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Abstract

Heavy metal pollution situation and intake risk of aquatic products were studied in Tianjin. A total of
124 of four Kkinds of aquatic products were sampled in April, May, June 2014. The concentrations of Cr,
As, Cd, Hg, Pb in edible muscles were measured by ICP-MS. Single factor pollution index and metal
pollution index were used to evaluate the degree of pollution, and the dietary heavy metal exposure
from aquatic products and the health risk were assessed by Oracle Crystal Ball based on Monte Carlo
simulation method. MPI results showed that heavy metal pollution in crustacean was the most severe,
followed by marine fish, mollusc and freshwater fish. The mean contents of Cr are 0.3200 mg/kg, As
being 1.3443 mg/kg, Cd being 0.0516 mg/kg, Hg being 0.0127 mg/kg and Pb being 0.2016 mg/kg. The
contents of As reached the criteria of Heavy Pollution; Cd in crustacean and freshwater fish belonged
to Moderate Pollution, Light Pollution in marine fish; Pb in crustacean belonged to Moderate Pollu-
tion, Light Pollution in marine fish and mollusc; Cr in marine fish belonged to Light Pollution. Risk as-
sessment results showed that the average of risk quotient of Cr, As, Cd, Hg, Pb by dietary intake of aq-
uatic was less than 1, within acceptable levels, while high levels of exposure As at the 95th percentile,
97.5th percentile and 99th percentile were higher than 1, indicating that the dietary exposure of
heavy metals only by aquatic consumption was probably to bring about severe health risk, which
should attract the attention of residents.
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UKL WOKEE, HSEIMPARSIYI UK dhdk 124 NFER .
2.2. BT

HORE St v] BB o AE RS TN R S0 3, WAL 3R JT VR F OB AU (MARSX6.0, & [E CEM A #)),
AL 754K FH PSR 5 55 2 T RS A ICP-MS (7500cx, 2 [E 2418 A ] ). FFPE £ & A H BR 373
0.001 mg/kg. 0.004 mg/kg. 0.0005 mg/kg. 0.002 mg/kg. 0.001 mg/kg.

2.3. SHEEITMN

S o B K bRl GB2762-2012 (& MHS IR E) , RARE 75 438 BuE M &8s G fa B0
AT EE RIS I 6].

(1) 753 80E

PR BN G SR n R QR , — R A B s defedos, iHEA KR
k= Ci/Si (1)

2, PR/ iR B A RIS YRS Gk S B 4B S 5 & S — /K7 i A AR PR
H P <020, RURESBLTEFENEREGER: 202 <P <060, BUATEGIRE: 4
0.6 <P;<1.0, NTEFHHAKNF; P>1.0 I, NWAERETGE.
(2) &5 aEuE
PP K= it b Y S A KPR, SR G JE TS AR BUEMPL, THEAUN:
Ky =4/C xCy x Cy x-+xC, )

X, G, Bk i B8 i IR, Y5 Qe Bon] HI T LU BN R R A M4 2 1R S & S ) 22 5 1
24. ERRBENOBIRIT

_ CxIRxEFxED
BW x AT x1000

K, EDI Fm ANRESENGHRER, mgked; CRRKZMTESENSE, mgke IR FRK
FEMA P&, g/d; EF (Exposure Frequency)® s ANBERFEMR, d/year; ED (Exposure Duration)3&
INTR R R LT A], year; BW Ron NRFIIARE, kg; AT (Average Time)R/n-3ZEE W 6], day, &%
ESWNIRSOPi

EDI (3)

g 37
SR FH AU P (HQ) 5 8 V- 18 ik 7K 7= fi i 42 1) AR B0 gk R XU o LA Rk 5000
EDI
HQ= RD “4)

H{r, HQ R-XHA; EDI #m NAE SR H ZEE, mgked; RID FRSEHE, mgked. HHQ<1
I, PITA 1% 4 B 0 5k e AR B R B B AR ; 24 HQ > 1 I, Rl YL & i x)  fs AFFAAAE (R XU .
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FiH 50%. Cr fl Hg YRR, Pb FIMEIRRIZT] 10%LL L, As BARIIZRE, BB 50%, #
B Z X K P2 T DA 2 BB E RS . NES RS ETH{EKRE, As>Pb>Cr>Cd>Hg.

3.1.2. FEMEKTREERSE

AFEFA= M E SR BWE 2 fos. NTK=RhESREEERTFYEERE, Cr EERIN
BARZhY) > WKk > HRE > kKM As SRRIUNIEKAZE > HF5E3E > Biksh > kK
I Cd SERINHLE > RKEE > KaE > BAEZIY): Hg SERICIH LK > BKEE >
WKEE > BARZY): Pb S ERIAFE > Wik > Kk > goKmk.
3.2. EERBISHEITM

K i B G S PR IR Y et S S RS YRS Rk 3 R, AR E SRS As V5 Qi N,
FIOKFE BT EIS Y KM He BT IEENE REE, Cr. Cd M Pb B TR HoKkmk
Cr. Hg f1 Pb J& T IEH I SO H, Cd R THEEY: H5E2k Cr Ml Hg J& T IEH M1 S0E L, Cd A1 Pb
& TH RS G ARSI Cd A He J& T IR 8 S u#, Cr #1 Pb J& THFETG Gy 7K™ i i) MPI {f [ Bt
T VUFRAS R FPK = i S R 5 PR 2 5, AR RS RINT N 728 > igKkak > Bk >
WK, Hp G R A, TR K TS Y AR

Table 1. Overall analysis of aquatic products heavy metal content

F 1L OKTFREEBRIENDMHEOHN

EEJELER i (mg/kg) FHIE (mg/kg) LB (mg/kg) FrifE Z (mg/kg) 16 H (%) AR (%)
Cr 0.0032~1.5881 0.3200 0.2337 0.3362 100 0
As 0.0225~8.7230 1.3443 1.1186 1.3255 100 76.6
Cd 0.0000~0.7067 0.0516 0.0109 0.1175 87.1 9.7
Hg 0.0000~0.1175 0.0127 0.0057 0.0225 99.2 0
Pb 0.0004~1.0020 0.2016 0.1064 0.2354 100 11.3
Table 2. Heavy metal content of different kinds of aquatic products
=2 TEMEK=RECREDSE(THELIREE mgke)
KRN Cr As Cd Hg Pb
WKk 0.3261 +£0.2975 1.6033 +1.2402 0.0280 + 0.0498 0.0129 £0.0199 0.1873 £0.2301
RK 0.0981 £ 0.0909 0.1112 £0.0706 0.0721 £0.1141 0.0063 +£0.0016 0.0883 £+ 0.0635
52k 0.1927 £0.1505 1.2160 £ 1.6850 0.1273 £0.2168 0.0174 £0.0341 0.2562 £0.2714
AR 0.6274 £ 0.5876 0.6966 + 0.6054 0.0272 +0.0322 0.0050 + 0.0039 0.2233 £0.2281
Table 3. Aquatic single factor pollution index of heavy metals and heavy metal pollution index
#=3. KEREGRERAFSRIERSESCRISREN
H R T AR B P T ARAL
KA
Cr As Cd Hg Pb MPI
HEYINGEES 0.163 16.033 0.280 0.026 0.375 0.129
wRIK 0.049 1.112 0.721 0.013 0.177 0.054
ek 0.096 2432 0.255 0.035 0.512 0.168
BIEEY) 0.313 1.393 0.054 0.010 0.223 0.106
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3.3. BEREANKERESBAINEITME
EaREEWTH

(1) IR SSHE

12 H Crystal Ball #4t, HRHE/K™ 5t o FoF0 42 8 & B A WA s B, 4R 4 i BR BR S0
1T E, K H Monte Carlo BAU 7 BT BLAMIFE , i FEIEER 10,000 (R, Kid: i & R K Mg Cry
As. Cd. Hg fl Pb FLfPE & @ ¥ H 585 B 5 XS A4 R L& 5 515 1~ 5.

RSP T HMESEHRERERTHME. 85 Ao, 850 G, %90 Hafi. #
95 HM M EANE 99 B A g, KT ERRBEEK™MBEA Cry As. Cd. Hg M1 Pb TA0 4 J& 1) H 5 %
B FME 7 5N 2.390 E-4 mg/kg-d, 1.035 E-3 mg/kg-d, 4.008 E-5 mg/kg-d, 8.870 E-6 mg/kg-d fll 1.682 E-4
mg/kg-d.

HE I~ 5 aTUUEH, RETEREEK™ WA Cr. As. Cd. Hg Al Pb Fof &)@ KUK i 17
BHERNT 1, R T 22K N 1595 B0, 97.5 Ahifl 99 H o him & #E/KF T, Cr. Cd.

Table 4. The calculation of daily exposure and hazard quotient through diet
T4 RETERERK“RECRNARZEESNEENITE

HHEZH XA HfH U
KF= R Cr &8 C mg/kg SEEIME =0.2001, PRAEZE =0.2593 AL
KP=EH As & C mg/kg FHIME =0.9929, PriEZE =1.1829 AL
K= Cd & C mg/kg SFEIME =0.0512, fRdEZE =0.1379 AL
K= Heg & C mg/kg FHIME =0.0533, brEZE =0.1780 AL
JKFE R Pb & C mg/kg TIIME =0.1219, Ar#EZE =0.2169 PSS
K= HEAE IR kg/d 46.4 SCHR[7]
&% EF d/year 350 SCHR[S]
S FE FREEIE] ED year 70 SCHR[S]
P [E] AT d 25,550 SCHRIS]
i #H BW kg 60 SCHR[7]
R R EDI mg/kg-d EDI= 7(};;}1:;?: T(ﬁ)lg A4
ZHEFENE RID mg/kg-d W #1
JR R HQ . HQ- o ARS

Table 5. Daily exposure of heavy metal exposure through diet intake of aquatic products in Tianjin

F5 REWERBERKTRELEHREE EDI (mg/ked)

HEHITHR FHME P5 P50 P90 P95 P99
Cr 2.390 E-4 2262 E-4 1.561 E-4 5.194 E-4 7.183 E-4 1.333 E-3
As 1.035 E-3 5307 E-5 7.139 E-4 2415 E-3 3.112 E-3 4.879 E-3
cd 4.008 E-5 2.048 E-7 9.419 E-6 1.073 E-4 1.184 E-4 4457 E-4
Hg 8.870 E-6 4.560 E-7 4267 E-6 2.093 E-5 3.197 E-5 7.220 E-5
Pb 1.682 E-4 8.297 E-6 8.079 E-5 3.892 E-4 5.904 E-4 1.268 E-3
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Figure 1. Cr hazard quotient distribution through diet intake of aquatic products
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Figure 2. As hazard quotient distribution through diet intake of aquatic products
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Figure 3. Cd hazard quotient distribution through diet intake of aquatic products
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Figure 4. Hg hazard quotient distribution through diet intake of aquatic products
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Figure 5. Pb hazard quotient distribution through diet intake of aquatic products
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