55 44 35 55 5 ) Y/ S | B S Vol. 44, No. 5
2022 4 10 A JOURNAL OF GLACIOLOGY AND GEOCRYOLOGY Oct. , 2022

DOI: 10. 7522/j. issn. 1000-0240. 2022. 0144

LU Yan, YU Wenbing, ZHANG Tiangi, et al. A review of polycyclic aromatic hydrocarbons pollution in soil of permafrost regions[J]. Journal of
Glaciology and Geocryology, 2022, 44(5) : 1640-1652. [Ffildf, My SCEe, sk KM, 4. ZAEGR L IX 1205 i it s s [T ], vk 1,

2022, 44(5):1640-1652. |

(L ERFEEBE P A P PHEOEIEBE VRt TR E G fi 9280 =, 1ol 2241 730000

ZEFRIXITESIRFTRITERARHIRE
BOM, CRIRS, RRE, AGE, SR’

# E. L3578 (polycyclic aromatic hydrocarbons , PAHs ) & — Rl ME R 25 M5 A BUR TS Y2, He
20 FAREEA R, fE RS 90% 1) PAHs REUE L3 . BEE WIRAYTF %, i i s | b
B uE 5K HERCSEAT Il 0 245k £ X PAHs H 375 YL )8 A 2528 0, O HAE SR 5 F , 245
kA Y PAHS HAT T80T BRI 3 B U5 Y i KU, Z2AF R 1 X - S 2 R 5 05 e o A R AR R R R
TR FERTITAL 22405 £ X A 5 KU, Bie e A M IS g (RIS R 2480 1 R A dfa R
LA B TEEE Y Wl Bl By E N2 AR 1 X 3 PAHS 5 Y A SCAIGY , 40 d & R AF- TR 1
X R A2 15 44 458 b PAHS (975 e A R T IR 2 B2 N 11 25 4 Xk, AT AR R bk 1= b PAHs A5 5%
{85 50 403 38 8 v VA P b B DA T I AT A5 = X - 4 PAHs — 4™ 35 3 L f5 7 2 A o Y K
A E BB 5 15 B2 W R AV E F 2 i O - 4 A ORI S K 5338 8% U ) 20 PAHSs £ 2 4F R
X A HEP R 0] SR RRE  Z24E0R - RS E M B A B PAHs | n BB MEM . 86 0ire A TR
B, F W B ETR £ X 43 PAHSs 15 YR 98I0 2 R A v T30 2 R 3 v 35 G 43 A VR A AR TR AT, T
KT PAHSs £ 8l 2 T 2 A VR 12 J2 v i 0 () S RS A 2 (PR T 6 A A 33830 T v A7 R 0 1 £ B 4
My, ZRELE X PAHSs 75 R332 AL AR 18 (1 2 AL R RS 2 . Rk 2R £ X -4 PAHS
HIBIF TSRS T T B e AL 5 15 Yo iR BB R W 7 1T, 14T PAHS 76 22 4F R+ X - 5 iR A8 17 S B4l
WA AR RE A ST I &, DASE S0 PAHS 15 L fifs dit FIE B3 ik (4 2 i U 5 b A, 2241 7R 4 X 4 49895 e [l B 1 7R
ARG T E BRI R L )Z 2R 2N 28R UK E Biniseymte.

KHER: 2% LI, B 2058 B0 TR

FESES: P642.14;X131.3  XERERS: A XEHKS: 1000-0240(2022)05-1640-13

2. FEIRATIE AR H AR TR, 5K 400074 )

0 5§

% ¥ 75 )& (polycyclic aromatic hydrocarbons,
PAHs) JE 4 — A~ sl P4~ LR ER R A T A
YL E Y, BA UK R FCEIR R TE . PRI
H A PAHS BR AR D BRI T A SRAS TR A, 48 K ER
KR T NKWE S FRE A L #2. PAHs ) iz 40
A7 T A& A B (1) il 26 58 v 29 90% 1)
PAHs REUHAE + 3™ . PAHs X AZSAIsh Y B A
B BUR BRI OF BRI R AR AE,
Hfa®H 528X . PAHs A 35, KB4

fm HE: 2021-07-29; &ITHHEA: 2021-11-30

5% P A 4 b O T BB A7 R K R I A o R 0K B )
FEVRHR AT B8 DA 5 1 L K, ol i s ik AN
A, X N 2 fe B R A 2 BR B o R )RR R R
J[E S

LA+ RIE IR0 CHRUR T 0 CE A 4k
TEAEWIAR ) AR SR AR £ X 2 b2k
fik 1 T R 23. 9% FIEE AN N KBl o B ERZ
ARV A X 32 A R RO A Bl b 98 KBl 245 R+
XA K r B AR 1 g L e DR 2 AR R X, K2 70%
SPATE45° N 2 67° NZ i), thEZAER - F 25

BEE&WB: FHEHARE LT H (42001069) ; 1 FERLF BV A6 AE S FRMFFEBE T 438451 H (FEYS2019007) 5 7k + TR [ 5K 5 05

S [ IS (SKLFSE-ZQ-49) ¥ Bl
EE T

REE, B BRAFSE 1, 2R ARG 3 5 R L BREEAR ELAE A5 . E-mail: luyan@Izb.ac.cn

BIEEE : WSCE, DH5E 0L, E2 R IEX TR S5 HEEWHT . E-mail: yuwb@Izb.ac.cn



51 B WFE . AR X BT IR s et s it R 1641

{:} KA B T 2 BEH
Kbt e = 3
e A\; = ;;%l
T P
el o  2@aE
ﬁ,g;i‘"? I\ /j * ;M (7#@“ ﬂ‘ 1 e
’ RN

o~

e T
Rl T k2 Bk FaE 55

El1 PAHs MIEABIA R EZEIATE LR

Fig. 1 The cyclic patterns and major environmental processes of PAHs
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M2 H ] LIA Y, T AT , 24 R L IX
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#1 16f USEPA {fi#: PAHs 1 = B AL T (25 C)
Table 1 The main physicochemical properties of the 16 PAHs with controlled priority listed by the USEPA (25 C)

AR fATFR AR BERREEY(gemol™)  JKIEME/(mg-LT)  ERE-KASERM LK,  WAIZESE/Pa

ES Nap 2 128.17 31. 5000 3.37 1. 1x10'

e M AcPy 3 152.20 3. 9300 4.00 8.9x10™

)i Acp 3 154.21 3. 9300 3.92 2.9x10™

Vil Flu 3 166. 22 1. 9800 4.18 8. 0x107

I Phe 3 178.23 1. 1500 4.57 2.5x107

Js Ant 3 178.23 0. 0750 4.54 1. 1x107°

W FL 4 202.26 0. 2060 5.22 1. 1x107°

i Pyr 4 202.26 0.1320 5.18 5.5%107
$If(a) B BaA 4 228.29 0. 0090 5.90 1.5%107

i Chry 4 228.29 0. 0020 5.86 6. 1x107

A (b) 7 E BbF 5 252.31 0. 0020 5.80 2.1x107°
HH (KD BKF 5 252.32 0. 0008 6. 00 1.3x107
FIf(a)it BaP 5 252.32 0. 0040 6. 04 7.5x107
ZI(ah) DBA 5 278.35 0. 0006 6.75 4.3x107"
BiF(1,2,3-cd) i INcdP 6 276. 34 0. 0005 6. 50 1.0x107"°
#If(g,h,i)3k BghiP 6 276. 34 0. 0003 6. 50 1.4x107

R2 AR X e PAHS BT JL K

Table 2 Pollution levels of PAHs in soils in parts of permatrost regions

> PAHs/(ng-g™")

HiLIX Gy 257 FE B PAHs KR HI AR e YN vy RFEAEA)
Ny-Alesund" EE SIS 12 16 324 37 157 2007
Svalbard'*'"! el 14 8 16 11 600 52. 800 3 170. 000 2014
Jetie s X R oty > LV 30 15 1360. 00 37.00 — 2015
185 17 Belyi £ EE/SIIE 36 14 240. 00 100. 00 116. 00 2014
Yamal-Nene'* X 40 16 131.00 78. 10 99.20 2017
Kkl > Mo 36 15 1050.0 8.6 150.0 1998
HAbpe MGG % 68 14 3700. 0 150. 0 1500. 0 2017
McMurdo 317" R 20 15 88 452 5.300 — 1997
— Scott Base:281 RS Y 13 11 8150.0 41.0 — 1999
Jubany 5! R 12 25 1182.0 10.0 — 2004
JEIR L iy EESIES — 16 374.0 68.9 188.0 2009
g i 7 b 41 15 389. 00 5.54 59.90 2007
AR EESIES 48 16 770 63 201 2010
AR pE WX 41 16 126.64 26.30 52.34 2015
AR IR 55 16 1276. 40 40. 47 267.97 2013
— AR W E L 46 16 1173.0 95.0 240.3 2014
ke UIMERRE 7 16 614.0 60. 6 194.0 2007
L EEZSIIES 44 16 26. 66 0.43 9.21 2010
[iE S EEZSIES 37 16 59.5 14.4 30.8 2014
PR R 0 EESIE 24 11 595 168 — 2005
=Tl IF 38 i PH 38 15 16 1984.0 99.3 1017.0 2012
KDL i X 4 AR i 3 Hb 194 16 1637. 41 76.96 538.72 2018
Herp PAHs (U BIF9E T B AR R B b T, 2 S8 M S B & A 43 0l s A 27 000,17 800,

b AZ 7 3 L AR T U A R R R BE S N R Sl 15700 pg-g ' F113 300 pg-g s
WA %5 K, B % McMurdo %5 P Fh PAHs BUAZE g | T [ 110 5 0 = LT Y R T 4 000 m, A it
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Fig. 2 Spatial distribution and mean values of > PAHs from soils in permafrost region

refers to the Northern Hemisphere (a), refers to the Antarctica (b)
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cm VR F1 10~20 cm ¥R JE + 3 PAHSs A9 25 543 51
7362.8 105 ng- g F12 543 ng- g ; MifELIL Ya-
mal }i X Beliy & 75 5t X 38 i #13% 0~5 ¢cm . 5~10 cm
TR R 10~15 om R B 43 b PAHS 119 55 &8 53 518
116.89.109. 67 ng- g F1109. 65 ng-g™"™*',

SVARTI 4R+ X 3 PAHS 1945 8] 43
ATTE R B X I RS [ 3 A2 05 YR Y B 5 A7
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e e my kL &, N ke R AL A RS R S
BN AR A e R R AR A P R
ROpE gz SR FE R SHE . H8dh AR
PAHs 7t 00, 48 K 2808 T N R HERL, 52 N R i
Bl ) - PAHS 25 f HU [ R M 0 i
AEEEHLL

ZARTR X KR X IR 52 N\ i sl 1405 B
HEALEAN T AR T BT Y 0 Sl T e iR AL A ol H
o AR IR R, b Bk s 2 R R AR M X Y T
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T B BERE 22 s B s X 32 B R TR 2 g
P4 A 3 3 BT T R v ) /D B ok A 32 i A
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B 2 VAR R B i B AT B DA R T ) S A A R X
+ e PAHs — /i H % 5 8 A0 R U A

B %% (long range atmospheric transport, LRAT)™,
TE R A B B8 A% i 1 o e oy, A RS IR AR B
IR B ASN AT DA ZE SRR A A R Y IG
R J5 K838 1 52 0 7% e RIaEE 45 D0 RR 31 A% 1) g e
el b DX e VA L DX 406k P g g
PAHs ¥ & /57 T HA DX 6, L 32 2835 T 0 [ A rp BR
Hby XA R A 5 5 R X A R TR IR
FEAE LA LU 6 B AR ) o A0k A 008} B IR TR 48
ST R R PAHS 19 2 Bl DY s AR S 1) AT
IR | 5 005 A6 0 D 4% 2 9 g v D S S B AR Y
15 Y F2 B2 VG Kty 52 e, B 2 e I b A s A Y
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TR RN AT GL il 3, KA R B AR i Ak I8 2
#HY, BARHW X TESTEAIEYEZE
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A review of polycyclic aromatic hydrocarbons pollution
in soil of permafrost regions

LU Yan', YU Wenbing’, ZHANG Tiangi', LIU Weibo', QIU Kaichi’

(1. State Key Laboratory of Frozen Soil Engineering , Northwest Institute of Eco-Environment and Resources, Chinese Academy of
Sciences, Lanzhou 730000, China; 2. School of Civil Engineering, Chongqing Jiaotong University ,
Chonggqing 400074, China)

Abstract: Polycyclic aromatic hydrocarbons (PAHs) widely distributed in the environment medium, which is a
strong carcinogenic persistent pollutant. About 90% PAHs in terrestrial environment accumulate in soils. With
the development of resources in the cold region and the intensification of human activity, the soil pollution of
PAHs in permafrost regions caused by oil leakage, landfill leach and sewage discharge has become increasingly
prominent. Under the background of global warming, there is a risk of secondary pollution due to the re-release
of PAHs from permafrost. The study on the distribution characteristics and migration process of soil PAHs pollu-
tion have great significance to the assessment of ecological environment risks, the prevention and control of per-
sistent organic matter pollution in soil, and the protection of life and health safety of residents in permafrost re-
gion. In this review, we summarized the latest research on the distribution characteristic, source identification,
vertical migration and risk assessment of PAHs in soil of permafrost regions. As the remote area on the earth,
the pollution level of PAHs in the soil of permafrost region is much lower than that in the densely populated areas
of middle and low latitudes, which can represent the background value of PAHs in the soil of the earth. Due to
the high latitude or altitude and cold climate, a common and most important source of PAHs in soil of permafrost
region is long-distance atmospheric transport. The freezing-thawing effect of the active layer affects the vertical
distribution of PAHs in soil profile by changing the physical and chemical properties of soil and controlling the
direction of unfrozen water migration. Meanwhile, the low permeability of permafrost can hinder the vertical mi-
gration of PAHs. Based on the overview of research results, it is concluded that the current research on soil
PAHs pollution in permafrost region is mainly focused on the investigation of the distribution and source analysis
of the pollution in the surface soil, while the research on the migration of PAHs in the deeper active layer and
permafrost is only limited to the explanatory analysis of its distribution in the soil profile. The effects of freezing-
thawing on the migration, transformation and destination of PAHs in soil are still unclear. In view of the prob-
lems and shortcomings of the current researches, it is believed that the future effort on PAHs in soil of perma-
frost region will focus on the migration and transformation mechanism and pollution control technology. The
simulation model for migration behavior of PAHs in soil of permafrost region needs to be developed urgently to
achieve the quantitative prediction of PAHs pollution reserves and migration flux. In addition, the in-depth study
of soil pollution in permafrost regions needs to be carried out by closely associating with multi-layer, multi-inter-
face, multi-medium, multi-factor and multi-target pollutants.

Key words: permafrost region; soil; PAHs; pollution distribution; vertical migration
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