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1 E: IR S5 (PAHs) W E EAE A3, 2 M TR B 00— A A T B MR R #-137(VTCs) R IR B — Mk
WEEN AR RELEGHMEFAF R ERE., AFERERIL T £ KX MG %R L ELRY, 247 £PAHsFCs

PN

&8, 454 BARGE WY K IT B A TR A/ % P PAHS R Cs B 4R 1 TUAR 4 T PAHSs 55 VTCs oy A xt & B JE [, 3F B R #E K T\ #EPAHS

WBEEHE T, HREN . KIT 0 R EIRY P 16MPAHsTCs 4] 4 8.6~326 pg/kg (3414100463 pg/kg) .0.23~1.18 Ba/kg (#H1H
0.68 Ba/kg) ; PAHs/"Csth H A 1 70~150 ng/Bqo K IT [ 7 v 3 1 69 Bk A PAHs# B 5 4 45 B %32~68 t/a,

K S E 137, R KT,
RESHES: X52

Z )7 ¥% (polycyclic aromatic hydrocarbons,
PAHSs) & fBE A A A ) I 25 AN e e dhobe ™ A i — 26
FAE LN TEEBURA YL YW, TR R
IIRAL7/ RPN 228 w1 i LIPOWN N 27 o A SRS 2N
AWAEfEE D SR EIMLE NS 1 6P PAHSS At St
HIET5 YLy, b A TR PAHSH A e s et
PAH s BT H TR b i 77 fE ) — K 2 AL &
Y. VFZWE5HER T PAHSTE T /35 1 PR 458 v (1 b Bk
Hegad e, F T A 3 R TS B SR
UG TR PAHS Y BITFE T, SRAE 25 B BR ] & A
1o 3 R 25 RO (9 8 P TEA A IR ik = 22
Pl A 37 T ARAH L B R e BF 5 B YRR R AT S

1 T PAHS HAT i i /K P A58 B A 1 | 24 RSk 2]
IKRIRIEE AR 25 5 5 ORI 25 5 | WIS TR TR TR
L B, TR R PAHSI T B G T A
(Co)HAT Z R, Horpis-137(77Cs ) J&— R A
THURPER R 30,2478 3Rt g Cs E
B3R R R AHAE S AT
JE AR S GE A T R . iR h
(1 TCs A TR A B — | BRI TR, B 5
)2 L HEWORL T Y FRL B AT HLTOIURL B 45, 13
TCsIy M 5 AR s R O N B
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PEUURR R AN LR ir s L M T
KA 0 R Z TR ATUREE rh Pula] A7 R A1 Cs il 23 1]
SR HRRE T T Cs i B I (M R T PR 2R R
BICs/R BRI IT =k o [X 4 35 Bk st 11 - 398422 ol 155 B 5
A 535 = e B b () 3R D R . FE VTR PAHS Y BiF
I AT Csix—Z By, Xt B TH R BE X s PN TRl
PAHsHYRIR 38 & 5 R AR HLH] 0 IR BAT =2
ABIEFE R AT O R 2 DU HPAHS I Cs S i A A
FERIEHE 45 A CME RV B N DU Y L h
PAHsHI"TCsEd , %55 i P PAHs 5 T Cs AR 5
BB X Ja] AE 55 K VT PAHS TR i AT i, I PE
% (F8 bR ) ik A RCE A A
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1.1 HmEE

AR F20224F 12 7 LilET 428 & (CM 1,
CM2 .CM3) K248 (CX1.CX2) Ik (LG) ikt 6%
R e D 1o YA BT 18 4 0 SR B KU S OAR )
i W UURU RN MR 32 HOR AR 40 MRR AL o AR
SRAE TN AR A S 2 F-20 CAAMF PR TRIRAE
1.2 #RE5KF
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o BT RAR A JOKBRER AN W T 22 S
BHE AN 7], 450 CHEKIRE4 h, BRI E T TR
HAE T 4R A SR AL 12 WL b PR Atk
B PR | IF O e 430 HE 7 3 U O © e 8 B 7 4
AP RIEC e, W be IR F R 0 T st A
RBBHE A PR ] 5 ISR TR/ ) - 4R A CPAHS (phe-
nanthrene-d10,acenaphthene-d10,chrysene-d12,pery-
lene-d12) , - F AccuStandard, Inc(USA ) /A ] ; PAHsHR
HEY) TG USEPARLE 1) 168 P e il I PAHs H bR , 14
T 02si(USA) A H]; AR . 75 H 328 (HMB) , I F Ac-
cuStandard, Inc(USA)/A &l .
13 #HELB5SHRFTRINE

W2 RIS I TURR W) T 98 VR T 1R AL P v% R T R
48 h, SRIGHHE L. U T PAHS K HITHPSE A4
IR F AR (HPSE® , Beijing Lab Tech Instruments
Co.,Ltd) $&H, BAR T 0 412 gy A b B T AL
WET, FRPRILA oIS I (UL RR AR i S5 A b - 1
FE RS T2 HGRE T, A 4RI G4 (Ace-d10
Phe-d10,Chr-d12 Pyr-d12)fE JPAHsIH [EICR TS 7~ )
(2ng/uL, 50 L), FRIIAGE & A7 SR A BURE 78 /0 1
TG )5 B, A ZE U ZE I WO AR OO e e 25 %
WARZE1~2 mL, 530N AFEZ)15 mLIE O beia 7 B
JE PR 25 1~2 mL, AR ARG TP BT (2 BT R
FIVE LT 2 FARIKIE 54 e 8L R 4 emBER A
1 emJC/KBRREN ) FE AR L M T - 10 S BEAEC
St ) TR 5 VS VRO IO 22 v CL A BERR v, SR R RV A &2
0.5 mLIFHE 88 B AU AR . PAHSH R FH M@
T PRSI Y (GCMS-TQ8050 NX , SHIMADZU , H A%)
SHTINE . GCMSSR A G kA SERE AR 1 L
HN99.999% A, Wi A 1.4 mL/min; 25 -5
THREBTIR(ED) I R250 °C; @i RS R SH-1-
581 MS(30m, 0.25mm ID,0.25 um df). ¥&7FIZER
[ °46.5 min, SAHFHEBRIFIREWT HIHRE R
80 °C, PRFFATMEI2 min, BE/ELA10 C/minft 2310 C,
PRFE10 ming BLAFE S G S0 BT RS (B 35 min. i
K 2 5B T HHES (MRM) 3E 7 5 5T o

SR R A H AR A G 08 [N R R X
A S5 FE AT BT A AR IE R T A 4R ) A A ORORE
(10~14) 43 B P LA RE G 2 11, 28 AL R A Y
XFR B A, EICR TS 7R ) Ace-d10  Phe-d10 , Chr-
d12 Pyr-d 12 ISR 53 5028 73.2%+7.2% . 82.4%+
6.8% .90.9%+7.5% .81.7%+9.8% . A Kl 45 5 1736

1.4 ARHYCsUE

BTCs AN 5 43 AT % 2 Hh RS e 4 5 5 R
WFFEFTSE. MRS - CANBERRA®EASE T (v-
ray ) 238 (2') REREA , ELARERAE D I o TR ke
mn e AN N 1.3~1.4 cmBDEHAE th % £, 20 K LU TE
HPGe AL h 2012 h, A5 y-5H4eaEit e B
R UAE 7 B A TET Ry S e A SR A it o 1 LA S A
KSR IE RS, LA B v T S U A R
I R L g R . PTCs B ik ph RS HH BB M 662 ke VI
Y-S BORAS | B FE B A R g R B A
A A (dpm/g, 1 dpm/g=1/60 Bq/g), Hfileh
P8 — A Bq/Kg.

2 RGN
2.1 KIIOMRYPAHsE E R KR

ARBIFE I SR AR S RE S R PAHS 5 i L 3%
V(AT ET, FHE) . Z55REW, % RS PAHs41 503
- 3h A Y, 16FPAHSHY L% 14 8.6~326 ng/kg, YIME K
100+63 pg/kg. SMA FS2U] R A8 Rl #E R Z DR
P PAHs & AL B 2 . 5 Y I S B (an 3R
2), AR5 PAHS K- 5 F e 457 (27.2~621.6 pe/ke,
KM 158.2 pg/kg) LinZ: 181 (38~308 pg/kg, ¥IMH
118 pg/kg) FWangZs 1) (8~144 pg/kg, HIME112 pg/kg)

®1 KIRMAYPAHsEE
Table 1 The Concentrations of PAHs in sediments from the Yangtze

Estuary ng/kg

KA, 2~33f 435 5~63 PAHs PAHsI{A

KHU 12.3~158 37.2~453 17.7~20.5 67.2~81.6  74.4
CMI M3 174~59.2 33.1~111 10.6~35.0 61.2~206 145
ME 32.4~48.1 67.1~123 19.0~442 124~216 151

Kin 9.4 39.5 15.6 64.4 64.4
CM2 % 24.6~283 54.7-584 22.1~323 101~114 110
WM 0.9~22.6  5.1~53.1 2.6~222 8.6~97.9 394
K 252 55.3 17.8 98.3 98.3
CM3 % 23~160 5.0~248 2.1~114 94~522 374

WIRE 16.6~26.8 26.6~83.1 8.6~332 51.7~143 883

K 14.9 435 14.5 729 72.9
CX1 M3 54~58.1 12.7~993 4.5~340 22.6~170 120
E 26.1~38.2 58.1~79.4 21.5~28.2 109~141 124
K 6.8 243 12.4 43.4 434
CX2 M 14.8~373 32.5~109 12.7-43.1 60 ~189 127

E 21.1~41.1 48.2~108 19.9~33.0 89.2~182 137

K 16.6 49.8 23.0 89.4 89.4
LG % 59.6~142 77.7~125 23.7~59.0 161~326 244
e 40~6.6 10.7~17.8 4.4~72 19.1~31.6 253
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FIBFFEEE AN S . PRSI PAHSR IR =224 H SR U5 AN
N A, For SRR S SRR AR I s 4 ik
MR B SEA ORI BRSE , G A R
SRR LA KA it s | olb =0 HE & S 7 1Y
BRBEAS A AR A RIRS YLl A PAHS I 4H g,
WA AR, AN R IR EPAHS AR IR AR, — ko A%
R (2~335 ) PAHs 2R 5T A il BB I ik LA R Ak A7
BRI AE W) B AEIRIR A T IR S8 k08, T rh = 34 (4
I RILLL ) PAHs 322 B T A A BARHRIAE W) BT 7E
TR ANTE S REE = . BRI, ] 3l AR b ) B
PAHs & s FFIE R FIBPAHS IR . FEAHIEGE H , ir
AT KA UT R RE i LA4~6 3R PAHS N | (5 B
56%~90% , FER P T = iR T AR R 45 2E W)
FTIANSE S REE o Ak o mT DABERE ELAT AH [F] 4 3
A2 1 (] 43 S ) 4% LU (B0 DB PA Hs K IR, 3 %
Flua/(Flua+Pyr) . Ant/( Ant+Phe) 5 InP/(InP+BghiP) .
BaA/(BaA+Chr) P4, i+ Flua/(Flua+Pyr) /N 1°0.43%
WIHCA A, K T0.4 0] 3 W SR I8 T A= 9 B 1) A 56
2BRBE, Ant/(Ant+Phe ) /INT0. 1R BRIE T4y 2, 1
KT 0.1 I8 T #h b2 A2, BaA/(BaA+Chr) , InP/
(InP+BghiP)/NF0.2% /R R I8 T A i, BaA/(BaA
+Chr) ££0.2~0.35 Z [A K IET A1 ARG IR LK T0.35 )3k
T A=) kBT | InP/(InP+BghiP) T°0.2~0.52Z [6]
MIRBEIR KT 0.5 AR W BRI BR IR 2. AHFTE R
DL E PR 4 [R] 53 S A AR 1 LU AE X PAHS B SR IR #4743 #T
ZERANE TR . Flua/(Flua+Pyr)  Ant/( Ant+Phe ) Al
InP/(InP+BghiP) .BaA/(BaA+Chr) i (KB, #F5% X
BT Th PAHS Y 32 ORI Sl T A B R
MEFA W AN T R
F2 KINOMAYPAHsSESE RN EM X bk
Table 2 Comparison of PAHs concentrations between sediments

from the Yangtze Estuary with other regions in China

HilX  SREEEFNE]  PAHs /(ug/kg) PAHsHI{H/(ughkg)  Z%3Ciik
Ko 2022 8.6~326 10063 ARHF5E
Kyrm 2013 27.2~621.6 158.2 [17]
Kirn 2006 38~308 118 [18]
KT 2018 8~144 112 [19]
HE 2005 48.6~277 123 [24]
ERITH 2015 56.6~617 291 [25]
it 2006 37~537 179 [26]
il 2016 127~350 239 [27]
i 2015 61~355 146 [28]
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Fig.l Sources of PAHs in surface sediments from the Yangtze

Estuary

22 KIORBYFVCsHESEN

AT REHLIE S AL 5, R i Y Cs b A7 R it
OYHT, F3FN T T e SRR S R PO B i . RIE L
RO A 2 T Cs 5 1 40.23~1.18 Ba/kg, Y1E
40.68 Ba/kg, 55 MEESE 201 14E7E S 5 A MY AIF
FELEH(0.2~2.0 Ba/kg) M4 . B 800 RG34
A RIZVIBIE g R B R P Csi il
0.09~2.03 Bq/kg (#411#80.72 Bq/kg) . KITI A HEFHTH
O[O B o7 R S TE R 3 =V T AL 7 A O
f8 5, 0.69~4.5 B/kg(I{E1.84 Ba/kg) . T g4
F 98 45 5 BN BRTT AR P T s U AR rp P Cs 5 i
410.3~3.5 Bq/kg (¥I1f1.5+0.7 Ba/kg) . WFFx72H1"Csiit
FETE Bk S R0 S 4 A O e RS S ERTT , 46
JiE s X, YT CsTTIRER ) 5 e R R A
T VAT Y Cs B A L AN TR TR T Cs
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A TR
2.3 KITFIETMARY/ LR PAH 5" Cs i LL E451E

PICSTE AR FIAT RARKUR IR B i T Cs 1 2L
IR TR s Fl Y BB R Cs
FEXT 2 HEAT YR, 3T R SRR 2 b3 gk
J2 e o g S e T Cs A A R E K
KB KSR R e p s m 3 L
W9 RE G M — AR R HIX s
B2 [ S 4 ) 1, B P CsUTRE 2 e 5 -1 rp Aok
st AR AT, £ st sk,
U R 32 b s T AR DA R OB E S B A 5 |
19035370 R T LU E AR A R — B AR AR
e HOIE S S AR ) B4 2 X3P, T Cs il LA —A
BEARES IRY) . R VR HERL 1) PAHsIE i3 [ 3 1588 AR
AR I 3 B 2 TS Y R X R AR ER B 7R E A KA
Ji , PAHSZE 5 W B S0 AF v 328 T AS e PR o 281
BHLT R Z TR | e KBTI o B
FEFI  PAHSTEUTR Y i & 2 S5 UTR oA HLSE 7
ORI EAE U ¢ PAHS Y 5 A HLTU& i 40 0kL
YR 4, I B RS R AR AR 0 A R
W R FMEREE 1 DUAR P Hh R PAH s 75 Jat R ZH JRFAE
BRIt B, FAMBE £ 7] — X3 2= 21T
W PAHs 5 Cshy A AR R o

FE3F T ARG S R 16 R PAHS I Cs i e AH
SEL  ARTFIT B8 R LU RE S FH PAHS 5 Y Cs A
Xt R 100~480 pg/Bq, BRCXEFETURYIPAHs/'Cs
AT R (480 pg/Bq), HiAxbf7PAHs/" Cs HUAB AR 22

3 KIOREMRYWHPAHs, VCsE&E
Table 3 Concentrations of PAHs and '¥’Cs in surface sediments

from the Yangtze Estuary

FHERL PAHs/(ug/kg) Cs/(Bq/kg) PAHs/"*"Cs/(ug/Bq)
CM1-LW 141 1.09 129
CMI1-CT 124 1.18 105
CM2-DB 64.4 0.49 131
CM3-CT 64.3 0.54 119
CXI1-DB 72.9 0.42 174
CX1-CT 109 0.23 476
CX2-CT 139 0.89 156

LC-DB 89.4 0.58 154

¥ifa 101 0.68 181

H¥yf* 94.7 0.61 138

T FRAR DB LW CTAM AN 53555 N MU IRE i, <2
B+ ISR EE S PAHS/ Y Cs it B I A I

AK(105~174 ng/Bq), BB (EAE A T A 341 R
140 ug/Bq(n=7),

T H Al B = ) 2 — - e sl i A P PAHS 5
STCsI R 3T (R A0 — gt B E DU S )
AR FTAR AR A R I 2= KT 8030 X 8k 9 A DA
o T PAHS I Cs %5 A B A BFIT 500, 47
TR MRHEAHDCHE LS R, FRATTR R BUIX SN 1 TR/
+HEPPAHS 5 Cs AR IE M B ST AT AT 45
SR 7R M TR X3 P 4 R/ - 1 PAHS/ T Cs R 70~
150 ug/Bq, X —45R SRS HRKILORZVIRYIT
PAHs/"TCsHLEHIEAW & o it — B HIT K IR A
UDUBIPAHS 5 Cs IR & i T {5 B K AR x4 4
KT IR A /T AR PAHs 5 37 Cs 5 1 (B 42500
AHATGAT A b B S5 R E 2 TR . i 4 B AT
AT R W X TR PAHS AN Cs 1
M 124~158 pg/kgf1.69~2.19 Ba/kg, BAFE N
95% , Xt 7 (VT A 3 - 39T R H PAHS/ YT Cs Y L
{3973 ng/Bq. PAHs/"7Cs H1H S e 4 (A X B8 A
PAHs/"'CsH /K (AR E95% ) , X S5 AT Fh KT
AW HPAHS/Y'Cs AR (70~150 pg/Bq) —EH , kb
(R AR SR TR h Z IR0 SR & AR I DL
2.4 KINBPAHsSEEHE

Zhang%F O A T KT E AR Cs 10
FUR, G AR T K R T Cs B T A AU DL
PR Rl B VT ) ARV A T sl iR (4.5+

F4 KIPTHMEITRWPAHs, V'CsEE
Table 4 Concentrations of PAHs and '*’Cs in sediments from the

middle and lower reaches of the Yangtze River

PAHs /"*'Cs/
HIX PAHs /(ug/kg) B7Cs/(Bg/kg)
(ug/Bq)
27.2~621.6(158.2)!7), i
. - 0.3~5.22(1.45)*,
it 38~308(118)", W T1~109
§414(112)" 0.39~3.39(1.56)
o 239~324(330) 2, 0~9.91(3.11)!*! | 106
50014 3.2314 151
RN 34942204 3.14147 111
M 1066.4~1638.6(1 352.5)*) 9.66~14.59(12.6)"* 107
- 1493.7~1 766.2(1 634.4)*, 1.6, 3141
’ 127821 2319 0~11.39(3.18)*
806.1~924.1(865.1) ), i
H PR 2140 384((299)7337 2.5~7.6 113~119
572.7~936.8(738.3)\*",
T £ T ( ) 3.2 73~151

78.3~567.7(234)1*

T RGP RS A .
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Fig.2 Distribution of PAHs and "*’Cs in sediments from the middle

and lower reaches of Yangtze River(n>500)

1.4)x10" Bg/a, 254G AMESE 3RS HIPAHs 5 P Cs X
it (70~150 pg/Bq) , #53 HHC VT ) AR A1 SR 245
PAHSilfi i }132~68 t/a; 5 WangZ5 42 F-201 74F (1 7] i
AR S PAHSI BRI 45 5 (14040 t/a) M HE , AHIFSE
(PAHsIE A E AR —Jy e i T A0S sh 52 m
BT IR A TR D HE R AR X —BS
] LI Wang 2! 43 BI4E20074F 201 74F 1 PA Hs3 -
GELE 25 T (A3 232 . 140+40 t/a) T HE Sk TR A Sz B
WK o 53— T, ASBIEFE A 0 AT i A JBURE A5 PAHSs

A AR T AR AT 9T sl A I AY | R B S
TR N PAHS TS YL s 5o 4 3 ) IR, A % AR AR
iR 2 4 B Wang %5 421201 74 (W55 245 55 (140+
40 t/a), W LAHEDN 3R 00 R HEBOM R TE AR
PAHs3# {4 5Tk M 23%~48% , 4% 5B 73 3k [ i a7
M5 Y BAERERNRZE RS — R Tk . 25 BT,
AMFSE 5 FPAHs/Cs FL B A8 i 133 A0 K VT 4 s i
HrPAHsIE 45 RAFAE — 2 G B s 5L T UUR Y 1 PAHS
5 TCs Ay AN i, R LA SE B K X R e g i
PAH il A A58 5 7k B AH BB IE
3 %58

KL O R 200+ 16FPAHs & B A (L IR 5
F137Cs, 15 43 514 8.6~326 ng/kgf10.23~1.18 Bg/Kg,
I 535 100+63 pg/kgH10.68 Ba/kg, H1T HRETAR
JEE T8 B A R S5 0 B0 BIR 1 LA B 3T 3 PA Hs i 145 SR AP A
B = ABF 5T B A 3 T TR T PAHS/ T Cs AR B
A AT i PAH s HH Gl i, AT DA ok A Bk RUBE Y [ Y 1Y
T PAHs iy 38 EEAFS SR HER L A o IFSE S RAE %
JrE BRI O L — D e 1 3R i — UCHEBO
KA AEEPAHSIE & 1Y 5THR H23%~48% , Nt isirh
PAHsHER fb2E I8 -1 BRI A A 15 B .
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Concentrations of PAHs and “’Cs in Sediments from the Yangtze River
Estuary and Estimation of Discharge Flux into the East China Sea

JIN Mengling, LIN Minglan, ZHANG Ze, LIU Xinyi, XIE Shenghan, LIN Tian
(College of Oceanography and Ecological Science, Shanghai Ocean University, Shanghai 201306, China)

Abstract: Sediments serve as important sinks for polycyclic aromatic hydrocarbons (PAHs) and thus are an effective means of monitoring
environmental quality. The radionuclide cesium-137 ("¥Cs) is one of the prevalent radionuclides in the environment as a result of atomic
weapons projects. '¥'Cs distribution in surface environments is a key dataset for studying soil erosion and transport. In this study, surface
sediments were collected from Chongming Island, Changxing Island, and the coastal area of Lingang in the Yangtze River Estuary. Their
PAHs and "'Cs concentrations were analyzed. Combined with reported data on PAHs and ¥'Cs in sediments and soils from the Yangtze
River Basin, the relative concentration ranges of PAHs and '*'Cs in sediments were proposed, and applied in estimating the flux of PAHs
into the sea from the Yangtze River. The results showed that the concentrations of 16PAHs and "*’Cs in surface sediments of the Yangtze
River Estuary ranged from 8.6 to 326 pg/kg (mean 100+63 pg/kg) and from 0.23 to 1.18 Bg/kg (mean 0.68 Bq/kg), respectively. The ratio
of PAHs to "’Cs ranged from 70 to 150 pg/Bq. The estimated flux of particulate PAHs exported from the Yangtze River to the East China
Sea ranged from 32 to 68 t/a.

Keywords: PAHs; 7Cs; flux; sediments; Yangtze River.



