ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)
ENVIRONMENTAL SCIENCE

i
U
.
I

2013

RERFERESISHEHSR RO EH
4 4 & K B U




W % B 3 W34 % 4

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2013 4E 4 H 15 H

H &
fﬁmﬁmﬁﬁ*’“%*ﬂ({ﬁI‘éjﬁﬂihﬁﬁi)ﬂ”fﬁ% ............................................. —H_élil}f /MﬁFF' iﬂﬂ %—Kéﬂu THE ( 1225)
hﬁﬁﬁlﬂ PM EP7KF@?%¥{ZEF¢TTF§}$E ............................................................ ;\Eﬁg Egﬁﬁﬂ /th\"T" ;J/i\( 1232)
jl:E'Eﬂé%ime(’“ﬂwk{ﬁféh&ﬁ‘*ﬂléﬁﬁﬁﬁ ------------------------------------------ HIhR T A E, R E(1236)
GHNTH PM, AL AT I ZS AN ARAE «eeeerervrrrreeeessmmmmnneeeenannnne. ZH Tk, B, LHE B, ¥ Eh(1245)
HONIRTT BRI 5B B S BIFEAERIIE e BAEN,EEHK FRE,BHF AW (1252)
Y] 7 S R B 22 J[[i@]:gﬁ_ﬂﬁmﬂz\z*ﬁg/]jtmﬁm&ﬂf éﬁﬁ PP PRI
..................................................................... EF)?,%/%%,%%%,E],;,?Mﬁ,ﬁf%ﬁ,’%%,??,?&?(1258)
ST TS YRR B R HE AR BT +vvvvereeeeneenens BXH,I4W WAE,FE, RM, K ER, B F(1264)
TR K - mﬁ[ﬁ{ﬁgmﬁgl_iaﬂ‘ﬂfh;%{w Efﬂﬂl%ﬁﬂ‘ﬁ LTS TE NI TIPS PR
............................................................... X AT R AR, EF Y, LA kL, HAEE(1270)
255 FHOE TP AT B T AKTRHEIG R wvoovvvnenescn o B A IR R B A (1277)
%ﬂi ArcSWA'I: *Eﬁ:ﬂ’]k/q:(lmlﬁjﬁlf"ﬁﬁﬂ%ﬁ?&%iﬂ%”*ﬂﬁ*ﬁ ....................................... AECE, I T, B E(1284)
@iﬁiﬁiﬂﬂﬁ‘{ﬁm%m%%g&ﬁ@%ﬁﬂbﬁ?ﬂﬁt ............................................................ =&, , 2t B , x| T E (1291 )
?E?{ﬁiﬁiﬂjii%‘?ﬂ%ﬁﬁﬁéﬁ}ﬂﬂﬁ‘(’#EIJ%U" ...................................................................................................
e e R, W F LR E EARE, FRE A, BEAE, THE, W, BE AR TRA, EE2MW(1298)
;MJEIZ‘{R%R%E(X%WE‘J@é*%ﬁﬁlﬁ%ﬁ% ----------- FRE, %Jrﬁfc Eﬂi%,]ﬂ’ w REH, 5, L, ER(1308)
VAR AR B UAL  3) IT BT R SRR 25 o < i 1) A1 BT JoARDL - SRR RS B AR BT T K EL % E(1315)
/ﬁj\{ﬁj[]%Eyﬁfﬂ%EPE%EE{J%%&&};}M%%C%‘?F ............................................................ b, KA, E2R(1324)
UL BT 4 025 [ S0 A A B A A SRR oo eonseeenenens oA R, KT AE, K E 4T (1333)
VT L TRZVR JE T 4 AR ASIXUBRETAY «cvveerereeeeeesssersmmmmmsnteeittt ettt et et e et e s e e
--------------------------------------- BT, RAT BREE WA HRR, LG, WED R, TH, K0, 4% (1340)
I [ VM DX RS K b B35 Y T R 5 R L B LA AT oo Bl A A% EE BAW, BT (1345)
T %f@kg TIRIKIEIK T T I A AT WL M R TR R R HLIS - eeeeerrremmmmmmnmmemnnnseeeeeteetrentiiiii e
........................................................................... &k, BEH, TN, Wolok, TR, 24, EA(1351)
3”35’ Tﬁ/ﬁﬂ(ifﬂr*/\ﬁ Eﬁ@ﬁzﬁa(ﬁ 7](5*7_&3:)3%_ ...................................................... };z] ﬁ-ﬁzpﬁ—’y] X ( 1357)
s DMF 5185 Ve Btk M L FR PEZS [H) A0 AT R TERIFIT  ceoreeererrer e
............................................................ # f%ﬁ;g}s"]‘%’f%iﬁ%’yﬁ%%yjﬁ—mé’ B, TR, #42(1363)
LA AL T S B A R AT I A S R e ﬁtl/\ KR, R, X, B R G, TR, R% g, F 4 AT 4% (1369)
Etﬁﬂjﬁ( Crassostrea sp. )ka%k%@rﬂﬁﬁﬁ(g]kup7KB@/;|;£F’J%%$/\ ....................................... ;(|J»§,3,7%D ’i}’gg , %}@}%( 1374)
DRI S B9 AT R0 2P A R R TR -oeooevee oo BEE HER, RES, B R EE B AH(1380)
FRERTELEE AT I R 22 M LAHITITSE veeeereererersemmemmmmmmmmmmnitii ittt ee e R AR, LRIk, FRH(1386)
/w?%%ﬂlﬁ e R B DS BT e K TR T DON FRFFSE «oovvereeeesennenssensennes Aok, R E &, RRE FE T B B E(1392)
I‘i\ﬁérf&{h%%%{kﬂ\% B BIHLEIIFSY v vererrremere FEW, BN, B4, R, REE(1402)
%%{ﬁﬁg/\] v ﬁpgﬁ)}igﬁgﬁqﬂ% .................................................................. U R, E, TEE(1411)
C/N HEXT SR A A PO R ER R BRI EE IR 3T c-cveeveeevmmemmeemineieeieeeens THL,ER IEE, BB, F(1416)
VAR B o B A ) B A I R B — AL — AIRIR AT TE oeeeereeemermemeeeeenieees Bl FmE, 2N, EEF(1421)
A 2 2 I S BRI E I HE - -ooevesoesemsssessssissnisssci ik M E(1428)
ST RSV [T B T 75 7K R R R B A M BT T2 weevverrvmemmmenreeeee ettt PR B A, I (1435)
E 2 S WNE=VE & =0g S =R @ S I BN i 1) BN Pov] P70 X 1 L JAIR, &M, TR A0 A& M (1442)
SR ALK SRR K AR R R LR e WA Dok KHE B, HARE, TofE, FEE, KR (1448)
bR @(50%%‘312&&, ﬁﬂi/ *ﬁﬁ*ﬁ .......................................................................................... P]EHJ%;ZJ: fﬂ'f??ﬁ( 1457)
ﬁlﬁx%/ﬂi mELA%ﬁ}ﬁﬁﬁpﬁ%ﬁﬁmﬁﬂgﬁﬁh ................................................... jjﬂﬁ;ﬂg % %%E,J%Xil, ?E}F( 1464)
FOMA [ LA R RLAR A7 EUBUR G SBR Efﬂﬁ%%u?ﬁﬁm}ﬁﬁ/ﬁimﬂf R RRMIILLEEERRLELE fe e, i, H B A (1472)
[0 [ S U 2 5 b R BB T U I A P BE BRI AL AR IIF T - oo eeeeeemmmmmmmnmmi e e ettt Tk A BRAR ) B E 4 (1479)
%'Jﬁﬁ%ﬁfﬁéﬂiﬂ@ﬁ(ﬁiﬁ&ﬁﬂ?ﬁiﬁ?ﬂE&ﬁiﬁﬁé@iﬁﬁf%ﬁﬁ ----------------- B, 2, TEE, LEA, £AT(1485)
PR AN 7 W7 N A SR S B AL wovveemeeenneenneeeeeenn WL, e, ¥HEM,GEE, KR, PR, Bk(1492)
%m%lﬂ“ﬁﬁﬁfﬁi“/ TSR ISR EVR S AL TN 2R (Y B 25 R - KV, ERG, WE, HE, W, F/AF(1498)
IS NG ok gt R T 114 07 20 B LA B o Eh A S A MR PR K (R R PRI 5T -+ I RE,GEE,EAWL,FER,EKRE (1510)
¢ 8 A P BB AL+ eoev e I PR, LRE, YR KW, MER(I517)
Tl 1R B o 5 2 bl o B A e A e L Alcaligenes sp. S-XJ-1 BRI +oeerereeeenssrmnir
...................... # i&{—;ﬂ ,E%‘}L,?’”p%%,i%%,[‘ﬁ&ﬁﬁﬁ,ﬂ]&(1524)
TR TR RN L T8 R B TR ovvvvveveen T, W, ERE, W, 0 i, B30 (1531 )
QI@?XTFKEW*EIH’J#D%‘J&E@JMK ............................................................... \;‘(; Fhe AN H T EER B A4 (1540)
4 7l NAPLs 1541 —AERDR AR DEEE T ASFRAERITTE - ovevvereeeeeeeeneeneee W, B E A, A, R (1545)
VS IR Z IR RRITE LA AT BRI ovovvereesoesssnssensseninn B, KB, 24K, BT, EMH (1553)
PE RIS ] U RE D AT G TS SRR oovvevooeeesssenennnoes T, IE, R B, 3, KA (1561)
IKFEGE B e R [EI R AR | S8 B 02 v B 4 Be AR iE R R R IR IR LRI
......................................................... ?ﬁ?%’,%i%,%% ‘ ﬁ,g%ﬁi,iﬁkj,%é7k(1568)
SN B8 - S P 0 T B T 43 A - Y TN E A, B KR (1576)
it M & A HLAE X KA £ oS %Zﬁﬂﬁﬂﬁkﬁﬁﬂfﬂm ........................................... P , ﬁ%’(( 1583)
%&%%’Mui%%%ﬁzﬁré %] Cu Pb {5438 LIk IEIES - A, R, KH, T, LR (1590)
A f“T‘L%%'JH%%ﬂZ%XTT SR SRR Ph( I ) SR FE o fqw, B, EHAE(1598)
5 0 R TGO S KRG TV TR BRI 1 ) B LR RBRIF S <-veeee : #A K, EFD,HE(1605)
et 5 R AR S B BB XN R KA A PO R RE -+ vvvvvmrmrrrrerere s, FiRE(1611)
B (LR BRI (LR U B s o 9T R I PR T - CORTH, RRR,EFE, BT, ZBE(1617)
?ﬁ’*”tt%}ﬁ{ﬁ @?ﬁk‘mﬂﬂﬁ*ﬁ}ﬁ ..................................................... X | 4 F ,F}?Z'E,ié}iif@,/l?x( 1623)
ﬂﬁfﬁiﬂkﬁﬂk'ﬁﬁﬁ‘?ﬁﬁﬁﬁ%%&ﬁﬂﬁﬁ%&@ﬁﬁ ..................................................................... F#%E L2(1628)
JEL TS J3IE B 50 BT D LI BE R covvoeorevemmneoee oo L, B F A (2 5], B ALR(1636)
(PMERMEYAETT IR =7 (1283) (AIERLEY AER TR (1332) B.(1350,1509 1582 , 1644) LARAFERTIE A (1523)



Vol. 34 ,No.4

B5 Ny
5534 5 4 W H by : 2
20 0 o i . Apr. ,2013

ENVIRONMENTAL SCIENCE

SEX T ER IS RIER S M A EEKIR

WEARAR , s AR, 25K BN Ea R

(R b B A (BRI ) RBE 2B, BRI 430074)

WE . HAMHEIE-FHEHH (GC/MS) B EA T RIETT /INESHEIX 9 A 865 16 Fi 2 3035)& (PAHs) & & KT H 40 1R
FRAE. Z55RW,/NETS X RZ (0 ~ 10 em) H PAHs P& BB N T RIX < HEX < HHEX < 75X KH4rE
18] - PAHs 2 B + 2R BRI 20 a3 PAHs & AR LR B A KA B AL P AE ML LR 0 ~ 40 e JEFEIN; M3 (4 ~6
FR) PAHs It i SETERE IR 0 ~ 50 em T3P THHE X L HEXT 4 ~ 6 35 PAHs A9 & 4EfE S 3R TS HEIX ; A IRIFREL PAHs 5 TOC
b R IEA KR (r,, =0.791, P=0; r,, =0.882, P=0),5 pH 2 HAMKXLR(r,, = -0.1, P=0.702) ; HiliF 0 ~40
cm YU [ Y 148 PAHs B9 22095 Gl IE A/ N B HRE ; #ABEr™ A2 PAHs W75 g e — R BHEDIRE 2= L3 2Tk
FE KA W B R R R 2 T, B S KR B e ROk

KR . 2GR, flmt; X wEM, BT T EERIE

FESES. X53 XEERIRFG: A XEHS . 0250-3301(2013)04-1553-08

Vertical Distribution and Possible Sources of Polycyclic Aromatic Hydrocarbon

in Sewage Area Soil
YAO Lin-lin, ZHANG Cai-xiang, LI Jia-le, LIAO Xiao-ping, WANG Yan-xin
(School of Environmental Studies, China University of Geosciences, Wuhan 430074, China)

Abstract: Nine profile soil samples were collected from Xiaodian sewage irrigation area, Taiyuan city, China. The concentrations of 16
polycyclic aromatic hydrocarbons ( PAHs) were analyzed by gas chromatography equipped with a mass spectrometry detector ( GC/
MS). The rank order of the average concentrations of PAHs in the 0-10 ¢cm upper soil layer was background area < swamp area <
groundwater irrigation area < sewage irrigation area. The concentrations of PAHs in most profile soils decreased with the increase of
depth, and the PAHs were mainly accumulated in the surface soil layer (0-40 ¢m). 4-6 rings of PAHs were mainly accumulated in the
0-50 cm soil layer, and the accumulation capacity in groundwater-irrigation area was better than that in sewage irrigation area. The
correlation between different rings of PAHs and TOC was positive (r,, =0.791, P=0), and the same situation was found for PAHs

a

=0.882, P=0). The correlation between PAHs and pH was negative (r_. = —0.1, P=0.702). The main source of

min

and sand (r,
PAHs in the surface soil layer (0-40 ¢cm) of study area was coal combustion. There were two pollution ways of PAHs in soil, one was
settled into soil directly, the other was first settled into water and absorbed on the surface of solid particles, and then got enrichment in
soil as irrigation water flew.

Key words : polycyclic aromatic hydrocarbons ( PAHs) ; profile soil; sewage irrigation area; vertical distribution; physicochemical

properties; possible sources
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Fig. 1 Map of sampling sites and the study area
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F1 9 EHEMRLH PAHs IEE" /ng-g ™!
Table 1 Concentrations of PAHs in the surface layer of nine profile soil samples/ng-g "'
PAHs GS-1° GS-2° GS-3¢ GS-4* Gs-5* GS-6° GS-7° GS-8° Gs-9¢ S {E
Nap 49.99 47.09 48.08 58.91 193.18 35.14 121. 64 105.97 68. 04 80. 89
Acy 9.29 7.48 18. 34 4.52 34.16 24. 88 32.18 32.75 7.37 19. 00
Ace 5.67 4.13 20. 33 5.61 68. 87 8. 81 10. 33 43.19 1.23 18. 68
Flo 19. 09 15.70 45.49 14. 40 129. 09 18.34 28.10 89.24 10. 85 41.15
Phe 166.76 140. 98 496. 35 189.73 367. 11 273.01 304. 15 1018.77 130. 12 343.00
Ant 14. 64 13. 19 80. 52 13.31 83.11 40. 49 42.94 157. 60 138. 10 64. 88
Fla 189. 47 190. 61 729. 04 450. 60 343.24 628. 54 419.99 2429. 58 99. 63 608. 97
Pyr 138. 00 138. 05 527. 64 324.47 272. 86 488.22 310. 09 1 847. 66 68. 37 457.26
BaA 79.22 56. 07 291. 56 155. 84 133.43 296. 85 172.89 1251.70 22.37 273.33
Chry 352.07 2717. 14 1106. 70 1917.24 533.09 900. 46 690. 34 3 814. 89 204. 89 1 088. 53
BbF 163. 86 173. 66 746. 05 1571.75 281. 06 589. 34 444,17 2451.20 121. 30 726.93
BkF 159. 50 124. 66 435.31 699. 21 170. 98 339.39 263. 42 1287.31 61.48 393.47
BaP 173.91 177.97 904. 44 1095.01 290. 88 682. 86 505. 83 2758.19 88. 48 741.95
InP 261. 48 292.03 1086. 92 908. 80 399. 40 737. 10 709. 28 4783.76 147. 84 1036.29
DiA 44. 58 42. 46 181. 36 177.79 90. 08 158.99 137.74 871.59 28.01 192.51
BghiP 243.28 241.71 940. 82 906. 03 426. 60 672. 35 683. 40 3684.34 143. 98 882.50
S PAHs  2070.79 194291  7658.97  8493.21  3817.15 5894.78  4876.48 26627.75 134206  6969.35
Da: 75X bBEERX; o X d: 5
Y PAHs & bR ¥ ffi/ng-¢ ! i R K RS2 5 3 PAHs FOT5 4L; W X AR X
10 100 1000 10000 100000 FiEHEX +3EXT 4 ~6 3R PAHs (& /L S5, 4T

0y

T

T

40 |-

60

35 e fem

80 -

120
E2 ZIEIES > PAHs SEREREHTNL

Fig. 2 Distribution of total PAHs in profile soils versus depth

PR (BbF, BKF, BaP, DiA, InP, BghiP)3 4. K13 N
AN ) T i = J2 R B B AN [R) B4 PAHs (9 AT
oy (a0 Bk, B 3 AT BR GS-5 i
A, Hoh ) T RE R EE RN ,2 ~ 3 3 PAHs HIXF 5 R
Wi N ,4 ~6 ¥ PAHs AT & &g Wikl ik
T 0 ~50 em {5 A FI T A58 4 ~ 6 31 PAHSs 1)
B & HE > 50% , 1 50 ~ 110 em JEEIH 2 ~3 3
PAHs MY E & & >50% ; GS-6 (15 X)) i) 1 bifi +
JEIREHIN 4 ~ 6 B PAHs & & PR IR A X Ti5
HEX K. Ui 4 ~6 3 PAHs FEAE 0 ~50 em NE
5 FEARENEZE DTS, 13— T R

WEX (VEWEIX V5 HEIX) , 2 PAHs W48 b %
JEH TG KN B R R s . TR A
JE, R IENR TR 7AW £ Flad R AR
I PAHs AWrla) N iEE8 1 = 2 PAHs % B3P A
BUT B, % B+ J2 18] PAHSs 20 15 B B0 A 1 72 k.
XFF GS-5 MmO FIRBEX, X FiG K N EA:
TSI L AN B KA AR 3 PAHs N AT
TR MEA B E, X —ERE L SEE L
JZ T PAHSs (4 H X 2 B B R 85 A8 A0 A AN R B 42 .
2.3  PAHs &5 HIEREIER G R

PEHL GS-5. GS-6., GS-9 Fi5HE X ) GS-4 i
HEAT AR FRAAE T 00T, 1 4 ol 4 -0 i 4
HORIR P %L PAHs & 528 LAl pH, TOC 2B X R,
2B ARG M AT AL BPRL S TOC | pH Z [BIfE7E
—EIFMHXER (r=0.236, P =0.347; r=0.344,
P=0.162). EH TOC 5 pH fEN¥EGI AL &, #E17 I
AT BT AT PR S5 AR (2 ~ 3 37 ) PAHs Z ] {7
TERFR KA (r=0.882, P=0),54 A5 ~6
¥R PAHs MUAIEEAR B3 (r =0.275, P =0.302; r
=0.096, P =0.723). EHHPRAE R ¥ A8 &, pH
5 PAHs ZRIAFERMAM X KR, Hbh 55 ~6 3
PAHs Z M C K RS (r=-0.1, P =
0.702) ,3% 5 X By R &0 % Kt + 3 rh PAHs 5




4 1 WK . 15X - Heh 2 3555 R 3R B 5010 XORT ek IR 1557
PAHs & fit/% PAHs & Hit/% PAHs & Hit/%
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
] A 10 AR
LSS A A 20 WA
P77 77 30 P77
N L ——
/////ﬂ///// S, 40 (777773
T T Y T T ———
E, 7 77777 50 LA
ge | e |
S 277 777 70 777
I . I
777 P77 90 777
P I 110 P2
(a) GS-1 (b) GS-2 (¢) GS-3
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
AL, G0
>
LA, LIS SIS
_ N
LASSIIISIIS, LSS, GAAALLA,
L —————————————
- L% e— LA, 77—
= L e —— ]
é //////// i A, W////// 7
§ I e —
I I
I I
(d) GS-4 (e) GS-5
0 20 40 60 80 100 0 20 40 60 80 100
BT A,
o e — D ————
77277 A LA
Do — T —————— L —
3 SIS A5 S o A
o ——————— L ————
i I p—77777— 0
D ———
5 GALAIIIS, 5, —— 7777
gl | I
%

pH 5L U X 2R 2596 1R F—

LA

e

I /. .7 /7 2 N

(g) G5-7

Rl il

o A

mmmth
(h) GS-8

3 BIEAREMARFE PAHs &8

Fig. 3 Percentage composition of PAHs with different rings in profile soils

GS-9 | B 1 )2 B B, PAHs &

TOC F#AIK, GS-5

PAHs FOMI & R B

. GS-4\ GS-6.,
7 [ A W)
T FR T A B AR AR A B
A DR AR S 45 AR 1, TOC 5 IR
E(r=0.791, P=0),54 #Hm

TR BRI S 44

Vi

(i) GS-9

(Ant + Phe) FUAE/NTF 0. 1 B 38 5 38 7~ A U8 1R
T 0. 1 BHERBAEETR. Yunker 25130 J, Fla/( Fla
+Pyr) FUfE/NT 0.4 F8 75 IR HEHOR IR, KT 0.5
B UL R R R R R, 22 [] Ry A
T AORS 7™ S R 5 Tnp/ (Tnp + BehiP) H{H
AINT 0.2 A HE R, KT 0.5 FE R AL

5 ~6 ¥ PAHs Z [AIBAFAER E R R (r =0. 737,

P=0.001; r=0.738, P =0.001), & A W55 %
WIH7-90 TOC &5 W + e PAHs 1B 1Y EE A

EQWN TSN S e a IR
2.4 WFFEX 5P PAHs AW
I A R PR 7R 15 G WA 52 o FH 1 1
SYPIIR I 7 150 ZR TR R 4l
J53 A B R IR AL o AR R TR VR Y 2
WIS IRAEHE B PR i R vh 2 AR A4k, TR 53
BT Bt AR I R FH ] 43 S AR A4 (8 X6F U ABLAE SRy e Y5
LSRN #2271 Budzinski %[28] WF 38 B, Ant/

SRR, Z 6] R A TRk . A SCRI LA | 3
FiECAERTIFSEIX 0 ~ 40 em 78 [l P 138 PAHs k&
TR HEAT AT

t &5 T A ST Ant/ (Ant + Phe ) FEE 3
KTFO. 1, Ve X N L 0 ~40 cm +3EH
PAHs 1544k F FHEBER ; BRI GS-2, HAb T A
FIAIY Fla/ (Fla + Pyr) FUEIRF 0.5, idBIAE &
HFIALE A IR S F 5T X PAHSs 1 3285 Yok IR,
GS-2 1Y Fla/ ( Fla + Pyr) HWAE K 0. 50, &b FF5 7 K Ui
Mim A s 9 NEIE b A 7 A& A Inp/ (Inp +



1558 woom OB % 34 %
PAHs & HE A #ftimg g™ PAHs# kA #fiimg-¢™!
1 10 100 1000 10000 100000 1 10 100 1000 10000 100000
0 T R | T T T M | T T " 0 T T T T
i : //.A 226 I — A /_--AI.‘B
20 E N 20 . 0.98
470,65 e 2l A |51
~ L ~
A i 470,01 © 40 i = A206
S == | e 5 /};{xﬁo
2ol i e 2ol =
L¥ Aol © il |
H 8 I! H gl 1.14
| )
100 f { 100 |
4002 ©() Gs-4 (b) GS-5
120 1 1 1 1 ' |20 1 1 1 1 1
80 8.1 82 83 8.4 85 86 8.4 85 8.6 8.7 88 89 9.0
pH pH
PAHsE WA i flimg-g ™' PAHs & it $ fiimg ¢!
0! 10 100 1000 10000 100000 0! 10 100 1000 10000 100000
: - AL
20 A1.96 20 ey _ATs9
. O .
40§ o 40t p
~ E -
= 7 B | —A100  ©
60 7 = 60 .
= : .
B i ==} ]
¥ g9 Hogl @ 235
- ~ = 4%
| -
100 \\ 100 o 2;’“
©GS6 o (d) GS-9 —A— TOC
120 L L L 120 L 1 L L
8.4 8.6 8.8 9.0 8.0 8.2 8.4 8.6 8.8 9.0
pH pH
B4 BELHTREREY PAHs 85 pH,. TOC X F
Fig. 4 Concentrations of PAHs with different rings, pH, TOC in profile soils
IHE A Loy : : %
; T 06| : : A P
0.5 : A : GS2 A AA #
: . ()5_...-., ......... S s
04k GS-2 A = : : P
£ ' ' " £ o4l : : GSs @83 i
a : : (3] H .
Z 03p ; : LA e - : : 1
< : : I E o3t : i K
2 AAA = - :
= =% - +
= 02 ] o +
= 02 eaeaaa Fe e e e il
: M ES
0.1 p------- R R L e L L LR L R H :
fi 0.1} : : HE
. ﬂj! E 1 ; 1 1
0 1 035 040 045 050 055 060  0.65

1 A L L
0.35 0.40 0.45 0.50 0.55 0.60 0.65

Fla/(Fla + Pyr)

E5 BHELHSHFTREFEMELE

Fig. 5 Isomeric ratios of PAHs in profile soils

BehiP) LA KT 0. 5, F8/mBF5E X PAHs [9AE )0k 0%
V5 FH GS-3 Inp/ (Inp + BghiP) H{E 4 0. 50, 4b
TS, GS-5 WAHNL LLIE M 0. 48,5 0.5 Byl 5t
LU AB i B AN K, 8 7 2B W R e /D s A0 S A A TR
AR, S G/INE X RRIRZEA T A B9 X BE 2R O
~40 em JEFEIN ) LR PAHs A £ 25 YRR N
NI DR

5T IR0 Bhbeid B 3 2 A R PR PAHS,
IR PAHSs 55 UL T35 YL UR BT, 43 F =l ok i
PAHs 7K B8 /N, AF 58 X 48 v & 28 PAHs 19
FEG YRR N BRI = A B R PAHs — 7 Tl L
BEUURE T 3 T, A6 M R AR AR T 18 i 1 3
B9 — 7 s AR U A AT AR KR A
Y T] 7K v S o [ A SR 2 1T, 2N X a2 —



4 4 WA

ToREIX 3 b Z3RTT I A 3 B3 A1 B T RER IR

1559

IRAB AR IR TG 7K T TR , (45 A% B 7 A o [ 4 A L
(53R PAHS Fifi{s /K i sl i 7 - 3 i

3 i

(1) Fr A7 & 3R 12.(0 ~ 10 em) A 16
FhHARZ 558, > PAHs (16 F) & BN
1342.06 ~ 26 627.75 ng-g™", 1 N 6 969. 35
ng-g”', > PAHs FI & BALBH N RIX <3
FEIX < HHEIX < 5HEIX.

(2) KEBAHIE PR > PAHs & BpE + )2 R
Bk D ¥, PAHSs 25 AR AL R B A R B 4 B
SEPTEHFELLT 0 ~40 om, Ui+ HERE A &5 b
B PAHSs , X2 38 K b T 7Kk ) G4 76 .

(3) 9L IX B 3R (4 ~ 6 3F) PAHs K B 4E B b
220 ~50 em HIEN  FEEA KERIRZE L PiTRE,
TIE—E R E A T K 552 = 3R PAHs Y5
Yuo THRE X AR TG HEIX R HEXT 4 ~ 6 21 PAHs
)W B FiE 7 3R

(4) BPRL 53R PAHs S & IEAHCKR S
= ¥R PAHs BUAHSCHE AN B 8 76— 2 A A
T+ W I PAHs; pH 55 PAHs S S UM AL R,
TOC 5 16 ' PAH S AF7E AR IEAH COC R | J& 52 M)
+4Erh PAHs IER I EH B E.

(5)BFFE X BE ML 0 ~ 40 em YU Fl N Y 35
PAHs [ 32275 YL Rk WE A /NG B R b ; 22805
PeipAt, —REBDIR T HIERW,; 2 DIE R0
FE DXARKAAR H I B T 1 44 s 2% 1, W X 425275
TKHEWRE , fi 15 AR v [ R B0RE | 9 PAHSs FifiT5 7K it
e LI E 4R
[ 1] ChenSC, Liao C M. Health risk assessment on human exposed

to environmental polycyclic aromatic hydrocarbons pollution

sources[ J]. Science of the Total Environment, 2006, 366 (1) ;
112-123.
[ 2] Grote M, Schiiiirmann G, Altenburger R. Modeling photoinduced
hydrocarbons [ J .
Environmental Science & Technology, 2005, 39 (11): 4141-

4149.
[3] Menzie C A, Polocki B B, Santodonato J.

algal toxicity of polycyclic aromatic

Exposure to

Environmental
Science & Technology, 1992, 26(7) ; 1278-1284.

[4] Durant J L, Busbhy W F, Lafleur A L, et al. Human cell

carcinogenic PAHs in the environment [ J].

mutagenicity of oxygenated, nitrated and unsubstituted polycyclic
aromatic hydrocarbons associated with urban aerosols [ J J.

Mutation Research, 1996, 371(3) : 123-157.

[5]

[6]

[7]

(9]

[12]

[17]

[18]

[19]

[20]

[22]

Environmental Health Criteria No 202, Selected Non-heterocyclic
Polycyclic Aromatic Hydrocarbons[ S7].

Santodonato J. Review of the estrogenic and antiestrogenic
activity of polycyclic aromatic hydrocarbons: Relationship to
carcinogenicity[ J]. Chemosphere, 1997, 34(4) . 835-848.
Sun J H, Wang G L, Chai Y, et al. Distribution of polycyclic
aromatic hydrocarbons ( PAHs) in Henan Reach of the Yellow
River, Middle China [ J].
Safety, 2009, 72(5) : 1614-1624.

w2, ERME, WG, & U RHUE X gk -3 2
POF R BBk B AR AE S TE UK [ )], BREERL A, 2012, 33
(2):592-598.

Ecotoxicology and Environmental

Wilcke W. Polycyclic aromatic hydrocarbons (PAHs) in soil: a
review[ J ]. Zeitschrift fiir Pflanzenernihrung und Bodenkunde,
2000, 163(3) : 229-248.

Boker, W, E9%, & RESRZ LIRS 20070 L
FORIR[J]. FREERL, 2006, 27(3) : 524-527.

T, BIOE, PhHM, 4. IS Y R0l -3 PAHS (1
S RIRBAES R [T]. SFBERL2A24R, 2009, 29(11)
2433-2439.

Wild S R, Jones K C. Polynuclear aromatic hydrocarbons in the
United Kingdom environment: A preliminary source inventory and
budget[ J]. Environmental Pollution, 1995, 88(1) . 91-108.
Patnaik P. Handbook of Environmental Analysis [ M ]. Boca
Raton: CRC Press, 1997. 165.

Mom, 2845, 2R, RIS AKHEMEXS K LB A HLTS
PBFFE[T]. ARKIL, 2010, 41(17) ; 58-61.

M, XIEW], . LSRR 2005 RIEA L
PRI )]. AZS3RIE, 2004, 13(3) : 394-398.
XEGR, E2%, M, 4. K3+ PAHs ARRIZH 53 F 43
BUSHZ NE=RRR[T]. AV IFRTR2A24, 20006,
25(4): 929-933.

B, Bokk, BET, & WL b 2RI RS
QERFAE RCHAC IR S A [, BREEREE, 2009, 30(4) : 1166-
1172.

Simpson C D, Mosi A A, Cullen W R, et al. Composition and
distribution of polycyclic aromatic hydrocarbon contamination in
surficial marine sediments from Kitimat Harbor, Canada[]].
Science of the Total Environment, 1996, 181(3) : 265-278.
Isaacason P J, Frink C R. Nonreversible sorption of phenolic
compounds by sediment fractions: the role of sediment organic
matter[ J .
(1) 43-48.
Yuan D X, Yang D N, Terry L W, et al. Status of persistent

Environmental Science & Technology, 1984, 18

organic pollutants in the sediment from several estuaries in China
[J]. Environmental Pollution, 2001, 114(1) . 101-111.

Simoneit B R. Application of molecular marker analysis to vehicle
exhaust for source reconciliations [ J ]. International Journal of
Environmental Analytical Chemistry, 1985, 22(3-4) ; 203-233.
Benner B A, Wise S A, Currie L A, et al. Distinguishing the
contributions of residential wood combustion and mobile source

emissions using relative concentrations of dimethylphenanthrene



1560

woooH

2% 34 3%

[23]

[24]

[25]

isomers[ J|. Environmental Science & Technology, 1995, 29
(9): 2382-2389.

Maliszewska-Kordybach B. Polycyclic aromatic hydrocarbons in
agricultural soils in Poland; preliminary proposals for criteria to
contamination [ J ]. Applied

Geochemistry, 1996, 11(1-2) . 121-127.
Chen L. G, Ran Y, Xing B S, et al. Contents and sources of

evaluate the level of soil

polycyclic aromatic hydrocarbons and organochlorine pesticides in
vegetable soils of Guangzhou, China[ J]. Chemosphere, 2005,
60(7) . 879-890.

Liu S, Xia X, Yang L, ef al. Polycyclic aromatic hydrocarbons
in urban soils of different land uses in Beijing, China:
Distribution, sources and their correlation with the city’s
urbanization history[ J]. Journal of Hazardous Materials, 2010,
177(1-3) : 1085-1092.

Neff J M. Polycyclic aromatic hydrocarbons in the aquatic
environment ; sources, fates and biological effects[ M]. London;
Applied Science Publishers, 1979. 262.

Uest, Has, LEY, 5. R Ak LR 2005
B953A0 . R WA AT B AR S KR PP [T ], o [ 2R e
2009, 25(6) : 90-93.

Budzinski H, Jones I, Bellocq J, et al. Evaluation of sediment

[29]

[30]

[31]

contamination by polycyclic aromatic hydrocarbons in the Gironde
estuary[ J]. Marine Chemistry-MAR CHEM, 1997, 58(1) : 85-
97.

Yunker M B, Macdonald R W, Vingarzan R, et al. PAHs in the
Fraser River basin: a critical appraisal of PAH ratios as indicators

of PAH source and composition [ J]. Organic Geochemistry,

2002, 33(4): 489-515.

Wang Z, Chen ] W, Qiao X L, et al. Distribution and sources of
polycyclic aromatic hydrocarbons from urban to rural soils: A case
study in Dalian, China[ J]. Chemosphere, 2007, 68 (5) : 965-
971.

Nam J J, Thomas G O, Jaward F M, et al. PAHs in background
soils from Western Europe: Influence of atmospheric deposition
and soil organic matter[ J]. Chemosphere, 2008, 70(9) ; 1596-
1602.

Aichner B, Glaser B, Zech W. Polycyclic aromatic hydrocarbons
and polychlorinated biphenyls in urban soils from Kathmandu,
Nepal[ J]. Organic Geochemistry, 2007, 38(4) ; 700-715.
Feng C L, Xia X H, Shen Z Y, et al. Distribution and sources of
polycyclic aromatic hydrocarbons in Wuhan section of the Yangtze
River, China[J]. Environmental Monitoring and Assessment,

2007, 133(1-3) ; 447-458.



HUANJING KEXUE Vol.34  No.4

Environmental Science ( monthly) Apr. 15, 2013

CONTENTS

Water-soluble Inorganic Salts in Ambient Aerosol Particles in Tangshan —«+eseereeseereremenenenmnii e MIAO Hong-yan, WEN Tian-xue, WANG Li, et al. (1225)
Characterization of Water-soluble ions in PM, 5 at Dinghu Mount +-«esveseersesssesnersssennsenniinses + ZHAO Ya-nan, WANG Yue-si, WEN Tian-xue, et al. (1232)
HUANG Yi-min, LIU Zi-rui, CHEN Hong, et al. ( 1236)
)
)

Characteristics of Mass Size Distributions of Water-Soluble Inorganic Tons During Summer and Winter Haze Days of Beijing -

Characterising Seasonal Variation and Spatial Distribution of PM, s Species in Shenzhen +* YUN Hui, HE Ling-yan, HUANG Xiao-feng, et al. (1245
Y1 Zhi-gang, HUANG Xing-ran, BI Jun-qi, e al. (1252
Seasonal Variation and Spatial Distribution of Typical Organochlorine Pesticides in the Atmosphere of Hexi Corridor and Lanzhou, Northwest China «eseeseereeseseserenenmeneniininennn

......................................................................................................................................................... DING Zhong-yuan, MAO Xiao-xuan, MA Zi-long, ef al.
XUE Wen-ho, WANG Jin-nan, YANG Jin-lian, et al.
HUANG Wen-min, ZHU Kong-xian, ZHAO Wei, et al.
ZHAO Wei, LIN Jian, WANG Shu-fang, et al.

Characteristics of PAHs in the Atmosphere in Winter and Summer in the Urban and Suburban of Fuzhou -

1258
1264
1270
1277

Simulation of Air Pollution Characteristics and Estimates of Environmental Capacity in Zibo City

(1258)
(1264)
Diurnal Changes in Greenhouse Gases at Water-Air Interface of Xiangxi River in Autumn and Their Influencing Factors - ( )
Influence of Human Activities on Groundwater Environment Based on Coefficient Variation Method ( )
Nitrogen Non-Point Source Pollution Identification Based on ArcSWAT in Changle River «+:+-ssveeereeseeeeenne DENG Ou-ping, SUN Si-yang, LU Jun ( 1284)
GUO Wei, LI Xiang-zhong, LIU Wei-guo ( 1291 )

*+ GUO Huai-cheng, XIANG Nan, ZHOU Feng, et al. (1298 )
(1308)

(1315)

(1324)

(1333)

(1340)

(1345)

Study on the Content and Carbon Isotopic Composition of Water Dissolved Inorganic Carbon from Rivers Around Xi'an City
First Flush Effects of Storm Events of Baoxiang River in Lake Dianchi Watershed —«+«eseeseeeresessersimenennninineninenens -
Estimation of Releasing Fluxes of Sediment Phosphorous in the Three Gorges Reservoir During Late Autumn and Early Winter — +++++ NIU Feng-xia, XIAO Shang-hin, WANG Yu-chun, et al. ( 1308
Distributions and Pollution Status of Heavy Metals in the Suspended Particles of the Estuaries and Coastal Area of Eastern Hainan -++ XIN Cheng-lin, REN Jing-ling, ZHANG Gui-ling, et al. ( 1315
Environmental Characteristics of Heavy Metals in Surface Sediments from the Huanghe Estuary «+-eseserereesvevsenenes WU Bin, SONG Jin-ming, LI Xue-gang ( 1324
Distribution and Potential Ecological Risk Assessment of Heavy Metals in Sediments of Zhalong Wetland YE Hua-xiang, ZANG Shu-ying, ZHANG Li-juan, et al. (1333
Ecological Risk Evaluation of Heavy Metals of the Typical Dredged Mud in Shanghai = +«+xeeeeeeresesssssensimnmnenennneens TANG Qing-li, CHENG Jin-ping, GAO Hao-min, et al. ( 1340
-+ ZHANG Can, CHEN Hong, YU Yi-xuan, et al. ( 1345
ty of Organic Compounds in Source Water and Finished Water from the Yangtze River and Taihu Lake in Certain Areas of Jiangsu Province ««+se+seseereeeeee

""""" seeeesenes JIN Tao, LU Xue-min, ZENG Yi-fan, et al. (1351)
Occurrence and Fate of Phthalates in Wastewater Treatment Plants in Beijing, China B L L L LR LRSI ZHOU Yi-qi, LIU Yun=ia (1357 )
Research on Sludge Toxicity Caused by DMF Biodegradation and Toxicity Spatial Distribution in Sludge Flocs -+ HU Yuan-yuan, YANG Na, DING Y1, et al. (1363)

Pollution Characteristics of Heavy Metals in Sludge from Wastewater Treatment Plants and Sludge Disposal in Chinese Coastal Areas

Comparison of the Estrogenic Ac

Study on the Ecological Risk of Wild Veined Rapa Whelk ( Rapana venosa) Exposured to Organotin Compuunds in Bohai Bay Chlnd

LIU Xi-yao, YUAN Dong-xing, CHEN Yao-jin ( 1374 )
HUANG Ruo-nan, FAN Jun-jie, TU Hong-zhi, et al. (1380 )
*+ CHEN Gui-xia, HU Cheng-zhi, ZHU Ling-feng, et al. (1386)
LIU Bing, YU Guo-zhong, GU Li, et al. (1392)
WANG Jia-yu, DAI Qi-zhou, YU Jie, et al. (1402)
-+ PENG Yun-xia, HE Shi-jun, GONG Wen-qi, et al. ( 1411)
YUAN Yi, HUANG Yong, DENG Hui-ping, et al. (1416)
)
)
)
)
)
)
)

Effects of Imidazolium Chloride lonic Liquids on the Acute Toxicity and Weight of Earthworm

Influencing Factors and Mechanism of Arsenic Removal During the Aluminum Coagulation Process
Removal of DON in Micro-polluted Raw Water by Coagulation and Adsorption Using Activated Carbon
Mechanism of Catalytic Ozonation for the Degradation of Paracetamol by Activated Carbon

Reductive Degradation of Chlorophenols in Aqueous Solution by Gamma Irradiation

Effect of C/N Ratio on Nitrite Accumulation During Denitrification Process

Nitrous Oxide Emission During Denitrification for Activated Sludge Acclimated with Methanol as the Organic Carbon ZHAI Xiao-feng, JIANG Cheng-ai, WU Guang-xue, et al. ( 1421

Comparison and Optimization of Cellulose Carbon Source for Denitrification Filler ««+«+essteresssesserssiiniiniiiiininii LI Bin,HAO Rui-xia ( 1428
A Novel Municipal Wastewater Treating Process for Energy Production and Autotrophic Nitrogen Removal Based on ANAMMOX «++eeveeseeeesneseens LU Jian-cong, GAO Da-wen, SUN Xue-ying ( 1435

(

(

(
Modeling and Dynamic Simulation of the Multimode Anaerobic/ Anoxic/ Aerobic Wastewater Treatment Process ++ ZHOU Zhen, WU Zhi-chao, WANG Zhi-wei, et al. ( 1442

(

(

(

Comparing Microbial Community of High Ammonia Wastewater and Municipal Sewage in a Partial Nitrification System ZHAO Zhi-rui, MA Bin, ZHANG Shu-jun, et al. ( 1448
Analysis of the Fractal Structure of Activated Sludge Flogs «+eesetoreerersemerssnrssnensimininiii s RUAN Xiao-dong, LIU Jun-xin ( 1457
Rapid Cultivation of Aerobic Nitrifying Granular Sludge with Alternate Loading Method -+ SHEN Na, YANG Chang-zhu,PU Wen-hong, et al. ( 1464

Acceleration of the Formation of Aerobic Granules in SBR by Inoculating Different Proportions and Different Diameters of Mature Aerobic Granules ««+s+ssteseessessesssmsenenennsineneenns

......................................................................................................................................................... XIONG Guang-cheng, PU Wen-hong, YANG Chang-zhu ( 1472)
Mechanisms of the Improvement in Dewaterability of Alkaline Fermented Sludge by Simultaneous Ammonium and Phosphate Recovery — «+++++ ZHANG Chao, CHEN Yin-guang, GU Guo-wei ( 1479)
Use of Flow Cytometric Sorting to Assess the Diversity of Eukaryotic Picophytoplankton of Lakes ««+-«+:+++e+++ + XIE Wei-wei, GONG Yi, WANG Zhi-wei, et al. ( 1485)
Allelopathy Effects of Ferulic Acid and Coumarin on Microcystis aerugingsa «++«+«++=esseseseereeesesees »+ GUO Ya-li, FU Hai-yan, HUANG Guo-he, et al. ( 1492)

Spatiotemporal Characteristics of Zooplankton Community Structure and Diversity in the Strong Temperature Increment Seawaters near Guohua Power Plant in Xiangshan Bay -+

B 7HU Yi-feng, HUANG Jian-yi, LIN Xia, et al. ( 1498
Screening of Epoxy-degrading Halophiles and Their Application in High-salt Wastewater Treatment -+ WANG Jin, XU Zhen, PENG Shu-chuan, et al. ( 1510
Biodegradation of Decabromodiphenyl Ether by Intracellular Enzyme Obtained from Pseudomonas aeruginosa =«++++++s+sseseesesssssenesnensnnenees SHI Guang-yu, YIN Hua, YE Jin-shao, et al. (1517
-+ HUANG Xiang-feng, WANG Kai, LI Mingia, et al. ( 1524
QIAO Jiang-tao, GUO Rong-bo, YUAN Xian-zheng, et al. ( 1531
LIU Zi-xu, SUN Li-ping, LI Yu-you, et al. ( 1540
YANG Bin, LI Hui-ying, WU Bin, et al. (1545
YAO Lin-lin, ZHANG Cai-xiang, LI Jia-le, et al. (1553
GUO Wei, SUN Wen-hui, ZHAO Ren-xin, et al. (1561
++ LI Miao-miao, NIE San-an, CHEN Xiao-juan, et al. ( 1568

)

)

)

Influence of Yeast Extract on the Fermentation of Glucose by the Demulsifying Strain Alcaligenes sp. S-XJ-1 - )
)

)

)

)

)

)

SHENG Hao, ZHOU Ping, YUAN Hong, et al. ( 1576)
)

)

)

)

)

)

)

)

)

Phylogenetic Analysis of Methanogenic Corn Stalk Degrading Microbial Communities

Inhibition of Methanogenium by Erythromycin and Tts Domestation

Sand Box Study on Fingering Front Morphology for NAPLs Infilirated in Homogeneous Porous Media

Vertical Distribution and Possible Sources of Polycyclic Aromatic Hydrocarbon in Sewage Area Soil

Characteristic and Evaluation of Soil Pollution by Heavy Metal in Different Functional Zones of Hohhot

Distribution Characteristics of Rice Photosynthesized Carbon in Soil Aggregates of Different Size and Density

Profile of Soil Microbial Biomass Carbon in Different Types of Subtropical Paddy Soils

Effect of Composting Organic Fertilizer Supplies on Hexachlorobenzene Dechlorination in Paddy Soils LIU Cui-ying, JIANG Xin ( 1583
Remediation of Cu-Pb-Contaminated Loess Soil by Leaching with Chelating Agent and Biosurfactant LIU Xia, WANG Jian-tao, ZHANG Meng, et al. (1590
Effects of Different Temperatures Biochar on Adsorption of Ph( 1) on Variable Charge Soils +++++++sssessssesssseniisnsniiiinniniiniins JIANG Tian-yu, JIANG Jun, XU Ren-kou, et al. (1598
Preparation and Performance Investigation of Trichoderma viride-Modified Corn Stalk as Sorbent Materials for Oil Spills  +«eseseeseesrereereenes LAN Zhou-lin, PENG Dan, GUO Chu-ling, et al. ( 1605
Removal of PO} ~ from Solution, Wastewater and Seawater by Modification and Granulation Magnesium and Aluminium Layered Double Hydroxide ++++++++e+ee: XING Kun, WANG Hai-zeng ( 1611
Influence of Carboxylic Carbon Nanotube Supported Platinum Catalyst on Cathode Oxygen Reduction Performance of MFC ««+svesvesereeeeeees TU Li-xing, ZHU Neng-wu, WU Ping-xiao, et al. ( 1617
Flue Gas Desulfurization by a Novel Biomass Activated Carbon LIU Jie-ling, TANG Zheng-guang, CHEN Jie, et al. ( 1623
Method for Grading Industrial Sectors in Energy Consumption and lis Application MAO Jian-su, MA Lan ( 1628
Dynamics and Environmental Load of Food Carbon Consumption During Urbanization; A Case Study of Xiamen City, China «:wreeseeoeeeseereenees YAN Zhen, CUI Sheng-hui, LI Gui-lin,et al. (1636



(AERIZEYE 6 RREZRS

E & KHAZ

B4 BEAE EH | N

B OF. (FUEREEH)
THENL AR FEIAE EZigr HON B O# L%
AOKE KSR aEE BRET & Al MRE
BRFHAZ BFAE 2 Ak R S BkdE | &
WO o5k Wk N W W BER

“ ﬁg ﬂ g ENVIRONMENTAL SCIENCE

( HUANJING KEXUE) (Monthly Started in 1976)
(AT 1976 418 AAIT))
2 5 ol. 0. T.
20134E4 H15 H 34% 4l Vol.34 No.4 Apr. 15, 2013
£ ""E”'k EP?F:{-%[‘;’% Superintended by Chinese Academy of Sciences
* B PEPB AR SR O Sponsored by Research Center for Eco-Environmental Sciences, Chinese
1 7 (LiBIeiE N Academy of Sciences
AL 5T I 45 A5 30 Bl 22 B 5T Co-Sponsored by Beijing Municipal Research Institute of Environmental
MR = 7 S 4 Protection
* ORI I School of Environment, Tsinghua University
i B (HE P = ) 4 & B = Ejim;-in o b '(I?EYE[?dNG Zil-}]l:and f E I S (HUANJING
. . o . ite y e Editorial Board of Environmental Science 5
JemtHi 2871 {54 (1UE X 3UH
i} fE# O TE it KEXUE)

18 &, BB 415 . 100085 )
H13% .010-62941102 ,010-62849343
f£1.010-62849343

E-mail ; hjkx@ rcees. ac. cn

P. O. Box 2871, Beijing 100085 , China
Tel :010-62941102 ,010-62849343 ; Fax:010-62849343
E-mail ; hjkx@ rcees. ac. cn

http://www. hjkx. ac. en http : //www. hjkx. ac. e¢n

H BR 44 % " ™ i Published by Science Press
Jb s R 16 & 16 Donghuangchenggen North Street,
MR B 4t . 100717 Beijing 100717, China
ED Rl 2 3T dtatdbakEpi— Printed by Beijing Bei Lin Printing House
) 1T 4% i * K ib Distributed by Science Press
FE 35 .010-64017032 Tel:010-64017032
E-mail ; journal@ mail. sciencep. com E-mail ; journal @ mail. sciencep. com
iT 1 & 2ELHIERE)S Domestic All Local Post Offices in China
B EE1T PEERREAE S BN Foreign China International Book Trading Corporation ( Guoji
(b3 399 f54H) Shudian) ,P. 0. Box 399, Beijing 100044 , China
RIS o EIR LS 2-821
B A ZE fir:90.000€ EsS&ITRS: M 205

BERSMRFEIT




	01.pdf
	fm.pdf
	zml.pdf

	20130448.pdf
	03.pdf
	yml.pdf
	fd.pdf




