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SUITHKEMEEZSINE RO ISR ERXIE
ELE KA F, R, R AR, AkE  BER, R L
(KA FERERAKTREESTHR KABRKIREARN S EABEEL LR E, #d KX 430079)

FEE PRDUL TR R ik Z 31051 (PAHs ) & it AT (@ R RS T , DL R iiE PAHS V5 34 i 4@ (I3l
ek, EDUL T 8 MK UK FRHE/KAE K AEAH N LB AR A g i 7 b sty ) B A0 €633 %
15 FAAX (GC-MS ) 5 /KA B A UL v 16 B 45 22 3105 8 1) 2 3, I F 38 [ SR AR JR) ( USEPA ) #i: 72 1) £t B XU 11
WA AT e B RS S o 8 A SRAEIT T 7K A& HF Nap . Ace .Phe An BaA BKF # {2 % 100% , BbF . InD 2534 5
W, A 2 BRI A HE 24 Fle 50% (Acy 25% (Flu 62.5% Pyr 25% Chr 25% BaP 75% DahA 12.5% BghiP
25% o, WL TR 16 Fit PAHs S35 &8 F-3H ) 100. 67 ng/L, fiz/ME K 65. 8 ng/L, fix KAH Ky 155. 94 ng/L,
S AL FZE LRI Ry F(70. 4% ), PERILIR(22.2% ) , @R A (7. 4% ) o 7 Fpfafkpy 16 Bz PAHs (15 &
JEREIN(43.42 £0.50) ~ (113.06 +3.57) ng/g, 24 AGIR . HF 35 & 3 PAHs 4351 &5 & PAHs (1) 57. 9% |
20.2% 21.9% . = INE AR LB 35 R AR KR SRR R PAHs ZE AR & 4R RE I SR AR FH /K (i Rk
RS B AR 2,25 x 107 ~5.32 x 10 7 /a, S MK A XU AS BA 257 il f £ FH A9 PAHS falt BRE JXURS: £ 55315 L b
8.00 x 1077 ~2.08 x 10 ~°/a , EARTEA Ay 0] 132 52 7K, B T 161 s 5 5 B 70 2% B3 2 40 457 94 o K T 2 32 KU 7K

5.0 x 10 7> /a, #4320 F A A AACHE B XURG (75 T USEPA SR A0 T 43232 XU 1.0 x 10 ™% /a,

KR . IR AR XU 5 A s UL T ¥ 5 ik
B 4K E . X522, X503. 225 XERARERD A

% ¥ 55 4% ( Polycyclic Aromatic Hydrocarbons,
PAHs) J&— 2R R BRIER R AMEA LTS G4 (Zedeck,
1980) , 734l |3z , HL AT 26 IR P KA ) 72 B2 1) 4 &
PE K7 8 1 PAHs SIS, e 4> F 2= 10
PAHs I 55 W B e 00RE 4 R T, FAT 00 | 20wk 7
FRAZN (Luo et al, 2008) , 7EE &I PAHs
A 400 ZFh B AT BURAE T, T H PRI (a) IR 2K
S SR, 45 [ 1) EROFH AR b o v 22 G Ry s il Ak
B, FEEIFMRR(USEPA) EX % 2% 16 Fi
PAHs 51 O SGFE i B9 75 94 ). PAHs BEAE 38 i )&
IKHERC AR 242 0 M St itk s 45 2 Fi 42
HEATKAR, X5 7K Az A ) B N A A BREAS JSC R . 7E TR
FE F— LTI A A K A S e i 2R AR N A
T PAHs AAAE (RF = FAA] 20105 22 T4,
2013 B SCF-45,2014)
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P AP K 2 SR K AR TR R R TR A HOK
KU o FTAFEA, DU R 3kl Tl VAR % i, HETL
0 Ml AR DU A S5 2 e ¥y Jld ™ Ml 5 B
TR — ) R St (B AR 8 R K B
9542 m’) , FHLH K PE T il Bt KRN, B %S
BOT WrAF sl , KRR RS 1 1 RE T8GR , /K ER
AR DU M9 A SR X, O 900 277
SRR P AR 7 A T R K IRIBOK X, K5 2 2 PR B
SO A0 AL TR AR S R G A R To , K
ARG AR, K IR ) 2 3097 ke il
iR BRER R Y 22 O R At A N R (Aas et al,
2000 ; Kim et al,2008 ) , A JSE 5 76 fid Bl XU .
H HTBULT 9 PAHs #975 Qw5 S A i iE . AF
FUREE T N U L BLHY K AE L8 o #1 2HF d, BF 5
PAHs 4, 5% I 3¢ [E 20 ff 5y (USEPA ) #fE 77 A9 P fr
PEAHEAT 1T A e RUBR PEAR, U DA UV T B PAHs
15 Y B AR LR TR

1 #R5FE

1.1 REFHLASHERRE

L1 RAshg 2015 4F 12 H  fEDUT R iF iR

K IFHIBOK M3 8 AN /K AR AL, aniE 1,
HMSR BE A7 B Bl R 2R K Bk T (ZX,
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N31°12'8.03"E112°34'15.82") , ¥b ¥E 7K )~ B /K 1
(SY, N30°42'25"E112°35'51") , ¥ VL3 LK T Bk
[1(QJ, N30°29'58"E112°52'28") , KT 1 — K~
Bk 1 (TM, N30°29'58"E113°4'12") ik — KT~
BUK 1 (XT, N30°22'45"E113°27'16") , 7)1 7K )~ B
K (HC, N30°38'7"E113°50'14") , %% 74 5 4 %5 1
JKJBUK T (DXH, N30°35'33"E114°7'40") , 3 [15%
KK JTHUK 1 (HK, N30°34'41"E114°12'58")

E1 REHEALE
Fig.1 Location of the sampling cross-sections

L1.2 H&aX& KEEEINWERE | MR, &
ARERBE 3 AEATRE SRR 2 LOKARE, K it IR AL V2
(4°C) iz [ 5250 3 R 72 o A ZAE i 20 S AR A
VLB AR ) o e O LA R DL 2, a5 8 Cyprinu-
sauratus . Cyprinuscarpio . 75 HR 88 Squaliobarbuscur-
riculus , 8§ Sinipercachuatsi . %% Silurusasotus | ¥ 55 £
Peltebagrusfulvidraco F3AME B Culterilishaeformis, B
A A RILEY Y R T4 3 ~ 4 d, T TR
FORTF o
1.2 MBS

SRR ARG, — Bk O 2 e A 7
1) GC6890/MSD5975 Z 515 C18 [EIMAEHUAE , ek 7%
KA (BUCHI/ Vacuum controller V-800, 7 & ) ; & WK

e
1.3 #HREMN5REEH
1.3.1  KEWHTAE HEHMERFER2 L, RH

C18 5 H2/k B, C18 HEAE fff FH AT U — 5 e
IS ZEA8 K45 5 mL 364k, BRI S 4445 6 min;
Wil AR I i C18 FE[E 5 78 BAH A O B |, (K FE
SRR 3 R P 7E 10 mL/ming F 10 mL 5 F e
PR, 43 3 Rk PE (4.3 Fi1 3 mL) 5 Y5 H TG
IKBRER BN R /K G e 25 R e 4 2 3 mL, B8 2 AR
Ak FRZE RN R TR, 15 1E O e e 771 B
I A PRSP ORACIELO pg/mL) & 45 &
1 mL, T 5 &8 20 0 (AR 4146, 2007 5 X1 385 45,
2011) .

1.3.2 #XFLWaAE KAl ET
f, TR DR A A R A LR RIS S 0K o JBURE i
2g,59 3 g ik LIRG A, TEA RO PARUCEA
3 oMt 9 g FALR 6 g REK .2 g JOKBRAREE LI
Kt S LR AW, R S P bRy flg
VAR, ol DR v 700 A BCSORE A it 7R IRLEE 100°C s
77110.34 MPa 254 FHN#4 6 min J5ZEHL 6 min; DL ZE
RO AR 65% 1 — S e o 4 IREEAT IR, B AR
43 min, FRGSEREL 4 K, IBEBUE LA
Wedi 2 1 mL, FHANA 10 mL IE CREW 4 £ 201 mL,
EHIECHERE S5 mL fT GC-MS 2 ( £iH
£ 2013) .
1.3.3 H&LHFREENE  ArfEd Bl USE-
PA 15 1Y 16PAHs & & 4R A (SUPELCO, £ )
DB-5MS A BN E O35 A (0.25 pum x0.25 mm x
30 pm) s AU RALAT WA 1 mL/min, B 3R
ORRHERE  HEREARUN2 wLs THELAR 7 - 90 6 i
S 80°C , 4345 1 min, 2K )5 LA 20°C/min F+ & 160°C ,
FLA5C/min F+ & 290°C {385 5 min; FEHE R
9 290°C, Kl g e S 320°C sl ik A5 R NIST ik
T PR AN 5 O B N E) AT P2 BT, ISR FH AR
WA TR AR YL A 6 M IE 1l £k 5 f € 16 Fh PAHs
(Qiao et al 2006 ; F45%4,2011)
1.3.4 REEHSRERIE SLRPIELHEFE
A8 [ o ] 25 58 B vk 2 RN e s | R AT o i 4
il s R AR R P, B AR CE 3 AT RE, 128
R i D [F) b AR 22 53 B A TR AR R IR Y
[Fi) o £ IR S BERILIER & 1S 1 /S b BT, )RR K
3AATRE S AT 3T o RS I 8OV RIS 38 A T
ERH R, Bk 1,
1.4 RESHESKKEITRG
T e KK S B R R AR TEN
REB e . T AR NS [R) R A6 % 22 34 05
KRR E R R B RO, T R R 5
AN LA, 2% 3 [ USEPA J5 %, AR SCsk B £ i
WURIAE y 3 8 2 o XU U, HO A M B2 i &2 11 CDI
(mg/ <kg - d>) 5N (FT5,2013) 7305008
CDLyy; =C, xIR, xEF x ED/(BW x AT) (1)
(DI, = C, x IR, x BF x ED/(BW x AT)  (2)
b, €, KA PAHs BUMREE (mg/L) ,C,
fafkrf PAHs (W (ng/g) 5 IR, S HYOKE, BUE
2L/d; IR, R SEEA T HE R A, MR 2015 4E4¢
THESE, WA DK™ m NS & 10. 8 kg/a;
EF Sy B EE M3, JUH 365 d/a; BF a2 filt e & 4R
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EAFE, VO T AR &K% 3T 0% A R A K R AL 53

P15 ED Jy B I a], B0 )8 5 B 70 a3 BW Jy-F
PPN (58. 6kg) 5 AT Sy S P2 2 5 I IA] (70 a
x365 d/a) ,

F 1 PAHs BB F0 75 %4 H IR
Tab.1 Recovery and method detection limits for
PAHs in water and fish

2/ % K BR

PAHS T O
ng-L™ ng-g
2% Nap 78~89 105~130 1.0 0.2
)ik Ace 88~93 78~83 1.0 0.2
% Fle 72~89 88~121 1.0 0.2
R Acy 96~108 87~120 1.0 0.2
E[ Phe 99 ~115 86~123 1.0 0.2
J An  88~101 93~102 1.0 0.2
BT Flu 78~96 97~126 1.0 0.2
® Pyr 78 ~102 94~122 1.0 0.2
I Chr 57~66 99~117 1.0 0.2
HH(a) B BaA 54~65 81~96 1.0 0.3
FIF(b)WHE  BbF  33~53 97~126 1.0 0.3
I (k)BEB BkF 38~52 121~134 1.0 0.3
HH(a)tE BaP  52~75 96~109 1.0 0.3
— % (a,h) & DahA 21~46 103~111 1.0 0.3
#3(g,h,i)3E BghiP 14~52 95~113 1.0 0.3
Bidf(1,2,3-cd)f ImD  21~36 93~117 1.0 0.3

R JHSE [ EPA 77 1) S e XU A J5 2% (USE-
PA,1989) ¥4 PAHs BRI o 0 XU T2
W

4 Risk (HA KT 0.01;

Risk = CDI x SF (3)
4 Risk (KT 0.01;
Risk =1 - exp( — CDI x SF) (4)

A, SF b BUm P R BUR AR R AL &0
RFPUEN 7.3 (kg » d)/mg( 45 ,2009) .

16 Rl fa 2 0 57 ke 19 K G S0 SO I BaP
A3 R U A O 2 T ARV Y BalP U BE 1 R AT A
B, SRR LU SRS ok 23057 R A BRI 22501, 55
ROARBOR I, B 1 R (7 30845 ,2004 ) o S5 2000K i
VEAEAR RS PE A 45 21032 LT, B A S8 2
TREHAR Z K (Nisbet & Laygoy,1992) , AR ILK 2,

%2 PAHs i BaP £ FF
Tab.2 Toxic equivalent factors ( TEFs) of the 16 PAHs

PAHs TEFs PAHs TEFs
Nap 0.001 Chr 0.01
Ace 0.001 BaA 0.1
Fle 0.001 BbF 0.1
Acy 0.001 BkF 0.1
Phe 0.001 BaP 1
An 0.01 DahA 5
Flu 0.001 BghiP 0.01

Pyr 0.001 InD 0.1

2 HBRE55Mm
2.1 UITiFEKEEH PAHs 53R 0
DUL T WK 16 Fhfii PAHs 5 LA 2,
%3, 8 P RAEWTIE A Nap, Ace, Phe ,An,BaA  BkF
Kty 8K 100% , HoAth 22 35 35 Ko i s 5843531 4y Fle
50% .Acy 25% Flu 62.5% Pyr 25% ,Chr 25% ,BaP
75% DahA 12.5% BehiP 25% , BbF . InD 245 4 4y
Mo UL R PAHs SEX1E R 100. 67 ng/L, fz/)N
{E 8 65.8 ng/L, 5 KAH H 155.94 ng/L,

180F
=, 1e0f WS
- 1gof BEFH
on
Sv 120F & 26
G
qu 100F
< ol
[ngll=Y
® 60f
o
% 40f
Y

0

7ZX SY QJ TM XT HC DXH HK

Sampling sites
B2 UITiHk{Es PAHs &8
Fig.2 PAHs content of water from the lower
Hanjiang River
£33 DI Tk F PAHs S EREGHZE
Tab.3 PAHs content and detection rate in water from

the lower Hanjiang River

PAHS FEE S bR RUMES BRI il 3
/ng-]fl i 22 ng-[,_l ng-]fl /% 5
Nap 15.51 2.84 11.95 19.95 100.00 2
Ace 22.20 10.02  5.60 36.80 100.00 3
Fle 6.49 7.38 0.00 18.70  50.00 3
Acy 4.32 7.49 0.00 17.80  25.00 3
Phe 15. 64 2.70 11.10  19.50 100.00 3
An 6.69 1.17 5.30 8.75 100.00 3
Flu 1.61 1.05 0.00 3.33 62.50 4
Pyr 3.46 6.02 0.00 15.00 25.00 4
Chr 4.73 8.25 0.00 20.80 25.00 4
BaA 12.60 9.18 1.70 27.40 100.00 4
BbF 0.00 0.00 0.00 0.00 0.00 5
BkF 4.53 3.00 0.00 9.84 100.00 5
BaP 2.39 0.29 2.01 2.96  75.00 5
DahA 0.23 0.60 0.00 1.80 12.50 5
BghiP 0.29 0.50 0.00 1.20  25.00 6
InD 0.00 0.00 0.00 0.00 0.00 6
> PAHs 100.67 32.94 65.80 155.94 100.00
{K#F PAHs 70.85 20.68 45.91 107.98 100.00
FEf PAHs 22.40 16.56  3.55 44.50 100.00
=¥ PAHs  7.43 3.15 2.01 12.06 100.00

B 1 HOK 1 SRA: W 1 19 25 [8] 23 A K 5
BCDUZR VY ) RS I K T IBOK S PAHSs B
(155.94 ng/L) , ¥bi/K ) BOK H 5 i (65.8 ng/1.) ,
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SRS R E R RE R . RITHE UK
Ik 2 (69.08 ng/L) AL T ¥ 7L & H Ik H
(87.35 ng/L) ,

DUL R KA 16 Fh ¥ PAHs 41 5 V-3 (H
FELMIRA R F, IR, m R AR AIRER T
124 59.3% ~86. 1% , WL H K HUK H L A7) B
=, BONK T BOK 5% H AN 5. 1% ~31.4% ,
VL KT BOK B HG A AR, U KT BOK F
Bl s 5 PR N 1.4% ~18. 3% Bk ) BUK H E
il i , DU 23 K T UK H G e
2.2 UITiHEEH PAHs 57k5

KILTFWR LB 7 FhafR iy 16 Fh{L# PAHs
() R DU 25 SR LR 3,7 A 2R K Py L PAHSs 5 f
At SRR TP Sy s | Rt B A s IR B 2 £
B W, A AR 4 R (113,06 + 3.57) . (68.98 +
1.42) (67.70 £13.56) .(64.11 £0.03) .(58.17 +
3.45) (47.44 £8.76) .(43.42 +0.50) ng/g, fif{k
WEE T 10 220558, Ho Nap  Acy \An 5§ 3 Fif
K H &k 100% , Ace \BaA \BbF .DahA BghiP  InD %
6 filt PAHs YoMt 8RN E £ T 9 Fh 2305 %,
Nap . Acy . An 5§ 3 Fliie H & h 100% , Ace .Chr BaA |
BbF DahA BghiP . InD % 7 P8k i 5 o5 RS04 Py
HET 14 FZ I35k, Hh Nap, Ace,Fle, Acy,
Phe. An.Flu,Pyr,BaA BkF.InD #; H %5 100% ,
BbF  BghiP K A5 1 ; 8 /& 1 & £ T Nap. Acy ., Phe,
An Pyr BkF [ InD % 7 Fh Z 3505 )&, FLKL H 3508
100% , 7340 9 M2 5 IR B Rk th s SR N s 5 T
Ik Fle SHA 15 Fh 2310508, BR Acy Fth %8 50%
A, At 14 Fh 22 2805 J@ K th 2%k 100% 5 v 550 fa {4
NEET 11 FLHIF78, Ace, BbF, DahA | BghiP |
InD %5 5 Fl Z2 28 05 R AR 5 M 0 U] B BghiP  InD
2 AR A A, LAY 14 Fh 2 3805 ke R
100% . SAFE Nap An KR &, A 7 Fifa
B H ), BaA (BghiP [ InD & H F8 81

16 7 K P PAHs (1 - 25 4 i b, G 2R
PAHs "1 3¢ PAHs ., & ¥F PAHs 4> %] /5 4 PAHs 1y
57.9% 20.2% 21.9% , B HAGEE > 53 > IR,
7 e S 0 rp B B SR (27.3% ), R PR LR
(22.7% ) ARFF AR (19. 0% ) 5 SR P0G 34 de 5
(71.7% ) ,"h IR HIR(14.2% ) , m A EAK(14. 1% ) ;
A6 5 Fhfa ik ) PAHs B9 41 B IR 3R PAHs | 1 BR
PAHs = ¥F PAHs 43501 (5 & PAHs YO0 RI 5w , 5
W, R B

1201 B
100 B F

60

40
20
0
& o ARHEREE &F I EHA
8 2R FE
Fish sampling
3 XNITis&fkrh PAHs £ 8

Fig.3 PAHs content in fish from the lower

1637 £ 5 Eng + g
PAHs16

5

nE
L]

Hanjiang River

2.3 NUITNHKEF&EE S PAHs B R R

IR (e 5 DAL B A5 780 RN 2 80, UYL T Wik
K % B FH A A R XU PR 25 SR L3R 4 Figk 5

TR K A AEE B XU it 22,25 x 10 7% ~5.32 x
10 /a0, F5t = AU 76 25 P I EBUK 1, 5 A1 XU 0 2
FEFIVDVEIX S, 7R 16 2 30 55 K2 (19 KUK (B H, Nap
FEAFE K IR XU £ 5 (6. 13 x 10 ~°/a) , Phe W 7E 1D
PEXUBS e (6.07 x 10 /a) , FEH At K A Ace K
W B (6.86 x 10 ™% ~1.26 x 10 %/a) , W {dHE KU
A% (8.00 x 1077/a) , fis fa 5 XU f2 55 (2. 08 x
107/a) 7 Ffra £ 0 AR et B IXURG: Fh 5 S48 A It
J7 ot M A SRR 68 A B B

3 g

3.1 NUITHKER &M PAHs 5 fHKFE

DUT R KA B PAHSs S35 8 8 TRl i
Y {E 99.4 ng/L ( Cao et al, 2010), 5 &
(121.3 ng/L) {24 ( Wang et al,2009) , flx FHAAETL
1) 534 ng/L(FMNE 5 5E,2010) FRIL=F U 944 ~
6 654 ng/L (¥ 2 & 55, 2006 ) , KL ] i 35 Y
6471.1 ng/L( Guo et al, 2007 ) . K VL = fi M 1Y
201.1 ng/L(Zhang et al, 2012 ) DA N 7T 7 i
B 92 095 ng/L. % 9 H9 681 ng/L (11 & ¥ %,
2007) . EMAEFIZ E (2001) BFFE R B, KIL& VL
B 1 LKA Z 3005 18 & i PR L0,
R A ve , B e A L BT B PRV B g At VL
Bro J3Ah, RHAE(2011) i T A RKT #Y K
L5 BB TE 174 ~ 658 ng/L, BLIL R i KA
PAHs & it 5 [E M) it b, B Sk v 1 12 ] 28 94 3]
% 20 ng/L( Femandes et al, 1997 ) Fll 3 [E % 74 /4 I,
[ 62.9 ~144.7 ng/L( Zhang et al, 2007 ) ; 55 L7l
WA LA AR T SEIAY 170. 7 ng/L( % T°4%,2013) |
KA 134. 5 ng/L( Qiao et al ,2006) , & /N EATETE
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(1 51. 0 ng/LORIEAE,2009) o BT R ifF K74 PAHs
it 5 [ Y HA K A LA R AR, 52 BTG Y,
HRE R TEA EEM R A K. FERHEIF(a)
6 BaP S L Se e il 1s B, AN 58 A BBR DU K
JHUK 1 Y M e K PRI i AR ( GB3838-2002)

A AR 1 R K K R M R 5 T AR v BR A
2.8 ng/LAb, HoR# sl BIR AR , HLIY AR 2R 75 1R
FHK T A [ 52 b HE (GB5749-2006 ) KL 72 14 BR {H
10 ng/L,

F4 UITHROK PAHs R K /a
Tab.4 Health risk assessment of PAHs in drinking water from the lower Hanjiang River

PAHs 7X SY QJ ™ XT HC DXH HK
Nap 6.13x107°  4.85x107° 4.10x107° 4.73x107° 6.35x107° 4.08x107° 6.81x107° 5.32x107°
Ace 1.91x107°  3.04x107° 7.00x107° 6.86x107° 8.94x107% 9.97x107° 1.03x107% 1.26x107®
Fle 3.41 x107"2 3.41x107" 3.41x107"% 3.41x107"% 2.01x107° 3.72x107° 5.60x10™° 6.38x107°
Acy 3.41 x107"2 3,41 %1072 5.72x107° 3.41x107'2 3.41x107"2 3.41x10"2 6.08x107° 3.41x10°"2
Phe 5.60x107°  6.07x107°  6.65x107° 5.27x107° 3.79x107° 4.03x107° 5.90x107° 5.41x107°
An 2.03x107°  1.81x107° 2.22x107° 2.90x107° 2.08x107? 2.10x107% 2.13x107° 2.99x10~°
Flu 6.91x107"" 1.14x107° 5.50x107"" 6.33x107"° 6.25x107"° 7.51x107'° 3.41x10°"2 3.41x10°"
Pyr 3.41 x1072 3,41 %1072 3.41x107'2 3.41x1072 4.33x107° 5.12x107° 3.41x107'2 3.41x10°"2
Chr 3.41x107"2 3.41x107"2 3.41x107"2 3.41x10712 3.41x1072 3.41x10"2 7.10x107° 5.82x107°
BaA 2.01x107°  2.97x107° 9.56x107° 5.80x107"° 3.65x107% 6.78x107% 8.09x107° 9.35x107°
BbF 3.41 x107"2 3.41x107" 3.41x107"7 3.41x107"2 3.41x107'2 3.41x10°" 3.41x10°"% 3.41x10°"
BkF 7.58x10710 7.27x1071% 8.55x10710 8.14x1071° 9.04x10°"° 1.01E-09 7.71x10°'" 6.86x101°
BaP 3.36 x107°  1.86x107° 1.77x107° 1.80x107° 1.84x107% 1.74x107° 3.41x107'2 3.41x10°"
DahA 3.41 x107"2 3.41x107" 3.41x107"% 3.41x107"2 3.41x10°" 6.14x107'% 3.41x10°"2 3.41x10°"
BghiP 3.41 x1072 3,41 %1072 3.41x107'2 3.41x1072 3.41x1072 3.75x107'% 4.10x107° 3.41 x10°"2
InD 3.41 x10712 3.41x1072 3.41x107'2 3.41x107'2 3.41x1072 3.41x10"2 3.41x107'2 3.41x10°"2
&t 2.25x107%  2.25x107%  2.98x10°% 2.36x10°% 3.45x10°* 4.03x10°%* 5.32x10"% 4.85x10"®

x5 NITHRAEZE PAHs BERK /a

Tab.5 Health risk assessment of PAHs in edible fish from the lower Hanjiang River

PAHs i il 77 AR 5 il W S fif]
Nap 9.47 x1078 7.66 x10 78 6.63 x1078 3.62x1078 2.99 x10 77 6.10 x10 78 8.36 x10*
Ace 1.00 x10~° 1.00 x10~° 5.04x108 1.00 x10~° 3.98 x10°% 1.00x107° 4.83x1078
Fle 4.37x1077 1.66 x10 77 1.43x10°7 1.00 x10~° 1.00 x10~° 5.98 x10 78 3.04 x10 8
Acy 1.15x1077 3.45x1077 2.52 %1077 1.00 x10~° 8.05x107% 2.62 %1077 8.12x10°3
Phe 1.25x1077 6.15 %1078 8.40 x 108 1.59 x1077 4.50 x1077 7.85 %1078 4.84 %1078
An 1.24x1077 4.38x10°8 4.59 x108 4.48 x10°8 4.40 1077 5.03x10°8 5.79 x10 78
Flu 9.22x1078 3.82x10°% 7.16 x10 78 1.00 x10~° 2.68 x1077 2.19 x10 78 1.71 x1077
Pyr 7.52%x1078 3.46 x10 % 6.14 x10 8 6.75 x10 78 2.86 x10 7% 2.12x1078 7.46 x10 78
Chr 9.32x107° 1.00 x10~° 4.99 x10 8 1.00x107° 2.57x107% 9.43x10"8 5.90 x10 8
BaA 1.00 x10~° 1.00 x10~° 8.29 x10 % 1.00x10~° 4.10 x10 78 1.33 x1077 1.99 x10 7
BbF 1.00 x10~° 1.00 x10~° 1.00 x10~° 1.00 x10~° 6.04 x10 % 1.00x10° 5.90 x10 7%
BkF 1.39 1077 8.33x10°% 1.59x10°7 1.40 x1077 1.66 x10 77 1.62x1077 1.65x1077
BaP 3.68 x10 78 2.47 %1078 3.58 x10°% 1.00 x107° 7.32x1078 1.28x1077 6.63 x1078
DahA 1.00 x10~° 1.00 x10~° 2.64 x1078 1.00 x10~° 3.72x107% 1.00 x107° 1.27 x1077
BghiP 1.00 x10~° 1.00 x10~° 1.00x10° 1.00 x10~° 5.09 x10 % 1.00 x10° 1.00 x10~°
InD 1.00 x10~° 1.00 x10~° 5.35x10 78 5.11x1078 2.26 x107® 1.00x10~° 1.00 x10~°
Ait 1.25 x10 ¢ 8.74 x 1077 1.18 x10°° 8.00 x 1077 2.08 x10° 1.07 x10°° 1.27 x10 ¢

DU T ek b 16 Bl PAHs 4 p-F- 439 {6
ER DRI O F, AP K, M R, X
(F7745,2013) )7 R B AR 1 FR K S A5 B AR — 2K
(H3CF45,2014) o PAHs BR T H AR BUA AL, 220K
FNZEIG B A LRE IR 0 R FH I 7, A £ 3 9 AN 58
SRR W) PAHS (1 BRI, KK 238055

75 R IEA B2 W9 IF A Jri% (Doong & Lin, 2004
SKIE5E,2014) IR 2 B J7 ik R A AR R 231
A IEAIE T (RS ,2007) B/ G+ F) >
0.1 MUZRRBEIE 3, <0. 1 Bk A& A i I8 19 5
& <0.4 PEA AT YR ,0.4 ~0.5 BEA A1l
RPNFHIRGE, >0.5 Bkl mAR BERREE . A
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WS FR DOV Wi A BORE W I o s (R + 3E) 3 >
0.1,7£0.23 ~0.35, KPR LIBRBIE A 35 B e
VO TR KT BT BE > 0.5, DLE AR BB R 5
TUGEITE: <0. 4, R A M.,

ff{ PAHs & &, KJR M 160. 3 ng/g(xia et al,
2010) FHEML X H 15.5 ~ 118 ng/g( cheung et al,
2007) (il 2k 320. 9 ng/g (% T 55,2013) [ JTRE
k4 355. 28 ng/g (W SCF-4F,2014 ) KILRMILE
9 Fhi 2y 515. 86 ~2 803.78 ng/g  YE L E I VTES 6
Fhta A 1 295.05 ~8 498. 57 ng/g( FiH%E,2013)
DL R iR PAHs 5 BTG F R L) R
(BHEf) KILARMGILE JeiLE LB &, 54
s Hb DA 2
3.2 NWITHRAREAEENERXEITE

Z: ARV KA R T 2 A 7 it B XU D
Primgs S DO WK 1 PAHS fi B XU Al 30 5
IR TE PR B 47 2% 51 25 (ICRP ) HETE 1 55 K AT 422
Z BT (5.0 x 10 7°/a) I Fi B R R i 2%
AP BT AR 1 fe K AT 322 K (1.0 x 10 °/a)
(BSCT-45,2014 ) St B JRURS: 258/ 5 0 XU 7K -
AR FAAFEITAY 1. 38 x 10 7 /a (M5 F5%,2010) |
S 4.32 x10 77 /a(E7°4,2013) o UL Fiffa
e (e B XUBS 7K 7 7£.8.00 x 1077 ~ 2.08 x
10 7°/a , F553 i 1 92 [ EPA Ji SUIR (R o 22 23
FIABEFRHE A2 1 1] 252 K (1.0 x 10 ™°/a) , 44 ¥
FERES: . Moon 4 (2010 ) 1 4% i [ 74 7 i PAHs [
g KUk 2. 85 x 10 ™% /a; Xia 25 (2010 ) 75 A J5
AL O SAE B W REAS 10 B0 XU, N 191 BBl 2
3.87 x107° ~4.04 x 10 °/a; Z2 T2 (2013 ) Xf 55 i)
7K B P A 098 IXUBS B0 45 57 A 8. 08 x 107° ~
2.01 x 10 /a, WL R A 0 KU KSR T B
A DX fi R XU AR AR

HR A 1999 AR TLAE F8 e A1 10 AR5 ¥ e i
ST RYE) , PAHs JRUSS B 9 AT 4232 7K P42 1.0
x107° ~1.0 x 107" /a, BT F AR K R KUK A B
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Distribution Characteristics and Health Risk Assessment of Polycyclic Aromatic
Hydrocarbons in the Water and Fish of Lower Hanjiang River

WANG Hong-jun, ZHENG Jin-xiu, LI Si-xin, LIANG You-guang, CHI Shi-yun, ZHOU Lian-feng, XIONG Wen

(Key Laboratory of Ecological Impacts of Hydraulic-Projects and Restoration of Aquatic Ecosystem of
Ministry of Water Resources, Institute of Hydroecology , Ministry of Water Resources and
Chinese Academy of Sciences, Wuhan 430079 ,P. R. China)

Abstract: Polycyclic Aromatic Hydrocarbons (PAHs) are a kind of persistent organic pollutant widely distributed
on earth. According to reports, PAHs have been detected in the waters and fish of some rivers and lakes in China.
Hanjiang is the largest tributary of the middle Yangtze River and industry along the lower Hanjiang River has devel-
oped rapidly and discharge of industrial waste threatens the water quality. In this study,16 PAHs, identified as pri-
ority pollutants by the U. S. Environmental Protection Agency( USEPA) ,were measured in water and fish collected
from the lower Hanjiang River. The distribution of PAHs in the water and fish were analyzed and a health risk as-
sessment was carried out using the assessment model recommended by USEPA. In December of 2015, water samples
were obtained at the intake of eight representative water works and samples of seven typical fish species were col-
lected from the corresponding river sections: Cyprinusauratus, Cyprinuscarpio, Squaliobarbuscurriculus, Siniperca-
chuatst , Silurusasotu, Peltebagrusfulvidraco and Culterilishaeformis. The PAHs were determined by gas chromatog-
raphy-mass spectrometry ( GC-MS) and common abbreviations for the PAHs are used to save space. Six PAHs were
detected at all eight sampling cross-sections; Nap, Ace, Phe, An, BaA and BkF. The detection rates of Fle, Acy,
Flu, Pyr, Chr,BaP, DahA and BghiP were, respectively, 50% , 25% , 62.5% , 25% , 25% , 75% ,12.5% and
25% and BbF and InD were not detected. The total content of the 16 PAHs in the water of the lower Hanjiang Riv-
er averaged 100. 67 ng/L, with a minimum value of 65. 8 ng/L. and maximum value of 155.94 ng/L.. The structural
composition of PAHs was dominated by low molecular weight (LMW ) PAHs (70.4% ), followed by medium mo-
lecular weight (MMW ) PAHs (22.2% ) and high molecular weight (HMW ) PAHs (7.4% ). The content of the
16 PAHs in the seven fish species ranged from (43.42 £0.50 ng/g) to (113.06 £3.57 ng/g). LMW PAHs,
MMW PAHs and HMW PAHs accounted, respectively, for 57.9% , 20.2% and 21.9% of the total PAH content.
HMW PAHs in fish were significantly higher than in water, indicating a higher bioaccumulation in fish. The health
risk assessment shows that the overall health risk of PAHs in drinking water is low, from 2.25 x10 */a to 5.32 x
10 °/a. The health risk of PAHs in edible fish is acceptable, varying from 8.00 x 10 ~"/a to 2.08 x 10 "*/a, lower
than the maximum acceptable risk level (5.0 x 10 ~*/a) recommended by International Commission on Radiological
Protection. However, the health risk level of PAHs for several fish species was higher than the acceptable value
(1.0 x10"°/a) recommended by USEPA.

Key words : polycyclicaromatic hydrocarbons; PAH health risk ;fish PAH; water PAH; lower Hanjiang River



