmory

() 8 . . e s ;
loss, headache and pol_\'nc.umpzllh_\'! Study population in reference arca had significantly
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svmptoms lll\u headache, numbness of linger (paracsthesias). Other

sxcossive mercury on human health include gastrointestinal symptoms like |

serhea. renal toxicity, redness and burning of eyes and conjunctiva.

mdities were observed among the study population in the present study.

cudics have also obscerved neurotoxicity 112 oagtrointestinal symptoms 13

_—_ o ] 5- =3
vation and sensitization "' due to excessive exposure (o mercury.

N A

mercury includes broken thermometer and BP apparatus, electrical switches.

O

s Ob

ugmr bulbs ballulu and paints. It is also used as a fungicide. insecticide and

_FEVU!IVC. The city of

pre umits. Amritsar and Jalandhar also have units involved in electroplating,

switches and bulbs and also metal industry. Waste from thesc, together with

ludhland whcre the Buddha drain passcs has 400

AeTiNtY
e thermometers and BP apparatus from hospitals and households and broken electric

baiiie i mies could be culpable causes of heavy mercury contamination of ground and tap

Sesiges: Mercury being more than permissible limit. water samples also detected
messis such as Cadmium, Chromium, Copper and Lead. Cadmium compounds are
semw used in re- chargeable Nickel- Cadmium batteries. These products are rarely

= olten dumped together with household waste. Recent data indicate that

=ois of cadmium exposure may occur at lower exposure levels then

—aaCle

primarily in the form of kidney damage but possibly also bone effects

“~~H~“~ aaiic ’dLLu
“anv individuals in Furope alrcady exceed these exposurce levels and the

warrosw lor large group "7 Although Arsenic was detected in 70% of effluent,

¢ amd 30% of tap water samples, however its levels were within maximum

geemsmrte imits (0.0 1 mg/LL).

. Zorem survey on adult men (20-40 years) belonging to low-income groups from

i tube well ini;,‘md arcas in Ludhiana city near Buddha drain reveals that intake

fems -zomum and nickel by men in sewage irrigated area was 3-6 times than that in tube

— 3 | .
§ i e ex Dictary lcad intake was 116% of the maximum tolerable limits while
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and to determine the degree of toxicity

their presence. although below maximum cont

cadmium intake being four times the maximum permissible limit. Mereury concentration was .

: I : ; . .
not analyzed by this study . Other studies have also noted deleterious effect of heavy metal
contamination of Buddha drain water on aquatic life and enhanced human consumption of

s o 9-2 " . . . o
heavy metals in Ludhiana and Jalandhar 77 Metal industrics and clectroplating units, which

lowns. arc noteworthy incriminating sources ol heavy metal

-

are’ in abundance in the study
pollution. Besides these. industrics involved in manufacture of batteries could be responsible

for heavy metal pollution ol water bodics.

&

The potential adverse impact of the chemicals and heavy metals depends on many-

factors. including the level and duration of exposure, the potency of chemical. the mechanism

. . 3 ; ; 1 oy S
of action. and interactions among those chemical and heavy metals ~'. This makes 1t difficult

to identify the relative contributions of individual substances to the physiologic alterations

present in the environment that contains diverse

-~ .

mixtures and various concentrations ol substance and pollutants. . :

Ieptachlor, 3-Endosulphan and Chloryriphos pesticides were found in concentrations

exceeding the maximum residue limit among 22 5%. 21.5% and 16.1% samples of ground

and tap water samples. Other pesticides whose concentrations in ground and tap water were

observed to be more than the permissible Timit in the present study included Aldrin (8.6%

samples) and one sample cach ol I'ndosulphan

in the country have not detected such high pesticides levels with a study from Jaipur

reporting all drinking water samples o be contaminated with various organochlorine

pesticide residues of DT and its metabolites, HCH and its 1somer. Heptachlor and its

cpoxide

which analyzed organochlorine insecticide residues in drinking and ground water. detected

A study from Punjab done 1o assess the water quality of East Bein drain in 1998 reported

DDT concentration in the range ol 0.8 1o 4.42 mg/l. in drain water, The concentration of
various parameters in the ground water sample was found to be well within the prcscribedl

5
27
standards™.

1

and Malathion. Other studics done elsewhere ¢

and Aldrin. However only a few exceeded the permissible limits *. Another study, _

s . ’ 26
aminated level prescribed by WHO™. ¢

N

\
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High pesticide level in ground and tap water enters the human food chain through vegetables
grown in such soil. Pesticide conlamumted fodder consumed by milch cattle leads to
increased secretion of pesticides in milk. Monitoring of human and bovine milk is important
from two standpoints. Firstly. pesticides tend to accumulate in the fat and are rclatively easy

late and measure; and secondly to evaluate their potential risk to infants, who rely

soiély on mother’s milk for a substantial period®®. Residues of these compounds in human

- milk have been extensively reported in India and elsewhere.

I'wo out of five bovine milk samples tested in the present study revealed Chloropyriphos

8-HCH, Chlorpyriphos, Dieldrin, B-Endosulphan)

a_nd 0.005 mg/kg (a-HCH. y-HCH,

dctccmhle limits for respective pesticides. All the fodder samples (10) tested in the present
study revealed one or more pesticide residuec with Dieldrin being the most commonly

~ detectable pesticide.

‘A multicentric study to assess the pesticide residue in selected food commodities collected
from dﬁﬂ‘crcnl states of the country showed that DDT residues were found in about 82% of
the 2205 samples of bovine milk collected from 12 states of Inldia. About 37% samples
contained DDT residues above the tolerance limit of 0.05 mg/kg (whole milk basis). The
_proportion of samples with residues above the tolerance limit was maximum in Maharashtra
gy (7‘?%) followed by Gujarat (70%), Andhra Pardesh (57%), Himachal Pradesh (56%) and
5 Punjab (51%)”.

An assessment of Organochlorine pesticide residue levels in dairy milk and buffalo milk
from Jaipur city during 1993-96 revealed that these milk samples were contaminated with
DDT, DDD, HCH, heptachlor and Aldrin. Seasonal variation of these pesticides was also

. Lt » . . = 30
reported with maximum residuce levels in winter scason
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Another study conducted in Bhep i), Madhya Pardesh revealed that endosulphan

concentration in  breast milk cxceeded the y -HCH. chlorpyriphos and malathion

concentrations by 3.5. 1.5 and 8.4 (old respectively. Through breast milk. infants consumed

8.6 times more endosulphan and +4.1 times more malathion than the average daily intake level
recommended by the World Tlcalth ()}'ganizalion“.Othcr studies in India have also shown v
contamination of dairy milk and its products with high residues of persistent organo chlorine ]
insecticides. like DT and T especially prior to imposition on ban of their use.

A study was conducted in Ludhiana. Punjab from February-1994 to December 2001 to assess
status of contamination of milk with pesticide residues. particularly after the imposition of
bans on the use of DDT and 11CH in agriculture and public health programs (Malaria
control). The study results clearly indic -nblc‘d'a“changc in contamination of liquid milk with
significant decline in DDT and 1111 residues. Lindané residues predominated in liquid milk

: : o , " 2
samples, which was present in 53.3% out of total 92 samples3 :

lealth hazards posed by pesticides include acute toxicity manifesting in the form of
gastrointestinal cffects (nausca. vomiting. and loss of appetite). skin and allergic reactions.

Chronic exposure to pesticides Icads to delayed neurotoxicity (peripheral neuritis and

behavioral changes). carcinogenic and oncogenic discases. reproductive toxicity (abortion,

still birth, neonatal death. congenital birth defects). lung and kidney damage and cffect on s
immune system™’. .
CT
. i ¢
Gastrointcginul and skin manilcstation: were significantly higher in the reference area "
populaiion of the present study. Although only 5 cases of diagnosed cancer were detected ¢
from the reference arca as against none in the control arca, micronuclei analysis in buccal H‘
smeérs revealed a significantly (p<0.05) higher proportion of individuals with micronuclei in ¢
reference arca (31%) than control arca (23%). Mean ground water pesticide concentration ‘G
were observed to be higher in relerence arca for eight out of twelve pesticides which were ¢
detectable. Similarly tap water showed ten pesticides with higher concentration in reference &
area. €
€
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’i? Micronucleus test ol exfoliated cells m epithelial tissue have been usced to evaluate the
gcuotoxic effects produced by low doses of carcinogenic substances Or carcinogenic

—mixtures, 0 which hur
ycle as compared (o comet assay, whic

. 233 5 ¥ 5 "
man populations are cxposcd34 35 1( detects injuries that survive at least

_onc mitotic ¢ h identifics repairable injuries or alkali-

o, D bimas st

label sites™.

e

A study done among ten battery renovators (exposed to lead) and ten car painters (exposed to

.- petroleum sub-products) and ten age matched controls for both group respectively revealed

: signiﬁcantly‘highcr mean cells with micronuclei among the two exposed groups compared to

heir respective control groups. There was also variation in individual results on each

e : : . 37 T ; ;
~_exposed group which control group was quite homogenous:. Tobacco consumption in every

form and alcohol has been implicated to be causing DNA damage manifesting in the form of

_micro nuclei’®. However present study had two study groups with similar habits of tobacco

~ and alcohol consumption thus strengthening the hypothesis of environmental water pollution

in form of pesticides and -heavy metals to be causing mutagenic changes among the

gl population. Limited DNA adducts studics has also shown varying degree of mutations in

. 65% subjects in reference area.

A study' conducted among residents of Mahal village situated 0.5 km from the Tung Dhab

drain in Amritsar, Punjab has shown statistically significant and higher DNA damage in
peripheral blood lymphocytes as detected by comet assay. The study attributed this DNA

damagé to higher content of heavy metals including Pb, Cd, Ni, Cr and Zn which could have

“reached the ground. water of Mahal village through scepage and lateral movement of water

from Tung Dhab drain reported to have high contents of these heavy metals™”. The present

study has also reported higher content of Cd, Cr, Hg, Pb and Se beyond the permissible limits

in reference arca. Another epidemiological study of cancer cascs reported from village of

Talwandi Sabo block in district Bhathinda, Punjab observed highcr prevalence of cancer

cases and cancer related deaths in the arca attributable probably to the higher consumption of

. 40
pesticides, tobacco and alcohol™.
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With tobacco and dleohol consumption remaining low and similar between the two groups,

heavy metals and pestlcldes pollution of pround and tap water appears to be most probz;ble

cause for the pre-cancerous cellular activity among study population. A study conducted in

Jaipur to determine the association of higher lev cls of pesticides and breast canccr indicated

’ that organ chlorine pesticides (DDT. DDD. DDE. Dieldrin. Heptachlor and HCH) were

found to be significantly high among breast cancer patients irrespective of age, diet and

‘

geographic distribution™’

Other studles havc also demonstrated carcinogenic and mutagenic effects of pest1c1de

exposure 4 The difference in micronuclei detected among study population of reference

¢ due to higher levels of cidmium. lead and mercury detected in

and control area could also b

oo
]- ;referenee area. Cadmium, lead, mereury, arsenic and nickel are heavy metals known to be

causmg DNA damage lcading to mumg.mulv _
hkely‘due (o an interaction of both heavy metals and pesticides.

It is difficult to pinpoint one simple cause

but is mo_re

=
Pesiicides exposurc is known 10 have reproductive toxicity. Data on reproductive toxicity

1106 couples where nv les were associated with spraying of pesticides

i y Was collected from
a2 was also collected from 1020 unexposed

1 (OC, OP and carbonates) in cotton ficlds. Dat

couples matched for age and socio-cconomic status. Analysis of reproductive performance

gave the following incidence ratcs for the former and the latter groups respectively: abortion

26% Vs 15%, still birth 8.7% vs 2.6%. neonatal deaths 9.2% vs 2.2%
a significant increase in chromatic breaks and

and congenital defects

3% vs 0.1%. A cytogenetic study revealed
se garden workers exposed to

gaps in chromosomes in the peripheral blood in graj

’

i 4
pesticides 7

The present study dah on reproductive loxicity revealed a high average rate of abortion per

household in rcfercncc arca (0.07) versus the control area (0.03). which is statistically

significant (p<0.05). The study also rey caled higher rates of prematurc births and stillbirths

in reference arca. Delayed milestones among children were observed 1o be significantly

,higher in reference arca (OR® 3.6: 95% €1 1.3-10.3).
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conciuded that mon;:dmu and organi pollution is an important problem in all major drains
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In villages along

Conclusions

There is high level of inorganic and organic pollution in the {ive-wastewatcr drains of

Punjab (Hudiara Nallah. Fast Bein Drain. Kala Singha Drain. Buddha Nallah. Tung Dhab
Drain), which is reflected. by igher BOD and COD found in wastcwater. Beside this
heavy metals like mereury. copper. cadmium. sclenium, chromium and lead were also

higher which may be duc to inadequate or untreated sewage water from municipal and
industrial sources.

‘H_lek“);l Nallah: Calcium, Magnesium. Flouride. Mercury, B-
Endosulphan, [Teptachlor were {ound to be more than MPL in effluent. ground and tap
water. Beside thesc. offluent water has higher COD and BOD, Ammonia. Phosphate,
_Chloridc, Chromium. Arsenic and Chlorpyriphos. which were found to be more than
‘MPL. Ground water has also higher concentration of Nickel and Selenium whereas tap

water has higher concentration of Tead. Nickel and Cadmium.

In villages along [ ludiara Nallah: Calcium. Magnesium. Flouride. Mercury were found to

be higher than MPL in cllluent. ground and tap water. Beside this. effluent water has

p—

higher coD and BOD. Dimcthoate, Heptachlor, B—Endosulphan and Chlorpyriphos.

Ground water has also higher concentration of Cadmium, Nickel. B-Endosulphan,

Heptachlor, Chlorpyriphos.

In villages along Kala Singha Drain. Calcium. Magnesium. Flouride. Mercury and B-

Endosulphan were found 1o be higher than MPL 1 effluent. ground and tap water. Beside

this, effluent water has higher COD and BOD. Heptachlor and Chlorpyriphos. Ground

water has higher concentration o'l cad. Arsenic and Cadmium.
In villages along last Bein Drain. Caletum. Magnesium, Flouride were observed to be
"more than MPL in offTuent. ground and tap water. Beside this. offluent water has higher

concentration of a-lindosulphan B-Findosulphan and Heptachlor. Ground water has

higher concentration of fron. Copper. Nickel. B-Fndosulp\mn. Heptachlor and Aldrin.

Tap water has also higher concentration of Nickel.
In villages along Tung Dhab drain. Magnesium. Flouride. Mercury. Ileptachlor and B-
Endosulphan were found to be higher than MPL. in cfflucnt. ground and tap water. Also

“effluent water has higher concentration of COD and BOD. Calcium. Chlorpyriphos and
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““which is also an indicator of

" There. is high concentration of heavy

,mg/L).I Dental_and skeletal flourosis has been found to be

Dimethoate. Ground water has higher concentration of g-Lndosulphan and Copper

whereas tap water has also higher concentration of Chromium and Lead.

metals in drinking water supply bascd on canal
water viz. mercury, copper. cadmium, chromium and lecad which was found duc to

hospital waste, untreated or partially treated effluent discharged from the industrics,

domestic sources and tap run off. There is a cvidence of these metals entering into food

chain as reiiccted by these metals found in samples of fodder, vegetable and urine
samples tested.

Fluoride in water has been found to be consistently more than permissible limits (1.5

an important public health

problem None of the water sample had flouride level below 0.5mg/L.

Heptachlor, B-endosulphan and Chloripyriphos pesticides were found in concentrations

exceeding the maximum residuc limit in 25%. 21.5% and 16.11% samples of ground and

canal water based drinking water supply. Pesticides were also detected in fodder,

vegetable, blood: bovine and human milk samples. . This shows that pesticides have

entered into food chain. The possible reasons for detection of these pesticides may be due
to agricultural run off and irrigation of ficlds with drain water.

Gastrointestinal problems (diarrhca, vomiting ete), water related vector borne discases

(malaria, denguc), skin, eyc and bone problems were significantly higher among persons

rc'siding in reference arca as compared to control arca (p<0.05). Neurotoxicity is also
being manifested in reference arca.
Delayed milestones among children and abortion rates among women werc significantly
ligher in reference arca.

Total coliform and Ii. coli counts were found to be higher in drinking water in some of
the reference areas (East Bein. Tung Dhab).

Prévalence of Micronuclei indicating genetic damage was significantly higher in

reference arca of Hudiara Nallah as compared to control area. DNA adduct analysis

penetic damage detected non specific varying mutations in

65% of blood samples
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“Technical comn

Recommengations

Jittee comprising of undersigned members held its meeting on 14/09/2007 at

School of Public Health. Departiment Ol., Community Medicine. PGIMER. Chandigarh to

review the report of the PPCB study on l:ffect of effluent disposal on water quality and
human health among people livine in close proximity (o major waste water drains of Punjab.

The committec recommended that

1. There is a need for regular monitoring of water quality of drains. industry and municipal

The Municipal Committees and regulatory

1

bodies for organic and inorganic pollution.
" bodies need to strictly enforce the relevant rules for water pollutlon

Water Supply and Scwage Board. Punjab should undertake steps fox provision of safe

drinking water and proper disposal of sewage. Rural development and Panchayati raj -

department should cncourage panchayats in rural area to plan. construct, manage and

y and sanitation facilities as a model. Wthh is successfully

maintain their own water supply

being implemented in Gujarat.

The local bodics department should support Municipal Corporations committees of major

towns in Punjab (o sctup sewerage/solid waste reatment facilitics. Similarly. industry
should treat their clTluent betore discharging to water bodies and it should be strictly
enforced by regulators.

Water Supply and Scwage Roard should also do regular monitoring of drinking water

quality. It should inelude monitoring of physical & chemical parameters. heavy metals.

pesticides and bacteriological testing. Strict action should be initiated against defaulters.

The board should also sctup or identify regional laboratories in the state in public or

- private sector 1o undertake tests for water quality including heavy metals and pesticides.

The Health Department should establish a surveillance system 1o identify acute and

chronic effects duc to heavy metals and pesticides. Regional laboratories in government

or pnvatc sector should be identified to monitor heavy metals and pesticides in urine and

.bfood Local health authority designated by health department  should undertake

monitoring the level of heavy metals and pesticides in the food. Similarly Biomedical

Waste Management rules should be strictly followed in all health institutions of the state

to prevent possible contamination of drinking water with mereury.



facilit.es

6. Agriculture and dairy development department should undertake regular monitoring of

pesticide and heavy metal levels in food grains, vegetables, [ruits and milk.

7. Environment or Cooperative department should promote voluntary action for restoration

of water quality of major drains as demonstrated by experience of eminent people

working on Buddha Nallah and Liast Bein. Government should extend full support for
people carrying out such voluntary activities.

g. Turther studics for identification of DNA adduct — arc needed to identify the specific
l.ecavy metals and pesticides involved in genotoxieity. Similarly, source identification for

and municipal cominittees should be undertaken.

-sd- e

1
water pollution from industry

Mr Yogesh Goel, Chairman. Punjab Pollution Control Board, Patiala

I°r. Birinderjit Singh, Member Sceretary, Punjab l’ollutvic')'n’Control:Board. Patiala

Dr. (Mrs.) 11K Parwana. Senior Seientific Officer, Punjab Pollution Control Board,

Jatiala

,Prof._B.D.Gup'la, Former Professor and licad, Department of Radiotherapy. PGIMER,

Chandigarh.

r. Arun Tandon, Nodal Officer. Representative of Director Health Services, Punjab

Iir. AK. Soni. Superintending. I:ngincer, Water Supply and Sanitation Board, Ludhiana.

ir. . S. Kahlon, Representative of Deputy Commissioner, Ludhiana.

iir. Kuldeep Singh, Asstl. Commissioner, Representative of Dcputy Commissioncr,

’

talandhar.

Mr. Gurnam Singh, Representative ol Deputy Commissionct, Hoshiapur.
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Annexure-1
Performa

EFFECT OF EEFLUENT DISPOSAL ON WATER QUALITY & HUMAN

HEALTH AMONG PEOPLE LIVING IN CLOSE PROXIMITY TO
BUDDHA NALLAH, HUDIARA NALLAH, EAST BEIN DRAIN, KALA
SINGHA DRAIN & TUNG DHAB DRAIN IN PUNJAB.

School of Public Health, Depaitment Of Community Medicine,
PGIMER, Chandigarh
PUNIJAB POLLUTION CONTROL BOARD

Date éf Survey _ “'\ L

~ Section (A) GENERAL INFORMATION

1. 1D No. ] [::\ L__l,_______—J

2. Name of the Respondent .. - e
Street/Mohalla Name

3. Address: House No:. e

Local landmark __ Town/Village:
Tehsil /Distt. R PIN Code
Telephone No. __
4. Total Family Mecmbers: :
5. Per capita Family Income : (Per Month) in Rs. ‘
1. =Below 840 7. -840-2499 3 =2500-4199

7 4.=4200-8399 5 -8400-16,799

6. Housing Details:

6. 16,800 or above E:

6(a) Type of Locality 1. =Residential 2 =Industrial 3.7 Commercial
4 = Farm Land 5 = Other. Specify
6(b) Number of ycars residing in the present place: ] :

CEANfER
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OCCUPATIONAL STATUS

SOCIOECONOMIC AND

¥ Mem, Name Relationship | \ee Sex Marital Level of | Occupation L Occupational
1)) With (Code2) Status cducation (Code 5) exposure due
: Respoandant (Code 3) (Code 4) to chemicals &
(Code 1) fumes
: 1=Yes,2=No
9=N.A.

1+ 1=Sclf 2+ Father 3 wlotlier 1 Tusband 5 Wile 0 Brother 7 - Sister 8 ~Son 9=-Daughter

10 = Other, Specily
1= Male 2 lemale
3: 1= Married 2 Unmanricsd 3

4: I=Iliterate 2 iterate 5 Primary
Pegree

Widowed 4 Divoreed
4 Middle 5-Metric 6=Sccondary 7= Degrec, PG,

Professional degree. Honors
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5: 1=Professional 2 -Semi-professional. clerical. shopkeepers. 3=Farm owner < - Farmer
S="Farm Labourer 6= Skilled worker 7- Semi-skilled 8= Unskilled 9= Unemployed
SECTION (B) ASSESSMENT OF WATER QUALITY

a) Drinking watcr pollution
}. Source of Drinking Water | Shallow Hand pump 2.= Deep Hand pump
3. = Tap (Municipal supplics) .- Shallow Well 5 = Deep Well

6 = Others, specily

2. Do you think water is polluted: 1= Yes 2= No
If No, Skip to Q.3 _

If Yes 2(a) Is it colored? 1=Yes 2= No

(b) Is it turbid? | | -Y¢s-2+ No

(c¢) Is it bitter in taste? [=Yes 2= No

(d) Does it stains the utensil? 1Yes 2= No

(¢)Any foul smell” 1=Yes 2=No
3 For how long have you been consuming this water?(yrs)
4. Do you provide any treatment (o water before drinking: 1= Yes 2=No

If no. Skip (o b)
[f yes. purification method used: F= Boiling 2 = Filter
3 Chlorination 4 = Others. Specity

b) Industrial water pollution

l. Is there any industry closc o diinking water source? 1= Yes 2= No

If no, Skip to ¢)

If yes la. Specily type ol indusuy

Ib. App. distance of industry (rom' your water source. (Kms) ,

lc. Do industries disposc ol solid waste in open space? 1= Yes 2= No

1d. Do industrics dispose ol waste water in open drain? 1=. Yes 2.= No

I£. Is that waste from industrices coming to vour ficld

(if occupation is Agriculturce) 1= Yes 2= No
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¢) Solid Waste/Sanitatizn

feiinid s Do you have aceess (0 a toilet facility 1. Yes 2. No
Septic tank 2= Dry pit 3=Open air defecation i j

Type of Toilet facility:

4= Sanitary latrine & other, Soeelfyr e e

Is there a public teilet fae ity in your arca 17 Yes 2 =No

arbage disposal facility:1=Yes 2=No :
:

‘;Do you have aceess toare fuse/g
\ion near your arca 1=Yes 2=No.

(l) Is there wastewater stagne
| = Industrial waste walcr 2= Rain watcr

(h) Source ol stagnated walcer

4 Other. SDCCir)’ 444444 -

; 3=Scwum;\\ aste waler.

111) ll yes. how many days does the inundation remains

_I:')-To‘you have problem with inscets/ rats/ other discasc veetors: I=Yes
: 2=No

grlcultural Practices

Yes 2= No

1_ xAre you involved in agricubturdl pmclmcs’ 1

]fno, Skip to ¢)

Yes 2.7~ No

sticide in your fields? 17

2. Do you usc insvctivide pe

¢ for mwalmn’ ]1=Yes 2= No

3.~ Do you use waste waler dlah wate

¢) Houschold perception of nvironmental Problem in the Locality

Environmental Problem Ranking (1=No pollution,
2=Pollution, 3=Severe pollution)

1. Industrial water pollution

2. Ground water pollution

™ | 3.Waste water pollution

4. Solid waste pollution

5. Any other (Specily)

o
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HEALTIH ASSESSMENT FOR ADULTS (12 yrs. or more)

SECTION —(C)

1) GENERAL INFORMATION

Member ID

Code

1. Proxy/Direct Interview

[=Proxy, 2=Direct

2. Member’s name

I"ull Name

3. Age

In years

T A R

4. Sex

[“Male, 2=Female

5. Smoking habits:
If no, skip to Q6. -

1-=Yes,  2=No

5a. If yes, Type of Tobacco
Smoke

|=Cigarctle
2=Bidi, 3=Hukka
4=0thers

5b.Smoking history

Frequency (sticks
per day)

Duration (in yrs)

6. Any habit of Tobacco
chewing

I=Yes 2=No
if no, skip to 7.

6a. If yes; Specify Duration

Duration (in yrs)

7. Alcohol Habits

[=Yes2=No 9=N.A.
if no skip to Q2.

7a. If yes, frequency &
duration

Freq.(No. of days
per week)

Duration (in yrs)

2) GASTROINTESTINAL ASSESSMENT

Do yod suffer from any of foliowing Symptoms?

Give Detail as 1= Persistently 2 Frequently 3= Occasionally 4= No ‘

Member ID

Code

1. Cramps
2. Nausea

3. Constipation
4. Do you pass loosc stool
frequently

I - Yes, 2 °No
(il yes go to 3a.
otherwise skip to 4.)

R G R
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4a. Watery stools I Yes. 2 No
‘4b: With mucus | Yes. 2=No -
4¢. With fever | Yes. 2=No
4d. Accompanied with blood | Ves. 2-No
5. Have you had ycllowness | 1 Yes. 2-No
i of eyes?. ,
6. Do you expericncc 1 Yes 2=No
frequent loss of appetite”

_3) WATER RELATED VECTOR BORNE DISEASES

- Member ID . Code ?-""
Have you suffercd from any of following discases?
1) Malaria | “Yes 2=No
2) Dengue | Ves 2=No

4) . SKIN PROBLEMS

Member ID Codce el ) P
1. Do you experience any I Yes2=No y
skin problem? (I'no. Skip -
- ]1t0Q.6)
| 2. Is there any I~ Yes2<No
‘| redness/itching ol skin?
| 3.Any other I Yes2 No
| lesion on skin?
3a.If yes, specify | -On exposed arcas
2 Distributed cvenly
¢n exposed surlace
| 3 Patchy/ lincar
EYE PROBLEMS
v Member Id Code
1) Do you suffer from any | 1 Yes 2-No
eye problem? I no. <kip to Q7.
la.Is there any I~ ¥es 2¢No
irritation/itching in cycs’
1b.With redness I Yes2 No
“le. With watery discharge 1 yes2 No
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Membgr 1D Codce

1.Are you suffering from 1=Yes 2:°No
Bone problems? (If no. Skip If no. skip to Q8.

t0 Q. 8)

1a. Pain in Bones 1=Yes 2=No

1 Yes 2-No

1b. Are they getting

fractured casily?

#d7) KIDNEY PROBLEMS .

Member ID Code ,

1a. Do you suffer from any 1= Yes 2--No I no,
kid e ? (Li :
idney problem? (List 1) Skip to QY.

1b. If yes, specify

lood in urine, Pain in loins)

(List 1 =Puffiness of face, Burning micturition, B

k| g
-‘ 8) OBSTETRICAL PROBLEM (ONLY FOR EVER MARRIED FEMALES)

Member 1D Code

1= Yes 2=No

1. Have you ever been
If no. skip to Q10

pregnant?
7. No. of pregnancics

3. No. of live births

4. No. of still births

5. No. of abortions

6. No. of premature births

.| 9) MISCELLANEOUS

| Member ID Code
; Record of any of the following conditions:
1. Mottling of teeth 1= Yes 2=No
oF 5 Discoloration of teeth 1= Yes 2:No
H ~' 3. Hair / fingernail loss = Yes 2-°No
4. Numbness in finger or 1= Yes 2=No [




o

i [ges R |
. 3. Mental retardation | | Yes 2 No
&a. Cancer [ Yes 2 No

- pam It yes, Specily site

F"-“Ehym:d Problem
= Eza{fyes specify (1.ist2)

] Yes 2- No

= Goifer, Loss/Gain of wt.)

mESS IN LAST TWELN E MONTHS

Member 1D

Code

L..HOW was your health
e the Jast 12 months”

| very good, 2=good.
3 average, 4 “poor, = ©
S very poor =

gZa If yes, What was the
l)

2 During the past 12 | 'Yes2 No
months, have you had any
EM?
Specily

- 2h. How many times?

Mention. frequency

HEALTIH ASSESSME

”

SECTION-D

| Member ID

C'ode

| 1.Proxy/dircct interview

1 Proxy, 2=-Dircct

i > Name

[‘ud Name

3.Sex

2

M 1 EF

[:xact no. ol ycars

: .‘_Age

NT FOR CHILDREN (LESS THAN 12 YEARS)

GENERAL HEALTH STATUS
3*’ﬂembcr ID ('ode

: 1.How would you ratc
! the child’s health as
compared (o other
children of his/her age?

et

| Good 2 Average

-

3 Poor

"2 Had the child born

| Yes 2 No

with low birth wt. (l.css

than 2.5 kg)




2a. If yes, specily

| Pre-term 2=Term

3. Is child born with any
congenital disorders?

1-Yes 2+ No

B =

EPETOT ey L)

3a.If yes, specify

]=Single delcct
2= Multiple defects

3b.Specify the defect/s

4. Does the child suffer
from developmental

1=Yes 2=: No

disability/delayed

milestones?

4a. Was the child cried 1=Yes 2 “No.
normally at birth? ;
4b.Was baby turncd blue 1=Yes 2 NoO
at the time of birth?

4c. Language delay 1=Yes 2= No
4d.Mental Retardation 1=Yes 2= No

4e. Specify any physical
features (List 3)

(List 3 = Simian crease, Polydacivly, Srndactyly)

HEALTH PROBLEMS

GASTROINTESTINAL PROBLEMS

Member ID l Code l
Record incidence of any of the following conditions:
1.Cramps {- Yes 2 No

2.Nausea 1=Yes 2=No

3.Do you pass loose 1=Yes 2 *No

stools frequently? If no, skip to Q. 4
3a.Watery stools 1=Yes 2=No

3b. With mucus 1=Yes 2=No

3¢. With fever

1=Yes 2=No

3d. Accompanicd with
blood

1=Yes 27No

4 Constipation

1=Yes 2--No

T |
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MISCELLANEOUS

: Record incidence of any ol the ol )k\‘\"_l:lvlg conditions: 3
1.Mottling of tecth ! Yes 2 No
2. Blue line on gums. I Yes2 No
3_.:Péin’in bones “Yes 2 No
4 Irritation/itcing incyes | 1 Yes 2 No
5. Héadache T g I Yes2 No
; Dcngjﬁ—e— : ' IY€s 2 No
: 8Hepatltls/ Jaundice I Yes T No

- ILLNESS IN PAST THREE MONTIIS

Member iD Code

1. During Past three I Yoes. 2 No
months have you had
any. illness?

2.What was the illness? | Specily

3. If it was diarrhea then
no. of episodes of

| diarrhea in last 3
months.

CONSENT

’

I have been explained about all the aspects of this study and hereby give my consent to

participatc in the study.

Signature/Le [t Thumb Impression o IAHES, s 5 5o s s v
: of the Intervicwee
L«

L

Namie of INVESHFALON . ... oo o0 s wsms o o oo SUEOBIITE « e 2 seen « wucsii narn i
of Investigator

v

o
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Anncuxre-2
Laboratory Requisition Form
School of Public Health

Deptt. of Community Medicine
PGIMER Chandigarh

- EFFECT OF EFFLUENT DISPOSAL ON WATER QUALITY & HUMAN

', HEALTH AMONG PEOPLE LIVING IN CLOSE PROXIMITY TO BUDDHA
ALLAH, HUDIARA NALLAH, EAST BEIN DRAIN, KALA SINGHA DRAIN &. .=
TUNG DHAB DRAIN IN PUNJAB

7 T Sample oz s s sponws o come
CONSENT
have been explained about all the aspects of this study and I hereby give my corsentto
articipate in the study.
fSignaturc/Left Thumb Impression............. DB o v comon s
EName of Investigalor. ......oo.ooveeeeeite Signature of Investigator............ooeeee
Name: e B
Age: L e
Sexr ... bl g
Address: =i - P
PhoneNo. IS TSRS s
Name of specimen: __
’ Examination required: el
Collected on L Date _Time o e
J:051100) 1 TR
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" Anneuxre-3
" Pesticides in Blood
i
4 'Ji . ,
;;--i‘- Buddha Nala &diara Nala ' East Bein Drain Kala Singha drain Tung Dhab Drain ‘
Pestici:%& : ! 4 Refergnce  Control . Reference  Controi ~ Reference  Control . Reference ~ Control |
3 H i ¥ AR ¥ ¥ i 1
O A i R i ? -
4.4-DDT @335 0 I 0 0 0 .+ 0.0035 0 ‘ 0
Aldrin -0 0.00008 0 0 0 0 0
i |
; ‘E’ iy !
Chiordane 0 4o o, 0 0 0 0 0.0005 0 0
B -Endosulphan 0.0013 0 S0 0 0 0 0 0 0 0
44 - DDE 0.00195 0 0 0 0 0 0.001375 | 0 0 0
Heptachlor 0 0 0.00072 0 0.0005 0 0.000375 0 0.00041 0.00066
: a-HCH . 1.:0.000477 0 0.000135 0 0.0001 0.0002 0.000025 0 0.00006 0
}* X
B-HCH 11 000016 | 0.00156 | 0.000555 | ' 0 0.000665 | 0.00007 0.00126 0 0.00077 0
| et s ot e i ik il FE IR I v T S R o ey A B
; - HUH ff (l AN IRE THITIRE! 1 TRIEEYNE (f
b B RL R A e LT iy ol {( If
I T R P bl b 4 iRk | LT I 3




