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Distribution Characteristics and Pollution Status of Phthalate Esters in the

Groundwater of Hutuo River Pluvial Fan
CHANG Sheng'*, ZHAO Xing-ru'*, LIU Yan'*", GENG Meng-jiao'*, , QIAO Xiao-cui'"

(1. State Environmental Protection Key Laboratory of Drinking Water Source Protection, Chinese Research Academy of Environmental
Sciences, Beijing 100012, China; 2. State Key Laboratory of Environmental Criteria and Risk Assessment, Chinese Research
Academy of Environmental Sciences, Beijing 100012, China)

Abstract: A total of 51 groundwater samples were collected from Hutuo River Pluvial Fan in September, 2014, and 6 phthalate esters
(PAEs) were analyzed by gas chromatography-mass spectrometry. The distribution characteristics and health risk assessment were
investigated in the present study. The results showed that the PAEs could not be detected in only one sample site. The concentration of
the six total PAEs ranged between not detectable and 28 873. 1 ng-L ™', and the PAEs pollution level of the this research area was
higher than other regions reported in China. There was obvious difference in the characteristics of space distribution of PAEs constitutes
among the three groundwater units. The concentration of PAEs was sequenced from large to small as follows: Gangnan reservoir valley
fracture pore water unit (Gl ) > the pore water unit of the top of Hutuo River Pluvial fan ( G2) > the shallow pore water unit of the
middle part of Hutuo River Pluvial fan (G3). The results showed that the DMP was dominant in 23 sample sites among all the 39
samples within the G2 and G3 groundwater units, while the concentration of PAEs was relatively higher in the other sample points and
the DEHP, DBP were the predominant components, which should be attributed to the industrial point pollution or the pollution
originated from surface runoff around the sample sites. The health risk of drinking groundwater polluted by PAEs in the study area was
evaluated by the recommended method by US EPA. The non-cancer risk index and the cancer risk index was lower than 1. 1 x 10 % and
1.2 x10 7%, respectively, which was both lower than the risk level recommended by US EPA.

Key words : phthalate esters (PAEs) ; Hutuo River; groundwater; pollution distribution; risk assessment
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Fig. 1 Locations of sampling points and the three subdivided elements in the study field
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1). M PAEs & 2070 WP YMERE, K itk iy 6 F
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DBP . DEHP , DMP £ H ¥ B 1 [l K, 4351 Ay nd ~

%1 PAE 2 HER" /ng L'

Table 1  PAEs concentration in the groundwater of the study field/ng-1,~!

PAEs 214} R E f/ME SCON|I I fE SEEC
DMP 94.1 nd 1692.2 171.6 40.3
DEP 84.3 nd 142.1 10.9 4.1
DBP 96. 1 nd 24 579.0 2549.9 26.6
BBP 0 nd nd nd nd

DEHP 78.4 nd 2901.2 388.5 28.4
DOP 58.8 nd 89.7 6.3 0.2
ZPAES 100.0 0.2 28873.1 3127.3 181.2

1)nd FoRRA s, TR
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Fig. 2 Mass fraction of different components of PAEs at each sampling site

2.2 PAEs /3 AifHfE

Gl BTl TR . B R EOR 15
YW 5y 25 b 3B U iE A M KI5 e IR B, 1 X
G2, G3 ML & , b F /KR K, BdE REUDN, 15
Yo oy W+ A DL L, (5 45 b R 7K 32 PAESs
HYESR. W GL ot 6 M RfL(GL-1, G1-3,
G1-7 &£ G1-9, GI-11)HJ > PAEs WEH#EIE T 20
pg- L7, G2, G3 Byt > PAEs A KM E 4
514 846.0 ng-L~", 555.6 ng-L™', RiLF pg-L~!
AKF(F3). A3 AN R/K#IE > PAEs 454
O3 -0 B R R B /KT R B (£ 2) , 61 B
JCHL K > PAEs 153 kP fe i, HOF- Bk
12512.3 ng-L™', 1fii G2, G3 HiJC > PAEs fyF-
e/ 94 4 280. 0 ng-L~" | 187.2 ng-L~" 1 HAE

3 AN F/KHTE T, G1 BAITHL T /K PAESs 4521 4%
B FE AT i T G2, G3 Hion (3R 2). {HARTE
B AR 3 M K BAIE > PAEs R A TS Yok
JERIH G1 > G2 > G3, fHAA s i K- 25 57
BR, U GI-1, Gl-4 g > PAEs ¥ JE 7 500
ng- L~ 247, AMUE/D T RS G ot G1-5 s
> PAEs f¥¢EE (27 403.3 ng-L™") , i /N T G2 #
JCHE AN G2- 12 % £ {7 > PAEs F9 # B (900
ng-L™"). A3HTIAR XSRS G1-5 s A0z PRI 3T v
el A Al Bl X 1 52 3 Tl HE TS 45 3 T 7K
1595 G2-12 mifilfifcf Z 537585, i G1-1. Gl-
4 SRR XS R A L A2 B T3 SN, e
DA PAEs WRERAK. DL 25 SR UL R0 X H R 7K
Hh PAESs ¥ JBE 70 Al AN AN 52 7K SCHE B 26 4 52
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R2 3/MHT/KEITTH 6 Fi PAEs e HER" /ng- L'
Table 2 Space distribution of the 6 PAEs in the three groundwater units/ng-1L "'
L] 78 75 2 I 75 24 PETE T b R 3 T VETEIRT o BB B
A FLBK HIE(G1) LK IE (G2) LB HIE(G3)
il i i i B i il B i
DMP 0.9~1692.2 582.3 518.5 nd ~293.3 52.6 29.3 nd ~131.3 35.6 31.3
DEP nd ~142. 1 17.7 4.6 nd ~46.3 10. 4 4.4 nd ~33.9 6.8 3.2
DBP 26.6 ~24579.0 10623.9 8952.2 nd ~530.0 68.3 9.3 0.3 ~263.6 62.2 9.1
BBP nd —b — nd — — nd — —
DEHP 28.4 ~2901.2 1262.6 1267.3 nd ~922.3 148. 4 1.8 nd ~314.2 82.2 6.7
DOP 0.2~89.7 25.8 4.7 nd~1.2 0.3 0.0 nd~3.1 0.5 0.1
ZPAES 57.1~28873.1 12512.3 10651.6 0.2~1094.5 280.0 119.3 6.5 ~555.6 187.2 68.0
1) “—" FR A Kb
=2 \ 2K RS y A Bk
WZ ANKTIES (TR, R, WRBiE i o e ——
WA iRz, IF BT 3 b 32 AL BN DBP ESIDEP  mEE DMP
. . 25000 |
K3 BT 3 MR KFITH PAEs 45415011
WHDK P, L3 AT e 5] i B
PAEs MR FE K-l B R A AR 6 o & 22 5% :
. N o 500
16 G1 2A5Eeh Kol i PAEs 1 DBP. DEHP 4 kb5 e
1 000
1, HON DMP, PAEs 4% 2H 43 (1) 259k BE 2 il K ) "
/NHEFK YR 7 . DBP > DEHP > DMP > DOP > DEP > ;
BBP(#2). M 3(a)Al L, ,C1-3, G1-7 & G1-9, 258553868235 4
Gl-11 sifi > PAEs ¥JEHFH, /it T19998.4 ~ 1 000
900
28 873. 1 ng-L~'[d], H DBP 43 b (i 4 X 34 1 2 =
FIE 3 (a) 1,1 G1-10 4% > PAEs W EEf/IN, X T :g‘;
HF57.1 ng-L~". SrHTIA X EH T G HotH Tk é 500
HIRIR (13 ~15 m) BB REOK, ) 2 WERRT | 15 400
IR . BB ISR PTEL A0 G1-9. G111 .
B2 AL B B ALY L 1L AN R 100
G1-5 i Ff e Aoy 42 A Tk bel IX (R0l A6 T, &0l ¢
HEAR . AOIIE R LA D) N A2 2 Tk HES
M T KI5 Y s G1-3 . G1-12 TP 43 59 5 40 14 o
I | B VR, 52 M R KA ) 5 AR R VG 00
YW 2z HE AT 7K (5483 X 3l T oK 32 215 T, 40
Yo FEPAEs &SRR Tk AR 7= i s R : o
DBP 5 M. 41 G1-3 Al G1-11 M A1 R /K HYR .
/N9 m A5 m) ) 2 L FRAT AR KI5 42, R T
s 100
P kb > PAEs Il DBP ¥ B i [ K 3
0

(a) 1.

76 G2 HLIGHY 22 /S RAE A7 HT, DEHP FF- 3
WP, o 148.4 ng- 171, HYy DBP, 4 68.3
ng-L™' (%2). 5 Gl FITHIIL, G2 H.70 PAEs &
TRISYK TR (P =0) AUH 8 540 > PAEs ¥
BT T 200 ng-L™' [ 3(b) ], HFE G3-9 fifi

R R EEEEEEEEE

B EHMEEEDEEE M b hohochoehoh o
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B3 3 M TRKBTERERM PAEs EATHNIE
Fig. 3  Concentration of the six components of PAEs for

each sampling site in the three groundwater units
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1 G2-12 gifs; DEHP V3 95 (922. 3 ng-L™') , G2-
8 M7 DBP e 5 (530.0 ng-L™"). ARHEI5 YL 5
A ZE R K G2-12, G2-8 ANiMF LA £ % %
P (SR TR RE SR . R T =Tk & TR A
AR EEE =Mi4, B B IRTFRHY)
LI Z R Tl Al (f 7 KA A FRA A
WAL= TAHARA A, IEE B immik) . B
AR ), G2-19 , G2-22 43 Silif i A 87 il
25 b e W TR A BR A FLL B E
B8, LRl AE A 7= 0 S B s HE PAESs, 02 iR
SAEHL R K PAEs (Y 2LV YOk . HAEER
B TE G2 Byt G2-3, G2-16 & G2-18 5 i fiiic
BUE YR N2 M T KR K, PAEs S K A
B 2 A MU B, b R 7K PAEs 75 4%, 39
RAEF] 100 ng-L-' [ 3(b) .

163 AN K BATTH G3 BATT A M R K M IR A
KUK, + 580805 R/, N KRG 85 g
PRI G3 BGHL F /K > PAEs W BAL (P =
0.001). G3 BAJLHY 17 A5, A 5 A sif
PAEs ¥k & #8133 200 ng-[f1 , R Z 5L PAEs ¥
AL L ng- L' [ 3(e) ]. 2 0]
W ,G3 BT > PAEs KN 187.2 ng-L™",
Hr DEHP, DBP ¥k i 53 5 4 82.2 ng-L~",
62.2 ng-L™" (R 2). MRHETSYLIRAY 30 FHIE XA
ST 5 YA . G0 G3-7 JS A I S5 58 i v i
Aol A FRAF A ZREVEH LTS KA G3-
16 BABH R LN 2583, 274 Bid 3 A~ ¥J0 PAEs
(R EE K, AT & B G1 Soc R R /KRR e/ | 5
7 R BRK, HAZ b AR AN Tl s R Y5 e 5% 1
K, H MRk PAE ¥R BE K 45 4140 10 °F- 35 5 = i
i, HUCh G2 FAIT; G3 HIT M R /KRR 235

FEUN, H PAEs B Hb 242 508 AT (19 7] GE A
XTEIN, BT LA G3 Bt T /K PAEs 15 Y 7K F 1
§9. {H G2, G3 Myl 7K PAEs 1544k P32 8 A2
TSR R K, MR AF 5T DX 75 Y TR B 43 A I L, G2
FG3 BATTAF AT 7 AN 5 A iAo R 32 31 J& i s R
SRR 1 N K Z 8] T PAEs 154, H¥L
DEHP ., DEP & .
2.3 HHABBFE XI5 YK g
A ) SOk, & G F IR E b R K T PAES
(IRFFEIRIE # /0, B T 2009 ~ 2012 4F[d], Liu &M
XF4sE 18 MR KA H K L PAEs HEAT T 4
PRI S, FLA I Ay /N G 3 3k T S 40 DXk g o A
WFSE, WBRVL =M (AR5E, Bl | WEW Bl (7L
5) L KIT(RI) |, X S (£ 3). 45BN,
iRk PAEs B E 22413 DBP, DEHP, [ 4
iR 7K PAEs 15 YL A 8 A9 IX 3 2 ZEAE h ek =401 .
WEW IR (2 3). 5 H AT 78 XA He, A BiF 5% X
PAEs H975 e 7K 4b F 4 0 ™ H A K, > PAEs
IR SN T ZR5E X (11 080 ng-L~") ' Fifi
W BV R R B M R K PAEs #k JE (12245
ng-L~") " HAHEE KK H B9k D PAEs W JE
(28 774 ng- L") H5iTHn5E BsAE (= & X LR K (175
YurK (23 272 ng-L~") A4 3 BB SE X R
K PAEs 975 Ye [al W Y51 B E M. T
Liu 2504 BORF28 1 2 4 bR 7K A 7K 8 4 T i 7y
JEAE , PRI b B X 2 T K IR B X AN B s B 4, L
T Z V5N I Liv SEHEE AT B0 IR | 1L
AT MRV M T K PAEs MR EE AN JE DAY Sz
DA Jidsit 7K PAEs V552K F. st 3 E L T K
1 PAEs V5 4 SMATKE  E RS IR, DIER 2
FERBBCE , A B S P PRI S Ry

=3 it 7k i PAEs i5 7k ERILE B /ng- L~

Table 3 Comparison of the PAEs pollution levels of groundwater in China in literature/ng-1~"

WX > PAEs ¥ Ji FHIE FE A SRk
TR 3t 35 —b 2260% DEHP, DBP [14]
SURTIN/T8:1 — 763 DBP, DEHP [14]
I — 1030 DBP, DEHP [14]
KT — 1 000 DEHP ., DBP [14]
ERVL =N (AR58) nd ~33 800 11080 DBP . DEHP [15]
HEPT I (AR ) 3122 ~23272 12245 DEHP, DBP [16]
PUL, KAL) 72.9 ~1485 719.9 DBP, DEHP [17]
BRVL = FH 6 LL AR b R oK nd ~7 600 1750 DEHP, DBP [18]
U 90 ~ 10 000 — DEHP ., DBP [19]
TEMIN S MR 1087 ~7 506 — DEHP, DBP, DEP, DMP [20]
KA CITBFJ5) 80 ~ 1882 — DBP., DEHP [21]
PEIEI R (A K E) nd ~28 774 3127 DEHP, DBP NI

1) “—" FORBARTCEE AT ; 2) BARMRIE Sk b & 5 iR Bl 15k
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2.4 fHFEXSITEH

AWFFER ] US EPA HETE (1 {d e KUBS PFAN A5
D A TR A 2R 32 15 Y R KK A4
AL B 2098 XU (incremental lifetime cancer risk
ILCR) A3k 35098 XU (not cancer risk ,NCR).

p; x U x EF x ED x SF,
ILCR = > W AT (1)

K, p, WAEEY i 75 YW, mg-L™"; U NH
TROH &, B 1.85 LI® EF 5 8 5%, B 365
d-a”™'; ED RREEAER B 70 a; AT R V342 850
], B 70 a; SF, HAFEYT @ 380 TROK & 2 1 B0
AH kg-d-mg ™" AT A AR FH Ay, B25 550 d;
BW PR B 64. 3 kg ™.

p; x U EF x ED (2)
BW x AT x PID,

A p, WETEYT TR mg- L7 U NH
RO, B 1. 85 Ly EF S ZR @R B 365 d-a™';
ED SHZEEEAERT B 70 a; AT -V Y2850 ] H 70
a; BW N FHIATE L 64.3 kg; RID, A Y H i

NCR =

%55 kg-d-mg ™.

R AR T R B DMP A AR G T B8
SR, BBP TERF ST X AAG Y IRANTEAN . Hifth
4 F PAEs 4 43 () RBP4 2 502 % US EPA ik
H'?* . DEP, DBP, DEHP . DOP f¥2: 3% 5 & 43 5 K
0.8,.0.1,0.02,0.02kg-d-mg™~" ,DEHP, DOP A%
JERPRIN T4 0. 014 kg-d-mg_l.

fat B U PP 45 2R 7 (3R 4) |, iiF 58 IX AR IR
%2 PAEs 15 b /K (1) A A B0 AU 48 250 A
7.6 x1077 ~ 1.1 x 10 7%, ¥Jam/NF 1, o] LLZ WS, fifF
8 XK 3% PAEs ¥5 4% 1T /K B R B0 KU H5 501
FIM nd ~1.2 x107°, HH G1 3o K 80 X
e 5 K, LR B0 KU 18 2 - 2R 5.2 x
1077 ,/NT US EPA HEFE 17T 45257 1) 7K (10 ° ~
10 7*) R B 4 5 B 57 2% B3 2 (ICRP) HEF4 1
KAf 352 KU K- (5.0 x 10 ) P {H G1-2 S
SO RS FEECR 1.2 x 10 7, BLAG W AE 30 XS
NS5 REM. G2, G3 HLIT I B BUE KU 45 B
i, ¥1/NF US EPA HEFE A AT $252 K-

4 k¥ PAEs BB XU 0 B AR B KU HE 8

Table 4  Cancer risk index and noncancerous risk index of PAEs in the three groundwater units

WA B _ JEUEAS _____ _ AR B0 XU _____
I K TR AT BlEREE XK SR ENEE A
Gl o5 5.0x1073 ~1.1x107%2  4.9x1073 G1-3 1.2x107 ~1.2x107°%  5.2x1077 G1-3
G2 o5 7.6x107° ~1.4x107%  2.3x10°* G2-12 nd~3.7 x1077 6.0x10°8 G2-12
G3 Hit 1.5x1077 ~5.1x10"*  1.4x10°* G3-16 nd~1.3x1077 3.3x10°8 G3-16
5T IX 7.6x107° ~1.1x1072  1.3x1073 G1-3 nd~1.2x107° 1.6 x1077 G1-3
3 &R (4) WX BRI A2 PAEs 15 44 T 7K 1Y 5

(1) BFFEIX 51 A g AL 1A s 0 A A
PAEs, DEHP, DBP £t SR H 4 LB . BF5E X
Ho Rk D PAEs 5K nd ~28 874.2 ng- L', 55

] N AW AIE 5% DX AH B, A7 98 X M 7K o PAESs 15 %%
TV

(2) Gl HJTH M F/K A I, B iE RECK,
DM FRRETGYL. 3 LR K B0 PAEs [°F
P05 Y KT AR SR Iy 1 [R] 7 0] 75 S4B L Btk
JG(GL) > PETEin vt AR B bt IO L BR /K BT (G2)
> PEIBTAT PR i B LB K BT (G3).

(3) 3 PMHEF/KEBAICH | PAEs K 4520 53 2 [
IR E LS. TE G2 G3 Bagridtit 39 At
oA 23 AR K TR PAEs LA DMP 32 T
A S 24 R AT S8 12095 Y U, b R K b PAEs %
1w, BLL DEHP, DBP N .

FEEE XS TEHTEE A 7.6 x 1077 ~1.1 x 1077, 3

/N1, a] DL | s B0 IXURS: 45 B0 Bl nd ~

1.2 x10 7% Hordh G1 BT R 7K B 350 XU 38 5

KAB/NTF U S EPA HEFER T He3Z 17K P (107° -

10 7%) FEFRAR ST B 3712% B2 25 (ICRP) HfE7E ) fe KT

P32 G K (5.0 x 10 ), KU 45870,

B2k

[ 1] Adams W], Biddinger G R, Robillard K A, et al. A summary of
the acute toxicity of 14 phthalate esters to representative aquatic
organisms[ J ]. Environmental Toxicology and Chemistry, 1995,
14(9) . 1569-1574.

[2] Chen HL, Zhuang R S, Yao J, et al. A comparative study on
the impact of phthalate esters on soil microbial activity [ J].
Bulletin of Environmental Contamination and Toxicology, 2013,
91(2): 217-223.

[3] LiuH, Cui KY, Zeng F, et al. Occurrence and distribution of
phthalate esters in riverine sediments from the Pearl River Delta
region, South China[J]. Marine Pollution Bulletin, 2014, 83
(1) 358-365.



3048

woooH

2% 37 %

[4]

[5]

[6]

[10]

[11]

[12]

[13]

Guo X F, Wang L, Wang X D, et al. Occurrence and
environmental risk assessment of PAEs in Weihe River near Xi’an
City, China[ J]. Water Science and Technology, 2013, 67(5) :
948-958.

Gao D W, Li Z, Wen Z D, et al. Occurrence and fate of
phthalate esters in full-scale domestic wastewater treatment plants
and their impact on receiving waters along the Songhua River in
China[ J]. Chemosphere, 2014, 95; 24-32.

Sun J Q, Huang J, Zhang A P, et al. Occurrence of phthalate
esters in sediments in Qiantang River, China and inference with
urbanization and river flow regime [ J]. Journal of Hazardous
Materials, 2013, 248-249 . 142-149.

Lin S, Ku HY, SuP H, et al. Phthalate exposure in pregnant
women and their children in central Taiwan[ J]. Chemosphere,
2011, 82(7) . 947-955.

Dargnat C, Blanchard M, Chevreuil M, et al. Occurrence of
phthalate esters in the Seine River estuary ( France) [ J].
Hydrological Processes, 2009, 23(8) . 1192-1201.

Zeng ¥, Cui K'Y, Xie Z Y, et al. Occurrence of phthalate esters
in water and sediment of urban lakes in a subtropical city,
Guangzhou, South China[ J].
34(3); 372-380.

Zeng F, Wen J X, Cui K Y, et al. Seasonal distribution of

Environment International, 2008 ,

phthalate esters in surface water of the urban lakes in the
subtropical city, Guangzhou, China[J]. Journal of Hazardous
Materials, 2009, 169(1-3) . 719-725.

ZEAN, BRIET, Sharar, AE WAL IR s AT R R
KB RS YRR AT (T ). stBRaE 4, 2014, 35(2) : 169-
176.

WAL, IR, Wi, S EIETRE R R KA P e
RN PR [J]. LR, 2010, (2): 13-19.

ik, SRIETE, L, 4 VRIETT BN R B i N KR
BLGRBIIEL )], TRXBIRSFRE, 2012, 26(8) : 52-56.
Liu X W, Shi J H, Bo T, et al. Occurrence of phthalic acid

[17]

[18]

[19]

[20]

[21]

[22]

esters In source waters: a nationwide survey in China during the
period of 2009-2012[ J]. Environmental Pollution, 2013, 184
262-270.

TKIE, PR, BRAS, 4. ARSEHL T K SBIR B RR R A6 4
EBORIBHRR )], BB H5PA, 2011, 33(8) : 57-61.
W, VPEKEE, AP, AF. TLOREE T KR TR
BRI AR 5 B TR [T, E EREE W, 2013, 29(4) .
5-10.

TR, RE, e, S BRIUTT LR K BKIER R TS Y A
WESARBRAH ] FHEBZESHA, 2009, 32(10) : 18-
123.

B, PR, BRAS, A O LR ES M N KRR e 4 A
AR AT [T]. Il K224 ( B AR R R | 2008,
47(6) ; 70-75.

WS REMR, XIeB;, S5, FUHEM X T K P A P
W[ T]. EERMFFH, 1986, 6(3) : 293-305.

¥, MG, ke, . T EHK UK 4 FhEROR
MRBRTE Y BURISE (1], FRESHERERT, 2010, 27(11)
984-986.

Zhang D, Liu H, Liang Y, et al. Distribution of phthalate esters
in the groundwater of Jianghan plain, Hubei, China [ J].
Frontiers of Earth Science in China, 2009, 3(1): 73-79.

U.S. Guidelines  for

Risk

Environmental ~ Protection ~ Agency.

carcinogen risk assessment [ R ]. Washington DC;
Assessment Forum, 2005.

WG, PEARES TN OEASE) [M]. dbat.
I FR SRR A, 2013,

U. S. Environmental Protection Agency. Guidelines for exposure
assessment [ R ]. Washington DC; Risk Assessment Forum,
1992. 4-5.

U.S. Environmental Protection Agency. 2004 Edition of the
drinking water standards and health advisories[ R]. Washington
DC: Office of Water U. S. Environmental Protection Agency,
2004. 1-2.



HUANJING KEXUE Vol.37  No.8

Environmental Science ( monthly) Aug. 15, 2016

CONTENTS

Spatiotemporal Distribution and Source Attribution of SOA in China +eessereeseseserersnssimeniniiii CHEN Zhuo,LIU Jun-feng, TAO Wei, et al. (2815)
Emission Inventory of Heavy Metals in Fine Particles Emitted from Residential Coal Burning in China = +«seseesrereerseesenenenseneniens LIU Hai-biao, KONG Shao-fei, WANG Wei, et al. (2823)
Diurnal Variation of PM, 5 Mass Concentration in Beijing and Influence of Meteorological Factors Based on Long Term Date MIAO Lei, LIAO Xiao-nong, WANG Ying-chun (2836)
Characteristics of Ozone Background Concentration in Beijing from 2004 to 2015 «w+sesseesesssssrsemenmmssinsnnintnsnnsinieniens CHENG Nian-liang, LI Yun-ting, ZHANG Da-wei, et al. (2847)
Online Sources about Atmospheric Fine Particles During the 70th Anniversary of Victory Parade in Shijiazhuang «+«+«++ssessesseesesenenneenennes ZHOU Jing-bo, LI Zhi-guo, LU Na, et al. (2855)
Pollution Characteristics of Inorganic Water-soluble lons in Atmospheric Particulate Matter in Chengdu Plain «+vseseveeessesvssseneneininnenns JIANG Yan, HE Guang-yan, LUO Bin, et al. (2863)
Observation Analysis on the Characteristics of Meteorological Elements and Pollutants During a Continuous Fog and Haze Episode in Spring in Jiaxing City «+eseeseereereesesenensenenieniennens
..................................................................................................................................................................... SHEN Li-juan, WANG Hong-lei, L1 Li, et al. (2871

ZHANG Zong-wei, HU Gong-ren, YU Rui-lian, et al. (2881
LI Xiao-yan, WANG Lang, ZHANG Shu-ting (2889

Characteristics and Source Apportionment of Metals in the Dustfall of Quanzhou City

Level and the Courses of Heavy Metals and Its Risk Assessment in Indoor Dust of City: Take Guiyang as a Case

Chemical Characteristics and Source of Acid Precipitation in Guilin = ««s«+sssessesserseessemennensstnensss it GUO Ya-si, YU Shi, LI Yong-shan, et al. (2897
Assessment of Gaseous Nitrogen (NH; and N,0) Mitigation After the Application of a Range of New Nitrogen Fertilizers in Summer Maize Cultivation «+++++wsseesrerersnserennensnsscnennnnens
FAN Hui, JIANG Shan-shan, WEI Ying, et al. (2906 )
Soil €O,,CH, and N,0 Fluxes from Alpine Meadows on the Plateau of Southern Qinghai Province During Snow Cover Period and Growing Seasons  ++++++++++++ WU Jian-guo, ZHOU Qiao-fu (2914 )
Partial Pressure of Carhon Dioxide and Methane from Autumn to Winter in Xiangxi Bay of the Three Gorges Reservoir = ++eteeeeseeseeeeees ZHANG Jun-wei, LEI Dan, XIAO Shang-bin, et al. (2924)
Potential Impacts of Climate Change on Phosphorus and DO in Yuqiao Reservoir — +«sseseerserseeseneneninmniensninininsii ZHANG Chen, LIU Han-an, GAO Xue-ping, et al. (2932
Land Use Structure Change and Its Control Effect of Nitrogen Output in a Small Watershed of Three Gorges Reservoir Area; A Case Study of Lanlingxi Watershed ««+«+eseerseeenereseneees
.................................................................................................................................................................. WU Dong, HUANG Zhi-lin, XIAO Wen-fa, et al. (2940)
Response of Inflow Water Quality to Land Use Pattern in Northern Watershed of Lake Erhai «+«+esesseeeeerserensinsenienninncnennnnns XIANG Song,PANG Yan,CHU Zhao-sheng, et al. (2947)
Effect of Nutrient Cycles in Tributaries on the Transport of Nutrient in the Three Gorge Reservoirs; A Case Study of Caotang River WANG Xiao-tong, LUO Guang-fu,CAO Man, et al. (2957)
Transient Storage Characteristics of Artificial Pool Geomorphic Structure in an Agricultural Headwater Stream —+++++sesesresreereenerenneneeens LI Ru-zhong, HUANG Qing-fei, QIAN Jing, et al. (2964 )
Distribution Characteristics of Solute Nitrogen in the Water-Sediment of Farmland Drainage Ditch «+«+seseereereeeserenennienienenniincnens LI Qiang-kun, HU Ya-wei,SONG Chang-ji, et al. )
Characteristics and Influencing Factors of Soil Microbial Biomass Carbon and Nitrogen in Drawdown Area in the Three Gorges Reservoir
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" CHAI Xue-si, LEI Li-guo, JIANG Chang-sheng, et al. (2979)
Response Behaviors of Heavy Metals at Tidal Currents Interface and Salinity Interface in the Estuary Area «+«sseseeseeeserenennicnicnenennes LIU Jing, ZHENG Bing-hui, LIU Lu-san, et al. (2989)
Simulation of Multimedia Transfer and Fate of Perfluorooctane Sulfonate (PFOS) in Shenzhen Region «:«+ssssessesseseressenmsiensnsnninncnennenes CUI Xiao-yu, ZHANG Hong, LUO Ji, et al. (3001)
Distribution Characteristics and Ecological Risk Assessment of Organochlorine Pesticides in Surface Sediments of Zhelin Bay in Guangdong Province, China «+:«+ssssessereererenensenenenennenens
............................................................................................................................................................ WEI Ya-ning, PAN Jia-chuan, SONG Yu-mei, et al. (3007)
Spatial Distribution Characteristics and Source Analysis of Dissolved Organic Matter in Beiyun River ««eeeressesresresseesenneneees CHEN Yong-juan, HU Wei-xuan, PANG Shu-jiang, et al. (3017)
Distribution and Environmental Significances of Radionuclides in the Sediment of the Changyi Coastal Wetland - WANG Qi-dong,SONG Jin-ming, LI Xue-gang et al. (3026)
Fecal Contamination in Laolongdong Underground River as Measured by the Sterol Biomarkers «+«+«sseseereeeresenenseinienensininennnns LIAO Yu, SUN Yu-chuan, WANG Zun-bo, et al. (3034 )
Distribution Characteristics and Pollution Status of Phthalate Esters in the Groundwater of Hutuo River Pluvial Fan ««+sveeseveeseesseeninnns CHANG Sheng, ZHAO Xing-ru, LIU Yan, et al. (3041)
Impacts of Land Use on the Source of Dissolved Fatty Acids in Epikarst Spring During Rainy Season «-«+:+sstseesreseserensesnenenennenne ZHANG Mei,SUN Yu-chuan, XIE Zheng-lan, et al. (3049)
Mechanisms of Phosphorus Removal by Modified Zeolites Substrates Coated with Zn-LDHs in Laboratory-scale Vertical-flow Constructed Wetlands ««+:++xsseereeeseserensenemenensniniinennn
......................................................................................................................................................... ZHANG Xiang-ling, HUANG Hua-ling, GUO Lu, et al. (3058)
Synergistic Enhancement on Oxidation of Phenol by Fenton Processes by Adding Ce® * and Cu® * Tons ++eveereerersersemsememsennnnns ZHANG Jian-qiao, CHI Hui-zhong, SONG Yang, et al. (3067)
Removal of Humic Acid from Water Using Pt/biochar Electrode Reactor =««-se-seeesesresenssemenensininciiiniiinenen DING Wen-chuan, XIANG Xing-guang, ZENG Xiao-lan, et al. (3073)
Generation of Graphene-titanium Dioxide Nanotubes Catalytic Board and Its Photocatalysis Capability to Degrade Pentachlorophenol ««+:++seseeseeseseeeess XU Qi,ZHOU Ze-yu, WANG Hong-tao (3079)
Photocatalytic Degradation Kinetics and Mechanism of Monoazo Dye Acid Yellow 17 by UV/TiO, in Aqueous Solution »«+:+sesseseeseeseeeneees YANG Hai, WEI Hong-qin, HU Le-tian, et al. (3086)
Feasibility of Sulfur-hased Autotrophic Denitrification of Photovoltaic Wastewater Containing High Fluorine ++« MA Hang, ZHU Qiang, ZHU Liang, et al. (3094 )
Operation Performance of a Bioaugmented Membrane-aerated Biofilm Reactor Treating Atrazine Wastewater LIU Chun,YU Chang-fu, ZHANG Jing,et al. (3101)
Nitrogen Removal of Municipal Wastewater by ANAMMOX Coupled Shortcut Nitrification in Anaerobic Baffled Reactor «+-w++sseseeereeees WU Peng, ZHANG Shi-ying, SONG Yin-ling, et al. (3108)
Simultaneous Ferric Reduction with Ammonia Oxidation Phenomena in Activated Sludge in Anaerobic Environment «+:t-seoveeseessesnesneesenns LI Xiang, LIN Xing, YANG Peng-bing, et al. (3114)
Rapid Start-up of One-stage Autotrophic Nitrogen Removal Process in EGSB Reactor for Wastewater with Low Concentration of Ammonia +++++++++ GU Shu-jun, FANG Fang, LI Kai, et al. (3120)
Phosphorus Removal Performance in EBPR System under Extra-low Dissolved Oxygen Condition ~«++«+esssesessessessssenenenmnenensnencneenene MA Juan,SONG Lu, YU Xiao-jun, et al. (3128)
Influence of Activated Sludge Surface Properties on Flocculating Settling and Effluent Suspend Solid ++= HE Zhi-jiang, ZHAO Yuan, ZHANG Yuan-kai, et al. (3135)
Spatial Characteristics and Environmental Risk of Heavy Metals in Typical Gold Mining Area of Shandong Province =« WANG Fei, WU Quan-yuan, LU Jian-shu, et al. (3144)
Spatial Variation of Soil Heavy Metals in an E-waste Dismantling Area and Their Distribution Characteristics «++++++++++++ ZHAO Ke-li, FU Wei-jun, YE Zheng-qian, et al. (3151)
Selenate Adsorption and Desorption in 18 Kinds of Chinese Soil with Their Physicochemical Properties = «+«+x+tsereseesessesssicinsiiiinnns FENG Pu-yang, LI Zhe,ZHE Yu-yun,et al. (3160)
Adsorption Characteristics of Arsenite on Goethite by Flow Stirring Method ~«++x+sveeveseseseesvessimseneneinnne e LI Xin, YANG Jun,RAQ Wei,et al. (3169)

Preparation of Poly-hydroxy-aluminum Pillared Diatomite and Characteristics of Cu®*, Zn®* Adsorption on the Pillar in Aqueous Solutions ++++++++evseersemssmmeimsmmisimsnininiscnee
--------------------------------------------------------------------------------------------------------------------------------------------------------------------- ZHU Jian’ LEI Ming_jingY ‘X'ANG Pirlg, el al' <
WANG Wen-dong, LIU Hui, ZHANG Yin-ting, et al. (
Preparation of Nanocomposite Hydrogel and Its Adsorption of Heavy Metal Tons ZHU Qian, LI Zheng-kui, ZHANG Yi-pin, et al. (
Prediction of PAHs Bioavailability in Spiked Soil by Composite Extraction with Hydroxypropyl-B-cyclodextrin and Rhamnolipid *+* ZHANG Ya-nan, YANG Xing-lun, BIAN Yong-rong, et al. (3201
(
(
(
(

Preparation and NH," -N Removal Performance of a Novel Filter Substrate Made from Sludges

Biological Effects of Zn0O Nanoparticles as Influenced by Arbuscular Mycorrhizal Inoculation and Phosphorus Fertilization «++++«+++seseee JING Xin-in, SU Zhi-zhong, XING Hong-en, et al.

-+ WANG Xiao-nan, YAN Zhen-guang, YU Ruo-zhen, et al.
LIN Wen-fang, CHEN Sheng, WAN Kun, et al.
Effect of Different Nitrogen Rates on the Nitrification Potential and Abundance of Ammonia-oxidizer in Intercropping Maize Soils =~ «++++++++ LU Yu, ZHOU Long, LONG Guang-giang, et al.

Difference of Species Sensitivities for Aquatic Life Criteria in China and the USA

Effects of Low-level Nutrition and Trace Antibiotics on the Fitness Cost of Plasmids Bearing Antibiotic Resistance



(CAEMEFEYE 6 BREZERS

£ & BA
BIES: B RE BN

o
%OE. (REREEHT)
THEVL ERE FEIE EZ25 B W B # e
N o Y73k =
FOKE KEE N s w0 RS ARE
A BEAE 2 AR R I BkE B &
Wt NG 3] 3 s
WO B R W N W W B
-
w o a3 ENVIRONMENTAL SCIENCE
( H};J'AJ‘NJINC;: KE)ﬁ(JUJE) (Monthly Started in 1976)
(HT 1976 4F- 8 1))
0164E8 B 15 H #37% s Vol.37 No.8 Aug. 15, 2016
e Eaf ) Superintended by Chinese Academy of Sciences
f & b
* 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
. BAREAE) G E RS E:llf:();-in o b ilI;IAEd"Itinic?iB d of Envi tal Sci (HUANJING
. e s s . ite y e Editorial Board of Environmental Science >
JEHTTT 2871 FA (HFE X B It
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
BN R 23T dvsdbAkenil)— Printed by Beijing Bei Lin Printing House
% 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 M A 4 Hb I ER, R Domestic All Local Post Offices in China
o}
EShE&IT  HE EPRE A S E R RA T Foreign China International Book Trading Corporation ( Guoji

(L5t 399 f546)

Shudian) ,P. O. Box 399, Beijing 100044 , China

ERRATIS
B E N

ISSN 0250-3301 o

= ) B:2-
CN 11.1895/X ERBEZNKS: 2-821
120. 00 J© ES&EITRS: M 205

BRSNS FET





