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hydrocarbons (PAHs) in fish from four typical lakes (Poyang Lake, Dongting Lake, Dongjiang Lake
and Liangzi Lake) in the middle and lower reaches of the Yangtze River, 16 PAHs in 20 fishes were
detected, the levels of PAHs contamination were analyzed, and the risk assessment was carried out.
The results showed that 11 PAHs were detected, with the concentrations of 32.59—39.81 ng-g™' in
Poyang Lake, 29.47—37.60 ng-g ' in Dongting Lake, 26.07—36.25 ng-g ' in Dongjiang Lake and
27.78—47.95 ng-g' in Liangzi Lake. The main detected substances were benzo[b]fluoranthene,
benzo[k]fluoranthene, pyrene, chrysene and fluorene, of which benzo[b]fluoranthene had the highest
detection rate and concentration. Acenaphthylene, acenaphthene, indeno[1,2,3-cd]pyrene, dibenzo
[a,h]anthracene and benzo[g,h,i|perylene were not detected in all fish. The levels of PAHs pollution
in fish in four lakes were relatively low compared to those at home and abroad. The health risk
assessment results showed that the non-carcinogenic risk index of four lakes were all less than 1,
which would not cause non-carcinogenic risks to human body. The carcinogenic risk index were all
over 107%, indicating that it might be carcinogenic risk to human body, to which more attention should
be paid.

Keywords The middle and lower reaches of the Yangtze River, fish, polycyclic aromatic

hydrocarbons(PAHs), pollution levels, health risk.

Z 5 1% (polycyclic aromatic hydrocarbons, PAHs) J& 48 EA WA~ K UL E 5 F IR ik S 4L 69, PH:
TEIR G vh A R A 5% B8 PR AE 4 SRR i 32 B i OQuE D, H 20k B ANRTE B, AR AL TR A
SERRRRER . Tolk Az 7= S hn Tk #20 At 88 ™ 4% i T PAHSs (975 44 n) 8, 36 [ R % (USEPA) ¥4
16 F' PAHSs 51 A I 56 45 il 15 42 4y 44 B ), Jv 7 B PAHSs T8 35 76 38 B 00 S 35 i 1 4 4 44 B
PAHs BE i Tolk 2 K HERL bR AR . KA RIS i it 5 25 2 38 48 oE A KA, X7k A A= ) 3 Bl
AT 5 1,

A TOKAES RSB W EE N i, Bk AE S RGN E LA N . KK PAHs 7T 38 1o |
Jik Bl B ) 55 2 Rl R ok fa AR, A fafR Py B I A RE . Vignet SIS BE D, 4 5 #2 T PAHs ',
RE o £ 2 LD ) ) B 5 O B AR B . AT [b] ST S R SCR S BUMIE AR B AR E
MR, T PAHs B AW datE, Hagil ol B e e iR & A, i X k=
AR AU . 28 22 ] US EPA. Bt R XU I 452 284 (B0 IXUSS: 1 3508 IXURS: ) TF (0 PAHSs it e U 10~ 121,
Taiwo Z5&1 2 9L, RT3 [a] EERT A 1 AR B0 fdt B AG F 3R A P A7 s | 2B F RV R A
SO 28 7 AU X BT 9 Fh Ao A PAHS HE AT KU PR & B T 1076, [R]B7E DUVE T i 8 43 £ 28 v
PAHs 4 KU 7K P85 T AT 3232 K7 (1070) 1), 156H PAHs XF AARA 25 5 V5, FE7E— 2 308 KU

KA AT U S AR YA AP IR B T L BRREE . AR VWA A SR i, R 3R E EE ER K SR, )R PAHSs 1)
FECAE M R, FRSY PAHSs £ 3 £2 LAY AT A P04 o 10 ¥ G R AE R g e IXURS: , SRy 1 (R VL T S 180
TA 7K 5T 2 4 AR 2t R U B A i K S AR SC IR PR S A T b S U MR 380y RS B8 . I B i . ARV
WA 50 AR () PAHSs 15 Q4 RRAE, JEIPAN XU, DUBI ARV R W0 7k B0 58 8 R A 25 fdt B
IRV PP B HERL 4K B8

1 MBLE5 7 (Materials and methods)

1.1 WFFE XA

2011 N 1912 1 N S R S VB2 i3 B/ RS 1 S RSB W N i I S 6 b L 0 R i B S I 31 B R B s ES e o
— RIRIK 1, B KK TH TH AR 4070 kn?, S VL7948 S0 1l K L J& RYER R K R Tl K 55 22 2
et 2 D REN T TR 2 12 3R 25— RIRK I, 28R 178 44 m®, ZEARFH KR . EBEFN/K 7 d AL 7 25 5
T 2 #5 F A TS R VIS AR VLK H sl Y 3 7KK B, 37K 81.2 42 oo, B e Ay e VRl i A 1) o 22
UG Hi 10 200 R38R A0 A8 B8 T RIR K, 2 2 b T B ) FE RO K KU s T B W L SRR FE L AR
VLI AN G210 A VT 28 W A A B P B 20 0, W R B VK B8 R e 4 BT F B .



i

ke

3
&
g

4084 2

1.2 MRS kb

2021 4 5 H 43 SR BB BEA L 2 . AR VIR T 00 2 b v T e W SE R, L 20 A A (B
WO Sfh, TR B JEBE R R0 SRR B BRfn | G f . KR el Sk dEE A
o, Dl G R = B A£G, AN RIS £0 5 R A 22 5, AR BB BH ISR 4 10 Fb £ H g b
3 4%, Hir 3 MR YRAE 5 Rt H AR 3 2%, BRSNS Fh L3R 2. I e SRR e K OF
BIRK 35 cm), B, FEAIRIR T (-4—0 C) W URIRAAAT 0 S0 50 =, B R AR I 25 0 T 3 IR T i
Tk, AR SR P s il ), R B & ) B LR &R 4y, SR 5 Fl X & IR AL S I e FEDL IR 20, 4%
FEMAPRAES A TR BT, I ESHTER IR, 1 100 H e o iR A7 & .
1.3 FESML B S I
1.3.1 A AT AL H

PAHs 4 77 1 2 BESCHRPY. FREUHT IS S TR A1 (k) 2 g, 5 3 g ik IR A 150, 7R A B FP AR vk 3
A3 gttt 9g A, 6 g il 2 g JTE/KBL IR BE L S fa i 55 ko = IR A 4, R — (W B Al
FhAR IR, 87 P e ) A BUSORHRE S FE TR 100 °C . /7 10.34 MPa 2544 T A 6 min J5#£H 6 min;
LA BUAR TR 65% 19 A W ey 4 Y TR E, AR 3 min. BRI BREE 4 K. IS 2 BUR DAA
SHAERE 1 mL, FINA 10 mL 1E SRk 4 240 1 mL, fi5 FHIECBEERE 5 mL T GC-MS 434
132 FEAIE

FrRUEY) I F US-EPA #LAE 19 16PAHs TR & F5fE (SUPELCO, ). S A A5 I E S5 F a0 T . B4l
AT A (35 A (SH-Rxi-5sil MS 30 m x 0.25 pm x 0.25 mm) ; [ 58 AH Ky 5%-28 5k - 1 L B ik 4 e RAE LTI
JE 280 C; #EREIAFRA 1.0 pL HAS 73 20300 S a2 HEIRAE 40 °C O/%F 2 min, L 20 °C-min™", 3
FTFE 180 C, {44 5 min; FELL 5 °C-min™ MR T2 280 °C, 44 7.5 min.

JE RN AE AU R ELIR 70 eV B F IR IR BE 280 °C; DUMLFTIREE 150 °C; MR 280 °C; k£
B (SIM) 5 28 NIST 15 P A6 2 6] HEA 22 45 ) T £ 8 [ R 1 o it 8 240 JF R ARk
M5 16 Fh PAHs.
1.4 i R i R

It R R o3 B 2, Bk LTk ST AT IR 3 28 SR Ab B, 28 SRR (0 1A 00 B A% U ol FH . i FH 3 34
i P T A 20 P T VR AR VBV, TE 120 °C R F T TS PR LUIE OBk k. 43 #rad 72 S B USEPA 11
QA/QC il BE Wi ¥ N 25 1 L 25 AR AL FOINAR, 1 LUIIAR [R50 RS H BR 8 7R B i il £ 1 A i)
S0, PAHs K6 H BRI Bl R 0.19—0.34 ng-g™', AR Ky 81%—135%.
1.5 RS P
1.5.1 PAHSs fat 5 XU PF-r

FT A R AR A E IO LA, 2% USEPA J7 %k, AR SOk Bt A L A A o 32 5 2 8 XU
TR At o DR £ 458 B0 AU AR A 350 UK, IS0 IRUBS: 3 5 AU R 80 (HD #6538, 7150 A = F

CDI
HI= R (D
2, CDI KA H AR i, mg-(kg-d) 5 RfD A 75 YW 28 1 5285 5 % it mg- (kg-d) .
Fms XU 8 B XU 1 R(Risk) s, Ht B AR T,
Rigmmnm = CDIXCSF(R < 0.01) (2
Rz = 1 —exp(—CDIX CSF)(R > 0.01) (3)
=, CSF 75 W20 #R 1, (kg'd) mg™.
PAHs HJ &0 CDI AT
CDI = TEQgp X Fir X ED6>< EF @
BWXxATx 10

TEQy,e = ) , i X TEF, (5)

i=1
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PAHs fAEEUE CDI AT
Cisn X Fig X ED X EF
BW x AT x 10°
K, CDI KRB 0280 H ¥ 255 &, mg (kg-d) ™' Crg AR TG WKL, ng-g s Fig M1
AR, gd !, ARG CHE B 58 377 & RN E(2014—2020 4F) ), Fig B 49.30 g-d'; ED N 2 &
AP B, a, IEEE L 30 a, B HL 70 a; EF 2% 820K, 365 d-a”'; BW MK, kg, %4 A 60 kg 1Y-F-1
RE T AT N JCfd e XU 35 170 & A 1 SF- 24 R, ED%365 d-a™'; TEQg,p & PAHSs T BaP [y #EME 2 5
(ng-g"); PAHs [ #5124 i A F TEF® FI RfD W3 1; PAHs Y CSF BUE A 7.3 mg- (kg-d) 2.
% 1 PAHs [ty TEF I RfD %#
Table 1 TEF Fil RfD data of PAHs

CDI; = 6)

PAHs RfD/(kg-d'mg") TEF PAHs RfD/(kg-d'mg™) TEF
S Nap 0.02 0.001 HIF[a] B BaA 0.03 0.1
TEHE  Acy 0.06 0.001 i Chr 0.03 0.01
JiiA Ace 0.06 0.001 ARIF[b]E BbF 0.03 0.1
Vi) Fle 0.04 0.001 IR BKF 0.03 0.1
B[ Phe 0.03 0.001 HIf[a]tk BaP 0.03 1
& Ant 03 0.01 Bligf[1,2,3-ed]iE InD 0.03 0.1
PR Flu 0.04 0.001 I [ah] B DahA 0.03 5
T Pyr 0.03 0.001 A3 [gh,ilHk BghiP 0.03 0.01

24 5098 AU B (R AR T 1070 1, 22 B AS S5 6k A A o 3850 KU 5 24 300 U (B (R) A F 107 /I
107 2Z 0], AR 258 1T g ELAT V8 A 308 XU 5 S g AU (B = T 107 B, X A (AR s 13

M o KUK R B HI<1 I, AR 2 7= A AR 80 KUK, 12, 6 27 AR 3o KUK 2.
152 E& 2GR

R EPA 15 H 7K o 454G B 40 5 ko A fet B £ 3 10 2 A P S AR D 56 3R P9, R 25 B e AT TG 3 ) A
FEBUAEH.

LG e A B R B KU Ry AR

R,ﬂzz:Rl- D

ZRG R I G R R AR BUE AR Hy (HIST I, AR 207 A AEEUB IS, [ 2, B2 A BUE
AU ) TR T
HI, = ) HI, ®

2 5B 59718 (Results and discussion)

2.1 RITH R ALSIA @R b PAHs BTG Y driE
2.1.1  BEPHIAAAR P PAHs R 5 YLRRAE

BB BH 90 {144 16 Fh PAHs 2L 4G HY 11 R0, N PAHs & & &, 101K YPAHs & & 7 Bl 7E 32.59—
39.81 ng-g ' Z ], F-HIME N 3533 ng-g !, A Fp AR N PAHs (8 & BB L E 2, b ik N E 4T
10 A A [F] & 2 (1) PAHs Ak, HoAth 9 FpfafR ;N 355 5 17 11 #0 PAHs. 28 Jf [ah] B, &M . JE . BiJF
[1,2,3-cd] BERIZR I [gh,i] BE7E TG F AR N B ARG s, [R)Bnf 46 f0 1R P o RS Hh 2€ B, A s 2 o d v 1Y)
WA R I [b] 28 AR I [K] 2B, S s fH 4R 6.49 ng g il 6.16 ng-g™'. M\ PAHs £t R, ik
i H R 100% 19 PAHs 245 10 Fh, gy 6 Flk: 3 7E 0—90.91% Z [8]. )\ PAHs 41 %E , MR HE A
ANIE], FEFTI A PAHS 438 2—3 ¥R, 4 BRFI1 5—6 B, RIMRER , A3 A= 38, 0 BH I8 AS [a] £2 & P PAHS 34
B NA BEIEEE R (P<0.05). 76 10 R ik N PAHs “F 40 o, 3R, rhER . =35 PAHS 4351 i B



4086 B78 5% 1t

3

43 %

PAHs 1 29.93%. 31.92%. 38.15%, i fk M @ > >3, Horb, QB f i 46 i 2 FlrP{R3F PAHSs 5
k2, A Hgy 8 i rp v Rk 2, IR B AR, LA 1(a).

® 2 KILP RIS iR b PAHS i
Table 2 Contents of PAHs in fish of the middle and lower reaches of the Yangtze River

FisiRl8| 121 K PAHSs/(ng'g™") R PAHs/(ng-g") EFPAHs/(ng-g™") SPAHs/
Lake Fish species Low-ring PAHs Medium-ring PAHs High-ring PAHs (ng-g™")
gt 12.09 13.78 13.94 39.81
g ta 10.30 12.44 15.09 37.84
FALH 10.59 12.61 13.78 36.98
e kA 10.66 11.18 13.90 35.74
il 11.20 10.85 13.01 35.07
LRk
fiyi ey 9.52 10.93 14.14 34.59
fif £ 10.17 10.92 12.71 33.79
fita 10.21 10.74 12.56 33.51
it 10.89 9.22 13.28 33.40
i 11 9.98 1035 12.26 32.59
B 11.04 12.03 14.53 37.60
K 10.48 10.59 14.74 35.81
] J2Z 18 IS} 10.95 10.73 13.69 35.38
g ta 9.24 10.47 13.42 33.13
i £ 10.54 11.28 7.66 29.47
it 15.26 12.34 8.64 36.25
it 9.70 11.17 12.87 33.74
IR =Y 11.13 12.22 8.51 31.86
R 10.15 10.52 7.63 28.30
Bl 9.33 9.35 7.39 26.07
fig 12.41 28.54 7.01 47.95
Ly 10.86 17.81 6.95 35.62
P i £ 11.34 15.37 7.35 34.06
gt 10.59 11.51 6.46 28.57
P B 12.35 8.50 6.92 27.78

7771 High-ring PAHs E=1Medium-ring PAHs B8 Low-ring PAHs

() (b)

0777 7 1 @ @ @ @ @ A 7 100 77 777 2 v 7

80 80
S % s
[ =7 2 L=
éﬂ 60'; E éﬂ 60r
s |H E 5 | B
: |EE : | B
~ 401 = B ~ 40

) ) l

0 R Wifn Zocs @il B gt B3 fn Gi7Efn 680 0 i wita Wt i £y

Fish sampling in Poyang Lake Fish sampling in Dongting Lake
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Fish sampling in Dongjiang Lake Fish sampling in Liangzi Lake
1 RVLH R e i AL B4 PAHS Y2
(EBBHH (a), R 2 (b), ZRILHI (), BEFi1(d))
Fig.1 The composition of PAHs in the muscles of fish in typical lake of the middle and lower reaches of the Yangtze River
(Poyang Lake(a), Dongting Lake(b), Dongjiang Lake(c), Liangzi Lake(d))

2.1.2  JAEEM AR PAHs 2L 5 JLRRIE

7 BE W AR 16 Fh PAHs FE46 Y 11 Ff, (0K Y PAHs & 5 [ 7E 29.47—37.60 ng-g ™' Z [, -1
{5 34.28 ng-g !, & MRy PAHSs 195 7 & [ DL 36 2, BREE RN & 4T 10 FOR R & & 1) PAHSs,
Hofth 4 Fhta R34 & 4 T 11 Ff PAHs. — 28I [a,h] B, JEM . JE . BiJF [1,2,3-cd] EEFIRIT [gh,i] EETE
JIT AT AR P B RG] P 55 A D o R H 480 (K] 52 8. At 2 B de i B W B Ry 50T [b] 2 EUFIR
It [K] 8B, Bl 4y 9K 6.35 ng g™ 1 6.02 ng-g ™. I\ PAHSs 6 R, T 2 1] ta A48 22 100% (19
PAHs FE45 10 Flt, HoAK R 1E 0—80% 2 [H]. M PAHs 4, HEEH LK 1(b), 5 Fhfafk Ny PAHs *F
PIel mrp, IRER . HRER L ER PAHSs 43 B 5 B PAHSs Y 30.64%. 32.36%. 37.00%, MK = ER >
FIAS IR, I rb i £ P A B B B 5 (38.27%), IRFRIR 2. (35.75% ), 1 PRI (25.98% ) 5 [ Sk 1 1 345 E 48]
5 (38.71%) , (R R 22 (30.96% ), FH R AR (30.33%) 5 Hidy 3 Fhfr vh 24y s 35 LU 40l de v, Fh BRI 2, A1
IR A (HLRARSKR R, TR i AS [ fa 44 ) PAHs JRERA AR 22 AN K.
2.1.3  ARITfIRP PAHs 25 G RRE

KT A 16 A PAHs 2545 11 Fl, M PAHs & & &, i /K YPAHs & 7 i [ 1E 26.07 —
36.25ng'g ! Z ], FHME N 31.24 ng-g !, PR IN PAHSs 1YL S G LI 2, SR N E £ T 11 Fh
AN () PAHS, fififh . =MbY, MG AIRNEE T 10 FOANFE S 20 PAHs, AKNEET 9 A
[F] & & PAHs. JE M . i BfiJF [1,2,3-cd] B8 2R JF [a,h] BURIZEIT [ghi] BETE A AR A A 1
I K] 2 e AR N RS, 2 B TR AR YRR S B e I R R T [b] 2B
FifE M 6.11 ng-g'. M PAHs K R F , iR K H F R 100% (1) PAHs L4 9 Ffh, H A K R 1E
0—80% Z [a]; M\ PAHs 41 Wi, HA5 R LK 1(c), 5 Pk PAHs -4, Ik K3F . m 3
PAHs 43 %] /5 & PAHs (1) 35.49%. 35.71%. 28.80%, At A4 >y v BRI PR > B . b 41 b I 30 o
(42.10%), IR Z(34.05%) , = A 5K (23.85% ) ; HoAgx 4 Fhfa o bR o oy, (RN Z, o M e
G (B , ZRITIIASR] f R ) PAHS FREAT A 22 R K.
2.1.4 BRItk PAHs RIS YLERIE

P AR T 16 B PAHs 3L 1 11 Fh, K PAHs & B JE I 7E 27.78—47.95 ng-g ! Z [a], -1
B} 34.80 ng-g ', £ P AR P PAHSs [ 5 7t [ UL 3% 2, BREE iR N BT 10 FORTE & & 49 PAHS,
HoAth 10 RN B4 T 11 O [R S & 09 PAHSs. JEHM . 5 . BT [1,2,3-cd] . 251 [a,h] ERIZE
It [gh,i] BEAE T A R PN A e, [ B 66 £ (A Pyt A K 1 . K B 3 i o D B v, e =i (BN
16.86 ng-g™'. M\ PAHs ¥ R, Ak 3K 100% A PAHs 245 10 Fh, HAK 3 AE 0—80% 2 ).
M PAHs 4, BT AS [l (A N PAHs IR W AT 8 25 Pk 25 5 (P<<0.05). 7€ 5 Fp fa{& N PAHSs %
Y o, s ER L (R ER . B ER PAHSs 23 9] 5 B PAHS Y 45.11%. 34.24%. 20.65%, AR K hER>{R 3>
IR, 5 b v ik 0 AR B | LI (44.47%), HIRIR 2 (30.60% ) , 1 PRI (24.93%) s Hidx 4 B farp 344
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HER 5 R, IR IR Z, R IR, DL 1(d).
2.2 RITHF R4 B A3 £ /R ) PAHS X H

BRI E , AT [b] 9880, 2RI [K] 2B, BE | TR R 2 2 oM VT IS o W 9 A
KT, H LRI [b] 2¢O . B F, B iRy PAHs & iy (32.59—39.81 ng-g ') . il
BEI(29.47—37.60 ng-g™") . ARV (26.07—36.25 ng-g™") ML T (27.78—47.95 ng- g ) FHZE AR K. Hf
FE I | 30 JE 00 L 25 Y300 RN G2 7 18 10 2K B 5 P Y PAHSs kB R 40 i 4% BE VS Y. 5 P A H A T R A
L, W i TR BT (5.45—17.9 ng-g ™) 7, Ik F P [E B ¥ (199—606 ng-g 'dw) ¥ Kbl (52.5—
247.6 ng-g™") ¥ 1l Temsah i (1696.4—4785.7 ng-g ™),

R ) PAHSs & i 5K B T PAHSs 7% 5 % U)AH OCEY, I Bl 7K PR 5% PAHSs W B 9 T =5 i 34
Jne2, i AL RS, /0 BH 50 A0 2 0 fa R b B8 PAHS AR F AR, TR IR 22, AR R AR, 171 4R VT
FGET- i) f A b 2R PAHS AHXT ELA 5 57, AIRER IR, i S AR I, T 601 3808 ) AT 2 3890 7K A vl 19 95 %
= ¥8 PAHs 4 3, ARTLIEIFANZEF- 7K A b 175 4 LR 28 PAHs o .

23 KILH R iR iR PAHS SR

ia HER /v s 20 LU B I PAHS SRR 38 5 AR, IR PAHSs 32 25 T vl it e i) A v 5 o ey 20
PAHSs W =228 [ MR . AM . A0S WL AS 78 SR Be i AL R BHER BE IR B R L, 2SI/ i 21 K
F 1B}, IAh PAHs 2k B A IE; /T 1 EE, W PAHs F2 20k [ B . ARAE . A7 45 B B e,
B/ BH W0 . R BE T AR VLW R B R IR R /(& 3R ) 43 Sl 0.37 —0.48. 0.39—0.56.
0.40—0.73 1 0.35—0.8, £ 4 ANHITA A IS PAHs 22K H TRRBEIR 175 4.

FI TR 43 S A A LU B3 7T 20 PAHSs SRR, 38 5 ] PAHs 94 0 R IEAE R IX 2015 YR IR A 4, £
8 B/ CEHEE ) F2RIT [a] B/ CRIT [a) B+ ) . BFSEIA R 3 B/ CEHE) /N T 0.1, F87R A i, KT
0.1 W kIR e s 2K 3F [a] B/ (ZEIF [a] B+ ) /N T 0.2, 3578 I A IR, 0.2—0.35 Z BB &I, KT
0.35 A 1R B2 R . 0 BH WA . I RE B0 L AR VI RN R A A b B/ CREHEE ) A9 3 L I AE 0.46—0.52,
0.48—0.55, 0.41—0.54 1 0.56—0.65 Z [i], FHr fir A (AR P9 (%) LB KT 0.1, $687 4 4~i5170 PAHSs 9
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Fig.2 Source analysis of PAHs in the muscles of fish in typical lake of the middle and lower reaches of the Yangtze River
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Fig.3 The carcinogenic risk index of PAHs intypical lake of the middle and lower reaches of the Yangtze River
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Fig.4 The non-carcinogenic risk index of PAHs intypical lake of the middle and lower reaches of the Yangtze River

The non-carcinogenic risk index(HI)

3 4518 (Conclusion)

T B0 . BT AR VLA 22 -1 AR e PAHs & S AH 25 AR, W VI 7E 26.07—47.95 ng g ' 2
[, fe RABLAE B2 7 i f0 vh (47.95 ng-g ™), Je/IMEAE AR VLI F A1 (26.07 ng g ™). 16 T 2 310545 i 20
J, T8 E 390 R 08 LA 2R =, AR VISR G 0 LA R Sk 2. R A IR R ey o i) 75 i AR KT
HUR VSR 4 ST PAHS (9 R EOR .

K 1 USEPA #EF# B P A58 R P -K VI Hh T 30 43 BRI 90 5 | e B IR, 45 SR 3R W 3 1> A
SR KU ¥ M ik USEPA #7219 v $2 52 7K 7 (107°) , A7 ¥ A8 XU 5 A1 B0 AU 22 ik T USEPA 45 [H Brir
TE s 4 I f AR S XU S 30 BH 50> J22 1> 25 Y>3 7150 4 S T30 fe R A B0 XU 4 765 BH 151 >3
A T > T I > AR T8

2% 3 HK (References)

1] Gimed, 4k X, 2R3, 55, o IR K P15 v B 7 455 A PR HLTS Ge 9 (POPs) Y15 G BLAR 5 43 A R4k (7], 45462, 2013,
32(11):2072-2081.
YUN XY, YANG Y Y, LI Q X, et al. Present situation and distribution characteristics of persistent organic pollutants in freshwater in
China[J]. Environmental Chemistry, 2013, 32(11): 2072-2081 (in Chinese).

(2] TR BUIE, 28K, L 9558 BOHAT A 75 QAR EFOR IR 47 (7). 3R 4k 27, 2023, 42(3): 893-903.
DING J Q, LUO L J, LUAN T G. Characteristics and source analysis of polycyclic aromatic hydrocarbons and their derivatives in
marine environment[J]. Environmental Chemistry, 2023, 42(3): 893-903 (in Chinese).

(3] Zifga, Bi7Je, BH 2, % ) R M0 s R BT IUTRY) S (K o 2 3R 05 SR 75 e R AR B KU A (0], A= 53 B 24, 2019,
14(5): 296-307.
LIHY, LAIZN, ZENG Y Y, et al. Pollution characteristics and risk assessment of PAHs in sediments and fishes from typical wetlands
of Guangdong Province[J]. Asian Journal of Ecotoxicology, 2019, 14(5): 296-307 (in Chinese).

[ 4] KHALILI N R, SCHEFF P A, HOLSEN T M. PAH source fingerprints for coke ovens, diesel and, gasoline engines, highway tunnels,
and wood combustion emissions[J]. Atmospheric Environment, 1995, 29(4): 533-542.

[ 5] Means. Risk-assessment guidance for Superfund. Volume 1. Human Health Evaluation Manual. Part A. Interim report (Final) [R]. 1989.

[ 6 ] HEEMKEN O P, STACHEL B, THEOBALD N, et al. Temporal variability of organic micropollutants in suspended particulate matter
of the River Elbe at Hamburg and the River Mulde at Dessau, Germany [J]. Archives of Environmental Contamination and Toxicology,
2000, 38(1): 11-31.

C7] BEScWi, 8K, BRag, 4. AMAETL T I AR T i 22 3005 2 0 A R AIF 15 B SR A 1A (0], BRIEAL 2, 2015, 34(3): 599-601.
JJA L M, ZHAO R, CHEN X, et al. Distribution characteristics and trophic level transfer evaluation of polycyclic aromatic


https://doi.org/10.7524/j.issn.0254-6108.2013.11.009
https://doi.org/10.7524/j.issn.0254-6108.2013.11.009
https://doi.org/10.7524/j.issn.0254-6108.2022101802
https://doi.org/10.7524/j.issn.0254-6108.2022101802
https://doi.org/10.1016/1352-2310(94)00275-P
https://doi.org/10.1007/s002449910003

12 ZRIF A VLR R Ui WA (AR th 2380548 (PAHSs ) BYY5 QAR AE B XU T 4091

[10]

[11]

[12]

(13]

[14]

[15]

[16]

(17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

hydrocarbons in fish in Songhua River mainstream[J]. Environmental Chemistry, 2015, 34(3): 599-601 (in Chinese).

VIGNET C, LARCHER T, DAVAIL B, et al. Fish reproduction is disrupted upon lifelong exposure to environmental PAHs fractions
revealing different modes of action[J]. Toxics, 2016, 4(4): 26.

Koz, wo o, skmg, 45, RO [b] 90000 T3 AR RN Bons A g e il g B 5 4 J@ (D). 7 B4 4k Ak, 2020, 34(3): 214-219.
DU H J, GAO S, ZHANG P, et al. Research progress on toxic effects of benzo[b]fluoranthene and its effects on human health[J].
Journal of Toxicology, 2020, 34(3): 214-219 (in Chinese).

BrR, BEH b5, A1, 45 LTI I Bt Rk BT Hh BRRR TS () 70 A0 R 5 U A D). A= 25 3R 82441, 2019, 28(4) - 822-830.
CHANG S, FAN Y T, FU Q, et al. Distribution characteristics and risk assessment of phthalic acid esters in surface water and sediment
of Qingyuan section of Beijiang River[J]. Ecology and Environmental Sciences, 2019, 28(4): 822-830 (in Chinese).

BRNEL TEIBOT . BT KA AN TURR rh AR Y R TR A3 A AT B A A AR KB AT [T). v PRI M, 2021, 37(2): 115-127
HE X M, SHI M F. Distribution characteristics and ecological and health risk assessment of phthalic acid esters in surface water and
sediment of liangzi lake, China[J]. Environmental Monitoring in China, 2021, 37(2): 115-127 (in Chinese).

SRalEE, 7, Wow, 45 ERDUIL RS KK I M RS POPs 5 YRR AE 5 4 R KU T4 (1], BRBERE2F, 2021, 42(12) : 5836-5847.
ZHANG K F, FU Q, TU X, et al. Pollution characteristics and risk assessment of typical POPs in typical drinking water sources in
Wauhan [J]. Environmental Science, 2021, 42(12): 5836-5847 (in Chinese).

TAIWO A M, IHEDIOHA E C, NWOSU S C, et al. Levels and health risk assessment of polycyclic aromatic hydrocarbons in protein
foods from Lagos and Abeokuta, Southwestern Nigeria[J]. Journal of Food Composition and Analysis, 2019, 79: 28-38.

ZT A, M, S5 SRR G b 2 ER07 KR 09 8 B S A RS (D). BRIERE 242441, 2013, 33(1): 230-239.

QIN N, HE W, WANG Y, et al. Residues and health risk of polycyclic aromatic hydrocarbons in the water and aquatic products from
Lake Chaohu[J]. Acta Scientiae Circumstantiae, 2013, 33(1): 230-239 (in Chinese).

TELL%, R4 75, ZM B, A5 DUVLTT e MR A #8020 B 55 e 20 A R AIF S fe B LR, (0] 7K AR 2224, 2016, 37(6) 1 51-58.
WANG H J, ZHENG J X, LI S X, et al. Distribution characteristics and health risk assessment of polycyclic aromatic hydrocarbons in
the water and fish of lower Hanjiang River[J]. Journal of Hydroecology, 2016, 37(6): 51-58 (in Chinese).

LI C, YANG L L, SHI M W, et al. Persistent organic pollutants in typical lake ecosystems[J]. Ecotoxicology and Environmental
Safety, 2019, 180: 668-678.

ZHAO Z H, ZHANG L, CAI Y J, et al. Distribution of polycyclic aromatic hydrocarbon (PAH) residues in several tissues of edible
fishes from the largest freshwater lake in China, Poyang Lake, and associated human health risk assessment[J]. Ecotoxicology and
Environmental Safety, 2014, 104: 323-331.

JIANG X M, WANG J, PAN B Z, et al. Assessment of heavy metal accumulation in freshwater fish of Dongting Lake, China: Effects of
feeding habits, habitat preferences and body size[J]. Journal of Environmental Sciences (China), 2022, 112: 355-365.

S2HE, SRR R VLI e Ml 25 4 28 AT S R BB BTG (0] VP AR 0lk K741, 2014, 36(5): 1152-1158.

PENG Y H, ZHOU K P. Case study on evolution of industry structure and the response of water environment of Dongjiang Lake
basin[J]. Acta Agriculturae Universitatis Jiangxiensis, 2014, 36(5): 1152-1158 (in Chinese).

Wik, MR, B, S5 RV B4 I 45 I 2 iR 4 B (D). AR5 2R, 2016, 36(15) : 4892-4906

XU J, XIAO Y, XIE G D, et al. Spatiotemporal analysis of water supply service in the Dongjiang Lake Basin[J]. Acta Ecologica
Sinica, 2016, 36(15) : 4892-4906 (in Chinese).

Ty, T, ki, S5 R WU Y G R 15 R SR BT B KU IR (9], BRI 2224, 2016, 36(6) : 1901-1909.

WANG D, MENG X, ZHANG H, et al. Pollution analysis and ecological risk assessment of heavy metals in sediments of Liangzi
Lake[J]. Acta Scientiae Circumstantiae, 2016, 36(6) : 1901-1909 (in Chinese).

EH, E R, A, L RIS T B AL & T B A AR N 16 Ff 23835 k2 09 & &t (7], /K 42 A= 274, 2013, 37(2):
358-366.

WANG M, YAN Y L, LI J, et al. Polycyclic aromatic hydrocarbons in fish from the Zhuyang section of the Yangtze River and the
Fushun section of the Tuo River, China[J]. Acta Hydrobiologica Sinica, 2013, 37(2): 358-366 (in Chinese).

NISBET I C T, LAGOY P K. Toxic equivalency factors (TEFs) for polycyclic aromatic hydrocarbons (PAHs)[J]. Regulatory
Toxicology and Pharmacology, 1992, 16(3): 290-300.

BB, BT, A, A RO K 2 B8 05 SR 1 15 U A A AR 5 XU PP AR (3], TG AL RS2 4R (A AARFEE R, 2020, 50(1)
57-67.

CHANG S, FAN Y T, FU Q, et al. Pollution distribution characteristics and risk assessment of polycyclic-aromatic hydrocarbons in
surface water and sedment of Beijiang River[J]. Journal of Northwest University (Natural Science Edition), 2020, 50( 1) : 57-67 (in
Chinese).

LEI B L, ZHANG K Q, AN J, et al. Human health risk assessment of multiple contaminants due to consumption of animal-based foods
available in the markets of Shanghai, China[J]. Environmental Science and Pollution Research, 2015, 22(6) : 4434-4446.

B, B, SR TR, A5 T IR A ok K i 2 BR 05 SR AL AR R T T IR IR 09 4 BREXURE AT A (D], 5 = AR O 2 iR, 2020,


https://doi.org/10.3390/toxics4040026
https://doi.org/10.1016/j.jfca.2019.03.001
https://doi.org/10.1016/j.ecoenv.2019.05.060
https://doi.org/10.1016/j.ecoenv.2019.05.060
https://doi.org/10.1016/j.ecoenv.2014.01.037
https://doi.org/10.1016/j.ecoenv.2014.01.037
https://doi.org/10.1016/j.jes.2021.05.004
https://doi.org/10.3969/j.issn.1000-2286.2014.05.037
https://doi.org/10.3969/j.issn.1000-2286.2014.05.037
https://doi.org/10.7541/2013.27
https://doi.org/10.7541/2013.27
https://doi.org/10.1016/0273-2300(92)90009-X
https://doi.org/10.1016/0273-2300(92)90009-X
https://doi.org/10.1007/s11356-014-3683-0

4092

-
i

ke

3

43 %

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

42(11):1116-1123.

ZENG H, LUO J H, ZHANG W D, et al. Health risk assessment of polycyclic aromatic hydrocarbons and phthalates in finished water
from waterworks in a metropolis[J]. Journal of Third Military Medical University, 2020, 42(11): 1116-1123 (in Chinese).

PERUGINI M, VISCIANO P, MANERA M, et al. Polycyclic aromatic hydrocarbons in marine organisms from the Gulf of Naples,
Tyrrhenian Sea[J]. Journal of Agricultural and Food Chemistry, 2007, 55(5) : 2049-2054.

YU ZL, LIN Q, GUY G, et al. Bioaccumulation of polycyclic aromatic hydrocarbons (PAHs) in wild marine fish from the coastal
waters of the northern South China Sea: Risk assessment for human health[J]. Ecotoxicology and Environmental Safety, 2019, 180:
742-748.

SUHL, WUF C, GUOJY, et al. Distribution characteristics and risk assessments of PAHs in fish from Lake Taihu, China[J]. Human
and Ecological Risk Assessment:an International Journal, 2015, 21(7): 1753-1765.

ALI H R, EL-GENDY N S, EL- EZBEWY S, et al. Assessment of polycyclic aromatic hydrocarbons contamination in water, sediment
and fish of temsah lake, Suez canal, Egypt[J]. Current World Environment, 2006, 1(1): 11-22.

MILINKOVITCH T, KANAN R, THOMAS-GUYON H, et al. Effects of dispersed oil exposure on the bioaccumulation of polycyclic
aromatic hydrocarbons and the mortality of juvenile Liza ramadal[J]. Science of the Total Environment, 2011, 409(9) : 1643-1650.
CHEN L, ZHAO Y, LI L X, et al. Exposure assessment of phthalates in non-occupational populations in China[J]. Science of the Total
Environment, 2012, 427/428: 60-69.

MR8, LA, B K, & R M IR Y h 2 505 R 0 oA SR IR B XU TR (T]. i E BREE R4, 2010, 30(12)
1670-1677.

CHEN W F, NI J Z, YANG H Y, et al. Distribution, sources and ecological risks of PAHs in inland river sediments of Fuzhou City [J].
China Environmental Science, 2010, 30(12): 1670-1677 (in Chinese).

SR DR, RGN, fF . T B WIERZ TR o 2 B 05 I8 15 Y Rr it S AR A R AN (1], A 3R RE%, 2014, 34(1): 253-258.
ZHANG M, TANG F L, WU Z X, et al. Pollution characteristics and ecological risk assessment of polycyclic aromatic
hydrocarbons(PAHs) in surface sediments from Xin’anjiang Reservoir[J]. China Environmental Science, 2014, 34( 1) : 253-258 (in
Chinese).

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.

BEWE AR, 7 2%, B B, A RV 0 Rl VL 2 T R 2 DU b 23005 18 4 A | SR IS XU PR (T1. 3R FL 27, 2015,
36(3): 839-846.

MU Q L, FANG J, SHAO J B, et al. Distribution, sources and risk assessment of polycyclic aromatic hydrocarbons(PAHs) in surface
sediments of Yangtze Estuary and Zhejiang coastal areas [J]. Environmental Science, 2015, 36(3) : 839-846 (in Chinese).

ZHU L Z, LU H, CHEN S G, et al. Pollution level, phase distribution and source analysis of polycyclic aromatic hydrocarbons in
residential air in Hangzhou, China[J]. Journal of Hazardous Materials, 2009, 162(2/3): 1165-1170.

PRI FY MR YR A KR S T 2 BT SR Y 15 YR AE | R DL A A R XU E A (D). 4R B P R R R
#,2023

RAN X L. Characteristics, sources and human health risk assessment of PAHS in the atmosphere, water and soil of an end-of-life

vehicle dismantling site[D]. Mianyang: Southwest University of Science and Technology, 2023 (in Chinese).


https://doi.org/10.1021/jf0630926
https://doi.org/10.1016/j.ecoenv.2019.05.065
https://doi.org/10.1080/10807039.2014.975003
https://doi.org/10.1080/10807039.2014.975003
https://doi.org/10.12944/CWE.1.1.03
https://doi.org/10.1016/j.scitotenv.2011.01.009
https://doi.org/10.1016/j.scitotenv.2012.03.090
https://doi.org/10.1016/j.scitotenv.2012.03.090
https://doi.org/10.1016/S0146-6380(02)00002-5

	1 材料与方法（Materials and methods）
	1.1 研究区域概况
	1.2 样品采集与预处理
	1.3 样品处理与测定
	1.3.1 样品前处理
	1.3.2 样品测定

	1.4 质量控制及质量保证
	1.5 健康风险评价
	1.5.1 PAHs健康风险评价
	1.5.2 复合暴露健康风险


	2 结果与讨论（Results and discussion）
	2.1 长江中下游典型湖泊鱼体中PAHs累积及污染特征
	2.1.1 鄱阳湖鱼体内PAHs累积及污染特征
	2.1.2 洞庭湖鱼体内PAHs累积及污染特征
	2.1.3 东江湖鱼体内PAHs累积及污染特征
	2.1.4 梁子湖鱼体内PAHs累积及污染特征

	2.2 长江中下游部分典型湖泊鱼体内PAHs对比
	2.3 长江中下游典型湖泊鱼体中PAHs来源分析
	2.4 长江中下游典型湖泊鱼体中PAHs风险评价
	2.4.1 长江中下游典型湖泊鱼体中PAHs毒性
	2.4.2 长江中下游典型湖泊鱼体中PAHs致癌评价
	2.4.3 长江中下游典型湖泊鱼体中PAHs非致癌评价


	3 结论（Conclusion）
	参考文献

