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Characteristics and Influencing Factors of Polycycllc Aromatlc Hydrocarbons ln

Surface Soﬂs from Typical Industrlal Areas of Chengdu

RAN Zong- Xln 7 CHEN Jin-yu"?, WANG Ya-tlng XING Zhi*, WEI Wel = YU Jlang >
(1. College of Archltect'ure and Env1ronment Slch'uan UanE‘I‘blty, Chengdu 610065 Chma, i" Institute of New Energy and Low':"
Carbon Technology, Sfhuan University, Ghengdu 610065 Chlnd 3. Chengdu A(,adenjslf of EnVIronhlentdl Sciences, Chergdu 610072
Chinaj 4. Sichutan Metallurglcal Geological Exploratlon Blureau 605 Brigade, Meishan 620800 China) F
Absts,.act To improve ‘the pollution signature datahse for polyéyclic aromatic hydrocarbons (PAHs ) in typical industrial areas in
Chinal, strface soil samples were collected from four .typical- petr_glé"um processing industrial areas of Chengdu. The concentration and
composition”of 16 PAHs listed for prior control by the Unitéd States Environmental Protection Agency (US EPA) were determined using
high-performance liquid chromatography ( HPLC). The result showed that the concentration of PAHs in surface soils of the four
industrit] areas ranged from 191.2 to 1 604.2 pg-kg™', with an average of (583.6 +365.6) pg-kg™'. The PAHs in the present
study were mainly composed of medium-molecular-weight PAHs and high-molecular-weight PAHs. Among the PAHs detected in the
study soils, phenanthrene (PHE) , pyrene (PYR) , fluoranthene ( FLT) , and benzo[ b ] fluoranthene ( BbF) were the major pollutants
presenting a potential pollution risk. Selected mathematical statistical methods were used to analyze the relationship between soil
organic matter (SOM) , soil particle diameter and PAH content, and to simultaneously identify the factors influencing PAHs in the
soils. SOM was shown to be a favorable absorbent, predicting the migration and transformation behavior of PAHs in surface soil and soil
ecological risk (i.e., PAH carcinogenicity) to some extent. Compared with SOM, the correlation between PAHs and soil particle size
was relatively low, showing a weak positive correlation with silt, a weakly negatively correlation with clay, and no significant correlation
with sand. These results provide a basis for soil remediation practices and further research in such industrial areas.

Key words :industrial soil; polycyclic aromatic hydrocarbons (PAHs) ; pollution characteristics ; influencing factors; Chengdu
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Gl B @ 1009 3 o 265 9.1 10.6 67.6 27.2 23.6
HIE b I 27.0 81.3 ol 21.7 21.1 151.7 64.2 52.9
ESARYE 40 .3 16.7 11.8 4.6 3.3 36.5 12.7 13.8
I aTrE .9 23.8 17.4 6.6 6.0 75. 1 24.9 29. 1
ZHFE[a,h] B 8.9 23.8 18.2 6.0 4.3 43.6 15.8 16.2
$If[g,h,i]dE 15.5 35.6 27.5 7.8 7.6 87.4 31.2 32.9
BiJF[1,2,3-cd]iE® 10.3 29.3 21.8 7.0 1.1 74.1 27.0 33. 4
o K n.d. n.d. / / n. d. n. d. / /

U PAHs 7R84 it 57.3 525.3 194. 8 192.8 187.8 396. 8 261.5 80. 1
PAHs 5% ¥ B 5 245.1 1043.5 476.0 331.1 431.4 768.7 548.5 130. 1

1) % (naphthalene, NAP) ; J& (acenaphthene, ANA) ; %j ( fluorene, FLU) ; 3F ( phenanthrene, PHE) ; B (anthracene, ANT) ; %¢ & ( fluoranthene,,
FLT) ; £ (pyrene, PYR) ; #3:[ a] B (benzo[ a]anthracene, BaA) ; i ( chrysene, CHR) ; Z3£[ b]%¢ & (benzo[ b] fluoranthene, BbF) ; A k]
¢ 4 (benzo[ k ] fluoranthene, BKF) ; #F[ a] € (benzo[ a] pyrene, BaP); —-ZK3¥:[a,h]  (dibenzo[ a,h ] anthracene, DBA); 43 [ g, h,i]3E

(benzo[ g, h,i]perylene, BPE); EiFf[1,2
PAHs. 2)“n. d. " FRARH. 3) /" FmTCEHE

PAHs, FRIANFSY X 38 -3 PAHs B T H A g« =
FRR AN, W FEEARE T A BRI BT AR
Xu 258 B i 42 PAHs HEBOE 5, A%, . @53
PAHs HERER 4> 905 L 70% . 19% F1 11% . AR
HE 2T 4R 2012 4 BT PAHS HET AR 3R
PAHs i3, HEISHEBE R 71.10% . ARWF5R Xk
HIRIR PAHSs (7 Heaze 1% 4 AT o HE ) 1% 2
PAHs /7Lt 4 A~ Tolk X A RIS 25 PAHs 4 EL 43 5]
e A EHECE B 1. 67 ~ 1. 71 £ 3. 23 ~4. 61

,3-cd ] '€ (indeno[ 1,2,3-cd ] pyrene, IPY); J& % (acenaphthylene, ANY). F#5“a” Fric 7 FhEUR

£, BXSEH TAXTFAE T X, ARWF5E X 8 b g 5
R FE UM | ATHAE N F, A PAHs
FLIE T PAHs i, BbAh 4 ATl X g it
WEEMI HrRAE BRI TAT LAY, V5 9% 058
PR, HI5Y RIS PAHs .

16 ﬁ‘ PAHs 7F 4 A~ Tl X 38 )2 4 33RE R AS: HY
L 2E SRR, XA Tl X ik PAHSs 3% 5
I — R R, BVARRIA & Tl X % )2 14
HifR PAHs LA PHE 11 BbF A7 N 3, KFRAY NAP,
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0.5 - T gﬁg:g: PYR(10.61% ~12.79% ) , WANHAIIT T W RRE
74N FLT(10. 44% ~11. 14% ). AR ¥54 FEHE

£ % R[ 2 WA A EHERR) PAHSs A SR H R 5
§ 03 o 5K : PHE (13.1% ) . FLT(8.0% ) il PYR
N ¥ INL | (60%). ARSI A 3 FASED T
N\ % N {k(PHE, PYR, FLT) 52 &3BUCE. tkAh, 4 4T

N DN | MRS A B T RO, BT 5 5
E%gg R N / 35§§3 PAHs, BA —EmEm M. Duval %[21] A% PHE
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[2 ETARRRLARAT pi RA SR 4= — s A BbF F PYR'™ | FLT J& T 3f

Fig. 2 Composition profiles of PAHs by ring size

in the surface soils of industrial areas

ANA & FLU & EAK (K 3) . LIEAT PAHS 1)
FEAE PR 10% B9 253 0 ERAE 7200 ) 4 A4S
Tl X R 2 4 oh PAHs (% FF 4 [ 724 4 PHE

PAHs, FERIRT £ 007 5 60 M Ak ™ 4%
Tk IX F2J5 B PAHS HOREAE IR T i 9 X
PAHs V5 YR IR T AL AT RUR IO MR , D57 e 2 i
7 G B B 2 B0 el L A T
MBI T L ARRANAT, 4 A S e

500 0.20
_ O W —s—4ip bl (a) fHEhT 1
w400 |
En Hos 4,
= 300 | i&c
&
= 4 010 =
200 =
= &
;-:.1 100 H 0.05

(, A ennl 10,
2 (b) 2| 020
z R
= 100 | - 015
pr <
= 4 0.10 ‘E’
: H 1 o0s £
< 05
& 0 lﬂlﬂlmlrll ll_l!l_lll_llﬂlm 0

200 0.25
T (c) 1
: 4 020
ﬁ - 015 #
£ 100 | *—1%'
) 4 010 =
= P
= &
[-9

. LT LA s,
200 0.20
(d) #ii5) 2
o
& Ho1s 4
E i
=] x
4 100 4 010 =
= £
z =
= HH - 005 ¥
: i i
NAP ANA FLU PHE ANT FLT PYR BaA CHR BbF BKF BaP DBA BPE IPY

Fig

E3 BIWRRELEES 167 PAHs BESERHAR AL

. 3 Concentration and composition profiles for 16 PAHs in the surface soils of industrial areas



10 44 PRREAF SR T X I IR TS 5 YRl S i [ R

4599

WAE PN W AR R, YR Ao
T BRAEBREUI T AT, A 7= J5ORE R 7= T DA g
B 2, AR R P ik M Ak, DA
LB TR TR A 75 B KU R DL
2.2 TolkXFEEHE PAHs V5500 5 087
ZIRENIMRIE M Z R (R 3), 4 DMl ER)E
+ 4 TPAH “F- ¥ & AT 370 ~ 1005 pg-kg™' 2
], 24 Ay 10 ) ZE 40 YT 37 38 T Ml 4 39 0 5 [ 26 v N
WX BRI 8% ~20% , H 55 E R I £ 3
TPAH &ML, BEAIEF a5 hi a1k TIX
TR SR SEN TALX -5 PAHs it
B, 4D TAMEIX R ZE b PAHs 75 G4 FE B 5 [E N

[ 2R 22 U 2 e Rl Sk Tl KR [ A s Tl X
AT, TR el Tl X, 5 FE P HALA [ 2 6E
X -4k PAHs &AL, 4 D ToLIX R)Z 5 d
PAHs 1145 5 B AR T A 5 4Rl DXORI R 34 Bk i 2 3%
M, EREX N2 SRR 5% 4 AT Hb R X 8 N
() Tk AR R A G, T AR i RGBT b Ak 8 1
T, JB TR 2 XA, BRI G
AR, BEK AR AR B AR SR AL, AR T R g
PAHs W48k | SGfE . AW AT R 4k, mT L,
ZANIR M ST ARGEM L, SR T A
TG YK, (BT 1 H & S A7 PAHSs
15 YA X A

®3 HXMRRAMEXIGTES PAHs BB SIS/ png ke ™!
Table 3 Comparison of PAHs in the study soils with other regions/pg-kg ="

WFFE X 4k FAEAE B i F-HMH SRR
T2 [ ZEA IR SR Tl X 2000 3390 ~5 650 4 520 . F
5 L P M 3 X 2000 647 ~40 962 3731 =/
PR A A L T IX 2002 / el | 1000 i
BRI /% 105~2833 [ 578 'y o
R Tl X . P 288 ~17638 | | RER N & .
R Tl X , 2006 n.d. ~5992/ /1185 [2b 1~
sk Tk X i [ 2002, /o 373~1257 . T . W SH ¥ 3
T Tk “ Ve 4 n.d. ~27904 ;| gy 5008

gmk A g | S P 467 ~5470 | He37 s
Rl X il i il 7 .:‘;.‘--u" 312 ~2758) 7 £292 ‘ ]
A IR B k. i 2008 / g | 6 506 .
T 1 ' 2018 407 ~ 1604 - 1005

i 2 = Lo (o8 191 ~472 370
bl 3 u R ol T KB
WHE 1 el 2018 245 ~1043 476

Wik 2 : 2018 431 ~768 548

1)“/" 3R TR

7% faf >~ Aannokkee Xf +3EH1 10 F PAHs jA 2
FIPEA AR IE Y (RG22 RIS CA FRifiEfd)
4 MR RJZE L rh HfR PAHS 5 QLB AR 5k
mzR 4, rfbal L VE M) 1 RIE D 10 F
PAHs [ NAP 1 ANT M4 A [l F8 B i b, Hor
FLT {594 lbni ok, @R EEGAE] 4. 07, BKF #AR
g /N, R 0.57; Wl 1 RE LT 10 Fh
PAHs #FR ik 5] 100% , HWIEEHAN T 0.04 ~
6.85 Z ], . NAP #brfkim, CHR HA%; Wi
J72 FJ2+HEF NAP, PHE Fll ANT A 45, H4r7
Fl' PAHs ## bR, CHR AUBFRFTEUR K, M 0. 42.
T 1 S AR B , HEE T
A E AR, e PAHs 2K, AN
HEVS B Bl I6 48 Tt A 4 th 2 i ol LY A o A D A
Z—. #F4 58 NAP, FLT, BaA, CHR, BKF, BaP
F1 BPE 7E 4 AR 95 M b 35 2 £ 3 b 5 Sl b
e, I RBAR £ Bk #) 6. 85, 4.07, 1.19,
2.89.0.57. 1.31 Fi13.35 1%, H PAHs #pr/™E K

ZHCH AR 1 . fEARECE R PAHs T,
BaA ., CHR, BKF il BaP )8 TBURMETG Y4, £
A D T R R A Al A7 A — 2 19 13 PAHSs
A S AU
x4 4N ITUXRELTES PAHs i5LTH
Table 4 Pollution assessment of PAHs in the surface soils of

four industrial areas

PAH FrifEfE" e v
pg-kg ™t O MEMHMT L MMM 2 W1 WS 2

NAP 15 -2 — 6.85 —
PHE 50 1.70 — 0.39 —
ANT 50 — — 0.54 —
FLT 15 4,07 — 0.50 0.21
BaA 20 1.91 — 0.50 0.16
CHR 20 2.89 — 0.04 0.42
BKF 25 0.57 — 0. 07 0.37
BaP 25 1.31 — 0.43 0.19
BPE 20 3.35 — 0.13 0.28
IPY 25 2.16 — 0.24 0.20

1) FRifEER A Aannokkee T4 14 10 F PAHs T Flfar 22 Am i 1Y
NA HAR(E ) 2) “—" FoR AR
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2.3 TEXFEZE LD PAHs BAAE WK %=
2.3.1 THEAPLE(SOM)

A WIS AR LB A ALK (TOC) JE IR A
o PAHs T, BEMEBEANEZERNE, A
ﬁ?ﬁWPMhE%EﬁE%i 21 FIH SPss

XUAR s A O 43 #7 [R) BfF 5% b B v 36 2 £ 4
TPAH . . P, 3R PAHs & SOM ZZ[a] fAH 54 &
AT A BT, AT EE R LR 5. 4 AR,
TPAH ., {3 PAHs . FP3f PAHs FIfE 3 PAHs f I 5
EAHE (r 79 0.457 ~0.999), HH & PAHs 5
TPAH B 1EAHSE (r 4 0.994 ~0.999, P <0.01),
FWIEFF PAHs & it e KR JE ML 32 TPAH & #1952
Wi, DR 3 AT 58 TPAH &5 AT )45 84k 7
FhEUETE PAHs (350 5530 PAHs) 7 ht e 2 /Y + 4
PAHs Um . teAh, WEE L4 SOM 5 PAHs Z [H]
BRI S TT L& B0, YR 1 )2 R IR
TER IS R PAHs Y75 SOM 2 EM KX R (r N
0. 808 ~0.933) , HEFF PAHs 5 SOM & & F 4
J(r40.933, P<0.05), AWFFELTRERELEH
HRIE % %%Um”%mms%wMzﬂﬁﬁ%w
f@%%ﬂmmﬁmi%¢PMk%%@E%i

%, XW 5 H T PAHs 2 3ER B K L&
Y, ZWEHE B PLTT P AW S AV A T
]2 RIZ 2 PAHs 5 SOM 2 [B] ¥ A7 385 1 AH
Kotk IBESE A S L+ 48 PAHs &AL, HERZ
145 PAHs Sy 45 & FIREfw, 1 1 SOM M T LB
S, g AL 5 PAHs & R FAE 22 1edh,
WiE) 1 s 2 #)ZET PAHs 5 SOM Z [H]
TR FEA N, H AL PAHs &5 SOM 22 ] K&
EIAAAHLCR, HhPWEHE) 1.r B -0.431 ~
-0.263, Wit 2:r N -0.853 ~ -0.439. x5iH
WM 1 RIS R R OO S A T Y, DN R
TR 1 A i AR e E b K S S AR AN TE AR
Wil SEQS Yt & 4, mMnE) 1 ME) 2
H PAHs FE B B R AR R &, R EGE

ﬁﬁ%ﬁﬁ,Anﬁ@FLﬂﬁWMWE%%m
%, SEWI )R 11 PAHS & AT, X 5

mmm%m%ﬁ%%%%w.Mﬁ&@QT%ﬁ
HEHY PAHs 15 4 DX BREERR S SOM 2 BT 89 9 A
“mjﬁi%¢MPMhA%ﬁﬁﬁ“m%§ﬁ
IR PRI PTG YRS i T8, 7T %ﬁi%ﬁm
%PM&W%Tﬁ%%%&%ﬁﬁ%%? :

é%s 4 AI&kE%éFj:i%nP SOM 5 PAHs ﬁ;&}tﬁ*ﬁ” e

Table 5 Relationship between SOM and| PAHs concentrations in the sutface soils of four| industrial areas -;,.-:‘
[ReedpE g WA 5INPT e s # I SoM
5 ¥ TPAH 1 & - :
| F F - ] e P
., B [ 0.927° ' e 1
S 1 TH 0. 999 0. 926
f EEL 0.994 ** 0.883* 0.991* 1
SOM 0. 845 0.933* 0. 825 0. 808 1
TPAH 1
IG3F 0.908 *
REZS 0.977** 0.797 1
MW 2 R 0. 998 ** 0.932* 0.961 * 1
SOM 0.035 0.335 -0.139 0.09 1
TPAH 1
(828 0.927*
HREZN 0. 995 ** 0.891* 1
WiET 1 F=E2 0.999 ** 0.921°* 0.995 ™ 1
SOM -0.286 -0.431 -0.269 -0.263 1
TPAH 1
¥ 0.63
. 8 w 0. 457 1
W2 TH 0.978
7Y 0. 999 ** 0. 632 0.975* 1
SOM -0.836 -0.439 -0.823 -0.853 1

1) s s FoRBUIAGES , F2C W ME/NT 0.01, = FoR QUL , #1126 W 2/ T 0. 05

2.3.2 HIERRRAR

HR A & [ ROl &8 T3 R G853 26 (2014) 204, A
[F] Tl X2 A Bt ol 6+ sl R - (K 4)
AR b 1 S B S R R 45 EE 50%

T2 S RIE LI 75% IR L Ui

20 75% REE A T 1 WA R+
TR ) PAHs A% 1Y BB A T

Wilcke %5 AR R, BrRitt PAHs HA f i 1
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Fig. 5 Relationships between TPAH concentrations and soil particle size in the surface soils of the study area
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TPAH Z [HfFFE S5 IEA GO R, Bk & it 5 TPAH
ZIRIAETESS ARG IC R, 1B KR AE 1 38 S0 kL
ZH R L S, T PAHS FY FE LRI BAE P sk
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PIEAHR KA.

*®6 HMRRBFRELE TPAH FES TEFHWENEERXES Y

Table 6 Bivariate correlation analysis of TPAH concentrations and soil particle size in the surface soil of the study areas

iH Al TPAH R Er it KRS Rk
TPAH Pearson #HXC 1 1 0.018 0.270 -0.151
3 () 0.942 0. 249 0.525
N 20 20 20 20
bk Fr Pearson M 0.018 1 0. 147 -0.865™
B OB 0. 942 0.537 0.000
N 20 20 20 e
bR AR Pearson FH M 0.270 0. 147 0 1 . -0"6#2'21 [+
N B 0249 0. 537 . 710,003 =
N 20 = 20 I I bo W ==
- 1 F
B o ik Pearson A1 ~0.151 ~0.865" J0. 604 "4 ‘.
MBI ~' 0. 525 0.000 | ~40. 003 O 4
N ! 204 20 f ¥ 20 207 |
- - 57 = ; £ =
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- 4 By B W e, s n | AR AT 8 K

[ SOV T B2 4-HE (0 430 dm)th TPAH,
/ﬁ’\%?@ fﬂﬁ 191.2 ~ 1604.2 ng-kgi' Elz"ﬂ] ﬁ“%_-“"

(583.6,4365. 6)fig-kg . Hirh, 7 HEUELI K
(BaAY CHR . BbF, BKF. BaP. DBA il IPY) 4 il
Filh 57.3 ~886.4 pg-kg™', &M (290.5 +
224.4)pg-kg ™', i TPAH 819 49. 74% . 45 TAlkIX
+ 1€ PAHs ¥ 322 LL P 2R PAHs I35 PAHs M 3,
& PR PAHs HL) PHE | PYR, FLT 1 BbF b 3 54%
FERF, SRR T %3 Toll X RE IR 45 44 LU 5 A1 3k
F, FEISYH TN 5T PAHs, HisYHEZ,
TGYFRRER, ST 1Y AR XU

(2) JH5 B P9 A1 SRR R T8 B o7 2% L2 3R 55 4
CA BRE(E, WARTH 4 A Tolk X % 2 H e 2 2 R
IR AUT5 4L, 45 PAHs RS R IH — BRI
PR, bR A SRR AR — S AR S AU,
15 KGR R R A @A) 1 18 PAHs V5%
F18) 1 25 XU o K

() TE L S 2 m Bk, SOM J& PAHs
WS R, REASTE — o B2 b 100 4% PAHSs
(RERS I A AT R B 4 331 25 XU ( PAHs B0 )
SHEYUREM L, T3R5 PAHs AYH L MEAIK,
SRR RL S PAHs &80 W A, Bk

HESETE RN Sy T B A By, 7R — I Bt

SE 0k

[1] Huang D Y, Peng P A, Xu Y G, et al. Distribution and
deposition of polycyclic aromatic hydrocarbons in precipitation in
Guangzhou, South China [ J ].
Sciences, 2009, 21(5) : 654-660.

[ 2] Mostafa A R, Wade T L, Sweet S T, et al. Distribution and

characteristics of polycyclic aromatic hydrocarbons ( PAHs) in

Journal of Environmental

sediments of Hadhramout coastal area, Gulf of Aden, Yemen
[J]. Journal of Marine Systems, 2009, 78(1) : 1-8.

[3] ChenJL, Wong YS, Tam N F Y. Static and dynamic sorption
of phenanthrene in mangrove sediment slurry [ J].
Hazardous Materials, 2009, 168 (2-3) ; 1422-1429.

(4] #3535, %, X, 5. LiBTRZ LD 235805
ARFE SR AR AT ()], b E PR AL, 2014, 34(4): 989-
995.

Du F F, Yang Y, Liu M, et al. Distribution and source

Journal of

apportionment of polycyclic aromatic hydrocarbons in surface soils
in Shanghai[ J]. China Environmental Science, 2014, 34(4) .
989-995.

[5] WildS 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.

[ 6] Thavamani P, Malik S, Beer M, et al. Microbial activity and
diversity in long-term mixed contaminated soils with respect to
polyaromatic hydrocarbons and heavy metals [ J]. Journal of
Environmental Management, 2012, 99. 10-17.

[ 7] Martorell I, Nieto A, Nadal M, et al. Human exposure to

polycyclic aromatic hydrocarbons ( PAHs ) using data from a



10 LRSS (e

SR TAY X A S IR TF S 19 YRR S i 2R

4603

duplicate diet study in Catalonia, Spain[J]. Food and Chemical
Toxicology, 2012, 50(11) . 4103-4108.

Vs, BEaKEA, ARAIR, A SRR A HLTS B P XA
B[], PR, 2006, 26(1) : 168-171.
XEGRY, EA7E, kA1, RFHIX )2 13 PAHs £ RUEE=S ]
AAVRFELT]. AW IFSFRIEEA, 2008, 27(3) : 844-849.
Liu R M, Wang X J, Zhang W. Multi-scale spatial distribution
characteristics of topsoil PAHs in Tianjin area[]].
Agro-Environment Science, 2008, 27(3) ; 844-849.
BOKLL, FE, £2E%, & RERZE L HED 2RI RN E
TORIE[T]. BBERLE, 2006, 27(3) : 524-527.

Duan Y H, Tao S, Wang X J,
polycyclic aromatic hydrocarbons in the topsoil of Tianjin[ J].
Environmental Science, 2006, 27(3) ; 524-527.

(117 BRF=, KR ST 2H5R0 T BIRE)]. A58
%41, 2010, 19(7) ; 1720- 1723.

Chen Y Y, Zhu L Z. The dry, wet deposition of polycyclic
aromatic hydrocarbons in Hangzhou city [ J ].
Environmental Sciences, 2010, 19(7) : 1720-1723.

B, Wt ZE, RAiff, 55, 25 RABRIL O RZ KK T
WS BL (1], FRERLSE, 2008, 29(9) ; 2385-2391.
Luo X J, Chen S J, Yu M,
polycyclic aromatic hydrocarbons in surface water from' the "Pearl
River estuary[ J]. Environmental Science, 2008 s 29(9) . 2385-
2391. -

[8]

(9]

Journal of
[10]

et al. Source apportionment of

Ecology and
[12]

et al. Distribution and partition of

[13]
,&&ﬂéﬁﬁﬂﬁf—u maiE Fﬁﬁﬁﬂ:jﬂﬂ [ 7. ‘E%ﬁiﬁr‘"

SR, 2010, 10(4): 73-77. 1/’ -,f"
<. Shi B Fy* Tang J Lan C L, Vfrli(‘a dlstubut,wn

characlerlstlcs and sources of polyeyclic aromatié hydr()(arbons in

et ~al.

o bOllb in industrial zone in Nanchong City [ J} Joumal .J)f Safety
and Environment, 2010, 10(4) . 73- 77 F

(4l el ) e, Brpkar S mmcﬂmmﬁz?%ﬂxmﬁm”
AT R, 2017, 45(7) AB00- 1204,

| i
Sqriigl K, Sun J; Duan Y H. Research review on polycyclic
avomatic hydrocarbons ( PAHs) in soil around industrial parks
[J]. Journal of Shanxi Agricultural Sciences, 2017, 45(7) .
1200- 1204.
Nadal M, Schuhmacher M, Domingo J L. Levels of PAHs in soil
and vegetation samples from Tarragona County, Spain [ J].
Environmental Pollution, 2004, 132(1); 1-11.

RITr, B FEE, XVANRE. RHEh RT3 RAE B H
KIFEAHTLI]. Al FREERL2E2EAR , 2010, 29(5) : 904-909.
Rappaport F, Fischl J, Pinto N. An improved method for the

[15]

[16]

(17]
estimation of cholinesterase activity in serum [ J ]. Clinica

Chimica Acta, 1959, 4(2) . 227-230.

Xu S S, Liu W X, Tao S. Emission of polycyclic aromatic

China [ J ].

Technology, 2006, 40(3) . 702-708.

XA, XV, H%k, % LB 2305 R HEOE s i K

HEREH B [ 1], KRR 533, 2015, 24(6) -

1003-1011.

Liu WY, LiuM, Yang Y,

inventory of polycyclic aromatic hydrocarbons of Shanghai and

[18]

hydrocarbons in Environmental Science &

[19]

et al. Construction of the emission
prediction of its emission trend[ J]. Resources and Environment
in the Yangtze Basin, 2015, 24(6) ; 1003-1011.

BTy, RIAEE, BRBERE, 4. A ET T X ERZE LT
ZW TR YRR RO IR HT [0 ], R EERL 2014,

[20]

5, JEik, ERRY, % ii%érﬁgﬂi‘?kxﬂﬁﬁﬁﬁ?ﬁ‘%.

[22]

[23]

[26]

(27]

[30]

[33]

34(10) : 2593-2601.

Shi B F, Wu Q L, Ouyang H X,
sources of polycyclic aromatic hydrocarbons in surface soil from
Guangxi [ J ].
Science, 2014, 34(10) : 2593-2601.

Duval M, Friedlander S. Source resolution of polycyclic aromatic

et al. Characteristics and

industrial areas of Baise, China Environmental

hydrocarbons in the Los Angeles atmosphere; application of a
chemical species balance method with first order chemical decay
[R]. DC: U. S.
Agency, 1981. 80.

Boonyatumanond R, Wattayakormn G, Togo A, et al. Distribution

Washington Environmental Protection

and origins of polycyclic aromatic hydrocarbons ( PAHs) in
and marine sediments in Thailand [ J ].
Marine Pollution Bulletin, 2006, 52(8) . 942—956

BUKLL, B, 8%, 5. I@i’%i*gﬂ G E A
[ 53 4 A SR B[] 4, 2005, 42(6) 942-
947.

Duan Y H, Tao S, Wang X J,
sources of PAHs in Tianjin’s topsoil[ J]. Acta Pedologlcd Sinica,
2005, 42(6) : 942-947. - -
Aannokkee G J. MT-TNO Research into the ble_degradanon of
soils and sedlments contaminated with oils and’ PAHs[ AT

Wolf K ( Ed: ) Cnntam;nated Soil [ M ]. NPW "an}}, -Kluwer
11990.1941-945.

Devi N L Yadav FC;QiS Hy et al. Envlrunmental (arcmogemc

riverine, estuarine,

et al. Spatial distribution and

Academi¢ Pubhshers

poly(‘yclu’ aromdtic hy rocarbons in soil from Hl'(ﬁalayas India:
lmpllcatiOrIS for spatlal dl%tnbutlon sources apportlonment and__
risk dsseb,Sment[J] Cﬂemoﬁphere 2016, 144 ..493-502. ""-.‘_:_‘“
Liu S I, Xia X H, Zhai YW, et al. B]ark (’arlmn (BC) in
urhan“'.an_dfsurrounding"k”ura] soils of Beijing, “China: spatlal
: al".ﬁ-r;latic

distribution | and polycyclic

82(2): 223-

relationship ~ with
hydrocarbons (;i)AHS) [J]. Chemosphere, 2011,
228. 4
Wang Q, Liu M, Yu Y P,

different land use areas of Shanghai,

Black carbon in soils from
China; level,
relationship with polycyclic aromatic hydrocarbons[ J].
Geochemistry, 2014, 47 36-43.
Agarwal T. Concentration level,
PAHs in traffic soil of Delhi, India[J].
Materials, 2009, 171(1-3) ;. 894-900.

Brindli R C, Bucheli T D, Ammann S, et al. Critical evaluation

of PAH source apportionment tools using data from the Swiss soil

et al.
sources and

Applied

pattern and toxic potential of

Journal of Hazardous

monitoring network [ J ]. Journal of Environmental Monitoring,
2008, 10(11); 1278-1286.

Simpson C D, Mosi A A, Cullen W R, et al. Composition and
distribution of polycyclic aromatic hydrocarbon contamination in
Canada [ J].
Science of the Total Environment, 1996, 181(3) : 265-278.
Wilcke W, Zech W, Kobza J. PAH-pools in soils along a PAH-
Environmental Pollution, 1996, 92(3) :

surficial marine sediments from Kitimat Harbor,

deposition gradient[ J].
307-313.
LiH L, Chen J J, Wu W,

aromatic hydrocarbons in different size fractions of soil from a

et al. Distribution of polycyclic
coke oven plant and its relationship to organic carbon content

2010, 176 (1-3): 729-

[J]. Journal of Hazardous Materials

734.
TN, MRl -3 2 BRI A A ST D).
MR MR R4, 2015. 30-32.



HUANJING KEXUE Vol.40  No. 10

Environmental Science (monthly) Oct. 15, 2019

CONTENTS

Vertical Distribution and Transport of PM, 5 During Heavy Pollution Events in the Jing-Jin-Ji Reglon «-+resseereereeremenenesicnneninncnnenens XIAO Zhi-mei, XU Hong, LI Peng, et al. (4303
*+ CHANG Shu-cheng, LIAO Cheng-hao, ZENG Wu-tao, et al. (4310
Diurnal Variations and Source Analysis of Water-soluble Compounds in PM, 5 During the Winter in Liaocheng City «-+«+ssseresresereeee YI Ya-nan, HOU Zhan-fang, MENG Jing-jing, et al. (4319
Emission Characteristics of Exhaust PM and Its Carbonaceous Components from China Il to China IV Diesel Vehicles in Shenyang *+* ZHAO Xue-yan, WANG Jing, ZHU Sheng-nan, et al. (4330
Characteristics of Heavy Metal Pollutants of PM, s from Open Burning of Municipal Solid Waste (MSW) and the Associated Exposure Health Risks — «+reeereerererrenesnsennesinncninnnnens

CHENG Ke, JI Wan-wan, HAO Wei-wei, et al. (4337)

Source Apportionment of Air Pollutants for a Typical Pollution Event in Zhaoging

)
)
)
)

Size Distribution Characteristics and Inhalation Exposure of Particle-Bound PAHs in an Industrial City ~ +++++ JANG Juan, GUO Guan-lin, QIN Ning, et al. (4345)
High-frequency Evolution of Urban Atmospheric Ammonia and Ammonium and Its Gas-to-Particle Conversion Mechanism in Nanjing Cily = ++eseereeseeesesereresiemienenennininsininenes
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" SHAOQ Sheng-cheng, CHANG Yun-hua, CAO Fang, et al. (4355)
Optical Absorption Properties of Brown Carbon Aerosols in Guangzhou ««++:+-xesessssesssssssssntnsisiiniiii i LI Zhu-jie, TAN Hao-bo, ZHENG Jun (4364 )
Characteristics and Source Apportionment of Ambient VOCs in Spring in Zhengzhou «+:+«+sssessessessssssssnnmninsnnnneens ZHANG Yi-xiang, YIN Sha-sha, YUAN Ming-hao, et al. (4372)
Raw Materials and End Treatment-hased Emission Factors for Volatile Organic Compounds (VOCs) from Typical Solvent Use Sources
......................................................................................................................................................... LIANG Xiao-ming, CHEN Lai-guo, SUN Xi-bo, et al. (4382)
Source Profiles of Volatile Organic Compounds ( VOCs) from Typical Solvent-based Industries in Befjing ++s+esesseeressereresnmnnisninnnnns FANG Li, LIU Wen-wen, CHEN Dan-ni, et al. (4395)
Emission Characteristics of IVOCs from the Combustion of Residential Solid Fuels and the Impact of Burning Temperature —«++xesseeesessesneeeens LU Ya-jing, FENG Yan-li, QIAN Zhe, et al. (4404)
Evaluation of MACC Reanalysis Ozone Data over China Using Ground-based and AIRS Satellite Observations —«++«+sssseseereeeees WANG Run-fang, MA Xiao-dan, ZHAO Tian-liang, et al. (4412)
Hydrolysis of COS over MgAl Mixed Oxides Derived from Hydrotalcites WEI Zheng, ZHANG Xin, ZHANG Feng-lian, et al. (4423)
Chemical Characteristics and Tonic Sources of Precipitation in the Source Region of the Yangtze River —«-:eoveveesesesrenseenennnnen WANG Shao-yong, HE Xiao-bo, WU Jing-kui, et al. (4431)
Effects of Continuous Extreme Rainfall on Water Quality of the Dongjiang River Basin »«++++sseeesereresvernieneneniininis CHE Rui, LIN Shu, FAN Zhong-ya, et al. (4440)
Correlation Analysis of Water Quality Between Lake Inflow and Outflow; A Case Study of Poyang Lake ««+:tsseeeeereerenveencreneeees HUANG Dong-ling, NI Zhao-kui, ZHAO Shuang, et al. (4450)
Spatio-temporal Distribution Characteristics of the Water Quality in the Jinze Reservoir and Its Inflow -+ LIU Ming-kun, TONG Jun, HU Bo, et al. (4461)
Temporal and Spatial Variations in the Conductivity in Different Media in Taihu Lake, China +++ WANG Rui, DAI Dan, ZHANG Chi, et al. (4469)
Uncertainty and Sensitivity Analysis of Phosphorus Model Parameters in Large Shallow Lakes SHI Yuan-yuan, LI Yi-ping, CHENG Yue, et al. (4478)
Spatio-temporal Variations in Aquatic Vegetation Cover and the Potential Influencing Factors in Lake Hongze Based on MODIS Images -++:+++++++++- LI Na, SHI Kun, ZHANG Yun-lin, et al. (4487)
Distribution and Pollution Assessment of Nutrients in the Surface Sediments of a Macrophyte-Dominated Zone in Lake Taihu ~ +++++eoee-: ZHANG Jie, WANG Yuan-sheng, GUO Xi-ya, et al. (4497)
Composition and Distribution of Biodegradable Compounds in the Macrophyte Dominated Zone of Lake Taihu «+vesesseesesresesreerenneeens QI Chuang, FANG Jia-qi, ZHANG Li-min, et al. (4505)
Temporal and Spatial Variation of Zooplankton Community Structure and Its Relationship with Environmental Factors in Dianshan Lake, Shanghai -+ DU Cai-li, YANG Li, ZHAO Yi, et al. (4513)
Geochemical Characteristics and Ecological Significance of Carbon Isotopes in Groundwater Under the Influence of Different Land Use Types in Karst Areas «+:«+eeseereereeresenessenenenennanens
..................................................................................................................................................................... REN Kun, PAN Xiao-dong, ZENG Jie, et al. (4523)
Temporal Response of Subterranean Karst Stream Hydrochemistry to Urbanization «««++«+sssssssessessesessensensesssnnsnsinninssssns YANG Ying-zeng, HE Shou-yang, WU Pan, et al. (4532)
Hydrochemical Characteristics of Karst Groundwater in the Mountains of Northern Bazhong City, China TANG Jin-ping, ZHANG Qiang, HU Yang, et al. (4543)
Removal of Fe( 1), Mn( I ), and NH,"-N by Using 8-Mn0, Coated Zeolite - MA Wen-jie, CHEN Tian-hu, CHEN Dong, et al. (4553)
Strengthening Effect of Different Cattail Pretreatment Methods on the Denitrification of Horizontal Subsurface Flow in a Constructed Wetland ««+-se-eeeeeerereresiemeneneininininninennnn
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" XIONG Jia-qing, LU Xue-bin, ZHENG Yu-cong, et al. (4562)
Short-cut Nitrification Start-up and Optimization of Operating Conditions Under Different Control Strategies «+++«+sxsssseesesvsnsesenseinsienens LIU An-di, ZHAO Kai-liang, LIU Hong, et al. (4569)
Start-up of a Three-stage PN/A Granular Sludge Reactor for Treating Wastewater with High Concentrations of Ammonia «+«+++xsssseeseeseeseree JI Xiao-qing, QI Ze-kun, QIAN Fei-yue, et al. (4578)
Removal of Hydrogen Sulfide Produced in a Municipal WWTP Using a Biotrickling Filter with Polypropylene Rings as the Packing Material and Microbial Community Analysis -
.................................................................................................................................................................. SUN Shi-hao, JIA Ti-pei, CHEN Kai-gi, et al. (4585)
Characteristics and Influencing Factors of Polycyclic Aromatic Hydrocarbons in Surface Soils from Typical Industrial Areas of Chengdu ++«+xeseereereeresemenenememeneninniniiinine
............................................................................................................................................................ RAN Zong-xin, CHEN Jin-yu, WANG Ya-ting, et al. (4594)
"""""""""""" HE Ming-jing, YANG Zhi-hao, WEI Shi-giang (4604 )
BU Shuai-hin, MENG Zhao-fu, Sambath Yek, et al. (4611)
Concentration Characteristics, Source Analysis, and Potential Ecological Risk Assessment of Heavy Metals in a Peak-cluster Depression Area, Southeast of Yunnan Province «+-++sessesveeeeess
.................................................................................................................................................................. HONG Tao, KONG Xiang-sheng, YUE Xiang-fei (4620
Cd Accumulation and Risk Assessment for Arable Soils in the Karst Region of Northern Luodian, Guizhou ««+«+essereerseesererenseienennens TANG Qi-lin, LIU Xiu-ming, LIU Fang, et al. (4628)
Safe Utilization of Paddy Soils Lightly Polluted with Cadmium in Western Chongqing LI Na, HE Hong-zhou, FENG Ai-xuan, et al. (4637)
Accumulation of Cd in Different Crops and Screening of Low-Cd Accumulation Cultivars CHEN Xiao-hua, SHEN Gen-xiang, BAI Yu-jie, et al. (4647)
Absorption and Transportation of Selenium Nanoparticles in Wheat and Rice WANG Ya-qi, ZHU Li-na, LI Kui, et al. (4654)
Effects of Microplastics on the Growth, Physiology, and Biochemical Characteristics of Wheat ( Triticum aestivum) «+-++++=«ssseseeeeeseseees LIAO Yuan-chen, Nazygul:Jahithek, LI Mei, et al. (4661 )
Regulation and Mechanism of a Dregs Biochar Matrix Combined with Maifanite on a Soil-Ryegrass System :+:eseseeeeresesssssnsnsinnnis XIAO Liang-liang, DING Yuan (4668 )
Microbial Community Structure and the Distribution of Antibiotic Resistance Genes in Soil Contaminated by Sulfamethoxazole -+ ZHANG Hai-feng, SHI Ming-ming, SUN Yan-mei, et al. (4678)
Dynamics of Antibiotic Resistance Genes During the Municipal Solid Waste Leachate Treatment «+:++:esseeveeeeesesersnnsiiiisinsnn HUANG Fu-yi, ZHOU Shu-yi-dan, YAN Yi-jun, et al. (4685)
Effects of Manure Application Rates on the Soil Carbon Fractions and Aggregate Stability «+«+«+ssseessesrersessssnmimminsinnitsee SHAO Hui-yun, LI Zi-yue, LIU Dan, et al. (4691 )
Effects of Irrigation and Biochar Application on the Respiratory Temperature Sensitivity of Paddy Soil +«+eseeeereseserssennsieniniiinnns ZHOU Peng, QI Le, NIU Hai-dong, et al. (4700 )
Response of Soil CO, Emissions to Straw-returning in Citrus/Mushroom Intercropping Systems ««+«+s+ssrsseerrersrssrsernesnnnnennesnnieens YOU Jing, NI Jiu-pai, HUANG Rong, et al. (4708)
Effects of Warming and Straw Application on Soil Microbial Biomass Carbon and Nitrogen and Bacterial Community Structure —++++++++ ZHANG Ting-ting, CHEN Shu-tao, WANG Jun, et al. (4718)
Simulated Ozone Damage on Gross Primary Productivity (GPP) in a Winter Wheat Field »«+«+svsseseereeveesenenenninenennincnens XU Jing-xin, ZHENG You-fei, WANG Sheng, et al. (4725)
Spatial and Temporal Variations in Fertilizer Use Across Prefecture-level Cities in China from 2000 to 2015 +eeseereereeeseserenseieneniens PAN Xiao-dong, LI Pin, FENG Zhao-zhong, et al. (4733)



	单独封面
	单独封面10
	zml


