
POLY

IN F

 

Subraman
 

1 Center f

Japan; 2 S

Japan 

 

 

Introduc

P

industrial

classes of

of ignitio

manufact

losses . T

toxicity, d

greater at

compoun

implemen

including

productio

the increa

I

input of e

proper te

have pro

contribute

PBDEs in

these con

on BFRs 

of BFRs 

inland tow

dietary ex

assessmen

 

Material

Sample c

F

including

samples) 

during 20

Bank (es-

 

Chemica

A

to the m

modificat

acetone 

Mitsubish

quantify 

YCHLORIN

FISH COLL

nian A1*, Dev

for Marine En

Senior Resea

ction 

Polychlorinat

l processes. P

f additive brom

on and burning

ture, applicati

These two gro

developmenta

tmospheric tra

nds such as

nted regulatio

g India are y

on and usage 

asing usage of

In India, e-w

end of life ele

echniques whi

obably becom

ed to PCBs a

n human (Dom

ntaminants in t

contaminatio

and PCBs co

wn and comp

xposure throu

nt of human e

ls and method

collection 

Fish samples

g the cities M

and Sirkazhi

009 (Fig. 1) 

-Bank) of Ehim

al Analysis 

Analysis of P

method descr

tions. Briefly

and hexane 

hi Chemical 

the lipid con

NATED BI

LECTED F

vanathan G1, Is

nvironmental 

arch Fellow C

ed biphenyls 

olybrominated

minated flame

g. Significant 

ion, use and 

ups of chemic

al and neuro-b

ansport potent

s polyhaloge

ons on the pro

yet to start su

of PCBs and 

f such chemic

waste generatio

ectronic waste

ich can cause 

me the “hot s

and PBDEs e

mingo et al., 

the aquatic en

on in the fast g

ontamination i

pare the conce

ugh the ingest

exposure to BF

ds 

s were colle

Mumbai and 

i (fresh water

andstored at 

me University

CBs, PBDEs 

ribed elsewhe

, 5 g of free

(1:1) in a h

Analytech). A

ntent. The re

PHENYLS

FROM FRE

sobe T2, Asan

Studies (CME

Center (SRFC

(PCBs) were

ddiphenyl eth

e retardants (B

amounts of PC

disposal thro

cals share sim

behavioral def

tial. In additio

nateddibenzod

oduction, use

uch initiative

PBDEs in In

als.  

on from dome

es. Huge amou

severe health

spots” of org

exposure, fish

2008). Althou

nvironment an

growing natio

n various fish

entrations of P

tion of contam

FRs through f

ected from 

Chennai (ma

, n=20 (farme

-20°C in the 

y until analysi

and HBCDs w

ere (Ueno et

eze dried sam

high speed so

An aliquot of

emaining extr

S AND BRO

ESH WAT

INDIA

nte KA1, Takah

ES), Ehime U

C), Ehime Uni

e extensively 

hers (PBDEs) 

BFRs) that are

CBs and BFR

ough volatiliz

milar toxic pro

fects and can 

on, transforma

dioxins and 

e, trade and d

es. Even thou

dia, increasin

estic origin is

unt of e-waste

h concerns. R

ganohalogen 

h and shellfish

ugh there is a

nd biota from m

on, India. Ther

h species alon

PCBs and BFR

minated fish w

fish consumpt

three differe

arine fishes, n

ed 10 + wild 

Environment

is.  

were carried o

t al., 2004), 

mples were ex

olvent extract

f the extract 

ract was subj

OMINATE

TER AND C

hashi S1, Tana

University, 2-5

iversity, 2-5 

used in elect

and hexabrom

e applied to v

Rs can also be 

zation and lea

operties such a

cause cancer.

ation of these

dibenzofura

disposal of th

ugh no detail

ng industrializ

s increasing s

e has been im

Recent studies 

contaminatio

h being the m

an extensive l

many develop

refore, the pre

ng the coastal 

Rs in wild an

was calculated

tion in India.

ent locations 

n=21 pooled 

10) in India 

tal Specimen 

out according 

with slight 

xtracted with 

tor (SE-100, 

was used to 

ected to gel 

ED FLAME

COASTAL

abe S1 

5 Bunkyo-cho

Bunkyo-cho, 

trical installat

mocyclododec

arious commo

released into 

aching and al

as endocrine d

 They are bio

compounds c

ans. Althoug

ese chemicals

ed informatio

ation may sig

steadily along

ported and re

suggested tha

n. Dietary in

major pathway

iterature on th

ped countries, 

esent study aim

areas of two 

nd farmed fish

d. To our know

Fig. 

E RETARD

L REGIONS

o Matsuyama 

Matsuyama 

tions and vari

canes (HBCD

oditiesto reduc

the environm

also through p

disruption, rep

oaccumulative

can produce m

gh developed

s, developing

on is availab

gnificantly con

g with the int

ecycled in Ind

at developing

ntake has sig

ys for higher

he presence a

there is little 

ms to give an

industrial citi

h.  Additional

owledge, this i

1. Sampling lo

DANTS 

S OF 

790-8577, 

790-8577, 

ious other 

s) are two 

ce the risk 

ent during 

particulate 

productive 

e and have 

more toxic 

d nations 

 countries 

ble on the 

ntribute to 

ternational 

ia without 

g countries 

gnificantly 

intake of 

and fate of 

or no data 

n overview 

ies and an 

ly, human 

is the first 

cations

Organohalogen Compounds Vol. 75, 177-181 (2013) 177



permeation chromatography, concentrated and passed through a glass column packed with activated silica gel 

and extracted with suitable solvents. PCBs and PBDEs were quantified using a gas chromatograph coupled with 

a mass spectrometer (GC-MS). HBCD isomers were quantified using a liquid chromatograph coupled with a 

tandem mass spectrometer.  

 

Statistical analysis 

Statistical analysis was performed using statistical software package R (R Foundation for Statistical 

Computing, Vienna, Austria) version 2.12.0. Principal component analysis (PCA) was performed to investigate 

the variation patterns of major PBDE and PCB congeners.  

 

Results and discussion 

 

Contamination status 

PCBs and BFRs concentrations in fish samples varied widely among species/locations as shown in 

Table 1. Ranges and mean levels of PCBs were higher in all samples (430 and 20-2800 ng/g lipid wt.) than those 

of PBDEs (11 and 1.4-50 ng/g lipid wt.) and HBCDs (0.75 and nd-4.4 ng/g lipid wt.). We found similar pattern 

of distribution of these compoundsin Indian human breast milk (Devanathan et al., 2010) showing its even 

distribution in the environment and biota. 

The median values of PCBs and PBDEs in marine fish samples (250 and 8.8 ng/g lipid wt.) were 

significantly higher than in fresh water species (56 and 6.3 ng/g lipid wt.). HBCDs were detected only in marine 

samples. This can be explained by the longer food chains in the marine ecosystem resulting in higher 

biomagnification and also due to the heavy pollution by persistent organic chemicals discharged from the 

industrial cities such as those in the present study (Mumbai and Chennai). On the other hand, freshwater fish 

Table 1. Concentrations of PCBs and BFRs in fish from India  
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collected in this study are mostly from small ponds in a small town (Sirkazhi) that has less likelihood of 

receiving continuous discharge from point sources. These results imply the presence of PCB sources mainly in 

urban and industrialized areas in India. Among the two big cities, significantly higher levels of PCBs were 

present in Mumbai (median: 320 ng/g lipid wt.) than Chennai (median: 130 ng/g lipid wt.) but PBDEs (10 and 

7.6 ng/g lipid wt.) and HBCDs (0.46 and 0.66 ng/g lipid wt.) were in similar ranges in Mumbai and Chennai 

indicating possibly higher contamination of PCBs on the west coast thanin the east. 

Concentrations of PCBs were relatively higher in benthic fishes than in pelagic species. This could be 

due to the exposure of benthic organisms with sedimentary PCBs via several direct and indirect routes.Elevated 

levels of PCBs, PBDEs and HBCDs were present in carnivorous fish than the planktanivores indicating that the 

feeding habits intervene in the accumulation process and also that lipophilic and highly stable compounds will be 

accumulated and magnified through food chain. Carnivorous fish feed mainly with small fish whereas 

herbivorous and detritivorous fish often feed on phytoplankton, zooplankton and bacteria. In addition metabolic 

capacities may also play a major role. 

Comparatively higher levels of PCBs and PBDEs were found in fresh water farmed fish than wild fish 

such as Catlacatla (catla), Channamarulius (Snakehead), and Hypophthalmichthysmolitrix (Silver carp). Several 

studies have reported high levels of PCBs and PBDEs in farmed fish than wild fish. 

 

Global comparison 

Levels of PCBs in fish from India were comparable with Indonesia and China. However, 

contaminations of PCBs in fish from India were lower than industrialized nations such as and Australia (Kannan 

et al., 1992). Worldwide comparison of PCBs confirms that developed countries were more contaminated by 

PCBs than developing nations; implying higher persistency of PCBs combined with higher consumption in these 

industrialized nations. However, it is worthy to highlight here that India stands on top of PCBs contamination 

among developing countries.  

In general, PBDEs contamination in fish in the present study was relatively lower when compared with 

other regions of the world, especially North America. This could be due to the heavier usage of Penta-BDE in 

North America than in Europe and Asia. During a global monitoring of PBDEs, Ueno et al. (2004) found low 

levels of contamination in skipjack tuna collected from Bay of Bengal. The Asian mussel watch program also 

reported relatively low concentrations of PBDEs in India (Ramu et al., 2007). Growing economic development 

andunprecedented urbanization increases the consumption of PBDEs. In addition, export of electronic waste (e-

waste) from developed counties is creating a significant new source for environmental PBDEs in developing 

countries including India.  

HBCDs were not detected in most samples analyzed in this study and their levels in India were lower 

than many reported values on fish. Similar low concentrations of HBCDs were found in human breast milk from 

India (Devanathan et al., 2010). It is obvious that the HBCDs pollution in Europe has been spreading rapidly 

than in the developing countries like India.  

 

Composition of PCBs and BFRs 

In the present study, the congener profile of PCBs was dominated by higher chlorinated CBs, 

irrespective of species and locations. Homologue pattern was abundant with hexa-CBs, followed by hepta-CBs 

and penta-CBs, in that order, in both fresh water and marine fishes. PCB congener residue profiles are influenced 

by many factors (e.g. exposure source(s), species difference, degradation rates, transportation differences). This 

pattern supports the already known patterns where there was relatively low metabolism of high chlorinated PCB 

congeners in fish.PCB153 is one of the major components of commercial PCB mixtures (e.g., 4.26% in Aroclor 

1254 and 10.20% in Aroclor 1260) and it is one of the most frequently reported PCB congeners in environmental 

samples.  

Relatively high levels of lower chlorinated congeners including CB-28, -52, -70 in freshwater fishes 

including Channamarulius,Mugilcephalus, Teraponjarbua could be due to the difference in sources which may 

strongly affect the differences in congener profiles. In general, it appears that in most fish samples, congeners 

153, 138 and 180 were dominant as they are highly persistent and are not metabolized by fish as also seen by 

Devanathan et al. (2010) in human breast milk from Indiaindicating that pollution in India may be mainly 

attributed to the technical mixtures similar to Aroclor 1260 and Aroclor 1254. However, relative portions of 
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