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Table 1. The site information on the Fildes Peninsula

S R S 4 S R % i

/ALl 58°57'44.07"W 62°13'40.50"S W 58°57'24.35"W 62°13'28.54"S
Ko 58°57'56.07"W 62°12'22.07"S DIEZER 58°58'25.23"W 62°11'32.68"S
AL 58°5822.28"W 62°12'15.89"S LAV 58°59'28.04"W 62°11'36.37"S
B 58°59'31.22"W 62°12'23.86"S Hb R 58°59'05.51"W 62°10'56.75"S
i P 59°0021.62"W 62°12'42.73"S AR 58°59'22.60"W 62°11'09.95"S
R 58°59'03.01"W 62°12'38.23"S G/ 58°59'18.46"W 62°11'48.88"S
Bk sl 58°57'49.35"W 62°13'04.23"S g Ro1 58°55'30.10"W 62°12'36.48"S
WS 58°54'31.35"W 62°11'19.57"S A3 502 58°55'03.44"W 62°12'40.14"S
15 h 2 3 58°54'22.59"W 62°10'52.82"S 381503 58°55'05.51"W 62°12'41.86"S
% 58°57'11.22"W 62°11'49.10"S A3 5% 04 58°55'34.63"W 62°12'56.83"S

T BRI, 5l A7 A5 1T SRR R DA 2

1.3 HEmATaE

YERAAREN 5.0 g 28 100 H i 4 < 1R A 5T A
a1 60 mL AUEHEZI D, MR N 20 mL
IE M =S RE(L - DEW, FIRIA 1.0 g 4
Ko KR A A TGEPEH 20 min J5 i E 20 min,
FEB FVE WO ) 60 mL [ JE B P. EE
PEC 2 Wk, EIF BIE W AEH i 2R kAL

40°C NHARBURIK A E 2~4 mL. #2055 T 2
AR RS T PR AR AR B S G K R AN 4% i
IR 20101 S R Al W A,
20 mL IE ki 5 &M EE(T @ 3)IR G OE 2
DRI BT A, VEME R 25K % 2 mL, )5 H
WIE A 30~50 mL-min" (1R TORUE IR e 25
£ 1 mL.,
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Fig.1. Sampling sites in Fildes Peninsula(Compiled by Chinese Antarctic Center of Surveying and Mapping Wuhan University)
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ST R CEk[12], M GC-MS
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12 mino JUHE 45 BT I HLES, fL il 280°C,
VYRR AL BE 150°C, & 75 FE 230°C, &5 14
i SIM Fi .
1.5 REEH

F 4 USEPA TAIE /) QA/QC il Bk, + 4%
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FE i R A bR A 2238 /N T 15%, 16 Bk PAHS 1)
Kyt BR A 0.01~0.15 ng-g "o W 2SI Bk .
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4% 10 B PAHs 7EFT A i i i B AR H . PAHSs WRBE
Yk 2.37-27.31 ngg !, FHIEE N 9.82 ngg .
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Table 2. The contents of PAHs in topsoil of Fildes Peninsula

&) FH/(ngg) Ve fiif 2% - e FU s bR e ((ng-g ) o S — AR UE R A/ (ng-g )
%% (Nap) 0.57~16.91 w 15 15
JE (Acy) 0.03~0.36 7 — 5
Z&(JE (Ace) 0.03~0.56 7 — 5
%j (Fle) 0.04~0.86 T — 5
3t (Phe) 0.36~3.21 i 50 20
¥ (Ant) N.D.~0.33 7 50 10
¢ (Fla) 0.01~1.41 = 15 15
T (Pyr) 0.05~1.21 e — 10
K IF[a] B (BaA) N.D.~0.71 2 20 5
J& (Chr) N.D.~0.66 P 20 10
R I [b] 7% 4 (BbF) N.D.~1.27 s — 10
R FF[k] % B(BKF) N.D.~0.82 2 25 10
I [a] tE(BaP) N.D.~2.78 2 25 10
Bli%[1,2,3-cd] tE (InP) N.D.~0.26 2 25 5
T % Jf[a, h]HE (DbA) N.D.~2.18 £ — 5
2 3 [g,h, 1] (BghiP) N.D.~8.74 1 20 8
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H T IR PAHs RIS, PAHSs 76 R A 4L
i KHES 7 A TN, (HAEFE PAHs TR
TR S R B B b 2 o (R R AR R e . IRk,
PAHS [{IAN [ 20 53 ¢ i 7T LLAE g PR35 7 PAHSs K i
(AR AR 16 B PAHS IR IAAN S 2 57,

K7 AARIR (2. 3 FR). @ I)RIEIAG. 6
F)PAHs 3 25181, (U3F PAHs &2k U5 T 7 s,
IR PAHS 2RI T A A BB S AR ) o
(AN 58 A R el E IR 1y 2 19 2% 2 1 3% PAHS
Uk Lbplan i 3 fros. MK 3 nfLLE 1, BFITH
BTk s, fKFR PAHs (5 EE R 40.44%-~95.72%,
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Fig.2. The contents of PAHs in topsoil of Fildes Peninsula
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Fig.3. Composition of PAHs in topsoil of Fildes Peninsula
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SO RERE WK 40 NFR 4 AT LB Y, JE /R fl
By 158 vp PAHs R U5 v S HUH 4 A TR gy, LR
T EAREN 85.464%, HP Sy 1—4 45Nk
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Fig.4. Source identifications of PAHs in topsoil of Fildes Peninsula
F3 FEREHEBRELIED PAHs BILLED R
Table 3. The ratio analysis of PAHs in topsoil of Fildes Peninsula
DAL ASY Ant/(Ant+Phe) Fla/(Fla+Pyr) Fla/Pyr LMW/HMW
IRV 0.063 0.477 0.913 4.190
%5 Wk 0.104 0.431 0.757 22.340
I 0.125 0.416 0.312 11.078
RS 0.000 0.180 0.219 2.324
A 0.005 0.447 0.809 5.283
BIRZTi 0.020 0.315 0.459 4.186
WA 0.011 0.564 1.291 2.838
5 v 0.054 0.333 0.499 11.544
el 0.067 0.437 0.777 12.296
K38 0.135 0.455 0.836 1.227
i34 0.059 0.238 0.713 4.256
A 0.030 0.378 0.805 5.624
e A=l 0.042 0.477 0.912 6.085
IIRZE S 0.129 0.492 0.970 1.036
N 0.094 0.540 1.172 4.807
LR 0.033 0.399 0.663 5.468
A 5501 0.069 0.462 0.857 1.720
A8 1502 0.049 0.421 0.728 1.679
55503 0.043 0.466 0.871 1.084
A58 1504 0.045 0.446 0.607 1.760

S I N T ER R I A A
B A BIF 5 35t Nap T 40 ol R 280, Acy A
Ant 32 B R IE T AT RURH OC 7= W A8 A 7 RS
o FE AR R 520 Fle ke P T A e PO,
WU R PAH's 8407 55 0 1R 1 2 1 DA Sl I ok &=,
33 55 R S0 ) W MW 4 . DbA Rl BghiP 7 & 4> 2
TR R, P R B AR P

7y 3 F3 1 BbF F1 BKF ffi &, woAC 2 seuhskbe
PP, RNy 4 HATECKIZE BaA A1 Chr,
BaA #\ N R AERSAEWEY, i Chr Wb
W H BB 2 2 B T L JR 4 3 o
B RZE A PAHs T BRI T A il AUA il R
Be, — o FEIE b2 B KA BE B AR i 0 5
L5 LU AR VR P 4 R A — 3
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Table 4. The component matrix of PAHs in topsoil of Fildes

Peninsula

PAHS Principal Component
PCl1 PC2 PC3 PC4
Nap 0.939 0.008 -0.123 0.031
Acy 0.960 —0.138 —0.053 0.041
Ace 0.765 0.201 0.225 0.130
Fle 0.889 0.038 0.229 -0.020
Phe 0.656 0.644 0.170 0.066
Ant 0.860 0.413 0.020 0.017
Fla 0.668 0.576 0.045 0.275
Pyr 0.572 0.701 0.142 0.226
BaA 0.165 0.478 0.159 0.801
Chr 0.031 -0.070 0.164 0.980
BbF 0.060 0.267 0.881 0.205
BkF 0.050 —0.021 0.967 0.110
BaP 0.143 0.586 0.680 0.020
DbA —-0.025 0.789 0.081 0.133
BghiP 0.044 0.802 0.159 —0.045
Variance% 34.523 22.553 16.201 12.186
Cumulative 34.523 57.076 73278 85.464

variance %
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IR R S — AR fEBRAE AT LR (GR 2), &5

HKW 16 M PAHs 4T 5 —brHERRE A .
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BT E G4, YPAHs i KT 1000 ngg ', J&
TG G A 2 AT, JERAE I B Y 6PAHS
S E/NT 200 ng-g !, RIS YR . LEA LR A
b3 Fh SRR ARG R R, DTS AL TG
AR, (FOR H S R Rl i
I A N S B AE BRI A T T G
H PAHs fE+3EH ik gee, HA K6 I,
TV AE R A 355 35 M 268 AN BE A A

1. PR R A8 e B 2 )2 %8 b 16 B PAHs
AR, Y1 6PAHs & B Tu N 2.37-27.31 ng-g ',
PR E RN 9.82 ng'gflo S e (. H DA R It A
an, M . K3k MU RS N RESIT
i AR LE A A PAHs S ER . BRAR S
TR S AR TSI ) R PR PAHs. B ER PAHSs
b 55 A B0 AH 2 4h, I A st A5 FE 38 UG B
PAHs JF.

2. FIH PCA XfdE/R T 5 K 2 L3
PAHs BEATIRAEAT, 5 LA R B 45 13 A — 3,
TR T A R A R e U R R AR, H—
ek )L | NG b SR e i p AT

3. LRG3 P R E AR AELE R, JERE
> By XKL AR AR A RS K, R TR AR AR
BB MR R, HLAS R R B A I 16 A
PAHs, ¥TE 1A RS A A Be 240 .

Bt RS =+ A kamAE, Risan
KIS B REF PN B R 3569 X8,

7% 3CHK

1

BEEENY, M. MR WL G e S T RS AR [D]. G Hh B 2004, 24(4): 337-340.

2 R, Berdh, TR, S e IR KA E B 2 MR A B 2 R 5 R 0 A R AR K ORIEAT N B FE[I]. A, 2014, 26(3):

285-291.

3 MAYG, LETI'Y D, XIAO H, et al. Critical review and recommended values for the physical-chemical property data of 15 polycyclic
aromatic hydrocarbons at 25 “C[J]. Journal of Chemical & Engineering Data, 2010, 55(2): 819-825.
4 BE. BT 2 R B AR T B S U S OB P M AR R MV e R R AE AR AT (D], i P M RTR A, 2014,

>

b



56 B 5T 533 4%

50 VEMLK, XIELL MR, S BRI S IITRE A RSB D]. hEEREER A, 2011, 31(6): 984-990.

6  WILD S R, JONES K C. Polynuclear aromatic hydrocarbons in the United Kingdom environment: A preliminary source inventory and
budget[J]. Environmental Pollution, 1995, 88(1): 91-108.

7  CABRERIZO A, DACHS J, BARCELO D, et al. Influence of organic matter content and human activities on the occurrence of organic
pollutants in Antarctic soils, lichens, grass, and mosses[J]. Environmental Science & Technology, 2012, 46(3): 1396-1405.

8 WANG Z, NA G S, MA X D, et al. Occurrence and gas/particle partitioning of PAHs in the atmosphere from the North Pacific to the
Arctic Ocean[J]. Atmospheric Environment, 2013, 77: 640-646.

9 UKD, B, WREY, A AR R A R R A U BeR DL BRBERE A A, 2018, 38(3): 1256-1262.

10 TANIGUCHI S, MONTONE R C, BICEGO M C, et al. Chlorinated pesticides, polychlorinated biphenyls and polycyclic aromatic hy-
drocarbons in the fat tissue of seabirds from King George Island, Antarctica[J]. Marine Pollution Bulletin, 2009, 58(1): 129-133.

11 NA G S, LIU C Y, WANG Z, et al. Distribution and characteristic of PAHs in snow of Fildes Peninsula[J]. Journal of Environmental
Sciences, 2011, 23(9): 1445-1451.

12 HAN B, LIU A, WANG S, et al. Concentration level, distribution model, source analysis, and ecological risk assessment of polycyclic
aromatic hydrocarbons in sediments from Laizhou bay, China[J]. Marine Pollution Bulletin, 2020, 150: 110690.

13 WANG Z, MA X D, NA G S, et al. Correlations between physicochemical properties of PAHs and their distribution in soil, moss and
reindeer dung at Ny-Alesund of the Arctic[J]. Environmental Pollution, 2009, 157(11): 3132-3136.

14 F/NEE, gREIMR, AGRIE, 5. BRI R0 M X 4 RV b 22 3R 07 R I B BOHE SRR 0 A [7]. B EA AR, 2006, 51(21):
2517-2525.

15 FERE. MPrE b PAHs &5 & A5k B AN 200 A KA AT R PE[D]. B9 st i atRAk K5, 2014,

16 FRFHE, NISCH, WRILEE, 5. BERZ VTR 2305 R M 20 A 55 2 S KB PP [J]. BRIEREE 244K, 2005, 25(1): 70-75.

17 X8, NFTEB5E MR8 A8 ARGl 2 3R 05 18 A RRAEWF9E (D). 35 B 35 B K5, 2017,

18 ZHU Y D, YANG Y Y, LIU M X, et al. Concentration, distribution, source, and risk assessment of PAHs and heavy metals in surface
water from the Three Gorges reservoir, China[J]. Human and Ecological Risk Assessment, 2015, 21(6): 1593-1607.

19 CHRISTENSEN E R, BZDUSEK P A. PAHs in sediments of the Black River and the Ashtabula River, Ohio: Source apportionment by
factor analysis[J]. Water Research, 2005, 39(4): 511-524.

20 K%, K. AKFREEH PAHs JEARMTOITT T LUEL D], PRSI A B HOA, 2008, 20(5): 11-16.

21 XUE R, CHEN L, LU Z B, et al. Spatial distribution and source apportionment of PAHs in marine surface sediments of Prydz Bay, East
Antarctica[J]. Environmental Pollution, 2016, 219: 528-536.

22 NIEHUS N C, BROCKMEYER B, WITT G. Bioavailability and distribution of PAHs and PCBs in the sediment pore water of the Ger-
man Bight and Wadden Sea[J]. Marine Pollution Bulletin, 2019, 138: 421-427.

23 DUDHAGARA D R, RAJPARA R K, BHATT J K, et al. Distribution, sources and ecological risk assessment of PAHs in historically
contaminated surface sediments at Bhavnagar Coast, Gujarat, India[J]. Environmental Pollution, 2016, 213: 338-346.

24 BUDZINSKI H, JONES I, BELLOCQ J, et al. Evaluation of sediment contamination by polycyclic aromatic hydrocarbons in the Gi-
ronde estuary[J]. Marine Chemistry, 1997, 58(1/2): 85-97.

25 MITRA S, CORSOLINI S, POZO K, et al. Characterization, source identification and risk associated with polyaromatic and chlorinated
organic contaminants (PAHs, PCBs, PCBzs and OCPs) in the surface sediments of Hooghly estuary, India[J]. Chemosphere, 2019, 221:
154-165.

26 G, TEE, KB, % W AeRREURZE LR PAHs M0 Ai . ORI KRG PEAR [T o EIRELRFE, 2019, 39(5):
2078-2085.

27 WBREE, EOLAE, TRE, 8. RT3 2 -2 o0 e M B S IR RA FE LK fA R 2 H T SR U AT (D). h FE AR N, 2016, 32(4):
49-53.

28 YE B X, ZHANG Z H, MAO T. Pollution sources identification of polycyclic aromatic hydrocarbons of soils in Tianjin area, China[J].
Chemosphere, 20006, 64(4): 525-534.

29 HARRISON R M, SMITH D J T, LUHANA L. Source apportionment of atmospheric polycyclic aromatic hydrocarbons collected from
an urban location in Birmingham, U.K[J]. Environmental Science and Technology, 1996, 30(3): 825-832.

30 SIMCIK M F, EISENREICH S J, LIOY P J. Source apportionment and source/sink relationships of PAHs in the coastal atmosphere of



51 M ERAE: PR R AE T By 3R 2 R BRI I AR . VAR AT XU PE AR 57

31

32

33

34

35

Chicago and Lake Michigan[J]. Atmospheric Environment, 1999, 33(30): 5071-5079.

PENG C, CHEN W P, LIAO X L, et al. Polycyclic aromatic hydrocarbons in urban soils of Beijing: Status, sources, distribution and
potential risk[J]. Environmental Pollution, 2011, 159(3): 802-808.

LEE B K, DONG T T T. Toxicity and source assignment of polycyclic aromatic hydrocarbons in road dust from urban residential and
industrial areas in a typical industrial city in Korea[J]. Journal of Material Cycles and Waste Management, 2011, 13(1): 34-42.

KAMAL A, MALIK R N, MARTELLINI T, et al. Cancer risk evaluation of brick kiln workers exposed to dust bound PAHs in Punjab
Province (Pakistan)[J]. Science of the Total Environment, 2014, 493: 562-570.

MALISZEWSKA-KORDYBACH B, SMRECZAK B, KLIMKOWICZ-PAWLAS A, et al. Monitoring of the total content of polycyclic
aromatic hydrocarbons (PAHs) in arable soils in Poland[J]. Chemosphere, 2008, 73(8): 1284-1291.

MALISZEWSKA-KORDYBACH B. Polycyclic aromatic hydrocarbons in agricultural soils in Poland: Preliminary proposals for crite-
ria to evaluate the level of soil contamination[J]. Applied Geochemistry, 1996, 11(1/2): 121-127.

ANALYSIS OF DISTRIBUTION, SOURCES AND ECOLOGICAL RISKS OF

POLYCYCLIC AROMATIC HYDROCARBONS IN TOPSOIL OF FILDES
PENINSULA

Liu Angl, Gong Jinwenl, Han Bin2’3, Zhao Jun], Zheng Lit%?

(" College of Chemical Engineering, Qingdao University of Science and Technology, Qingdao 266042, China;
? Key Laboratory of Marine Eco-Environmental Science and Technology, First Institute of Oceanography,
Ministry of Natural Resources, Qingdao 266061, China;

* Laboratory for Marine Ecology and Environmental Science, Qingdao Pilot National Laboratory for Marine

Science and Technology, Qingdao 266071, China)

Abstract
As a result of global distillation or the grasshopper effect, polycyclic aromatic hydrocarbons (PAHs)

can shift from low to high latitudes, and they have been detected in the polar regions. In this study, gas

chromatography—mass spectrometry was used to analyze 16 PAHs in the top soil of 20 sites on Fildes Pen-

insula in Antarctica. At the 20 sites, total concentration of the 16 PAHs ranged from 2.37 to 27.31 ng-g '

(dw), with an average of 9.82 ng'g ' (dw). Polycyclic aromatic hydrocarbons with two and three rings were

dominant, and have been transported from petroleum and petroleum combustion sources over long distances

to the study area through the atmosphere. The ecological risk assessment shows that while the study area is

at low risk, attention needs to be paid to the potential environmental toxicity. Studies and assessments of

PAH distribution, sources, and ecological risks are important and can provide the scientific basis for pollu-

tion control and environmental protection for Fildes Peninsula and other areas of Antarctica.

Keywords Fildes Peninsula, polycyclic aromatic hydrocarbons, source analysis, risk assessment
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