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RAELRUE T AP 11 A T3t IR = RO €35 - e BB IR I J0 7 T 15 Fh PRCs 193 &, 348 F 320070 #r -2
PRI AT T R IR, £ SR, B A i 11 IR R IERE R R g D PRCs B B (AT, FIA) Sl 1. 15 ~
5.89 ng-g ! P E R 2.69 ngeg ! IR S Y BLIKR PFCs J2& 4 9 BE R R ( perfluorooctane sulfonate, PFOS) |, 2 ity [ oy
n.d. ~3.56 ngeg " BMETE N 0.96 ngeg ", HUR 2T SRR (perfluorooctane acid, PFOA) , & & BRI n. d. ~2.89
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H(4.04 ng-g "), MiHH PFOS FEHEK 3.56 ng-g ', 15 > PFCs 14 88. 1% ,3X Ml A 5% % 1A 1 1 4647 A 6, 5T I
bt X -4 PRCs & HEAH LU, R PR A b X A3k T 28 PRCs 1) 3 5t F i 88 7KF 5 Bl #4158 60% 1
PFCs T LA 4 AHEFHATH B, R EPE PFCs H PFOA | 29 T S 2 ( perfluorobutane sulfonate, PFBS) | 4x 9 1 ki FR R
( perfluorododecanoic acid, PFDoA) . 49 T BER R ( perfluorobutane acid, PFBA) Fl PFOS.
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Spatial Distribution and Source of Perfluorinated Compounds in Urban Soil from

Part of Cities in Anhui Province, China

LI Fa-song' >, NI Hui', HUANG Han-yu', XU Zhi-bing', ZHANG Qian', LI Chang-xia', HUANG Wen-xiu',
JIN Tao-sheng’
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300071, China; 3. State Key Laboratory of Environmental Chemistry and Ecotoxicology, Research Center for Eco-Environmental
Sciences, Chinese Academy of Sciences, Beijing 100085, China)

Abstract: In order to explore the spatial distribution and source of perfluorinated compounds ( PFCs) , eleven mixed urban soil samples
were collected from 7 cities in Anhui Province in 2013. Fifteen individual PFCs were detected by ulira-performance liquid

chromatography-tandem mass spectrometry ( UPLC-MS/MS) , and principal components analysis was used to trace the different sources
of PFCs in urban soil. The results showed that the total concentration of PFCs ( Z PFCs ) ranged from 1.15 to 5.98 ng-g~"' dry

weight (dw) , with an average concentration of 2. 69 ng-g~'. perfluorooctane sulfonate ( PFOS) with a concentration range of n. d. —

3.56 ng-g~' and an average concentration of 0.96 ng-g~' was the dominant PFC contaminant, followed by perfluorooctane acid
(PFOA) with a concentration range of n. d. —2.89 ng-g™' and an average concentration of 0. 64 ng-g~'. The highest Z PFCs

concentration in all selected mixed urban soil samples was from Chuzhou City with the value of 5.89 ng+g~', followed by Jingxian
County of Xuancheng City (4.04 ng-g™'). Interestingly, the PFOS concentration was as high as 3.56 ng-g~' in Jingxian County,
accounting for 88. 1% of the total PFCs concentration, which might be influenced by paper industry in this area. Comparing to other

soil samples in China, Z PFCs concentration of urban soil from Anhui Province was at middle level. Over 60% of Z PFCs in urban

soil of Anhui province could be attributed to the four principal components, represented by PFOA, perfluorobutane sulfonate,
perfluorododecanoic acid, perfluorobutane acid and PFOS.
Key words ; perfluorinated compounds ( PFCs) ; spatial distribution; source; Anhui Province; urban soil
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A AW (perfluorinated compounds, PFCs)
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PFCs, 1£ 2009 4E YK & [ M B (UNEP) 51T 1
FrAME TS Y W) (persistent organic pollutants, POPs)
A4 50 JF T 2010 45 8 F 26 HIEsUAERCY .

IS PRCs 15 36 55 v 3 2 0 3 B 2 —,
PFCs BEfEIE I s JRI5 3¢ | RATIRIIRE | thRAR R
SFHEA AT EEE 5 Al Y POPs 5L, + 1%
T PRCs ARl ik 28 4 . P7HK, RV AR K vh
W4 ik ARS ., ok AR, M
TR EE NG N, PFCs 1Y & &2 A 3 i a3, R
PFCs Tl gL 83, X HL T &K 2R
BB AN ) PRCs g% aE it + E-RE -
Y NKEBBHEANBYEE, i NERES R
Gel R A R Y PRCs 1T LA 4 4 5 3
POPs TEFREE P 13 A8 56 16 K2 AT RE Y A= 285 UGS

H A E A 3 p PRCs IR SE M XS B /0, &
B P TE G B, R B W H RS X 1
HelO - SE T3 LR PRCs 0 41 38 A X 5
A SERTERR =S I LA ok
T4k PFCs 43 A ik DL A IA .

TR MK TR ] A b DX AR B T
B ZRAR AT R R T AL AR b, v AR
DCAE Sy T3l Tl ¥ T M e R B, (7532 IX A=
BIRBEIEH 355 th 1202 | R PR PFCs 554§
TS G A A

ARSCHECZRAE 7 AT IR E IR 4
SPMERFSE L3R 15 Fh PRCs B R4 Y &5 B 4%
A, Iaz 3 B0 43 Br-2 Pk ] 3 2 A A FE AT R >
U5, AR b XY PRCs BR358 XU T # B 75 e 4 il
Pt B AR AR .

1 MEEFE

1.1 AU 5t

1L %% . Waters ACQUITY UPLC/TQD (2 [H);
Supelco [EIFHACHURE & (£ H ).

) 29 T bR R (PFBS,98% ) . 4Rkt
B2 (PFOS, 99% ) . 4= % T = i R R ( PFDoA,

95% )W [ Sigma-Aldrich ( 3% [ ) ; 45 T ki R W2
(PFBA,98% ) . U LEIR IR (PFPeA ,98% ) . A3
CRER IR (PFHXA ,98% ) | 49 BELe R R ( PFHpA
98% ) . At — LR BR (PFUNA ,96% ) ) ] Matrix
Scientific ( £ ) ; AR IR (PFOA,98% ) 4 H
Strem Chemicals ( ¥ E ) . 4 T e R R ( PFNA,
98% ) . 4= 9 & b FR MR ( PFDA, 98% ) W H Fluoro
Chemical (% [E ) ; 4% C KEff R ( PFHxS, 98% ) 14
H Fluka (15K ), "CHRIC 4 R b B2 W2 (°C,-
PFOA ,99% )4 H Cambridge Isotope Laboratories ( 3¢
), "ChRid 4 53 BE R R (1°C,-PFOS,98% ) | 6:2
AL (6 . 2FTUCA ,98% ) | 8:2 AL FI G
fi2 (8 :2FTUCA,98% ) . "CHric 8:2 /1t Al 9l Il iR
("C2-8:2FTUCA,98% ) . Z M LA iR It 1 ( N-Me-
FOSA ,98% )l [1 Wellington Laboratories ( fIl 5K ).
P | WS AR . UK DA RSB0 K 35 o0 (3% 2.

Waters Oasis® WAX (6 cc,150 mg) [& FH A% HL
(32 E Waters 24 F] ).
1.2 BEACREE

2013 42 ~4 AN SRS 7 Ik 3t
1A HHERA R REE S 1 PR, R3S
(SR I EARKLIE) (H)/T 166-2004 ) H A
7 HERAEEER SR FH RS A 00, BT 38R
HHEEDTE 10 ASRAE S P AR i, T
JTEETE, R E T 4 (0 ~ 20 em) IRA), I
FETH Ve AN AR R AR B AR NG SRS
B E I, - 20°CIRAE.
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BB i [X

CZ Ml i [X

MAS ¥l K
TL B X

XCl Ehip

XC2 Tl X

HS1 8§ lifkeg 5
HS2 i X

HS|
Al a HS?

Bl ZBEWTTERBESLTE

Fig. 1 Sampling sites of urban soil in Anhui Province, China
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BT N0, 5 mL Milli-Q /K, SRJ5MA 5 ng
WAR(C PFOA | "C PFOS f1"C 8:2 FTUCA). HH
BV AR B 3 YR (B4 2.5, 1.5 A1 1.0 mL) , %
WER G 5, &3 10 min,40°C F# A 20 min, & /5
3500 remin~"' FE.L> 8 min /3. %EM%}FS%E,FH
150 mg Envicarb particles 1k, #%3% 15 min, 3 500
remin ' BLYES 10 min, FHAL G K BUR EUE A
R 0.5 mL. #EFESATHET, ZBOR A 0.2 pm JE
JEMEIENE , e & 2 mL HPLC R,

ik 5 435 H 8 ACQUITY UPLC BEH C18,
2.1 mm x50 mm( 3EE Waters 2y 6] ) ; Wahtd A, H
Pt 2 A B:2.0 mmol - L~" il B2 44 /K W5 W, I
0.40 mL-min "' A 40°C | EFEE 10 pl; RABAE
el 57 2, YE AR .0 ~ 0.8 min, 25% A; 0.5 ~
5min,25% ~85% A; 5 ~5.1 min,85% ~100% A;
5.1 ~7 min,100% A; 7 ~9 min, 100% ~25% A.

i 25 R L 25 B AL IR (ESL) , T B+
B, B HIE -2.75 kV, B TR 150°C , £
R 350°C ; RV A 700 Loh ™' HEFLS
W 20 Leht HAG O X 2 R M X
(MRM).

1.4 FrardE il g RO

FH EE/0.019% 2 /K (7/3) T il e BE 3 [ My
0.02 ~ 80 wg-L ™" UFRIE TAET, BN b5 & & A
10 pg- L' ZERRUE MLk B [ Y, L PR AH G R 2K
>0.99. DMEMEH R 10 #iE SRE R R (LOQ) . 4%
YyrE AR S P43 3R 0.01 ~0.10 ng-g™'. 4%
JeWy o AE 1 HERE S P bR LR R 78% ~
128% , RSD =5.3% (n =3).

2 RS

2.1 PFCs TELBAE T T iy & &0 A
RS AT 11 A RAFE s R PFCs &
HANE 2 R, HoS i &zs oA an gl 3 R, 7
BT A A 4 15 Fh PFCs ™1, {2 PFPeA | PFHxA Al
6 :2FTUCA Ak, HoAth 12 Ff PRCs 3G K1, H
o PFDA # H 2R 100% , HoAth G 25 B9 PFOS
(K % 90.9% ) . 8:2FTUCA (90.9% ). N-Me-
FOSA ( 90.9%). PFUnA ( 63.6%). PFOA
(54.5% ) . PFDoA (45.4% ). FIrAFEShH PFCs &
T ( D PFCs, P E, FR)EHEN 115 ~
5.89 ng-g~ ', FHHHE2.69 ng-g'. 15 Fl PFCs T
T B 2 PFOS, T VL B n. d. ~ 3.56
ngeg ' BME SR} 0.96 ng-g”, HLUKE PFOA &

HEE N n. d ~2.89 ng-g™'  HHESTENO0.64
ng-g !, A BE 4 FURTR IS Y & i A XA
PFDA ( BJ{H &4 0. 44 ng-g ™', ¥ 1% 100% ) I
PFDoA ( ¥I{E & & 4 0.20 ng-g™'). FHh PFOS 4
> PFCs BB 4M N 0 ~88. 1% , HK O PFOA (0 ~
49.0% ). PFDA (0 ~ 45.2%) Fl PFDoA (0 ~
38.0% ). {HAF QIR RAEN PFCs 53 K VERTAY)
f) 8 :2FTUCA . N-Me-FOSA AY & 5 4R 3 i 4011,
THRAS A (R T 90% ) , 72 W22 08 3 5 hi A
Y] BE S PRCs 1Y) — A~ H B IR, 53 A ax 2w 4
Y1 4 ., RADTRE AT BE S e v X 2R i i — 4~
FEEE

b
I

PFCs#it/ng-g™!

I
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H .
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i
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S5 f:558538888533
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oA A o A ol o
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Fig. 2 Concentrations of PFCs in surface urban soils

in part of cities from Anhui Province
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Fig. 3 Composition and spatial distribution of PFCs in surface

urban soils in part of cities from Anhui Province
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BN b X 5 ik 5. 89 ng'g_l , oM Iz L X
PFCs () 840 i M, PFCs % L PFOA HF, &
BRI 2.89 ngeg™', i > PRCs Y 49% , ok ok
PFOS, & B 1.73 ng-g ™', > PFCs #929.3%.
XCl #if9 D PFCs ik 4. 04 ng-g ™", S EAUKIR
P IX IZORAE S T 2R E TR B izt
X PFCs 4%, KL LA PFOS 3, & fik 3. 56
ng-g”', 5 > PFCs 1988. 1% , HAl B4k PRCs M 5%
A HA BT LSRR, TR e B el 1 B R TR
EAWNEAL T, AR EAE TR, iR
BZHLIX. PROS 75 f 55 D i A G, T A0 0 S 19
HE PFOS {HAGUE— 0. HyOh Sl IX (MAS)
3.86 ng-g ' AIHIBEHIIX (TL)3. 28 ng-g~'. HIMEN
IAERATE Gl & R AT SR ki Sl &
B, PFCs B BEARXS AR , Ak T A5k |3 AN RAE A
) > PFCs ST 1.15 ~2.76 ng-g . {HAFKIE

MEER PFOA WS AER AR AL 1) PFBA 71 M X 5 &
o AR T 5, 76 HF2 A0508 1.26 ng-g ' {EARIE
— 5T,
2.2 HEWNAMNAbHX 5 PFCs & & A

F 1 G T AT AR [ N B R A 0 AR R b X £
HERE S PRCs 18 0 A i PRl A A FH - 48 | 9k
i PR g W R i -, A Y
R PFOS Fl PFOA S22 PR A I 7 2 e 5
(1) PFCs. ] LU H A 5% 91 25 48 109 22 308 5 53 Ik
7R3 PRCs (19 3 1 & T 48K IR T BRI
AT T XA L IR F IR B A, 5 AR VLR R )2
8 REER X KR LI BT K ENR
PFCs 7K-FEAHIE. 1M PFOS & B BI7E n. d. ~3.56
ng-g ! AR TR X, RN 4> D g X 4 1
LR FHH 3R (E. PFOA A& 54t
BT K P 498 5 B {3l A AH T, (1K itk FH H
BN ZR RIS AR AT 1 X - 458 (1) 48 (.

*x1 EHARKEEMEK+TiES PFCs SE5 %"

Table 1  Comparison of PFCs concentrations in surface soils of different areas in China

F5EIX I8k SREEAE Ay PFOS %rft/ng-g~'  PFOA ¥ ft/ng-g ! > PFCs /ng-g ™" Stk
IRFRHR 3 A HIX - 58 2015 0.02 ~0. 08 0.34 ~14.5 — [16]
VI T Tl -4 2014 0.10 ~91 n.d. ~9.8 0.1~98 [19]
RILTINERZ 1 2013 0.7~1.3 0.2~0.7 2.2~5.5 [17]
BRIT. = Fr NI i 4 4 2009 0.05~2.4 0.02~1.2 0.09 ~2.6 [18]
T AR 2 1 2008 n.d. ~0.21 n.d. ~0.2 n.d ~1.2 [15]
T X 3R 2+ 2008 n.d. ~9.4 n.d. ~0.9 1.3 ~11 [24]
KHZBIX 2008 0.02 ~2.4 n.d. ~0.5 0.02~2.4 [25]
BITKIE 2008 n.d. ~0.9 n.d ~2.8 0.1~8.5 [26]
WL 2008 n.d. ~0.7 n.d. ~0.5 n.d. ~1.7 [27]
AR 2007 9.2 ~10.4 3.3~35.2 14.4 ~63.6 [10]
ENTIE 2013 n.d. ~3.56 nd. ~2.9 1.15~5.89

Dn.d. FRRKH
2.3 PFCs EIEf#AT

I FH T2 04343 A 1 X 22 A8 5 o s DX 3l i - 3
SRR E I 9 Fh PRCs HEAT IR AT, 45 R 5% 2

IR,

SRR LA o T 13 60% 1 PFCs

ATLVA 4 D F AT iR 255 2tk Il iE 434,
1 o1 PFOA , PFUnA , PFBS HA7 % 8007, vl LAt
BZHIX 14. 2% B PFCs K5, R F 2 1 PFDoA H
HE AT, ol LU R iZ ML X 4. 4% () PFCs R,
[KF 3 #1 PFBA A1 8.2FTUCA B3 %5 i 48 fuy , 7 LA
R FEZ X 37. 4% 1) PFCs KI5, 1 4 v PFOS H
AR AR, ol LU B % H X 43. 8% [ PFCs
P MNE2 i LIFEH, HF 1 # PFOA F1 PFBS &

F2 ZHYEWHEH LEP PFCs WEFHT
Table 2 Loadings factors of PFCs in surface urban soils

in part of cities from Anhui Province

PFCs HF1 A2 T3 HF 4
PFBA — — 0.930 —
PFOA 0.907 — — —
PFDA — — — —
PFUnA 0. 764 — — —
PFDoA — 0.794 — —
PFBS 0. 988 — — —
PFOS — — — 0.941
8:2FTUCA — — 0. 669 —
N-Me-FOSA — — — —
EEZAIEN 2.85 1.88 1. 66 1.10
75 2% BTHR %/ % 28.3 21.6 20.9 12.4
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KN, PFBS — A 2ok H FHi ik
AL R HF 2 o PFDoA 1R b K 4 (1
PRCAs W] REFT MM SR B | B o R 4R o) i B HRL
BRI PFCs RifAY 5 FTOHs A bIE .
T3 A B 9 PFBA i1 8 . 2FTUCA F %k
U8 RAVIRE , A W5 £ B FTOHs 1Y% 5 i vl B
A FTUCA v Ja] 72 9 9 fie 2 A i PFBAS™ | ik
PR R AL mUH X ) 2 R 2R T PRCs HEAT 4
Mr, 328 PFBA J& 3222 1Y R4 2> b fi: 2221 PRCs,
=T PFOA Fl PFOS By 5. 4 U LL PFOS A
F,PFOS FERIE T HGEFT , A AT Mk LS F
PRSI T AT A

3 it

(1) T A B A iy 11 A3 3
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2.69 ng-g ' 15 PR IHA Y PRCs A 12 PRl ks
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(KT 90%).
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(4) FERLGT 3 A R W, L8R F 4 W 13
60% ) PFCs A LA A 4 A~ #E A7 i B, AR 3R 1
PFCs A PFOA . PFBS . PFDoA . PFBA #l PFOS.
B S ik

[ 1] Prevedouros K, Cousins I K, Buck R C, et al. Sources, fate and

transport of perfluorocarboxylates[ J]. Environmental Science &

[3]

[12]

Technology, 2006, 40(1) : 32-44.
Wang T Y, Wang P, Meng J, et al. A review of sources,
multimedia distribution and health risks of perfluoroalkyl acids
(PFAAs) in China[ J]. Chemosphere, 2015, 129 . 87-99.

Sun J X, Peng H, Hu J Y. Temporal trends of polychlorinated
biphenyls, polybrominated diphenyl ethers, and perfluorinated
compounds in Chinese sturgeon ( Acipenser sinensis) eggs (1984-
2008) [ J]. Environmental Science & Technology, 2015, 49
(3): 1621-1630.

Li FS, Sun HW, Hao Z N, et al. Perfluorinated compounds in
Haihe River and Dagu Drainage Canal in Tianjin, China[J].
Chemosphere, 2011, 84(2) . 265-271.

Sun HW, Li F'S, Zhang T, et al. Perfluorinated compounds in
surface waters and WWTPs in Shenyang, China; mass flows and
source analysis [ J ]. Water Research, 2011, 45 (15). 4483-
4490.

KT, TR, AUREE, & SR (BN B RIZK DA
5 W 3R B K R A AR (1], BRI, 2015, 36
(12): 4471-4478.

Zhang M, Tang F L, Yu Y Y, et al. Residue concentration and
distribution characteristics of perfluorinated compounds in surface
water from Qiantang River in Hangzhou section [ J ].
Environmental Science, 2015, 36(12) ; 4471-4478.

XUSERR, skl A, AF. BRYINE B A AL A Y T
PAFAELT]. HEERRE, 2015, 36(6) ; 2028-2037.

Liu B L, Zhang H, Xie L W, et al. Pollution characteristics of
perfluorinated compounds in offshore marine area of Shenzhen
[J]. Environmental Science, 2015, 36(6) : 2028-2037.
MEESC, 201, AR, % SR Z WL S P RIS K
B PAGB SE BOIR . A E M S ST [T]. BRI,
2015, 36(8) : 3106-3118.

Hao X W, Li L, Wang J, et al. Status quo, uncertainties and
trends analysis of environmental risk assessment for PFASs[ J].
Environmental Science, 2015, 36(8) : 3106-3118.

Milinovic J, Lacorte L, Vidal M, et al. Sorption behaviour of
perfluoroalkyl substances in soils [ J ]. Science of the Total
Environment, 2015, 511 63-71.

Li F, Zhang C J, Qu Y, et al. Quantitative characterization of
short-and long-chain perfluorinated acids in solid matrices in
Shanghai, China[ J]. Science of the Total Environment, 2010,
408(3) : 617-623.

Jones K C, De Voogt P. Persistent organic pollutants ( POPs) :
state of the science[ J]. Environmental Pollution, 1999, 100(1-
3).209-221.

Xiao F, Simcik M F, Halbach T R, et al. Perfluorooctane
sulfonate (PFOS) and perfluorooctanoate ( PFOA) in soils and
groundwater of a U. S. metropolitan area; migration and
implications for human exposure [ J ]. Water Research, 2015,
72 64-74.

Ruan T, Lin Y F, Wang T, et al.

polyfluorinated ether sulfonates as PFOS alternatives in municipal

Identification of novel
sewage sludge in China [ J ]. Environmental Science &
Technology, 2015, 49(11) . 6519-6527.

Rich C D, Blaine A C, Hundal L, et al. Bioaccumulation of
perfluoroalkyl acids by earthworms ( Eisenia fetida) exposed to
contaminated soils [ J ]. Environmental Science & Technology,

2015, 49(2) . 881-888.



332 A 38 &
[15] i, F&F, T, % RS HEhLEASY s Li L, Cai J L, Zhou M. Potential source contribution analysis of
()53 An B AR AE [ )], B4R 2%, 2013, 34 (8): 3188- the particulate matters in Shanghai during the heavy haze episode
3194. in Eastern and Middle China in December, 2013 [ J].
Meng J, Wang T Y, Wang P, et al. Spatial distribution and Environmental Science, 2015, 36(7) : 2327-2336.
composition of perfluorinated compounds in soils around the [22] ZEekdl, (408, 455, %5 SRS YT KB B2 10H
Huaihe River[ J]. Environmental Science, 2013, 34(8) : 3188- AR J]. B, 2011, 30(3) ; 638-644.
3194. Li ¥ S, He N, Wang R N, et al. The distribution of
[16] BEET, B5F, S, 5 P EREITAA H X 15 FOoK R 5 perfluorinated compounds in multiple environmental media from
AL G B A R AR TR RIE 1], A ik, 2015, Dahuangpu wetland natural conservation, Tianjin, China[ J].
34(5): 579-585. Environmental Chemistry, 2011, 30(3) ; 638-644.
Chen S, Jiao X C, Gai N, et al. Composition and source of (23] fams &, sk, Z= & BRI RIP s awnk s
perfluorinated compounds in soil and waters from the rural areas BRE[T]. ?%i‘ﬁﬂ‘%, 2016, 37(4) . 1240-1247.
in Eastern China[J]. Rock and Mineral Analysis, 2015, 34 He P F, Zhang H, Li J, et al. Residue characteristics of
(5):579-585. perfluorinated compounds in the atmosphere of Shenzhen [ J].
(17] XUsak, sk, XA, 45, RILHREERZ Lhamiay Environmental Science, 2016, 37(4) : 1240-1247.
B2 18] 43 A0 SR TR bT (], MuER 53085, 2015, 43(3): [24] Wang TY, Lu Y L, Chen C L, et al. Perfluorinated compounds
302-307. in a coastal industrial area of Tianjin, China[J]. Environmental
Liu B L, Zhang H, Xie L W, es al. Spatial distribution and Geochemistry and Health, 2012, 34(3) . 301-311.
source of perfluorinated compounds in surface soils around the [25] PanY Y, Shi Y L, Wang J] M, et al. Pilot investigation of
Dongjiang River[ J]. Earth and Environment, 2015, 43(3): perfluorinated compounds in river water, sediment, soil and fish
302-307. in Tianjin, China[ J]. Bulletin of Environmental Contamination
[18] L"E R, B, SKENAE, . BRIL =M HEh &Gy and Toxicology, 2011, 87(2) . 152-157.
SYEAERTIT[T]. TP EMEERA, 2013, 33(S1) ; 37-42. [26] Wang T Y, Chen C L, Naile J E, et al. Perfluorinated
Hu G C, Zheng H, Zhang L J, et al. Contamination compounds in water, sediment and soil from Guanting Reservoir,
characteristics of perfluorinated compounds in soil from Pearl China [ J ]. Bulletin of Environmental Contamination and
River Delta, South China[J]. China Environmental Science, Toxicology, 2011, 87(1) . 74-79.
2013, 33(S1) . 37-42. [27] Wang TY, Lu Y L, Chen C L, et al. Perfluorinated compounds
[19] sk, W52, filde, % ARETEXERZ P EFAGWE in estuarine and coastal areas of north Bohai Sea, China[]].
ARG HRIEMMT[ 1], BBER2:, 2014, 35(7) : 2698- Marine Pollution Bulletin, 2011, 62(8) : 1905-1914.
2704. [28] OECD. OECD Guideline for the testing of chemicals, Section 1 ;
Zhang H, Zhao L, He L, et al. Pollution fingerprints and adsorption-desorption using a batch equilibrium method [ R J.
sources of perfluorinated compounds in surface Soil of different Organization for Economic Co-operation and Development
functional areas [ J ]. Environmental Science, 2014, 35 (7): (OECD/OCDE 106) , 2000.
2698-2704. (291 fads, W, MEAE, 4. 6-2 FIMBEAENG MEVS R v A KRR T].
[20] VIJKEL, XA, GRS R X BRI 1 38 [ 1], IEEREEAR, 2013, 33(2) : 383-388.
FE AL - Yﬁfﬂ?‘i?ﬁiﬁ, 2011, 21(8): 152-157. He N, Zhou M, Wang L, et al. Biodegradation of 6- 2
Jiang Y H, Liu D P. Analysis of pressure of economic fluorotelomer alcohol in activated sludge [ J ]. Acta Scientiae
development upon resources and environment in Anhui Province Circumstantiae, 2013, 33(2) . 383-388.
[J]. China Population, Resources and Environment, 2011, 21 [30] 2. 2F LAY ALl AT b TG Y eSS [ D). #
(8): 152-157. V. PHALRMBIE R, 2014, 17-24.
[21] 2840, 2540k, 4. 2013 4F 12 A A o AR50 b X ™ 5 K Lu C. The characteristics of perfluorinated compounds
1A ) 9 T UK P i 32 A AR B R AE R X TR T (. contamination in typical industries of China [ D]. Yangling:

WEERL:, 2015, 36(7) ; 2327-2336.

Northwest A&F University, 2014. 17-24.



HUANJING KEXUE Vol.38  No. 1

Environmental Science ( monthly) Jan. 15, 2017

CONTENTS

Source Apportionment of Volatile Organic Compounds and Health Assessment of Benzene Series in Northern Suburb of Nanjing in Winter »+++++-+: ZHANG Yu-xin, AN Jun-lin, LIN Xu, etal. ( 1 )
Size Distribution and Mixing State of Black Carbon Aerosol in Nanjing During a Heavy Winter Pollution Event JIANG Lei, TANG Li-li, PAN Liang-bao, et al. ( 13 )
Interactive Effects of the Influencing Factors on the Changes of PM,, 5 Concentration Based on GAM Model HE Xiang, LIN Zhen-shan ( 22 )
Particle Size Distribution and Diffusion for Simulated Cooking Fume +:++«+sseseeesserererssimmienenenniniii e LI Shuang-de, XU Jun-bo, MO Sheng-peng, et al. ( 33 )
Greenhouse Gas Fluxes at Water-Air Interface in Small Pond Using Flux-Gradient Method Based on Spectrum Analyzer —««+:+ssesseeesessesseneens ZHAO Jia-yu, ZHANG Mi, XIAO Wei, et al. ( 41 )
Diurnal Variations of Concentration of Porewater Dissolved CH, and CO, in a Brackish Marsh Dominated by Cyperus malaccensis and Phragmites australis During Neap and Spring Tidal

Days in the Minjiang River EStuary «-«+«ssessessesseemsensensstnenensein ittt TAN Li-shan, YANG Ping, HE Lu-lu, et al. ( 52
Comparisons Between Seasonal and Diurnal Patterns of Cave Air CO, and Control Factors in Jiguan Cave, Henan Province, China «+eeeeeereeee ZHANG Ping, YANG Yan, SUN Zhe, et al. ( 60
Fluorescence Spectral Characteristics of Fluorescent Dissolved Organic Matter (FDOM) in the Surface Sediments from Lihu Lake «+++++- CHEN Jun-yi, WANG Shu-hang, JIANG Xia, et al. ( 70

HAN Xiu-xiu, HUANG Xiao-hu, YU Li-yan, et al. ( 78
ZHANG Wet, TANG Xiang-yu, XIAN Qing-song ( 87

Sedimentary Characteristics and Sources of Organic Matter in Sediments of Dianchi Lake
Seasonal Variation of Colloid Particles in the Shallow Well Water of a Small Watershed of Purple Soil -

............................................................................................................................................................ QI Chuang, WANG Guo-xiang, WU Xin-ting, et al. ( 95
Correlation Between LDI-based Land Use Types and Water Quality in Sanshan Island of Taihu Lake National Wetland Park, Suzhou -+ YANG Zhao-hui, SU Qun, CHEN Zhi-hui, et al. ( 104 )
Response Characteristics of Algal Chlorophyll-a to Nitrogen, Phosphorus and Water Temperature in Lake Erhai Based on Quantile Regression —«+v+reresrererresrerenensisnsenneinnscinnneee

......................................................................................................................................................... CHEN Xiao-hua, LI Xiao-ping, QIAN Xiao-yong, ef al.

(113)
Seasonal Succession Characteristics of the Morphologically-hased Functional Groups (MBFG) in Deep-water Reservoir «+«+«ssxssessesseesneereneenneniens YANG Yu,LU Jin-suo,ZHANG Ying ( 121 )
Change and Influencing Factors of Dissolved Carbon and Dissolved Nitrogen in Water of the Three Gorges Reservoir FAN Zhi-wei, HAO Qing-ju, HUANG Zhe, et al. ( 129 )
Characteristics of Nitrogen and Phosphorus Emissions in the Gufu River Small Watershed of the Three Georges Reservoir Area  «+++++++++ HUA Ling-ling, LI Wen-chao, ZHAI Li-mei, et al. ( 138 )
Characteristics of Nitrogen Transport and Its Source Trace in Loess Plateau’s Dam Watershed in Alternating Wet and Dry Seasons; A Case Study of Yangjuangou Watershed +++eseeeeereeeees
.................................................................................................................................................................. JIA Jundie, GAO Yang, CHEN Wei-liang, et al. ( 147 )
Comparison of Nitrogen and Phosphorus Uptake and Water Purification Ability of Five Submerged Macrophytes ««+:«+stssssseeesessenveeens JIN Shu-quan, ZHOU Jin-ho, BAO Wei-hong, et al. ( 156 )
Pollution Level,, Distribution Characteristics and Risk Assessment of 32 PPCPs in Surface Water of Luomahu Lake ««++-xsseveereveeneees ZHANG Qin, ZHANG Sheng-hu, WANG Zhen, et al. ( 162 )
Distribution, Sources and Risk Assessment of the PAHs in the Surface Sediments and Water from the Daye Lake =~ ««+esseeeereeeeseeees ZHANG Jia-quan, HU Tian-peng, XING Xin-li, et al. ( 170 )
Effects of pH and Complexing Agents on Sh( V') Adsorption onto Birnessite and Ferrihydrite Surface ++- WANG Hua-wei, LI Xiao-yue, LI Wei-hua, et al. ( 180 )
Effects of UV Radiation on the Coagulation Process of Kaolin and Involved Mechanisms WANG Wen-dong, WANG Chang-xin, LIU Hui, et al. ( 188 )
Effect of Dissolved Humic Acid on Thyroid Receptor Antagonistic Activity of Zinc in Aquatic Environment -+ Al Yang, KONG Dong-dong, YU Chang, et al. ( 195 )
Optimization and Validation of the Analytical Method to Detect Common Illicit Drugs in Wastewater =~ «+«+seeseesesereeressnessenennensenees ** GAO Ting-ting, DU Peng, XU Ze-qiong, et al. ( 201 )

Enhanced Treatment of Petrochemical Secondary Effluent by Biological Aerated Filter (Fe®*)-Ozonation Progess +++veeeeeeeuevenenens XU Min, WU Chang-yong, ZHOU Yue-i, et al. (229 )

Specificity of Intact Ladderane Lipids in Anaerobic Ammonium Oxidizing Bacteria from Four Reactors +«+sesessessessessersnenmmieniinsnsincnenens WANG Han,FANG Fang, LI Kai,et al. ( 238 )
Characteristics of Perchlorate Reduction and Analysis of Consortium Structure in a Sulfur-Based Reactor at a High Perchlorate Concentration «++++«ssessesserseresemenienssnmininininenn

ZHANG Chao, TAO Hua-qiang, SONG Yuan-yuan, et al. ( 247 )
Fast Start-up of SBAF System Assisted CANON Process and the Microbial Analysis «+:+-eeessereereersesesismenenmmninis LIU Zhu-han, YUE Xiu, YU Guang-ping, e al. ( 253 )
Mechanism for Effects of High Free Ammonia Loadings on Biological Nitrification =~ ««+«sesssesesssssesssssnenmimninsnsnneeis s JI Min, LIU Ling-jie, ZHAI Hong-yan, et al. ( 260 )
Impact of Biodegradable Organic Matter on the Functional Microbe Activities in Partial Nitrification Granules seeeeesss WANG Shu-yong, QIAN Fei-yue, WANG Jian-fang et al. ( 269 )
Process of Enrichment and Culture of PAOs on a Novel Biofilm Process of Dephosphorization ZHENG Ying, PAN Yang, ZHOU Xiao-hua, et al. ( 276 )

Identification of Efficient Strain Applied to Mining Rehabilitation and Its Rock Corrosion Mechanism; Based on Boosted Regression Tree Analysis «+x«+eessereesersesenensenenienennsiiniinsnne
WU Yan-wen, ZHANG Jin-chi, GUO Xiao-ping, et al. ( 283
SHI Guang-yu, CHENG Yuan-yuan, SHI Wei-lin ( 294

)
Effect of Cadmium on Biodegradation of Nonylphenol by Pseudomonas aeruginosa )
Effects of Different Agricultural Practices on Soil Carbon Pool in North China Plain «+«eeeseereeresesssenensnminiiniiinnne SHI Xiao-xia, ZHAO Yi, ZHANG Lin, et al. ( 301 )
Seasonal Variations of Soil Microbial PLFAs and Soil Enzyme Activity Under the Citrus Plantation in Mt. Jinyun, Chongging -+ LI Nan-jie, ZENG Qing-ping, HE Bing-hui, et al. ( 309 )

)
)

Composition and Environmental Adaptation of Microbial Community in Shibahe Copper Tailing in Zhongtiao Mountain in Shanxi =++-«++++++seeeseeeees LIU Jin-xian, LI Cui, JING Ju-hui, et al. ( 318

Spatial Distribution and Source of Perfluorinated Compounds in Urban Soil from Part of Cities in Anhui Province, China «+sessseeseeeeseereeneees

LI Fa-song, NI Hui, HUANG Han-yu, et al.

Effects of Biochar Pyrolyzed at Varying Temperatures on Soil Organic Carbon and Its Components: Influence on the Soil Active Organic Carbon -+

............................................................................................................................................................ ZHAO Shi-xiang, YU Xiao-ling, LI Zhong-hui, et al. (333 )
Effects of Different Water Managements and Soil Eh on Migration and Accumulation of Cd in Rice TIAN Tao, ZENG Min, ZHOU Hang, et al. ( 343 )
Mechanism of Soil Eco-Functional Stability Under Pyrene/Cadmium Simplex and Combined Pollution Stress CHEN Xin-yao, YANG Hui-zi, LI Min, et al. ( 352 )
Fractions Transformation of Heavy Metals in Compound Contaminated Soil Treated with Biochar, Montmorillonite and Mixed Addition -+ GAO Rui-li, TANG Mao, FU Qing-ling, et al. ( 361 )
Screening of the Reduction/Stabilization Reagent for Cr( VI) Contaminated Soil in a Planting Site and Reaction Process Monitoring *++* LI Pei-zhong, LU Xiao-jian, WANG Hai-jian, et al. ( 368 )
Cd( 1) Ton Adsorption and Sealing onto SBA-15 Mesoporous Particles and the Related Potential on Cd( I) Polluted Soil Remediation — +++++++ssssssssssssusussmsmnisiinininiiiins

............................................................................................................................................................... HUANG Hui, NING Xi-cui, GUO Zhan-yu, et al. (
HE Ming-jing, YANG Ting, LI Qi,et al. (
CHEN Zhi-liang, HUANG Ling, ZHOU Cun-yu, et al. ( 389
(
(

Bioaccumulation of Halogenated Flame Retardants in Fish of Dongjiang River

Characteristics and Evaluation of Heavy Metal Pollution in Vegetables in Guangzhou
Variation Characteristics of Vegetables Cadmium Uptake Factors and Its Relations to Environmental Factors «+-eeesereereerseresenenenennes YANG Yang, LI Yan-ling, CHEN Wei-ping, et al.

YU Ya-wei, YANG Yu-han, ZHANG Cheng, et al.
ZHAO Hui, ZHENG You-fei, CAO Jia-chen, et al. ( 412

Effect of Sewage Sludge Compost Products Application on Total Mercury and Methylmercury in Soil and Plants «+-++++++++

Influencing Mechanism and Spatio-temporal Pattern of Stomatal Ozone Flux of Winter Wheat Under Ozone Pollution



(MEFRZFENFE 6 RmBEE

£ & BA
BIES: B RE BN

=
A

AN
=

%OE. (REREEHT)
3 \ uy -
TEVL EAR EUE EZZE HON B OoE LEE
N, o < W N7 2z
FOKE KEE N s w0 RS ARE
RHEA B 2R R ORI Bk E W &
Ay N 3 =
WM W OE W MW A
-
w o a3 ENVIRONMENTAL SCIENCE
( H};J{AJ‘NJINC;;‘: KE)ﬁ(JLTJJE) (Monthly Started in 1976)
(HHl 1976 4% 8 UREID)
201741 B15H #38% H1 Vol.38 No.1 Jan. 15, 2017
F & hEPFERE Superintended by Chinese Academy of Sciences
* i PEPB AR SR O Sponsored by Research Center for Eco-Environmental Sciences, Chinese
e 7 (USSR RF) Academy of Sciences
A6 50 T B 08 A5 P R 2R R 5Y B Co-Sponsored by Beijing Municipal Research Institute of Environmental
A = - - Protection
e B OB School of Environment, Tsinghua University
. . Editor-in -Chief ~ ZHAO Jin-cai
i N N == Ay
= # ft{::ﬁj_ﬂzjjl ;:;; (ﬁf&%ﬂ?ﬂ%ﬁ Edited by The Editorial Board of Environmental Science ( HUANJING
TN 5} H
18 5, MR 4% : 100085 ) KEXUE) )
M1 .010-62941102 .010-62849343 P. 0. Box 2871, Beijing 100085 , China
1§E:010—62849343 ’ Tel :010-62941102,010-62849343 ; Fax:010-62849343
E-mail ; hjkx@ rcees. ac. cn Fi-mail : hjlx@ ‘rcees. ac.cn
http : //www. hjkx. ac. cn http://www. hjlex. ac. en
H KR 44 3 " " m Published by Science Press
It B A AR 7 16 = 16 Donghuangchenggen North Street,
WS . 100717 Beijing 100717, China
ED Rl 34T dtaiR B R ARG RS R Printed by Beijing Baochang Color Printing Co., Ltd.
% 1T 4 4 & K i Distributed by Science Press
35 .010-64017032 Tel :010-64017032
E-mail ; journal @ mail. sciencep. com E-mail ; journal@ mail. sciencep. com
iT 1 & 2ELHARER)S Domestic All Local Post Offices in China
EShE&IT  HE EPRE A S E R RA T Foreign China International Book Trading Corporation ( Guoji
(b5t 399 f54) Shudian) ,P. 0. Box 399, Beijing 100044 , China
— ISSN  0250-3301 s
mEHS ERERLE RS 2-821
RERENS: O Tioi805/X = ISSN 0250-3301
B A E fir: 140.00 T ES&EITRS: M 205 01>

BRSNS FET

9H

7702507330172




	页面提取自－环境科学
	页面提取自－环境科学201701电子书
	页面提取自－环境科学201子书


