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SETRMICr. Cus As. CAFIPbIHIMKR E KT KT
T, A Znlfik E(54.792—204.105 pg/L) &2 =
FFHt. Besah, FEFEKIM, Cu. AsFICASE 1L 2%
PR R N O B 4 SR TR P 2 1) S 3 IE A 5%, HLAE
IR B LR K R SR Y. SRS R
AR A 38 5K SCIREE . NG B DL R A B ()3
BRAL M i 2 R R DA O

TERIREE T, YR 5 4 R 2515 e i 2 2
AR B R, By 4 8 1R 2
KA ESRSREN - DEEREK. AR
B, 78 =Wk B X R ZUTRA H, Cus Zn. Cr. AsHl
Heg G &R EE DI W) L S AELE, TPbAICA ) i
FE U A A S AR LS A A7
TE, IR FTBEAE St R A AR A 4 BRI B A A
DR b, SURR A o B 4 15 G AE L F R AE 5
SR IROL . BEASEFRIGETFM SRR
B, =ik By Ry P He B A B KBRS
fa 55 R, N EEASEEAKN; HINC, X 25
BEENESEERER T HME)E; mMes
Fih 4 @ 75 YL T8 A0 AR S M6 E B BL(Risk index,
RDZoR, =k B XN B SR is Yo NsmE . &
J5E RN AR P AR A5 B B K B X343 ) 47 5% 37% A
58% ", fE =K B K G iR E &R TR
Cu. Pb. Zn. Cd. Ni. Cr. AsHIHgH & &
B TR RS S EoKAIH, =ik e X
ORISR s ety B B (B SR O T s g
THEWUR B R TS e 52581 B I0 F ievt
By h E &R SRR s B2, A2
LV 4 R, VIR S R 1S AR
TG RN G, BB T T2 T
T V0] P VS T Ui 1R RV BRI AL TR K R HE U2
SECF AW E SR S BRI LB EE,

IKIRSE ) & B S AR AE AR N 4, B
oy ik, 35 H— B N R R A i
RN IS R EETE — E R LRI
& B YK, NS RSN PR AL S 5 1k 4
W R, I EX AR E S RAEAKT S EZER
WK, Tt B E R S B S KIS Rl 5
(2 B KB AR 5 X K A = sk X i
(Cyprinus carpio) LR ZH 23 # & J& 7 M 2 B, 7Hp
HEE TR AEZAHE ARG, Lhcef
AsE &5 E A g R K I8 LR Bg &, T Pb.
CARICufr) & & WA XA, 55 & KATAHEE, PbAI
CAEEH AT NI, X RE R H T RALT &, B
BT T B0 2 5 4@ o B OB A AT
AN Gy R EENAR N, H b5 G B R 8 (Target hazard

quotients, THQ) VP 45 SR K 0H, & Fim i & A #145%
ACr. Cu. Zn. Pb. CAFIAsH] B ARfER: R E5 /N
T0.1, RIUABACE G,

1E AR OR X BTV B, 4 . (Coreius hete-
rodon) 1 FL K ¥ i i1 (Pelteobagrus vachelli) & 5 %
AREEYI RN . 20104F, SHHKIT TP ) B 5. 3
JH UL B R LR VL B M R A R R L 5
(Cu. Zn. HgHIAs) & &5 MR I, ZEALI ) 45h 5
&JEF, Za M Cul) ik BE 2 L Hg M As =t — M E
%, Cu. Zn. HgHIAsTE2Rh 44 NI AR IRCA
(1.76£1.22). (2.64x1.54), (0.29+0.12)PL }¢
(0.31+0.12) mg/kg(M )", % 4h B BV Bt fk iy
HE SRR R T AT B . Hoh, BT
B Il AR S Culfik . P IR B F A L
PRLRT A M A AR B A 2 Fof £ R LI ZH 4L b Zn )
W R & T MATE R VLB (P<0.05). WA
I, B =AY NI B o B8 20 2 b He & 258
TR T AR R S R R PR AR M (GB
2762—20126 S 5 e BR S FR L), $2m VLB
o £ K45 Hg s e U,

TRIKI KA ) — S, R KT RS
R 28 FARORY X B B R 53 2015—20164F,
Xof 7R KA e 4k A 10 i 7Y 8 Ak P 42 )8 (Cus Zn,s
Pb. Cd. Fe. Cr. Mn. AsFIH)M# &R, A
[7] 4 J TG 2 AE B P VR FEAE AR R B 22 57
TEA R R, w5 K il (Silurus meriaionalis)
A& N BICd [(0.071£0.036) mg/kg({# E)]. Cr [(0.360+
0.104) mg/kg(¥# )] F1Hg[(0.088+0.051) mg/kg(IE
) W B =, T 85 (Siniperca chuatsi)i& INPbH]
W [(0.592+0.268) mg/kg(WEH) | F . FIHE R
15 YL F8%(Metal pollution index, MPI) 115 5 4> J& #Y
BT, 45 B A R R G £ 4 P 4 SR Y
ViR P 3 e TR 2R ST A X A
bb, B PN DA B 5 BT B B E B 5
LA Cu. As KHg G R IR E B E & T FiF
VLB, T Ji NI BEPb. Cd. Cr As K Hgffiik i
WM T RIRLEB" . ZE KWt (Leiocassis longirostris)
WLAZHZH Zn. Pb. Cr. AsMHgRE 53 MIT
Br—3, Bm TR P X, 7 ki A
I 1OF 2, B T 8 VL A R B POAE H E AR (GB
2762—2012) & 1) % 4 FHR FE Ak, HoAth 2L
PIFFPb. Cd. Cr. AsFIHgffHRE & T Ehibr™.
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2 ZIFR

% 3175 ¥ (Polycyclic aromatic hydrocarbons,
PAHs) & — K AR PR BRIUACEE 57 5 I 2 L 05
R EAE ), PAHSII R ZRIR 2, T 2 M 2 AT
PAHs#SE A 17 I B0 0N . PAHs 32 2R IE T
NS, A MDA 58 2B, JoH 2 A A
BRI AT A ) AR 22 42 1 2 MPAHSs, K& (1)
TV HE AR PAHSTE K IR T2 A7 AE

20104F LLRG A W M 45 2, 2305 K =
Il 22 X Ak g R BRI A HLS Rz —e 20154F
3AXTE KT =A Tk X (K7 Tk IX . 3%k T
XL 5 Tk XO)AN [F] R KA H PAH R JEE i
Mg R EoR, 1A R PAHSTE &K FE R A R
H, HHp EE(Pyrene, Pyr)#l i (Chrysene, Chr) &4 H
At v [ 2Fh B, LA HH 3R 3 /5 T 80%; £E Pl
RaFp R RUKEE R, TR KITTR. FEX
TRNE KA ER T b K P AHs A ¥ AR TR BRAIR,
43 H1925.9. 15.5. 14.0%19.3 ng/L"™, 5 [F i 1 FF
J& B AL R i i I K AR T PAH s HH P AH ST
FE A 7E 7] — 7K F(17.33—77.12 ng/L)" Y. 20154
12 H %k = e [X 3% J2 K AR P AH s ¥R FE A 73 A R Ak 1
B R IR, J=WoK FERR175 mi) K& KE
Je, AEFEIX B BT KT o, 3R 2 KA
PAHSsIF) K N83—1631 ng/L; JFE X b B35
W % 2 PHVL B, % JZ K AAPAHs I SR 354—
1159 ng/L, MEFEX FPENTEE SILE, £)Z
JKARPAHS ) SR 5 N23—747 ng/L; ME KT X LA
TEREEMEX, RZ/KEHPAHSKMKE 2 I H
TR B, WA A BURE S S PAHSs B & U
AlRE S RIE K JE X Tk Ph R KT A it
Bk S5 KSR R R b, S TR
R, FEPAH SR SR e 1 HE IR T XV B, 230 A3 34
K5 T S PAHS BN 1 ZE A, 17 Uik 3 £081%;
TMAE & EEA B 5 73 B PAHsHY, 2K 5 [g,h,i]
EE (Benzo[g,h,i]perylene, BghiP) 5NH; (+=0.96) LA
J - [a] B (Benz[a]anthracene, BaA) 5P O]~ (=0.96)
Z B IAFAE W35 W IEAH 9G K &, Zj(Fluorene, Flu).
2K I [k]%% B (Benzo[k]fluoranthene, BKF) LA &z — 2K
F:[a,h]#(Dibenz[a,h]anthracene, DBahA )1 5 I
KR bR Z [BAAAE — & I A SRR R, R = 7
T EPAHSIM AT N Al GeTE 25 5 52 BIK i 6 AF A
ks,

XTUTARYI P AHS B 0 BRI T B4 .
KAVL 5 52 B VLA I AL B 0 X BRI 52 B VLR Ui X
BERZUTRAN(<20 em)th 23855 IR 1) & B Va £+

IR FDH ARG KA H )53 711280.85—4.63 pg/g il
0.64—3.98 pg/g, 7 5 IFAN R & (H L BAA 4L RL
FELE R 3 22 7 (P<0.05): Al ZKJHRAT i £ 2 DY IR
M =IFPAHs, F/KMBIR G, HFALHIE K, tHhE
XA T, ARIAPAHSSE 5y WUTAR P FRE e, 1 4
FKIAUTR Y E IAPAHS ) LU B 3 42 5, 23
PRAT LADURR AN L3R 320 B — B AR B, K
VL BRI F ERR R Z TR T, PAHS B & &
F47.31—252.47 ng/g(T ), P58 N(109.4+
57.62) ng/g(FH). H, SRR AT EEFR
K, BT B i & B 350 R SCRUR A R LR ok
F, SCICKFE R EZ LVU IR =3 PAHs N 3, T T
Y = T LAY BR A LR PAHS A E

RB rh IR 22 2R 05 Je o e A 3 R 1) AR P A i
W, BREE A 0 PAHs & B A4 R 22 e ] B S
HPAHSTEKAEEYMAN R ZER . 20104,
o B PV AR A7 B B AT DY 1 48 Y VL Ui & It
VLB (R 9 i WL 0 24 9 22 38 05 8 ) Fh 2R
AT TR L. g5 R, RN B
Pl ARRE A TR I M B T 2 M 2 35 55 R I A7 1E,
Fordr AR A VT B Pl R 42 31 1) 9 £ v T I B S0 A A
W2 IR T5 & Ja B (SPAHs) i 71 [(2803.78+215.37) ng/
gl, FEVEILE VL B >R 4 2 (1) 6 A £ rh )] 44 Py
SPAHs#H: [ (8498.57+1128.22) ng/g], & Wk — b
VTBLH WL K52 3 T 29055 R AN R R s g,
MPAHSH K F, & T B Rk N 7> T =2
057 B e, AR B Ak N E SR AIC
S EZH RN T8 2 M5 R R
o IXTTRER H T 240V B 2 30 05 ey G 1) %
S, 8 T B 32 R Sk Tl K 2 Ao+
w2 A5 18, W9¢ # (Fluoranthene). 2K 3 [b]%¢ &
(Benzo[b]fluoranthene). Pyr. BaA. Chr. BkF%%;
KAV B 32 B2 Y5 K AT I 1R e vk Js 0 2E i T 7K
K5 7 2 3 55 R 1) EL ) 58 1, 1% (Naphthalene,
Nap). J&(Acenaphthene, Ace). J& }i(Acenaphthyl-
ene)« %j(Fluorene). E(Phe). (Anthracene)s™,
ANTE S 5t PAHs B BE 70 A B S5k 1R .

2R AAFEANE. AME RIS RN
SERFE, KIIAAAE TSR A i REXT AR S RSt
FEE o X E PRI X K AR 5 FhPAHSIZEAT 3 X,
RS VEAN 25 SRR BH, B 28 (Nap)#h 1 A 4 FFPAHSIT
A REE)/NT 1, 3E(Phe). %< E{(Fluoranthene)
EE(Pyr) 12K I [a] EE(Benzo[a]pyrene, BaP) id & 14
{E IR HEZE 43 31 0367 0.394. 0.958710.908
(CAMRI195% 7K A A= ) 2R vl 452 52 1) 3L K ), 2R BH
X JURP AHS Y 7K 2B A W AE AR W AE R, hAh,

0 @i
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DU o B B VRPN 45 R B, 1% Xy
B —PAHsHUEPAHSs [ 2 5 34 oK M i 208 [X (8]
{E (Effects range median, ERM), [X LA 238 Bl ™ &
(0 2 25 IRV, AELATY AT e A /R R A= 67 T (0 2R A 2 4 2K
N, RS R YE T 3 3APAHs, BUJE (Ace) Zj
(Fluorene) FI5E(Phe) =Y. 1T #EF XKV T3 K2
F SRR A PAHSs I A A5 RS I 7Tt 3R B, A%
AP AHs HA AR5 K AL 25 AU, T AZPAHs T
SPGBt s L TUAE b3 ) 12 T,
E AR SR UL, KT UK R R P AHSs 1 A2 45 KUK
KT Tt

3 BEAERES

L8 2K — H B li5 (Phthalic acid esters, PAEs) X %
PRER R, & — MR 2 B AT 2 4k % 5
F], AR M ERT0% L B, Tl
PAEsZIA 15, & WL B ELHG 4028 — F IR — ¢ e
(Diethylhexyl phthalate, DEHP). 482K —H&E T
fi5(Dibutyl phthalate, DBP). 4§ — FI R — Zfif(Die-
thyl phthalate, DEP). 2K — FH i FH R 5 T liH (Butyl
benzyl phthalate, BBP)%%. PAEs/& T 244 ¥
A, WA= E5REMY R E RN, X3
PAEsH & # B T5CH Sk AT 2E N BBl A5G . B
PAEs k& 1# [, LIDEHP. DBP%: XK IIPAEsE
T i AEAE T AR Hb R A AN 2R 4 2T

T AR 2 0 B8 A A R S 56 1 12 7, DEHPFIDBP 4
J& T IEE N T, BA — B MER U,
A] DL S 8 AN LIS AR M I AR B N 4 WA 2R L, X
N Al Rt 2 B — 5 R

7E B HAMI B 95 o, PAEsH 3% 3F S /& = Ik e [X.
KR FEE WG R Z — o TEF KR K
=R X K A o A3 A R BLYS B 1 44 F AN
178Ff, o rp A 25 FR [ /K IR 858 R 42 11l (1) 75 40,
Tk HE 2R 1A S PAHSFIPAES B KK, 7EM
R X B AR R B 1) % HORE S0, DEHPH# 2 133
WP 5 = MPAEs, LYK NDBPHIDEP, JUH & 7E 5%
PRV KT A2V i) R T X S MEWT T, DEHPF
PP IEIR3.6 ng/L . FE K, KT R 32 5T 2
PR 30 X VL B PAESHK EE 731 9 0.87—49.38 ng/L
F4.07—55.66 pg/L, 1EFT A KA A DBPA
DEHP N 1 EPAES . #t— 0 5 RI, TIR)
HPAEs I 5 TR Y 6 L 00 B3] 2 2 AR O
(r=—-0.860, P<0.05), % T 2 JTR PR 42 /M -
JR KL, B S 4% B 25 e 1 P AESBE K IR Bh T &
AER, BRI PAES KK E . (H K&
PAEsIHI /M i 2 A HUR & BRI BN BT
R B 2 B (3 2), =Wk EE X K AR AT AR A
SPAEsIJE N122.4—2884.7 ng/LF1436—3473.4 ng/
g, PE T SCHRARIE i KT R IR B R AR .
BE— 3038 3 BT ST A R IR, KA e

=1 PAHSTEKIMENRFPHNTH

Tab. 1 Distributions of PAHs in aquatic mediums

A JfiMedium 2 & Content KEEX K Location 2H il Component %7% Y HikReference
/K HiWater (ng/L) KK H—323 VS5 /KANERTT H K Pyr> Flu>Phe>Chr> BbF> BaP> [18]
Ace>BaA>Ant
Phe>Flu>Pyr> FI> Chr> Ace> BaA>
13.1—42.9  WEHK BbF> BaP> Ant
Y 25 Flu> Pyr>Phe> DBA> BbF> Chr>
2.02—40.3  KILSTR(ERE) BaA> Ant> BaP
KT T FI> Phe> Pyr> Flu> Chr> Ace> BbF>
1.92—31.8  KILFH(ERR) BaA> Ant
— s Phe, Ant>Ace, Acp>BbF, Pyr, [20]
o Ik X >
83—1631  =WRFEDC L DB(a,h)A, Fl, Flu, BaA, BKF, BghiP
— s Phe, >Ace, Acp, Ant > FI> DB(a,h)A>
o = I X > >
3541159 ZWRFEDCHF BbF, Pyr, Flu, BaA, BKF, BghiP
— 5 Phe, Acp>Ace, Ant, FI> DB(a,h)A>
o — iz X i > p s s >
23747 ZWRPEDCT BbF, Pyr, Flu, BaA, BKF, BghiP
VIR YISediment 56.8—249  KILFWi(FEEIL-Z7L) Phe > Fl, Chr, BeP > BbF> Pyr, BeP, [22]

(ng/g, dry weight)

49.6—97.9
£ i Biomedia 515—2803 KILARMITEL
(ng/g, wet weight)

1295—8498  VC VL& YT Bt

KALFFRELHE- T3 M)

BaP, BaA, BghiP, Pery, Mphe

Pery, Phe, Mphe> F1, BeP > Pyr, Chr,

BaP, BaA, BghiP

Nap>Phe, Ant, Ace, BaA, Flu, BbF, [23]
BKF > BghiP, DB(a,h)A, BaP

BghiP, DB(a,h)A> BaP> Phe, Ant, Flu,

Nap, BbF, BKF,

1 Ace. JE; Acp. JEJH; Ant.J; BaA K Jf[a]®; BaP. 2 I [a]th; BbF.AIF[b]K & BeP. #JI[c]il; BghiP 248 I [ghi]dE; BKF. 2 I
[K]%¢#; Chr.JE; D[a,h]A. —# 3 [a,h]#; FI. %¢3; Flu. %7; Mphe. 1-F#:3E; Pery. 4¢; Phe. 3E; Pyr.tE

Note: Ace. acenaphthen; Acp. acenaphthylene; Ant.

anthracene; BaA. benz[a]anthracene; BaP. benzo[a]pyrene; BbF.

benzo[b]fluoranthene; BeP. benzo[e]pyrene; BghiP. benzo[g,h,i]perylene; BKF. benzo[k]fluoranthene; Chr. chrysene; DB[ah]A.
dibenz[a,h]anthracene; Fl. fluoranthene; Flu. fluorene; Mphe. 1-methylphenanthrene; Pery. perylene; Phe. phenanthrene; Pyr. pyrene
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Tab. 2 Distributions of PAEs in aquatic mediums

A JfiMedium £ & Content KA X 3 Location #H i, Component %2 Y HikReference

/KA Water (ng/L) 1837—4839 =g X (Fk 7K ) DBP, DEHP>DEP, DMP 201
1476—10266 R E X (R OK ) DBP, DEHP>DEP, DMP
8.66—35.13 TR B DBP>DEHP>DEP>DMP>DNOP [30]
122.4—2884.7 ZIREEIX DBP, DEHP>DEP, DMP, DNOP [32]

PURY)Sediment 436—3473.4 ZUREX DEHP>DBP>DEP>DMP, DNOP [32]

(ng/g, dry weight)

W14 [FiBiomedia  540.96—1818.32 AT R B BBP>DBP, DEP>DEHP>DMP [33]

(ng/g, wet weight)

544.64—790.60 VBT B T B,

BBP>DBP, DEP>DEHP

VE: BBP. A5 W T R AL NS, DBP. 453 — W R — T1i; DEP. 482K — Wi — £ lg; DEHP.AZE — iR —(2- £ 5 T 35)fi5; DMP.

AR~ FIER — W HE; DnOP. 42K — I lE — ¢k

Note: BBP. butyl benzyl phthalate; DBP. dibutyl phthalate; DEP. diethyl phthalate; DEHP. diethylhexyl phthalate; DMP.

dimethylphthalate; DnOP. dioctyl phthalate

PAEs#J ADEHPHIDBP A ¥, 3 k5 Sy ¥Rl Al &
A T AR 2B 3 7 9 i HE P . R R A S e
PAHSRIHFE 43 A 45 W3R 25T

IKIREE A B i 75 e 4038 I PAESTEAE 4
NI B XA w SR KAT S BT
JIT 3% e 2R Ak P 1) A0 2 — PR R I 1V 2 Bk AT T a0 AT,
AL AR T B K 45 31 (1) 8 Fofr £ v [ 627 1) fify
(Rhinogobio cylindricus Gunther){4 PN 48 2K — 1 iR fig
(1) 4 B (SPAEs) i i, JN(1818.32+190.88) pg/kg, 1F
YOI 8 T BR 5 B ) SR £ b 44 P SPAEs # i,
H 8 N(790.60+76.04) pg/kg, FHIX2AMT BRI
PR AL ZFIPAESHITG Y. WPAESA K E,
E f0 44 R I 3 1 S FRPAES, BBPHI & & e, HK
NDBP, 3R X S S ) AR ) B B M T RE L
DEHPH /5. #1531 84 A Hh DBP 1) d i &5 Sl I
T BRI 45 42007/19/ECHELE FIDBPAE £ fits 1 (/)3T
PP E300 pg/kg. (HARTE S N B HERARAGH,
DBP. BBPFIDEHP ¥ H A T BRI 3 [F 4R & i R}
227 1 23 (Scientific committee for food, SCF) #i %
(145 H i 52 $% N\ & (Tolerable daily intake, TDI) #&
HE, PRLIEIA A e o 20 S £ i A 22 2 i,

% [ 5 55 DA YT 8 R B K AR HR 4B PAEs 1) 1
W45 5 e K A= AW 0 2B 255 P B A B a2 k), SR
FH 22 4 R V2 RURE 26 1l 28 3 A VAN T 4R —
PR e T K AR A4S RGO TE KUK, 25 R, 4K
—H R — H 5 (Dimethylphthalate, DMP). DEP.
DBPHIDEHP )% 4= H{l 73 5 94310.79. 21.71,
1.47F11.99, X /KA A2 R G 3EA H T 138 175 K
Ko M i 26 2 A VR PRI 45 R RO [ RS K/ 5
224 B E VR4S S — %%, BIDBP>DEHP>DEP>DMP"",
FEACI L, R G R 22 4 IR RV RO 256 il 2% 3 A1 v oy
BT 7 B PO X K AR TR H 4 FF P AEs R AE X6 A2
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ASSESSING THE CONTAMINATED LEVELS AND RISK OF TYPICAL
CONTAMINANTS IN THE UPPER REACHES
OF THE YANGTZE RIVER

GUO Wei, GUO Yong-Yong, YANG Li-Hua and ZHOU Bing-Sheng

(Key Laboratory of Freshwater Ecology and Biotechnology, Institute of Hydrobiology,
Chinese Academy of Sciences, Wuhan 430072, China)

Abstract: We generally reviewed the distributions and potential risks of heavy metals, polycyclic aromatic hydrocar-
bons (PAHs) and phthalic acid esters (PAEs) in the upper reaches of the Yangtze River based on recent studies. The
distribution of heavy metals varied significantly with locations and types of mediums, and contents of some metals ex-
ceeded the limits in food. The contents of PAHs in the upper reaches of the Yangtze River were in line with those in the
lower reaches. Low molecular weight PAHs were predominant in surface water, while high molecular weight PAHs
were predominant in sediments, indicating low molecular PAHs may pose greater risks to aquatic ecosystems. DEHP
and DBP were the predominant monomers of PAEs in surface water and sediments, and BBP and DBP ranked first and
second respectively in fish bodies. The results of risk assessment also indicated that monomers such as DBP and DnBP
had greater risk than DEHP. Over all, heavy metals and organic pollutants were widely distributed in the aquatic envi-
ronment in the upper reaches of the Yangtze River, which may pose potential risks to the ecosystem.

Key words: Upper reaches of the Yangtze River; Heavy metals; Polycyclic aromatic hydrocarbons; Phthalic acid
esters; Risk assessment



