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ABSTRACT

Dioxin like polychlorinated biphenyls (dI-PCBs) wiasestigated in sediments from Yamuna River irhDé&hdia.
The concentration ofdl-PCBs ranges between 0.04-5.59 with an average28+0.16 ng g. Among the 12 dI-
PCB congeners the congener no PCB-118 and PCB-&td thhe dominant congeners and accounted for >488&b a
>24%, respectively. Toxic equivalency in term oficcequivalent quotient (TEQ) 8fdl-PCBs was calculated and
presented. The TEQ in this study was ranged betw®edl-115.23 pg WHR.sTEQ ¢ with an average of
14.4242.20 pg WHQesTEQ g'. CB-126 and CB-169 congeners represent the higE«) values which both had
the high toxic potency. Concentration of dl-PCBeslnot exceed sediment quality guidelines.

Keywords. Persistent Organic Pollutants (POHXLBs, dioxin-like, Sediment.

INTRODUCTION

Polychlorinated biphenyls (PCBs) have extremelyhHgiling points and are nonflammable chemicalscitare
primarily used in transformers capacitors paints$ printing inks and also in many other industrigpkcations [1].
These are persistent organic pollutants (POPs)hndiie resistance to chemical physical and bioldgiegradation
and being ubiquitously found in all environmentstbé earth [2]. PCBs are long range atmosphericspart
(LRAT) pollutants and have been transported woridenaffecting regions far from their original soescsuch as
the Arctic [3,4] and Antarctic [5] and high altitadegions of Mt Everest [6]. Coplanar or dioxindiPCBs are
formed unintentionally in the same way as polychlated dibenzg-dioxins/furans (PCDDs/Fs) [7,8]. Primary
sources of dioxin like compounds are chemical- peirlochemical processing plants, ferrous and nmods metal
smelting operations, paper and pulp industries,ecgrproduction and smaller non-point sources beldomestic
burning of wood and open burning as well as by na@forocesses such as vegetation fires [9].

Polychlorinated biphenyls (PCBs) have a wide rasfgecute and chronic health effects in humans diofyi cancer,
neurological damage, reproductive disorders, immsuggpression, birth defects and are also suspectédcrine
disruptors [10]. The International Agency for Resbaon Cancer has determined that PCBs are probably
carcinogenic to humans (Group 2A). Their physiceraftal characteristics, which include hydrophokicnd
resistance to degradation, make these chemicatsabily to accumulate in soils, sediments and Hib1d. In the
aquatic environment PCBs are bio-concentrated mrtsfierred in the food chains and may return to dnsywith

the aquatic food [12,13].

As a party to the Stockholm Convention, India iigadied to abide by the objectives of the treaty snencouraged
to support research on POPs. In May 2004, Stocki@dmvention on POPs entered into force with theritibn of
reducing, and ultimately eliminating these polldtarin India, some studies have been conducteddistabutions
of POPs, such as intentionally released insectiditle known about the unintentionally releasefdother POPs,
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such as PCBs and dioxins. Earlier studies on var@mvironmental matrices in India revealed PCBdasnimations
in air, water, sediment [14-22], biota and huma2®24]. In continuation of support research on P@#s study
was aimed to evaluate persistent dioxin like pdiyghated biphenyls (dI-PCBs) concentration in seelits from
Yamuna River in Delhi stretch.

MATERIALSAND METHODS

Description of study area and Sampling

The River Yamuna, a major tributary of River Gangesdginates from the Yamunotri glacier of the lowe
Himalayas. The river flows through Himachal Pradasttrakhand and Haryana states, and enters DeHni Ralla
village after traversing a route of about 224 Knelldis the administrative capital city of Indiattvipopulation ~18
million with a total area of 1483 Knlies between 2836’ 36”N to 77 13'48"E on the of River Yamuna. The River
is tapped at Wazirabad through a barrage for dmmkiiater supply to Delhi and accounts for more th@%0 of
overall water supply. Generally, no water is alldme flow beyond Wazirabad barrage in dry seasentha
available water is not adequate to fulfill the dechaof water supply of Delhi. Whatever water flows the
downstream of Wazirabad barrage is the untreategastially treated domestic and industrial wastewat
contributed through several drains. Delhi aloneegates 1,900 million liter per day (MLD) of sewaggainst an
installed wastewater treatment capacity of 1,270DMThus 630 MLD of untreated and partially treatevage
enters the river every day. After 22 Km downstrazfriiVazirabad barrage there is Okhla barrage artdrvig not
allowed to flow through barrage during dry seasbime total catchment area of Yamuna River in Delietsh is
about 1485 Krh

Samples were collected from 60 locations on thekbain Yamuna River in Delhi extending between Palla,
Wazirabad and OkhlaF{gure 1). After sample collection pebbles and wood stick®ioved and manually mixed
thoroughly. Sub-samples of the sediment were sulesaly taken and stored in labelled wide mouth angbess
bottles and transported ice-preserved to the labgrand stored at -2 till further extraction.

UTTAR
PRADESH

Figure 1: Map showing study stretch of Yamuna River in Delhi

Chemical sand Solvents
Chemicals and solvents were purchased from MerdialrSilica gel 60 (0.063 — 0.100 mm) was from Sigm
Aldrich. Prior to use silica gel and anhydrous sadi sulphate was cleaned separately with methanol
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dichloromethane and acetone in Soxhlet extractoBfb each and stored air tight at 130 Certified reference
standards of PCBs were purchased from Dr. Ehrdest@mbH, Augsburg, Germany).

Sample Extraction

The extraction of pollutants was carried out in ek apparatus. 10-15 g wet sample was homogenizdéd
sodium sulphate and the mixture was transferredartlean cellulose extraction thimble and inseitéala Soxhlet
assembly and extracted using dichloromethane: aeetb:1 v/v) as extraction solvent. A 150 ml of raxtion
solvent was added and the whole assembly was h&atéé h. After extraction the extract was evapedao near
dryness under reduced pressure in 8G@ater bath using Rotary Vacuum evaporator (Eykpan). 20 ml hexane
was added to the concentrated extract and evapld@mtesmall volume (about 1 ml).

Chromatographic column cleanup

The multilayered silica gel column chromatograptaswerformed to separate target analytes from attexfering
organic and polar species. Briefly multilayeredcsilgel column (300 mm x 30 mm) was packed frontdmotto up
with 2.5 g silica gel, 4.0 g silver nitrate siligal, 2.5 silica gel, 4.0 basic silica gel, 2.5lgaigel, 12.0 g acid silica
and 5.0 g anhydrous sodium sulphate. The columnprasinsed with 50 ml n-hexane before sample waddd.
The concentrated extracts and three 2 ml portibhexane from rinsing the sample flask were tramsteto top of
the chromatography column. The elution of analyies subsequently carried out using 170 ml hexarmk an
concentrated to 2.0 ml. The eluted extract was eatnated using Rotatory Vacuum evaporator and Tap
(Caliper, USA) under gentle stream of pure nitrogeimg to 1.0 ml. The extract was transferred to aampler vial
and 1 pl was injected onto a gas chromatographppqdi with an electron capture detector (GC-ECD) for
quantification.

I nstrumental analysis

A total of 12 dI-PCB congeners (IUPAC No -77, -8105, -114, -118, -123, -126, -156, -157, -167 9;1dnd -189)
were analysed and quantified. The separation aadtiication of polychlorinated biphenyls (PCBs)sayzerformed
by gas chromatography (Shimadzu 2010, Japan) atdaetth autosampler and equipped with an Elec@apture
Detector (ECD®Ni), on capillary column (HP-5MS, Agilent) 60 m x28 mm x 0.25 um film. The temperature
program of the column oven was set to 2Tfor 1 min then increased witf@ min™ to 270°C, kept for 1 min,
then further ramped with 1% min®to 290°C at and kept for 3 min. The injector and detettonperature were
maintained at 228C and 300°C respectively. Purified nitrogen gas was usedaader at the flow rate of 1.0 ml.

min’™t.

Analytical quality control

Certified reference standards were used for theument calibration and quantification of PCBs. eTtarget
analytes were identified in the sample extract byngaring the retention time from the standard metand
quantified using the response factors from fiveelewalibration curves of the standards. Approprigtelity
assurance quality control (QA/QC) analysis was qreréd, including analysis of procedural blanks [gea
concentrations were <MDL ‘method detection limitjandom duplicate samples (Standard deviation <5),
calibration curves with the? value of 0.99, and matrix spike recovery 100+2@ach sample was analysed in
duplicate and the average was used in calculatidossture content was determined to report datalrynweight
basis. Calculated concentrations were reportedsasthan the limit of detection if the peak arehrit exceed the
specified threshold (three times the noise). Comatons below the limit of detection were assigaetb values for
the statistical analysis.

The dioxin-like PCBs (dI-PCBs) are assigned with thxic equivalent factors (TEFs) based on theixgdoxicity

with 2, 3, 7, 8-tetrachloro dibenzmdioxin (TCDD) [10]. Toxic equivalent quantities ER) of dI-PCBs were
calculated using WHO toxicity equivalent factorEEEs). The results of the analysis are reportedgighand pg
WHO3005 TEQ g™
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RESULTSAND DISCUSSION
Concentration of di-PCBs

Table 1: Concentration of dI- PCB congeners(ng g'1) in Yamuna River bank sediments

Congener Concentration
Range Mean SD SE %

Non ortho-PCBs
dl-PCB-77 <0.01-0.22 0.08 0.05 0.01 2.60
dl-PCB-81 <0.01-0.40 0.15 0.09 0.01 4.17
dl-PCB-126 <0.01-1.15 0.15 0.17 0.02 11.11
dl-PCB-169 <0.01-0.04 0.02 0.01 <0.01 0.36
Mono ortho-PCBs
dl-PCB-105 <0.01
dI-PCE-114 <0.011.1¢ 0.41 0.041 0.0t 24.2¢
dl-PCB-118 <0.01-2.92 0.72 0.64 0.08 48.78
dl-PCB-123 <0.01
dI-PCE-15¢€ <0.01-0.1¢ 0.0¢ 0.0z <0.01 1.4z
dl-PCB-157 <0.01-0.27 0.19 0.12 0.01 0.75
dl-PCB-167 <0.01-0.03 0.01 0.01 <0.01 0.21
dl-PCE-18¢ <0.01-0.4< 0.0¢ 0.0¢ 0.01 6.3F

>dl-PCBs 0.04-5.59 1.28 1.22 0.16 100

Note: <0.01=below detection limit,*standard errorE&vn

The concentrations of dI-PCBs in sediments from MamRiver in Delhi are presentedTmble 1. The observed
concentration opPCBs was ranged between 0.04-5.59 fiddy) with the mean of 1.28+0.16 ng.gMono ortho
PCBs were higher in concentration than non orth&$@nd accounted for more than 709 @i-PCBs in Yamuna
River sediments. On the course of River in Delletsh, concentration of total dI-PCBs with an agera
significantly increases from up/stream (Palla) tavd/stream (Before reaching Okhla&jigure 2). Recent studies
reported significant levels of PCBs in differentveanmental matrices from Delhi and adjoining ar¢s8-22].
Similar to this study, other studies worldwide, BEBs distribution have been reported in the litemfrom
Songhua River, China (ranged from 0.26 to 9.7 hgwgth an average of 1.9 ng'p[25]; Ghar El Melh lagoon,
Tunisia (ND-3.99 ng §) [26]. However, other studies on PCBs have repotie higher concentrations than our
study in tropical sediments froBehlui River, Romania3-26 ng @) [27]; Tam Giang Lagoon, Vietnam (2.03-24.7
ng g) [28]; Minjiang River Estuary, Southeast China.(%-57.93 ng Q) [29]; Hanoi, Vietnam (1.3 to 384 ng'y
[30];1Wuhan, Central China (0.90-46.14 ng) §31] andLianjiang River, in Heping town of Guiyu, China 74743
ng g°) [32].

Polychlorinated biphenyls (PCBs), which have bedhely used in industrial applications, may alsopbesent in
the electronic waste stream. India is growing agxgmonential rate in terms of electronic waste ést®), generating
approximately 150,000 t/year, much of which is kpled or poorly managed. Maximum amount of e-waste
generated in the country ends up at New Delhi éacling purpose though in an informal manner wideh be
one possible source for PCBs. A statistically digant (p<0.05) positive linear correlation has meshserved
between the amount of e-waste generated in 20053hen@®CB concentration in the atmosphere of Indieies
[33]. Other possible sources are from open biontassing which is common in agricultural field afterop
harvesting, and depositions of emissions from wgodcessing, paint and dying, chemicals and transfor
manufacturing units. These PCBs sources also irabfidgassing from closed system such as oldepewgts (e.g.
transformers that contain large quantities of PORI§), and PVC (polyvinylchloride) manufacture.
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Figure 2: Distribution pattern of > dI-PCBsin Yamuna River bank sediments from different sampling

Congener Profile and Group Homolog

locations (up stream to down stream).

The individual PCB congener profiles and their gremomolog in Yamuna River sediments are illustrandgigure

3 and Figure 4, respectively. Among the 12 dI-PCB congeners thegeoar no PCB-118 was the dominant
congener, followed by PCB-114, PCB-126, PCB-189BRC, PCB-77, PCB-156 and PCB-157, however
concentration of other congeners were low. PCBsataised as single compounds but as technicalineit 70%

of PCBs produced globally were tri-, tetra-, andtpehlorinated biphenyls [34].
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Figure 3: Total concentration profile of dI-PCBs congenersin Yamuna River bank sediments.
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Figure 4: Group homolog of dI-PCBsin Yamuna River bank sediments.

The group homolog of dI-PCBs in Yamuna River sedithewas primarily dominated by penta chlorinated
biphenyls. Penta-CB homolog was the main contritsuto the total dI-PCB homolog in average, and aotad for
more than 84%Kigure 4). The lighter-weighted molecular PCBs (LWM-PCBsgre/ lower than those higher-
molecular weight PCBs (HMW-PCBSs) (penta to heptss)ICH is reported that LMW-PCBs were primarily dsa
power capacitors and transformers, while HMW-PCRBsemvmainly used as an additive [25]. This indicates
PCBs used in as additives found their way to therenment of Yamuna River in Delhi.

Toxic Equivalency of dI-PCBs

Table 3: Toxic equivalency (TEQ) of dioxin-like PCB congener (pg WHO,005-TEQ g™) in Yamuna River bank
sediments

Toxic Equivalency Quotients (TEQS)
range Mean SD SE %

Congener TEF

Non ortho-PCBs

dI-PCB-77 0.0001 <0.01-0.02 <0.01 0.01 <0.01 0.02
dI-PCB-81 0.0003 <0.01-0.12 0.02 0.03 <0.01 o0.11
dI-PCE-12€ 01 <0.01-115.C 14.2: 17.0¢ 2.2( 98.6¢
dI-PCB-169 0.03 <0.01-1.20 0.14 0.29 0.04 0.97
Mono ortho-PCBs

dI-PCB-105 0.0003 <0.01 <0.01 <0.01 <0.01 <0.01
dI-PCB-114 0.0003 <0.01-0.05 0.01 0.01 <0.01 0.06
dI-PCB-118 0.0003 <0.01-0.09 0.02 0.02 <0.01 0.13

dI-PCB-123  0.0003 <0.01 <0.01 <0.01 <0.01 <0.01
dI-PCB-156  0.0003 <0.01 <0.01 <0.01 <0.01 <0.01
dI-PCB-157  0.0003 <0.01 <0.01 <0.01 <0.01 <0.01
dI-PCB-167  0.0003 <0.01 <0.01 <0.01 <0.01 <0.01
dI-PCB-189  0.0003 <0.01 <0.01 <0.01 <0.01 <0.01
>dl-PCBs - <0.01-115.23 1442 17.08 2.20 100

Note: TEF= WHQq0s-Toxic Equivalency Factor

Dioxin like PCBs have toxic responses similar tosth caused by 2, 3, 7, 8-tetra-chlorodibepaiioxin (TCDD)
the most potent congener within the dioxins groafpsompounds [35]. As a result the concept of t@daivalency
factors (TEFs) established by the World Health @izgtion (WHO), has been developed to assess thadirof
these compounds on human health. The concentraifatiexin-like PCB congener can be converted RS, 7, 8-
TCDD substituted TEQ concentrations. TEQ conceininat of dI-PCBs with established dioxin-like actyviin
sediments from Yamuna River was calculated by iplylhg the concentration of each dioxin-like PCBngener
by its 2, 3, 7, 8-TCDD substituted TEF values (ToEiuivalency Factors) for human and mammals. tokieity
equivalency (TEQ) for 12 dI-PCBs was presented @ble 3. The TEQ ofYdI-PCBs in this study was ranged
between <0.01-115.23 pg WH&sTEQ g* with an average of 14.42+2.20 pg WHE TEQ g*. The TEQ of non
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ortho-PCBs (CB-77, CB-81, CB-126 and CB-169) weigher and contributed >99% fTEQ, while the TEQ of
mono ortho PCBs (CB-105, CB-114, CB-118, CB-123; 138, CB-157, CB-167 and CB-189) were <1 for ad th
samples. CB-126 and CB-169 congeners represerttigher TEQ values which both had the high toxicepoy
(toxic equivalency factor proposed WHO-TEF=0.1 &h@3 respectively) thus significantly increasing fidl-
PCBs with the contribution of 99% ffTEQ. Emissions from coal combustion and industiakte incineration
sources contributed non ortho PCBs and do notysblein commercial PCB mixtures [36].

Eco-toxicological risk assessment

Table 4: Available sediments quality guidelines for polychlorinated biphenyls (PCBSs).

Guidelines Concentration (ng g* dw) Reference
Threshold Effect Concentration TEL LEL MET ERL NOAA, 1999;
(TEC) 34.1 7C 20C 5C MacDonald et al. 2000
Probable Effect Concentration PEL SEL TET ERM NOAA, 1999;
(PEC) 277 5300 1000 4000 MacDonald et al. 2000
TEC MEC PEC
CBSQGs 50 368 676 WDNR, 2003

TEL=Threshold effect level, LEL=Lowest effect le%E T=Minimum effect threshold, ERL=Effect levek|d®EL=Probable effects level,
SEL=Severe effects level, TET=Toxic effect thresHeRM=Effect range median

Effects on the organisms are usually considerdzbtan early warning indicator of potential humaaltieimpacts.

In India, no environmental standards have beerbkstted for PCBs in marine or riverine sedimentsergfore,
ecotoxicological effects of these pollutants irstbiudy area were roughly evaluated by applyindighbd sediment
quality guidelines such as threshold and probaHkctelevel and consensus based sediment qualiiyefjues
(CBSQGs) from National Oceanography and AtmosphAdministration [37] and Wisconsin [38,39T.able 4
shows the available sediment quality guideline ealfrom different environmental agencies. Japaabéished the
environmental standards of dioxins for sedimert%&pg-TEQ ¢ [40]. However, Canadian government defined as
21.5 pg TEQ g [41]. Concentration ofdI-PCBs and their individual congeners in Yamuna Raegtiment Table

1) were lower than the guideline values and indicet@dverse effects to the biota.

CONCLUSION

As a party to the Stockholm Convention, India idigdied to abide by the objectives of the treatyd as
encouraged to support research on POPs. Distribatiodl-PCBs and their potential ecotoxicologicekrwere
studied in sediments from Yamuna River in Delhi. @mparing with sediment quality guidelines, stumlyicates
levels of dI-PCBs in sediments were lower than eling values.
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