Chinese Journal of Polar Science, Vol 20,Na 1, 48-56, June 2009

D istr ibution of organochlor ne pesticides and polychlor nated bi-
phenyls in Ny-Alesund of the Arctic

M a X indong( ), Wang Yanjie( ), Na Guangshui( ), Lin Zhongsheng(
), Zhou Chuanguang( ), Wang Zhen( ) and Yao Ziwei( )

N ational M arine Envirormental M onitoring Center, Dalian 116023, China
Received M ay 25, 2009

Abstract Sediment, moss and animal-dropping samples were collected from Ny-
Alesund of the Arctic © investigate the distribution of organochlorine pesticides
(OCPs) and polychlorinated biphenyls (PCB 9 in the A rctic area OCPs and PCB s
were analyzed using the capillary gas chromaiography ( GC-ECD). Recoveries of
three surrogateswere at a range of 69 5 92 2% (mean: 78 8%), 75 1 112

1% (98 5%) and 67. 7 95 1% (79 5%), and the relative standard deviations
were6 7%, 8 0% and 11 3%, regectively The major monamers of OCPswere
hexachlorocyclohexanes (HCHs) and DDTs Their concentrationswere at a range of
0 8 4 50 ng/g (mean: 2 24 ng/g) andQ 22 1 09 ng/g (mean: Q 55 ng/g).

The concentrationsof PCBswereQ 20 3 25 ng/g (mean: Q 84 ng/g) and themar
jor congenerswere tetra-, penta-, and hexa-PCB's, whichwere up © 23 8% 26 7%
and 32 3% of btal PCBs repectively Based on the rewultsof the ratio analysis and
the principal component analysis the atmogheric trangort is believed be one of the
major inputwaysof OCPs and PCBs in theNy-AIesund of the A rctic
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1 Introduction

Svalbard A rchipelago (74°-81°N, 10°-35°E) locates betveen the Barents Sea and the
Greenland Sea It consists of three major islands ( Qitsbergen Island, Nordaustlandet Is-
land and Edgeoya Island) and a group of snall island$”. Ny-Alesund, located in thewest
coast of Sitsdhergen Island, is an important scientific window of the Arctic To date, 11
countries have established bases for science investigation The Chinese Yellov River Station
in Ny-Alesund was built in 2004

Persistent organic pollutants (PFOPs) are canmon pollutants in the enviorment?.
They have become an issue of increasing concern because of the large production and us
age, egecially organochlorine pesticides (OCPs), polychlorinated biphenyls ( PCBs).
These campounds are persistence, lipophilicity, sami-volatility and can be long-distance
trangorted in the amogphere POPs are ubiquitous in different envirormental matrices and
a large number of studies have shown that such substances can migrate to the whole world
through the transnission of amoghere and ocean currents, and therefore the A rctic has be-



D istribution of organochlorine pesticides and polychlorinated 49

come a sink of POPE**. The A rctic isan important area of the substance and energy ex-
change betveen amogphere and ocean Ny-,&lesund ison the border of converging area
where the exchange of amogphere and ocean occurred and it ismainly influenced by the
North A tlantic circulation and the polar amospheric circulation®*'. In this study, samples
of surface sediments, moss and animal-droppings were collected fran the area of Ny-
Alesund o investigate the distribution and contamination status of OCPs and PCB s in this
area It al® discusses their primary urces in Ny-,&lesund

2 M ater alsand methods
2 1 Samples collection and processing

Surface sediment, moss and animal-dropping samples were collected in Ny-AIesund
from July o August of 2007. The sampling sites (Sl i S20) are shown in Figure 1 All

sanpleswere packed in aluminum foil and stored at - 20 . Before analysis, ssdiment and
animal-dropping freeze-dried, ground and sieved (80 mesh).
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Fig 1 Sampling sites in Ny-,&lesund, Svalbard of the A rctic

2 2 Materials standards and reagents

Al olvents (including n-hexane, dichloromethane, acetone, nonane) were pesticide
residue grade (TED A Campany, Ohio, USA). Silica gel (Q 0630 100 mm) was ob-
tained from M erck Campany (W hitehouse Station, NJ). Florisil (60-100 mesh) was pur-
chased from Floridin Company ( Florida, U. S A). The OCP standard lution including
a-B-Y- O-HCH, p pDDT, o, pDDT, p, pDDE, p, p-DDD and HCB was pur-
chased fran W ellington L aboratories ( Guelph, Canada). PCB reference materials (inclu-
dingCB-28, 52, 101, 112, 118, 138, 153, 155, 180 and 198) were obtained from Supel-
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co (Pennsylvanian, USA). Injection standard olution tetrachloro-m-xylene (TAMX, 100
ng- mL ) and surrogate standard lution 4, 4'-dibromoocta Fluorobipheny! (4, 4'-DOB,
100 ng- mL""), 4, 4'-dibromobipheny! (4,4'-DBB, 100 ng- mL ") and PCB209 (100
ng- mL ') were obtained from Canbridge Itope L aboraories (USA).

2 3 Samples pretreatment

An aliquot of 10 g of sample, hamogenized by 10 g anhydrous ©odium aulfate, was
Pikedwith the surrogate standards4, 4'DOB, 4, 4'-DBB and PCB209 and extracted tripli-
cately in an ultraonic bath for 30 min using hexane/acetone (1 1, v v) of 40, 30 and
30 mL, regectively The extracts were combined and rotary-evgporated to about 2 mL
( sediment samples need to add activated copper powder to ramove elemental sulfur). The
concentrated extract was subjected to clean up by elution through a multi-layered column
(30 an length and 1 an diameter) with 3 g Florisil and 3 g silicagel The colunnwaspre-
cleaned by eluting 20 mL hexane prior o the trander of the extract After the extract was
loaded, the target analyteswere eluted by 35 mL hexane and dichloromethane (7 3, v
v) and the effluentwas concentrated through the K-D concentrator t about 1 mL. Then the
wvolume of lution was concentrated t about 2000 L by a gentle stream of nitrogen gas In-
ternal standard TOMX (10U L) was added to the vial and mixed by vortexing prior o in-
strumental analysis

2 4 Instrumental analysis

Sampleswere quantified on a gas chromatogrgph coupled with an electron capture de-
tector (GC-ECD, Shimadzu 2010) and aDB-5 capillary column (30m x 0 25mm i d
x 0. 25J m film thickness). Oven temperature progran: initial oven tamperature was set
at80 ; thenincreased 0 150 atarateof 20 /min and held for 3 min; after that,
increaed at arateof 4 /min 0250  and held for 1 min; and lastly increased at a rate
of 20 /min ©270 and held for 1 min The injection volumewas 1M L with the lit-
lessmode, the detector temperaturewas300 . Nitrogenwas used for carrier gas at a con-
stant flow rate of 12 0 mL /minwith the constant column pressure of 55 0 kPa

25 QA/QC

Strict quality controlswere implanented to ensure the correct identification and accu-
rate quantification of the target caompounds Recoveriesof all the sanples and blanks deter-
mined by surrogate standardsof 4, 4'-DOB, 4,4'-DBB and PCB209 were 69 5% -92 2%
(mean: 78 8%), 75 1%-112 1% (mean: 98 5%) and 67. 7%-95 1% (mean: 79
5%), regectively, and the relative standard deviation were 6 7%, 8 0% and 11 3%,
repectively The limit of detection (LOD) was calculated as a signal-to-noise(S/N) ratio
of 8 and they were 0 004, Q 004, 0 004 and Q. 002 ng- g * fora -, B -,y - andd - ismer
of HCHs, repectively TheLOD of other OCPs and PCB swere Q. 005 ng- g *. The accu-
racy and snsitivity of thismethod all met the requirements ecified in USEPA 8081 and
8082
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Resultsof three groups of blank experiment showed that only a snall amount of B -
BHC, CB-52 andf -chlordane were higher than the detection limit (less than 5% of the
minimum concentration of the samples). A ll experimental data in Table 1 had deducted the
blank value and valueswhich below the detection Iimitwas labeled with* nd”.

| onsof | in il L dung ¢ )

L ocation M atrix > BHC >DDT 2 OCP* > PCB
Fossil valley il 224 029 Q 63 159
moss 4 50 Q 30 Q 83 175

dung 177 0 65 152 152

Polarwillon area il 312 Q22 Q35 168
moss 2 67 0 67 103 139

dung 155 0 34 132 156

Moss belt il 225 Q 46 2 99 189
moss 141 0 49 2 08 214

dung 175 0 28 3 08 197

Aiport area il 304 0 44 Q 98 190
moss 313 Q73 126 165

dung 163 Q0 78 124 103

London island il 2 39 Q 46 108 119
moss 149 109 1 68 133

dung 118 0 61 Q 92 Q0 92

Bird island il 229 0 56 196 165
moss 4 19 0 92 2 47 Q 92

dung Q 86 0 98 112 0 58

Glacier area il 109 0 34 Q 05 0 62
Station area il 221 0 36 115 122

Note> OCPs* refers o the total am of OCPswith exception forz BHCs and>~ DD Ts
3 Realtsand discussion
3 1 Organochlorine pesticides (OCPs)

3 1 1 Contamination status and canposition

The detected ratios of OCPs in il, moss and feceswere 76 8%, 82 5% and 78
6%, regectively. The average concentrationsof 20 OCPs in the three comparmentswere
50lng g', 6 72ng- g and5 12 ng- g ' (dv), repectively Among all OCPs,
HCH s and DD Tswere the daminant compounds (Fig 2) with the detected ratio of 100%,
except fory -HCH p, p’ DDE, and p, p DD T which the detected ratioswere 55 0%, 90
0%, and 80 0%, regectively Other Organochlorine pesticide compoundswere al de-
tected in different levelswith the detected ratio ranging from 27. 3% to0 90 9%, and Heptar
chlor epoxide compound was detected with the highest ratio and the highest concentration
whichwasup © Q 32 ng- g * (dwv). The concentrations of HCH's and DD Tswere ranged
from O 86 ng/g o 4 50 ng- g - with themean value of 2 24 ng/gand fromQ 22 ng- ¢ *
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o1 09 ng- g ' with themean valueof Q 55 ng- g =, repectively (Fig 2). o - andp -
HCH were the major isoimers of HCH's, accounting for 81 6 % of total HCHs p, p-DDE
and p, p-DDD were the daminant issmersof DD T, which accounted for 77. 6 % of the total
DDT. Endoaulfan-11was not detected in all the samples

BesidesHCHs and DDT, the detection rate and concentration of the heptachlor epox-
ide were the highest, which were up © 90 9% and Q 32 ng- g, however, the detected
ratio of the heptachlorwas50 0% with an average concentration of @ 05 ng- g *. The dif-
ferent characteristicsof the heptachlor epoxide and the heptachlor in the three compariments
can be explained with repect o the trandomation trend of the heptachlor into the hepta-
chlor epoxide in the envirorment
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Fig 2 Concentrations and patternsof HCHs and DD Ts at each site

3 1 2 Source analysis

It is generally believed that the use of OCPs in agriculture in developing countries of
northern hemigphere in mid- and low-latitudes coupled with the function of amogpheric
trangoortation and ocean currents are themajor ourcesof OCPs in the A rctid?. A spointed
in report of AMAP 2002, amogpheric trangortwas the fastest way to input the pollutants,
but the ocean current trangortation al® played an important role epecially for high water-
lubility organic poIIutantéS]. Lietal reported that -HCH was carried into the A rctic
areamainly through the way of ocean currents”. A's stated above, Ny-Alesund locates in
north area of 74-81°N and on the border of converging area of exchange betveen the amos
phere and ocean Itwasmainly influenced by the North A tlantic circulation and the polar
amogpheric circulation and thus amosheric trangortation was one of the main ways for
pollutants into this area>"’.

It iswell known that the proportion of four isomersof commercial HCH mixtures is cer-
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tain: about 60-70% -HCH, 5-12% -HCH, 6-10% -HCH and 3-4% -HCH, while the
dominant isomer of industrial L indane is -HCH, which accounts for about 90% of total
HCHs The concentration ratio of -HCH and -HCH was often used o identify the surce of
HCH<S*. The ratio ofd ¥ -HCH in general industrial product ranged from 4 to 7, whereas
the value ofat ¥ -HCH ratio closed to 1 could be used to indicate the input of L indane ™.
In this study, the proportionsof the four ismersx -, 3 -,y - andd -HCH were 32 4%, 49
2%, 12 9% and 5 5%, regectively The mean values of concentration ratios of 0 ¥ -
HCH in 2il, moss and dung ranged fran 1 6 to 5 7, which indicated that the contamina-
tion of HCH in Ny-AIesund wasmainly fran the use of general industrial products The rea-
onwhyP -HCH isimer in this region had a higher level than other ismersmight be that the
molecular structure off3 -HCH ismuch symmetrical and the chemical properties and physi-
cal propertiesoff3 -HCH aremore stable than other isimers and it ismore difficult to be de-
graded®’.

p, p-DDT can be metabolized into p, pXDDE under aerobic conditions and into p, p-
DDD under anaerobic conditions by microbial degradation The concentration ratio of DDE/
DDD isoften employed to indicate the redox conditions during the degradation process of
DDT. The concentration ratio of (DDD +DDE) /DDD can be used to indicate the degr
radation degree of DD T and to identify the urces of DDT™. The average value of the ra-
tio DDE/DDD in il of Ny-,&lesmd was 0 8, which suggested that trandomation of DD T
into p, p-DDD occurred under anaerobic conditions by microbial degradation The ratio of
(DDD +DDE) /DDD were belowv 1 inmost il samples The reault indicated thatDD T had
been experienced a long-tem degradation in il of Ny-AIesund, whereas a high detectable
ratio of DD Ts indicated that there were still potential inputs of DDTs .

3 2 Polychlorinated B iphenyls (PCBS)

The concentrations of PCB's in @il, moss and dung ranged fram O 20 o 3 25 ng/g
with the average value of O 84 ng/g (Table 1). The major congenersof PCB swere tetra-,
penta- and hexa-PCB s, which accounted for 23 8%, 26 7% and 32 3% of the total
PCBs regectively The monamerswith higher percentage were CB52, CB101, CB112,
CB138 and CB155, which accounted for 23 8%, 10 4%, 11 1%, 16 3% and 32 3% of
the total PCB's, repectively. The relative abundance of CB28 was lov, which wasmainly
due o the high wolatility of CB28 and prone to evegporation from il into the amogphere
through the exchange interaction of il-atmogphere

Principal component analysis (PCA) was perfomed t investigate the distribution of
PCBs Fig 4 depicts the factor loading plots and factor score plots for the PCB s concentrar
tion data In Fig 4a, camponent 1 was highly correlated with moss ssmples and dung san-
ples, which intempreted 57. 8% of the total variance Camponent 2 was correlated with il
sanples, which intempreted 14 6% of the total variance The concentrations of CB52 in
moss and dung sampleswere relatively higher than those in ©il The dominant congeners of
PCB s in @il mainlywere CB101, CB112, CB138 and CB155 Wendy et al **' considered
that the source pathway of PCB s in @il were mainly through the dry/wet deposition and re-
ported the similar patternswith the resultsobtained in this study. The different distribution
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characteristicsof PCB s in ©il, moss and dung wasmainly caused by different enrichment
ways of PCB s in the three compariments and the different physicochenical properties CB52
has a higher wolatility (higher suboooled liquid vapor pressure p%. ), thus itmainly exist in
gas phase””. The wolatility of other monomerswith high molecular weight was relatively
low and therefore they weremainly present in particulate phasg **'. PCB s in @il weremain-
ly from the wet/dry amogpheric deposition, and therefore the proportion of PCB congeners
with highweight molecular was relatively high Moss, a typical passive air sampler of sami-
volatile organic campounds in the atmogphere, enriched the pollutants of gas phase mainly
through the processof " absomtion”, and thus, comparedwith il, lomv molecular weight of
PCB swere the dominant congeners inmoss PCB s in dungwere mainly fram the body me-
tabolites, and plantswere themajor food of deer, and thus the distribution characteristics of
PCB s in dungwere similar with that in moss
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3 3 Canparison with other studies

Reaultsof HCHs, DDTs and PCB s in il and moss of other works are summarized in
Table 2 Ascan be sen in Table 2, the concentrations of these pollutants in il of the
A rctic were dlightly high than those of A laka and Russia, while the concentrations in moss
were relatively lov. The concentrations of DD T in the A rctic was relatively lov compared
with the above tvo regions A Ithough the difference was obvioudly in il, the difference in
mosswas not significant The PCB concentrations in both il and mosswere relatively low
campared with the above wo regions, but equivalentwith the island B jemaya in Noway.

Previous studies dhowved that high concentrations of PCB s in the northern hemigphere
mainly occurred inmiddle and low latitudes To date, the contamination statusof PCB s had
declined significantly due to many countries had implemented the action © restrict the use
and digosal of PCBs The above reaults suggested that the concentration of PCB s had de-
clined significantly compared with the high contamination areas in low latitudes™® , whereas
the declined trend was not obvious compared with the relatively clean polar region

Concentration

M atrix Location sites Tme References
> HCHs > DDTs > PCBs

Alaska, UA 018+0 08 195+195 13 2+12 4
Kola Peninaula 1 54+093 382+267 221+1 34

2000 Ford et al ™!

@il Lowzen, Russa 119+Q070 172+Q076 4 07+Q59 2001 RA IFON/AMAP/GEF™

B jormeoya, Noway - - 1 8 (mean) 2004 AnitaE et al ™™
Alaka, U\ 4 23+032 003+001 4090 71

moss  KolaPeninmula 6 26+078 Q34+Q09 256+0Q 26 2000 Ford et al '*"!
Taymir Peninsula 7. 98+0 83 0 18+0 02 8 41+1 27

il 233+062 039+0 11 1 47+0 43

moss Ny-Alend 290+131 Q70+029 153+Q42 2008 This study

feces 146+036 060+026 126+0 51

4 Conclusions

Previous studies have indicated that the PFOPs can migrate o the whole world through
trangort of the amoghere and the ocean currents, and the A rctic has become a sink area
of FOPs HCHs and DD Tswere the major pollutants and the detectable ratioswere up ©
100% with exception ofy -HCH, p, pDDE and p, pDDT. Through the campositional ratio
study of -HCH and -HCH isomer and DD Ts ismers, and principal component analysis of
PCB s hamologue, it can be found that various FOPs in Ny-AIesund had the smilar input
pathway. Through the camparin of the concentrations in il and mosswith central A rctic
areas, the declined trend of ROPswas not obvious except for DD Ts, and all over the A rctic
region, persistent organic pollutantswere trending to be a status of balance in whole
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