ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)
ENVIRONMENTAL SCIENCE

rRE BB A S IR ST L £
: M @ HE




w % B 3 536 % 411

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2015 411 A 15 H

H &
et R ERAC S W B YRE - A, Guenter Engling, B R, B 7k 7, 232, A4 F , 2 56388 ( 3935 )
JEBURA PM,  SGHEHE SiO, BIAEMITEIE DAL -oveerererree e x| AR E Y SR, 55 E E (3943)
APEC JAIIE 5 B JE R AQL DCIRAFAE R ACTE FAHT overveeeroeens WK A, KB T, %0k, B OO, A% (3952)
2000 ~2014 A=t 5t S0, B 23400 T — IR TG YL T FRATRIT  ovevererer e
..................................................................... PAE KAE, ZSE KRR, 24F,F 0k, WEE, FL(39%1)
FH SPAMS BF55 10 FIETT A B G IR 50 K S TG UL By ] cevevvnreeeemmnmmneeeeemiiinn ettt ettt
........................................................................ }%ﬁfﬁ,fi%jﬁ,ﬁém,ﬁgﬁﬁ,éié,?%,?%5}5,%{%(3972)
RIT=AMNE R RGP R AR oo K, KM, B F A RE M, B %, F A K, #-F(3981)
BRYT. = A IR 75 e 4 Ai5 I LT B RUZERAE -+ cvveeevemmmmmmmr e oo x| # R E(3989)
BTG K P R Z AL BB RS FULELIE, - eeerrreemeeermmmmmnrereem e ARk, BRE, KEN(3999)
S AR M THL 5 AT GBI S IRTTE - vvveeseesem oo P, UL, B W A 9 4 9, vt 2 2 (4005)
PNTRUEL SEU N oL (U TR Dat, KE, RIR, R, BB, U, xR, R R (4013)
SRR DK T SR FE R 2 S0 S TR BRI - oeveeeeeeneeeeenne WAk, B KA, P E(4021)
R IR 75 5K 2 X B 2K - R TR % U B BB oo vy, T, IR, Tk, XX, K, EE(4032)
AN EYIHEAE R AR R EAG R AT B A0 A0 S L ST IR IR < e v e
........................................................................... TER, A, FEE, BEA, 0 EH, R, 2K (4043)
AEJRAGT DX T K PSRN AT B IREA . A EL ] oeeveeseesnessinnennne B, B R, H 5T (4051)
ST LM B FE K B T K TP RS BT oo ETE LA REL HE Y E(4060)
FLLB AR TR R B E I TGEE oooeeeeeeeeeeeeeen R HA, KA, K E B, T AR (4068)
T AR H ] VAR AS S BRSBTS | AR+ oeeeeeeeemmemm
......................................................... ZAER ST GINEN, FEW L LEA KR, B BIE 2 KT (4074)
LIRS ARTE LV T T 2 2 TR KA ARTL  wevveereermmmmmmeesemmi e ERAE IE), Y2 (4081)
[A T S (] 2 T T T VA S S 2 IR IR AR AL L SR +++cvvvvvrreeeenmmmmeeemmnmne ettt ettt ettt
e STER] JNE ] EE K RERE (S EIE 2 KB, BLE (4088)
BRI ILE A RS T RTINS TRAES) wooeeeemeeeeeeeos R R, FER KT, T8, 75 (4005)
WK PRSP IRIO I AREIE -+oeooveeeeeeeeseeesce R, EAB, B4R, BRE, KA, K&, E2F(4103)
R R LR e e Oy G Tru ] 2 RS EAEAR,EF 3%, K (4112)
FB | S BRER P F25 K PR L oo eeeees e Mo, BEE, FER, S, B, HY(4121)
ERARTEVE R TEAL I R AN FESRTRIERD T «ovvvvvvmeeerrmmmmnre et TRY,ERE BRs, E XD, KA (4127)
Ti0, WA G S 2 BOFAEITIPHT - vevoeereememnsemsemeeseenes BRAE, R, INE, B R, L, 2 013 (4135)
$”T”@2%5(WW£I@%7KEP%M”§LE’Jﬁﬁ%ﬁm%ﬂﬁﬂﬁ?ﬁ ............................................................ gﬁﬁ%@ﬁ , ?;ﬁ , EUJ f?ﬁ( 4141)
P B £ ) S I o} T S TR i F B BT A R R R Il v oo emmmmm e e
.................................................................. Tﬁﬁﬁ,i@@ﬁ,%ﬁﬂ%,%/J\%,%ﬂﬁ%,"f?ﬂ?i,FEE?,?&?&WMMS)
PLE AP 2% IR R A T 5 TR R ALk PSS B D AR U ARBITSE - M HE, A, KB IR, X B R PR B F(4154)
IR 7452 B S LD A ST PR CANON JRRFRRIIEI  -oveveeeseoscomeseieneeies To¥ MR, E£T% AHE(416])
FAEXT AOB I TS BB cevverremee e BT B4 HF RE MK (4168)
PRAEUE AU L RAL ML TSRV K o eeveveeeseonsessensnnsn e BB, M, R MR, KA (4174)
12 L S LR £ Bl T 2 PR B BB AL oo voeveveee oo S BB RS A, SR TG, R 4 (4180)
HCO; XA LR R R I B T LI BB - oo R REE,H B, K, KA (4189)
ABR 14 CSTR — AL T. 20 E U 5 Y T AL L RE T B FATZSIIFGE +oeeeeerermmmmmmnnmmmm e e e e e e ettt
................................................................................. ﬁ’%/ﬁ", %Hg_r%, /jﬂiéﬁjc, ?ﬂ %’ EE%, fé%/‘%fP(4195)
WAL BRAR T AT BOS R AR AR -t 50T, BT RSO, TOEH, R TR MR, 4 B4, 4 K R (4202)
URIE AL APBR S S HERE S UGS R RET (ORI oevoeeeeeeeoeens W E A, F R ERE, BT KRR, B H(4208)
TGY G A B AR TGS T TR veererreerree e GH B X AR Bk & K E(4218)
HT Monte Carlo BUDAY + LT G R 25 & M PEAT G IR GITHT ooeeeeeeeeene Wi, RS FG B R R A HE (4225)
R Tl X AR RITR AT coeoeeeeeemereseeee K, R, 2B R, FRE BKE(4232)
2 5 WA R FH 7 20 S R E B R A R oo FH A LK, KA (4241)
SRS AT EHIE A FH T S 4 A0 K - A RV BE R IR RN veeeeeenemeee et ZARHB , A (4252)
AR - R E AR BRI P oo MBI, ERR, FLH, B, K, T4 (4260 )
ANFEA RS AR SERMB S B e Ja 15 e - SERCRAFENE -oeeeeeeeeee B RIS, KRN, B 54 AT, v IE 4 (4268)
ZHC P B X B 35 R B A T 2 PR U HIIIEIY  cevvvererermmmmn e e e ettt
............................................................... %g& ;(Ijﬁﬁ,%i‘rﬁﬂﬂ ,}%ﬂi,ﬂﬁﬁ‘ﬁ,%i%,w%%, g@,f/ﬁﬁé%(4277)
7k$a%ﬂ&§ﬂ_ﬂiigﬂi E%ﬁ@xﬂ-*ﬁ}iﬁuﬁq&%‘% {5 IR PP PP T PR T PP PP PP PP PPR P E%i@k , B2 , F/iﬁﬂ}( 4283)
RPCHIE A AR K f ZIRTFHE TS QR ik S AU Ay oo Fop R, KEL, T, Mm%, A — A (4291)
BB AL B R BE FAL RS oo M, B R, IR, 7L, e, % % T (4302)
EAR PO N 28 T3S IR TR I =" ML MFC AR oveveveeeemsems s e KT, EE(4311)
7 P T 3 SR P SR P R A A BRBE P RIEIELE oo &4, Fok, #EH(4319)

(CERIZENETT A 57 (4224) (SRR MERR AT (4318) % B.(4080,4173 ,4290,4301)



5536 &5 11 ] 57 S-S~ N Vol. 36, No. 11
2015 4 11 A ENVIRONMENTAL SCIENCE Nov. ,2015

KK AR KRR KB R ZINFTRTRIFIELETS
XURG V4

TG O " KRB AL, L %, A—T

(P& RIS S M B} 2 5 | BV 48 15 308 o S5 M P P43 08 R U S S 0 =8, BRIV 150025)

FEE . 2012 4F 2 ~4 SRR PEINTARE 18 A HAIWINA 30 /KA 36 A frt 5 IEXK AR 5 i 4120 (fafll PR, £,
BFEFINLA ) AR5 16 RIS (PAHs ) R EHHATHTINE. 4550 B K H PAHs B9 0.2 ~1.21 pg L~ MR
IAE A . FIRGTHERIT AT 18 NINE KR PAHSs WeBE#EAT 4328, FEaiE—25 1 B PAHSs HUAE 53 BT AN AU 43 A1
FORIXTAS RIS LA K A PAHSs 43507 R AT FIAE S XU PEA . S5 3R W18 AMWNE K A4 PAHSs Y 48 — RIS 4 1>
WA, o A 230 (YLP) FZR K6 (DDH) PI-N1A - S b sl — 28, oAt 14 SR8 R 25432 XHH 44 R DQSK 2H M-~ #TH
2H. WIAKART PAHs BRT YLP 20 =2k A A5 4 LA IE PAHs A% A AR SEFNEEA b TS, AR B R AT g 3Rk
IR AR, K PSHIARE 4 MHNAA KR PAHs YREEK VYA R RREES#EAR. o YLP 4051 XHH 21 K77k R PAHs ¥k
B 25 E FRA2E (US EPA) BLE R 16 B PAHs FREHE , 0 H YLP 2 rhEUE MR R A2 IE [ a | TEMRE B 25858 7 Tk E M 32K 3758
FriE bR ; 1 DQSK 4171 DDH 4145 21 LR PAHs MK BIbRifE. KR WIA RS Fh e fh 5 FhZH 288 H N 16 Fh PAHs
BRI ZS R G AT a5 R o, R £ i o fr) Jeofk 2 o 8 v T o (0 658 HCfth 15 b PAHs FEPRSfa i h o 3 22 . i [ f0
FIORTRIZH AN B PAHs Wk AEAE B S 25 5ot IR B VR S 15 e AN IRAB A8 1) R B3 e, O 8 B S v T ULPA | SR i 2 40
o' PAHs PR B, J& PAHs FEFIRN RN ZAE . XK AEY 0 AR AR RS AR 7K £ 2R (R KU TPA 25 SR W, 4 > B0 )
THALZKAAR T PAHs XK AE A 904 285 RS 34738 /IN , L0 R €00 €00 PR T 2% 325 TE R B fE e XU

KEBIA L RPOWINARE; 23508, K&, ok, KEETTF,

FESES. X171.5; X820.4 XEiFRIRAG. A XEHS . 0250-3301(2015)11-4291-11  DOI: 10. 13227/j. hjkx. 2015. 11. 046

Pollution Characteristics and Ecological Risk Assessment of PAHs in Water and

Fishes from Daqing Lakes
WANG Xiao-di, ZANG Shu-ying* , ZHANG Yu-hong, WANG Fan, YANG Xing, ZUO Yi-long

(Key Laboratory of Geographical Resources and Environmental Remote Sensing, College of Geographic Science, Harbin Normal
University, Harbin 150025, China)

Abstract: The concentrations of 16 polycyclic aromatic hydrocarbons (PAHs) in 30 water samples and 5 tissues (gill, liver, brain,
kidney and muscle) of 36 fishes which were collected from 18 typical lakes of the Daqing lakes group, China were measured between
February and April 2012. The results of PAHs concentrations in the water showed that the range of total concentrations was 0. 2-1. 21
wg-L™" and the highest concentration was found in the Yueliangpao Lake. Clustering analysis of statistical method was used to classify
the concentrations of PAHs in the water of 18 lakes, and PAHs source and evaluation of ecological risk in different lake groups were
obtained respectively based on the analysis of PAHs ratio and the species sensitivity distributions method. The results of cluster analysis
about PAHs concentrations in the water of 18 lakes showed that all the lakes were divided into 4 lake groups. Yueliangpao ( YLP) and
dongdahai (DDH) lakes were respectively divided into a separate group and the other 14 lakes were divided into two groups named
XHH group and DQSK group. PAHs in the water of lakes were mainly from wood and coal burning except that the PAHs of the water in
YLP group was caused by oil contamination. According to the surface water quality standard of the world and China, the concentrations
of PAHs in the water of 4 lake groups all exceeded the standard variously. The PAHs concentrations of most water samples in YLP
group and XHH group exceeded the 16 PAHs limit value of Environmental Protection Agency (US EPA) standard, especially, the
concentration of Benz[ a ] pyrene with the strongest carcinogenicity of YLP group exceeded Chinese surface water quality standard.
While in the DQSK lake group and the DDH lake group, several PAHs contaminations of water samples exceeded the standard. The
tested and statistical results of 16 PAHs concentrations in 5 tissues of Cyprinus carpio and Hypophthalmichthys molitrix fish species in
Daqing lakes showed the concentrations of anthracene in the gill tissue of Cyprinus carpio were significantly greater than those in the
Hypophihalmichihys molitrixz, while other 15 PAHs concentrations had no difference between the two species. Among the different

tissues of Hypophthalmichthys molitrix or Cyprinus carpio, the concentrations of PAHs in the liver and kidney tissues which are the
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important tissues of PAHs accumulation were significantly greater than those in the muscle, gill and brain tissues of fish because of their

pervasion ability of pollutants. The results of ecological risks of PAHs in water samples to different aquatic organism species and health

risk of PAHs to human through the consumption of fish showed that low ecological risk to aquatic organism species and health risk of

PAHs in the muscle of Hypophthalmichthys molitrix and Cyprinus carpio to human were observed in the 4 lake groups.
Key words : Daqing lakes; PAHs; water body; freshwater fish; risk assessment
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b=67.529
. a=71.807 . a=51.563
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Pyr  Burrlll ¢ =0.406 g :g g;f
k=1.802 e

1.6 POk it B e KU P

T JALB P B3 B IR estin-
ated daily intake, EDI) LA it PAHs X} A A ) 5 5 2
Be PR RO BP0 7k, 55 RV
PAHs X ARSI EDI Al4% L) R 5 fedb i ritas .

(e; xIRy)

EDI, = ——o5—— (4)
(Cm XIRd)

EDL, = —ow— (5)

A, EDL, AR RFEAE [ ng- (kg-d) '] ,¢, HIT
Y3 & (ng-g ') IR, FHIEE R 2.5 ¢,

BW MARTE (BEMRE N 70 kg). EDI, fCFEA KK
KA, c, TGP RRIKE (ng-g™").
Acy. Fle, An. Flu 1 Pyr i RfD {54354 20, 60,
40, 300, 40 F1130 ng-(kg-d) ~'. RID NT#E52 H %
A, B BRI 255 XU (R B R 48 US EPA
(IRIS) http : //www. epa. gov/iris/ 753

2 HREITiE

2.1 RIKHIAREKIR PAHs ¥k 5 R 2875 X b Hoy5
RFAIE

KPS RE 18 AN LBV /K& PAHs & &

Nap |
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IYMTEE AT UL (2 2) , PAHs MR ETEHE N 0.2 ~
1.21 pg-L7", SFME R 0. 41 pg- L', HrpyREE
B Nap . Ace. Fle I Phe Z5IRR 42, 50K 1
DahA | BaP Fl InD %5 & 3542, WIIARE PAHs 24>
Brad S Bon 18 AN BAELEIABE 7 B 4 AL, 1
HBIA YLP LB DDH 43 5145 % — 28 YLP
4 F1 DDH 41 ; 1fif XHH , XDH , NYSK . KLP, TLH
HSH ., LMS 1 YBP iX 8 ™A # 5 i — 4 ( XHH
41); LHP, QKP, DSSK . KQH . ZJT. ZNP, DQSK
1 HQSK 31X 8 A4~ #1111 4 43 i — 28 (DQSK 41) ( &l
1) . MArZJa B R[] 901 4 B B m] L, T) 780
THICHR 43 th 307 W J 9 o7 & AH 48 PF , XHH 20 i
DQSK £H {1 7F 43 1) 3 6 78 K BRI A 19 v g v
L MZARAC T . 18 AN dd, A YLP,
DDH F1 LHP 3% 3 A~ 1130 DX F o7 & AH 48 1 2 30
TRRIRIY PAHs BREERFAEE 040, R A AT RE & YLP

i Ab A I T SR L M G PAHSs S 0 MR A v 1 Mk R A
RFAIE; DDH Hikbfb T %5 4 ISR A AR Sl /K RS 2
50 cm FEFERIE ALK, 15 Yo W A HO AR 1Y
KA T LHP D2 PR LK U6 5 ik 4 17 43
HE S H e KR — g, 28T 5 X
HuIF 5 PAHSs FRAE 23 70 B2 1 AH 45 & 19 mT 52 43
HAFHE. 4 DAY T 16 Fh PAHs ¥ B 5 w5 (H 1Y
WELAE YLP 41 XHH 4P NI, BR T Ace,
BbF, InD Fll BghiP iX 4 Ff PAHs ¥ & & (E A7 75 T
XHH 2 IS, HoAth 12 F PAHs 78 YLP 41 vk &
G T 3 AN ITAA (F 2). 1 16 B PAHS
R T Nap BYRARMEAATE T XHH 20 LASE, H A dx
AE 4746 F DDH 4180 DQSK i 4 , Ju H &7k
Y5 ML I 4 DQSK ZH. AT UL 4 AN 599 4 K (A
PAHs {5 44/ B2 B SR 2 8L YLP 4 > XHH 41
>DDH 21 > DQSK 4.

47°

46

80 0 160 km

el {4l
-
E]Tﬁl]lﬁ-i’ﬁ 0 20 40 60km
Oy
12I4” lZIS" E

1 BRIHRKAAFRFELTE

Fig. 1 Sampling sites in Daqing lakes Basin in Heilongjiang Province, China

2.2 KRPRIIAREKAIR PAHs 404373 A B AE 5 5k IR
b

KW HE 4 A W0 41K [7) A 50 PAHs BT /4
SV E S L (BT 38, R IR ) S 80 R AR ALY
FEAE LA, B LL 2 ~ 3 KBRS &, H A il 2
4 80% (K 2). Hid ,DDH 44 . DQSK 41 Al
YLP 4 2 ¥F PAHs T f7 e Bl 5% i, 40 5k 76 %

73% F1 46% ; 1 XHH 410) 3 35 i Ho 4 B
SR 54% . X5 ~6 IR PAHs 7E 4 N8
TH 4L vk B ¥ 4%, JoH: DDH A DQSK 40 fr /5 kb
B ARHEST 3% . XF T PAHs Y BEAH X4 5 79 YLP
FXHH BN WIIA 2, AS TR PR ERO0T o Lo A5 43 A AH X
L HI5). PAHs 453 19 2% 5 AT B2 1 T PAHs ok
VBN ] AR B8 3 FEAS [ 5 [ i 3 %
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£2 KK#HBMERN—LBREGATR, $AKE PAHs iR EE K PAHs hRKFEREIREE pg-17!
Table 2 Average PAHs concentrations in surface water collected from the Daqing lakes,
some rivers and lakes in China and standards of surface water in the worldwide/pg-L "

e g Nap Ace Acy Fle Phe An Flu Pyr ik
XHH 21 0.121 0.147  0.028  0.024  0.032 0.003 0.012 0.009  AWFFE
DQSK 41 0. 194 0.007  0.009 0.012  0.022 0. 002 0. 006 0.006  AMF5T
DDH #H 0. 487 0.058  0.018  0.007  0.031 0. 006 0. 007 0.005  AGF5E
YLP 4 0.552 0.076  0.048  0.112  0.159 0.02 0.033 0.039  AHf5E
EAR LR 0.037 0. 007 0.02 0.023  0.043 0.022 0.031 0. 005 [26]
INEETE ND 0.004  0.004 0.02 0.017 0. 001 0.003 0. 002 [25]
AL 0. 049 0.028  0.026  0.006  0.261 0.025 0.026 0.02 (1]
PP 0. 065 ND ND ND 0.399 0. 194 ND ND [27]
el ES 0.109 0. 262 1.196  0.492  0.193 ND 2.611 1.029  [27]
ESTIV S 0. 002 ND 0. 001 0. 001 0. 029 0. 002 0. 009 0.009  [24]
KT H 0.071 0.042  0.031  0.161  0.545 0.176 0.262 0.203 [23]
EPA #3ifE 1200 1300 9 600 300 960 [26]
o ] [ 5% b R K R 55 5 e [23]
TR (R AVFRIE) 2.0 0.5 [23]
&R (KB ARTE) 11.0 0.8 0.12 [23]
FE242 (K BTN bR ) 1.0 0.01 [23]
WP M RE R S (ESTRE) 1.0~10 0.005 ~0.05 0.005 ~0.5 [23]
R BaA Chr BbF BkF BaP InD DahA BghiP  SCHR
XHH 241 0. 005 0.014  0.007 0.01 0. 003 0. 005 0. 004 0.008  AMF5T
DQSK £ 0. 001 0.004  0.001 0.002 0.0005 0. 000 2 0 0.0007 AFHF5E
DDH #{ 0.0004  0.0032 0 0.015 0 0 0 0 BN
YLP 41 0.01 0.054  0.004  0.024  0.003 0. 001 0.07 0.006  AWFFE
AW 0. 006 0.016  0.008  0.005  0.003 0.011 0. 004 0.017 [26]
INEIETE 0.0001  0.0004 ND ND ND ND ND ND [25]
HAEW 0. 007 0.005  0.001 ND 0. 003 0. 006 ND 0.01 (1]
VP ND ND ND ND 0.214 ND ND ND [27]
RS ES 0.215 0.120 ND ND ND ND ND ND [27]
FSTIPIN 0.016 0.011 ND 0. 0007 ND ND ND ND [24]
KA 0.063 0.084  0.015 0.013  0.011 0.01 0.000 3 0.011 [23]
EPA F51f 0.0044 0.0044 0.0044 0.0044 0.0044  0.0044 0. 004 4 [26]
o [ [ R b K R I B e A o 0.002 8 [23]
TR (R AVFRIE) 0.2 0.1 0.1 0.02 [23]
IR KB ARE) 0. 008 [23]
FH22 OK BT IR ) [23]
BT A BT 51 2% (AR SRR AR UE ) 0.01 ~0.1 [23]

e 3 0L, KAERY Flu/[ Flu + Pyr | e AE R
0.385 ~0.599, [ T YLP F1 ZNP Wi LA K43 1501A
) Flu/[ Flu + Pyr] HL{EIITE 0.5 ~0. 6 Z[8], AT HE
KPSHITARE KRS PAHS 75 Yt 3258 R A AT Fe Ak be
FrE. I YLP 1 ZNP L {H 2r 9 My 0.457 Fi
0. 385,75 YLP 75 G4 5 A A i B H I b 1 498
B, T ZNP 1Y PAHs V5 44k I 32 22 4 A b HE kTS
Yy [A]F, InD/[ InD + BghiP | FL{E A NC (B4 A6
SR LS 10 LU ~ 1,022, S50 RE
878 PAHs M5 A BN AR SEREIRBE T 8. 276
FE IR 2 ARG H A, KBS #E K PAHS
FEORIETIARHERO™ Y, G4 AR | B2 St A
FRRLE RS, 2 PR ) A e R 1 2 5 AR

SRR AL, T AR A 2 24 i R A 2R B
B =R BE IR, S AN R R AT AT
My P AR R A B R TR, A, YLP 1A
IKIAEA —EB 53 PAHSs 15 J K U8 41 1 289 o 1) HE
B, WA AR TR, DA KR AR )R B I R K
Hek.
2.3 RPSIIARHR KR PAHs (9 B K o3 Af
FHIE

KPR e £ s £ 2 St b (it 36 £%)
5 FhZHZES BTN 16 F PAHSs V& BERINSS 5 KX G843
Mrats S s . 0 05 £ A £ R A £ b
AnREAREZES HEEAE T An E B E S
T mE (P =0.02) , HAW15Fh PAHs 75 9 2 £ fif
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®3  KK#MIAE 18 N ELEMHKE H (Flu/Flu + Pyr) 71 ( IP/IP + BghiP) LL{&
Table 3 Ratio analysis of (Flu/Flu + Pyr) and (IP/IP + BghiP) in surface water from 18 typical lakes in Daqing lakes group

PAHs H{E YLP XHH XDH NYSK KLP TLH HSH LMS YBP
Flu/[ Flu + Pyr] 0. 457 0.579 0.552 0.577 0.542 0.558 0.592 0. 587 0.582
InD/[ InD + BghiP] 1. 006 1.008 1.002 1.002 1.012 1.022 1.002 1. 006 1.012
PAHs HIH DDH QKP ZJT ZNP DQSK HQSK LHP DSSK KQH
Flu/[ Flu + Pyr] 0. 599 0. 557 0. 547 0. 385 0. 565 0.578 0.574 0.573 0. 566
InD/[ InD + BghiP] NG 1 1. 005 NC NC 1 NC NC 1

63 WSEE W43 W3H W2 T EPRbRAE R (£ 2). DDH 4151 YLP 4

- An W43 SR P22 7K Bh v R BT B R 2 I

90 t SAASTEHPEMARAE; DQSK 41, DDH 4HF1 YLP 4H

80 Flu #3378 T BT 8 R (0 B 5 2 A A ST A

o FRafEs T YLP 40K (K B RLIR 0 BaP R

3 50 I A T IR E MR K IR B AR . 5 38 E R

40 {28 (US EPA) FLZE 1) 16 Fh{f# PAHs AL, XHH 41

. F1YLP 41/ BaA . Chr, BbF . BKF 1 BghiP ¥J&F 7k

0 FibrdE; XHH 409 InD, YLP 4119 DahA & DDH 4

0 (1) BKF W54 AN FFREE A EPA A, o XHH

XHH DQSK DDH YLP

El2 XHH 4, DQSK 4, DDH 41 YLP /A
T EEIREL PAHSs J& B b7 46 53 EE 651
Fig. 2 Proportion of PAHs in surface water with different rings

in XHH, DQSK, DDH and YLP lakes group

b R (K 4). FaMARHALZEEN
PAHs [l 245 R . Bzl P Ace, Acy., Pyr
1 BaA A E 225 HAEEHH Ace 7 B JIE 01 i £ 21
e B B G T R R B Acy 7E B IE RIT R
e TR AL ZHZ (P <0. 05) , T Pyr F1 BaA 1E
JHH Rt B ARG LA A b
W (P <0.05). fEFLN Ace, Acy WRIE B
W25 Ace 7B IE ok B I 3 TG L BRI
MELHZUMR I | Acy 76 B IE R AL U iR & T
B LA ZH SN YR (P < 0.05). PAHs 78 '
UL AT P 79 e 2 2 e B A e i — &5 2R 5 [ R Ab
—SBRF G A AR AL, X T S
JEAARINIGTE P L1 1) R B R E RN, 5
TH B B,
2.4 RPCIIARE PAHSs A= 25 XU PEA
2.4.1  SKFARAE RIS AL S KR IE T H A
FERPSHIIAHEE 4 WA 4LK R PAHSs 14 3 A1
PAF {8 5 E B F3A PAHs /K JFARAE | [ AR R H:
kst PAHSs V5 4RECHIXT L, % 30K BRI TA B K 1A
SN S E:E Nap. Ace. Acy, Fle, Phe I Pyr iX 6 Ff
PAHs JCHEAREOL, LA 10 Ff PAHs 445 AR #8

ZHAT YLP 241 H AR PAHs 52, 47 51 6 Fi A1 9 Fh
PAHs 8 H [ b A E N ARE.

S P ILAN LRSI | T PAHs WREEXT L, R
DEWTARE 4 AR 20 Nap Al DahA (W E X = T3
2 (1) [ N A B /KSR B 5 177 InD A1 BghiP A
A PAHs (R EE IR T 275 14 [ P I At B84 7K Sl v
J&; HAth PAHs 78 YLP 41F1 XHH 2 H EA
(R B I TR 43 1 I X LK A4 e PAHS YR EE
1M DQSK A1 DDH WITAZH /KA PAHs ¥R & A X B IT:
TR HAD S KR 2 (% 2).
PERT UL, R DI #E 4 A~ SR 4 b YLP 41
XHH 2095 41 i 7H 7K 14 PAHSs 75 Y% | 1fi] DQSK Fl
DDH WATHZL /K4 PAHSs 15544/,

2.4.2  KIKWIARE KR PAHs X 7K A4 A= A 25 0
5z IR K A3 2 ik R XU TPy

FIFH SSD £ A5 I XF 4 A4~ 45 fiF 28 70 38 371 21
PAHs B V-2 REMR B AT PAF (115 DLtk —2PiF
TR IEAS , 45 5 BoR 4 28R /K 4 PAHS
SR AE BTG, AR EE] 5% B BIE, Hh 8 F
PAHs HBR T An DAAREYHAL PAHs A= 25 XU 357N T
1% (325). YLP 201 DDH 2 An 144 25 XU 35
fm T A YA 21 53 ) 35 B 3. 84% Fl 2.49% |, 1M
XHH F1 DQSK 4 An 47K 44 A 25 XU AR X AR 43 5]
HF1.97% F 1. 778% . 45 FFR W LA HALHA 41K
& PAHs XK AEAE AR SRS BIAS B B 15 G4/ ik
ANFETE I 0 St A A AU
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R4 KipEtRafGia AEAMALEE R PAHs IRED (TFIME « F3fER) /pg kg ™!
Table 4 Concentrations ( mean =+ standard error) of PAHs in the tissues from Cyprinus carpio and
Hypophthalmichthys molitrix in the Daqing lakes/pg-kg =

E Nap Ace Acy Fle Phe An Flu Pyr
AL 77.1£20.2 1.6 £0.4% 1.0+0.2" 4.3£1.2 11.0£1.9 1.14 £0.28 1.24 £0.29 3.03 +0.52"
#ES 21.0+9.6 0.5+0.2" 1.3+0.4" 2.7 0.6 11.7 £2.5 2.99£0.9A  1.41+0.45 3.77 £1.03"
#EF 112.1 £50.3 2.0+1.1% 3.1+0.8% 2.6+0.9 9.5+3.3 1.2+1.2 2.93+1.39 12.58 +2.8*
g 60.0 £24.9 9.2 £8.0" 2.7+0.9" 2.2+0.9 4.1+3.0 0+0 0+0 00"
e 30.55+15.2  9.1+4.7° 5.6+2.5% 2.8+1.3 16.4 +4.9 0.49 £0.49 1.1+0.79 2.3x1.7"

p 0.055 0.023 0.003 0.613 0.29 0.075 0.134 0
WE BaA Chr BbF BkF BaP InD DahA BghiP P’ - An
AL 1.1420.7°  0.5+0.13  0.22+0.12  0.07 +0.07 00 0.15+0.15 00

i 0.83+0.47" 1.61+1.2  0.52+0.45 0.05+0.05  0.2+0.2 00 00 0.02

T 11.45 £8.2¢ 00 00 00 00 00

i 00" 00 00 0+0 00 0+0

W 4.65+4.65"  0+0 00 00 00 00

pe 0.036 0.615 0.777 0.921 0.739 0.789 0.739

wE Nap Ace Acy Fle Phe An Flu Pyr
BEL  88.2 £51.2 0.8 +0.4" 1.7+0.8" 4.0+1.3 10.8 £3.3 0.79 +0.2 0.8+0.27 2.1+0.57
i 47.3+14.4 0.5+0.3" 1.2+0.4° 1.7+0.4 7.1+1.1 0.59+0.1B  0.68 £0.2 2.2+0.56
SEAF 55.1+14.6 6.7+1.8° 5.5+1.4% 4.6=+1.5 5.7+1.0 4.33 +1.81 2.29 +1.44 5.19+2.53
fiEf 135.4+71.6 1.4+1.4° 7.5+3.4° 8.8 +4.3 17.8 +8.4 4.78 +4.78  0.95+0.95 0.75 £0.75
fBER 238.6 +201 11.1+5.2° 10.1 £4.7¢ 6.0+4.3 16.5 £12 7.07 £4.8 1.95+1.46 4.38 £1.97

pe 0.394 0 0. 006 0.169 0.353 0.119 0.453 0.156
wE BaA Chr BbF BkF BaP InD DahA BghiP P’ — An
BEL  0.24+0.09 0.43 +0.14 00 00 00 00 00 00

BEMS 0.39+0.16  0.51+0.17  0.23 +0.23 00 00 00 00 0+0 0.02
fEF 3.57+1.51  1.69+0.98  0.8+0.8  0.98+0.98  0.8+0.8  0.85+0.85 0.77+0.77  0.8+0.8

iy 8.39 £8.39 00 0=+0 0+0 0=+0 0+0 0=+0 0+0

BEE 1.02+1.02  1.32+1.32  1.42+1.42 1.42£1.42 1.1+1.1 1.15+1.15 1.05+1.05 1.2+1.2

pe 0.167 0.249 0.349 0.257 0.266 0.264 0.264 0.245

1) P ARR Rt A ORI T FFAE, LA, (i | f0 B8R T ) PAHs 25 5+ M /NG 8 (a, b Al o) TR (724081, P <0.05) ,P* - An {8

A0 R i €0 5 PAHs S8 25 55 RS FRE (A B B) &R (T K25, P <0. 05)

R 18 A4S ik i1 91 1
DS VA 25 5 i 7 . 16 f PAHs B9 EDI 3150
Nap 9 EDI {H# 5 (18] 3) , X — 45 5 H AW 587

16
14 B i i EDI,
12 I &5 EDI,
10 [ ##EDI,,
8 [ 8EfEDI,
6
D 4
=
& 2
—g - —I M
0
= 020
m
0.15
0.10
0.05
0
MNap Acy Fle Flu Pyr An

B3 KEKiHAEEE & FtEf 6 i % B\ PAHs &) EDI &
Fig. 3 EDI of PAHs through the consumption of Cyprinus carpio and

Hypophthalmichthys molitrix from Daqing lakes

HARLE R AL ASHIF ST X IR K £ B £
figfa ff PAHs 1) EDI (I AR T P R R VT AR Ry
DU K AR BB AR LR DRI R 8 0
% ¢85 VK 9% 16 T PAHs 1 EDIm F1 EDIa {E 13 #]
BARTHZEFEE RID(US, EPA Integrate Risk
Information System ). PFAki45 R F B H /i 5t PAHs
Xof N AR R 14 i 35 10 75, D PR TP R P9 oK £ A
TH 2% T S DRCE TH 2 UK.

3 i

(1) RECENAHE 18 A~ B K R g — R 2K
34 ASIALZH, /90 YLP 4H . XHH 4, DDH 4
I DQSK ZH. K &R 43361 J3 21 MM T b B A5 8 Sy
X, A YLP Al LHP A3 5l 2 Al R A Ak
T b T DX 530 B A 0 DX, S B B Y
fIES3 X
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#5 AEMRAAKEH PAHs EEXEE/ %
Table 5 Ecological risks of PAHs in surface water from different lakes/%
i MSEA XHH 24 DQSK 1 DDH £ YLP 44 XHH 24 DDH 1 YLP 41
PAF Nap Ace
TR 1.28E-9 4.41E-9 5.09E-8 7. 06E-8 0
e 1. 79E-10 8E-10 1. 53E-8 2.26E-8 0
TeHEHESIY) 0 0 0 0 0
PAF Fle Phe
TR 0.082 0.055 0.039 0.198 0.015 0.015 0. 065
THHESY) 0.132 0. 091 0. 067 0.299 2. 89E-20 2.36E-20 2.81E-14
PAF Flu Pyr
FTR Y 5.4E-03 2. 81E-03 3. 13E-03 0.018 0.243 0.179 0.155 0. 68
HHESY) 0 0 0 — — — —
TeHESh ) 0 0 0 2. 49E-90 4.59E-120  5.19E-137 1. 03E-33
PAF BaP An
TR 2. 84E-22 2.3E-46 — 4.98E-22 1. 969 1.778 2.494 3. 84
HHESY) — — — — — — —
TeAHESI ) — — — 0 0 0 1.99E-144

(2) WHAREAKIAR PAHS 75 4 KR40 H7 2 B YLP
A5 YL IR B A S B A RIS g F A
TH/KAR PAHs 19 EZR I AR | DL A A Bk
RIS
(3) A4 EBrFN E N b ZROK A8 B i A v DA
WA AREAS R I 2 K (A s Yo B B, 7R XHH 41
YLP 2 PAHs ¥  , #bR4 % , DQSK 2HF1 DDH 24
PAHs AR5/
(4) WIIAREAS R A fh e PAHs 225 S i o
R An W R B S s T £ B An WREE U2
JUESE T AR I 7K R )2 B 2% B P e P s A 16 7
RS RS AN S A ML B R AR
RS [A] 2H 20 2% B vh PAHs ¥ B A7 76 B i 2%
PE I RERVE AR R 15 G AN AL R 1 E 28, 3L
PAHs (1) 2 FRE J7 9 T WLIA . R0 il 25 21 b PAHSs
FREET.
(5) 4 A-HLAHIA 4L KA PAHs XK AR B9
A SR Y AN B B, A A7 78 B 0 0 S 2R 2 U
I RS) | R DR AT TR IR 7K o f £ R £ £ PR 1Y R 3
() PAHs B1 AR F S 0 i, AELEIR B 2 UK.
Bt MR IRVE T ISR W rpuc B B 58 B2 30 0
SRR IR, VR 7R B 27RO i kil
53 3Ltk
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