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Accumulation characteristics and safety evaluation of heavy metals of
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ABSTRACT: Objective To study the heavy metal enrichment characteristics of common deep-sea fishes, such as
Pampus argenteus, Red shirt fish, Trichiurus lepturus and Eleutheronema tetradactylum, caught in the Pearl river
estuary of Guangdong province and evaluate their food safety. Methods The content of Cr, Cu, Zn, Cd, Hg, and Pb

in different parts of different deep-sea fishes was determined by inductively coupled plasma mass spectrometry
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(ICP-MS), and the pollution level was evaluated by single-factor pollution index (P;), mean pollution index (PI),
pollution load ratio (L) and provisional tolerable weekly intake (PTWI). Results Heavy metals were mainly
distributed in the gill and visceral of all investigated deep-sea fishes, lower in fish muscle. Zn was mainly
concentrated in fish gills, while Cu, Cd, Cr were mainly concentrated in fish visceral. The highest content of heavy
metals in all deep-sea fishes was Zn, followed by Cu. Furthermore, the muscle tissues of Pampus argenteus,
Trachinotus ovatus, Eleutheronema tetradactylum, Pseudosciaena crocea, Psendosciaena polyactis and Coilia mystus
were all in non-polluted level, only Trichiurus lepturusmuscles was at the level of slight level. Adults’ weekly intake
(AWI) of 7 heavy metals did not exceed the provisional tolerable weekly intake (PTWI)value. The ratio of Adults’
weekly intake (AWI) to the provisional tolerable weekly intake (PTWI) of 7 heavy metals was ranged from 0.00% to

5.48%, which was lower than 10%. Conclusion The accumulation of heavy metals in the tissues or organs of

aquatic animals is selective, all the heavy metal content in the muscle does not exceed the food safety limit, and it is
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safe for Guangdong adults to intake heavy metals from aquatic products every week.

KEY WORDS: deep-sea fish; heavy metal; accumulation characteristics; edible safety assessment
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FEE (2 150 g/4%). EBEf(Z 600 g/4%). K¥ETEM
(29 300 g/4%) . 8404 500 g/4%) . /INETEHL(Z 80 g/45).
(2 850 g/4%). RUBHL(200 g/4%)4% 10 4%, 2018 4 10
AWSETF MK i, SR R ) fa i B AE—18 °C
VKFR R LA A5 1
22 iR F

Y BR (B T4, f5E Meker 237]); RUE K (BV-IIZL,
e gt bR E ST ), B KCRBLE =182 MQ-cm, 5
I Al K ML A H); Sc(45). Ge(72). In(115). Bi(209)f N
FRIBL(50 pg/L, B ZRA 4R i F AR BT o),
B. Al. Mn, Cu %HITHEIRMER(1000 mg/L, EZ M
BORHMEHLCY); Cry Niy Zn, As. Se. Cd. Sn, Hg. Pb
AP ST R FRUEV R (1000 me/L, [ FA (48 M 41kt
Ay BEA L) o
23 UESEE

7900Agilent HLEAH G 55 B F IR BTG (32 Agilent
Technologies /A 7)); Milestone ETHOS UP KR M (B
K H) Milestone 23 7); Mettler MS204S H, 7737 K- (0~220 g,
Pl FE AEEE R /), Milli-Q AB ALK ML(3E [ 45 B A D)
24 ZWHE
24.1 HsEraE

TEF IR TR, JefR s R IR iR, Rmaiis,
SRIG AN AN GY D g i T Tt o g e e . f i £
. gz, AT ML TRE S o AR R 4]
ArIa, BISTATHE . FIHMAE AR 1 g, K504 0.0001 g, il
NEBATASIR 5 mL, XK 2 mL FIHAIK 1 mL, SRHME
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Table 1 Microwave digestion procedure
IR et/ C JHERE/min - fE R E]/min
120 5 5
2 150 5 10
3 190 5 20
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Table 2 Internal standard elements and standard curve concentration

P il 2k 2 TR EE /pg/L

MR Bt AR R PR i e 2
1 2 3 4 5 6

Cr 52 Sc 45 0.00 1.00 2.00 5.00 10.0 20.0
Cu 63 Ge 72 0.00 5.00 10.0 25.0 50.0 100
Zn 66 Ge 72 0.00 20.0 40.0 100 200 400
Cd 111 In 115 0.00 1.00 2.00 5.00 10.0 20.0
Hg 202 Bi 209 0.00 0.10 0.20 0.50 1.00 2.00
Pb 208 Bi 209 0.00 1.00 2.00 5.00 10.0 20.0

245 BBETHRH

ERFRRMEE: WA, 15.0 L/min; 542 #:
1550 W; #S Wi |, 1.0 L/min; RAEHESLIZ 1.0 mm,
FEUEFLEE 0.4 mm, PERGEIE 0.40 /s, FEVEINH 20 s; £&
FEMFE] 20s, A KEL 3 K.
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WA RN EH ., ARSI RIS YR BOE TR 25 Rl
SIRTGYREEE YN 6 DR BIRIG YR HI(PI< 0.1),
WS R (0.1 < PI<0.2)., BI5YH5(0.2 < PI<0.5),
V5N (0.5 < PI<0.7), EI5445](0.7 < PI<1.0), J“HE
VBYLGN(PI> 1.0)0
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% A\ (provisional tolerable weekly intake, PTWI)FrifEiff
ATXTLE, RO I i 0 £ 22 4k

Ji& R A 92 PR A T 4 ) T /me=T7 it fa LA B
481 B /(mg/kg) x0.403 kg 4)
i 0.403 kg Ky 3% E JE R BRI A R, 2016 4F
R R e S Y,
2.5 BRSO

SIS R TS B L Excel 2010 BFGE3HE15, 4550
FEYERHE2E TR, AR A RIS SR 3 KE
B (n=3).

3 HEREHR

31 ESRTREBETEEAANSHEHE

Wt FR 3 FTLE L, RIFE S S A i AN Rl 41 41
B A ARTR] o 7 Flrif ;= i A fo S R P9 B 4 S o S AT U A
o, WL A R & AR B, 4@ A R AR Y
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Wi, WidRE . BERRKE SRR AAKNESES
SRS X e PSR A, R a0 P U o 4
BEmAYERNZ, U —RERE Ak, —&
gy MR RE, BT ABEMA . KA, bk
EoE TR/ A, NIE> Al > LA, ATEEERH
& B ITRA TR Rl AR B EIEAARR, BT
SR R TR T Bl R R B, Mg Zn
TEEE . BFEENEENN. Cu. Cd. Cr FEEFELE
e, BB HT AT LA, WL Pb F1 Zn B &
FIEA (7=0.7640, P=0.006), #ffrh Zn F1 Cr & &K
EAI(=0.7846, P=0.009), Cr F1 Cu MIEAHK(=0.9417,
P=0.020), WAEH Cr A1 Cu A IEMIZE(=0.9135, P=0.02),
B Zn F1 Cd JIEAIFE(=0.8548, P=0.014), Zn F1 Pb J1E
K (=0.7921, P=0.014), faZ Zn 1 Cd M IEAH K
(r=0.7688, P=0.008), iX1iHH & 4 J& J0 &K Z [0 A PrE L
s, REWRERY, ELIEICRZMAAEHEEAEM,
FAEYMA] . AEHCSOIFIE T, X R EAE A2 A R
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B — 2 A HiE, BRI SO PO B g 4 R — B B
AR TR KA RSB N RE — 2 ks
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7 R farh, AR Zn SRR . RBfARZ . FiEM
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G 2.4 7(DRHEAR, THELICRITT YR
GB 2762-2017¢ & A E R bre & hh spis e pi i )1
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kb 4R o — s TALA P E AR &, PR A
WM, Faitani AR e, BRI T %
SRS, WLPAAE Ryt 2 0 B Ry, A Xt 7 Fh
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F2% 4 AT, R[EFRR A fa V5 YR AR . (IS f
Gefigfn | /o KEEM, NEEf . KUB ML 412
WIAbTF AR5 Y, FA LA 24U TS e gk 1,
XA BB R Tt TR, TR R B a2 s
3.3 BatRAREMITFN

HME 3 UFEH, BalARIEES R SR RMT
AL R AR A, 7 R AL A2 A E RS Yeds
A REY, ELEIG A AR TR IO, WA
AR LA JE FRO5 Y0, RO R AT

NS FTLVEH, 7 Fig LA LS Zn, He, Cr 5T
Bk(EE R, UL E BTG RF& Zn, Hg. Crot&,
MR Zn & Bbn s e et . Rl EaL . Bk
PERR I A5 AR, ARSI BB R L . i
SBEAYE, WA A XA Zn, He, Crisjt.

ZH 2016 AR E R RE SRR, HIRIREER A
BRI S RN 0.403 kg, HE— 20T M 3B X R A
JANB LR E S RBAR K Y PTWI A et 543 #r, 45
Rk 6 B,

Wi 6 T LAF H, AAE AT 7 FhEE 4 R AR AR
YRt PTWIE, AWI (5 PTWI HAETE BN 0.00%~5.48%,
BHLTF 10%, R AN B LK™ S A 1 4 JE 1)
R R AW AR T R 4347, Cr F1 Hg 488 AR
BT HANITER, 23500 2.24% ., 1.84%, 7 Fhigtarh, (68,
/NEEREA Cr R AR S PTWI H 43 UARXTH 5
SN 5.48%. 3.99%, F1iE. XEf Hg mEMREALR
b PTWIE 43k 3.34%, UiBH 886, /et K2
i1 B Al o e e 28 XU v o T LS R AR DGR T
FEIR MBI B, SRORIE R 2k
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Table 3 Average content of heavy metals in different parts of deep-sea fishes (n=3)
H4 B & & C/(mg/kg)
H5 Ak HBAL
Cd Cr Pb Hg Zn Cu
NG| 0.0040.000 0.054+0.003 0.006+0.000 0.024+0.001 11.0+0.38 0.167+0.004
£ £ 1.553+0.072 0.019:£0.005 0.002:£0.000 0.045+0.000 27.9+2.69 3.03+0.040
1 [ 85 £ PIE 0.008::0.004 0.0130.005 0.003£0.000 0.0050.001 8.09+4.73 0.192:0.120
o8 0.0050.001 0.009:£0.002 0.001:£0.000 0.044+0.007 5.59+1.33 0.218+0.078
gz ND 0.056+0.015 0.005+0.001 0.0010.000 8.51+1.31 0.045+0.006
NG| 0.001+0.000 0.0110.001 ND 0.003+0.000 5.62+0.215 0.096+0.005
i £ 0.002:£0.000 0.034+0.031 0.014+0.001 0.0110.002 20.3+2.49 0.206:£0.090
2 LR PIIE 0.161£0.056 0.0360.007 0.017+0.003 0.0140.004 28.3+3.65 1.677+0.708
o H 0.002:£0.001 0.556+0.201 0.012:£0.002 0.004:£0.002 13.8+1.81 0.271£0.142
o ND 0.222+0.022 0.001:£0.000 0.022:0.007 5.36+0.981 0.159+0.026
N 0.0010.000 0.0030.000 0.002£0.000 0.022+0.0003 3.7240.217 0.125+0.004
i £ 0.0210.001 0.017+0.001 0.0210.002 0.0030.000 29.5+2.02 0.395+0.028
3 ‘P A E 0.0140.004 0.472+0.024 0.01120.001 0.0040.000 15.0£0.113 4.725+0.061
ik 0.006:£0.000 0.002:0.000 0.014+0.002 0.008+0.001 23.3£1.75 0.178+0.001
K 0.017:£0.007 0.002:0.000 0.0020.001 0.004:£0.000 15.2+3.75 0.245+0.074
iz 0.007:£0.000 0.0150.006 0.064+0.011 0.001:£0.000 22.1+1.29 0.095:0.002
i £ 0.816+0.113 0.099+0.026 0.0500.008 0.009+0.001 113+6.89 2.958+0.592
4 Giigil A 0.043%0.004 0.030+0.010 0.062:0.004 0.0010.001 22.6+1.32 0.3100.002
i 0.001£0.000 0.007+0.001 ND 0.002+0.001 2.79£0.20 0.091+0.001
i 0.009:0.001 0.041+0.003 0.006:£0.001 0.010+0.003 7.78+0.614 0.149:0.030
iz 0.001:£0.000 0.016:£0.004 0.0150.002 0.001:£0.000 21.7+1.008 0.286+0.014
0 0.002:£0.001 0.024+0.035 0.038+0.005 0.004+0.001 33.243.89 0.410£0.058
5 Kbt A I 0.045+0.006 0.042+0.075 0.001+0.000 0.003+0.000 13.1£1.52 1.448+0.215
i 0.00120.000 0.026+0.0018 0.053+0.008 0.001£0.000 10.3+1.206 0.322+0.045
i f7 ND 0.012:£0.002 0.0010.001 0.016+0.002 8.84+0.789 0.520+0.065
NG| 0.0030.000 0.038+0.003 ND 0.015+0.000 3.77£0.173 0.334+0.017
0 fifl 0.030£0.005 0.059:£0.005 0.0250.006 0.007:£0.002 30.7+1.69 0.385+0.035
6 /hEEM A i 0.075+0.012 0.020+ 0.005+0.001 0.01120.002 21.6+8.88 0.686:0.095
i 0.0070.001 0.107+0.011 0.015+0.002 0.0090.001 17.8+0.513 0.159+0.018
i f7 0.014+0.003 0.038+0.006 0.0030.000 0.0120.000 17.2+3.48 0.553+0.056
NG| ND 0.024+0.005 0.012+0.003 0.023+0.002 6.98+1.18 0.245+0.082
i £ 0.003+0.001 0.058+0.013 0.206+0.032 0.006+0.001 23.4+1.49 0.268+0.003
7 RUE A 0.010+0.004 0.209+0.151 0.081+0.031 0.010+0.001 33.846.60 1.359+0.210
iy 0.01120.005 0.0160.005 0.083+0.020 0.0110.005 52.244.90 0.097:£0.006
i 0.0120.001 0.0480.003 0.039+0.018 0.0120.001 21.3+0.203 0.430£0.058

TE: ND Sy AR M BZITR
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Table 4 Heavy metal pollution indexes in the muscle tissue of deep-sea fishes
LGSESCHCE e
i 2k PI
Cd Cr Pb Hg Zn Cu
1 5 fa 0.059 0.04 0.027 0.012 0.048 0.22 0.0034
2 Slig 0.024 0.01 0.0055 0.00 0.006 0.12 0.0020
3 B NE] 0.023 0.01 0.0015 0.004 0.044 0.075 0.0025
4 e 0.11 0.07 0.0075 0.13 0.002 0.45 0.0019
5 KM 0.084 0.01 0.008 0.030 0.002 0.44 0.011
6 INE AR 0.027 0.03 0.019 0.00 0.030 0.076 0.0067
7 R £ 0.038 0.00 0.012 0.024 0.046 0.14 0.0049
=5 BaLIAALEERETEARLL
Table 5 Loading ratios of heavy metals in the muscle tissue of deep-sea fishes
) ) V5 Y B L
G5 TS
Cd Cr Pb Hg Zn Cu
1 F fiE 0.114 0.077 0.034 0.137 0.628 0.010
2 o e 0.070 0.039 0.000 0.042 0.837 0.014
3 T o 0.073 0.011 0.030 0.322 0.548 0.019
4 Wit 0.106 0.012 0.197 0.003 0.681 0.003
5 KEAL 0.020 0.016 0.060 0.004 0.879 0.022
6 INEEAE 0.186 0.118 0.000 0.030 0.186 0.042
7 R 0.000 0.053 0.106 0.203 0.617 0.022
=6 BAEBEEEBAATHZEMHITEMN
Table 6 Safety evaluation on heavy metal of deep-sea fishes
JLE Fhe PTWI'((mg/kg) ~ PTWP(REN)mg  AWI %38 SR i /mg WAJE b PTWIE 5 /%
Cd R £ 0.007 0.420 0.0017 0.41
4R A 0.007 0.420 0.0005 0.12
TR 0.007 0.420 0.0005 0.12
il 0.007 0.420 0.0029 0.70
Kuiibfa 0.007 0.420 0.0005 0.12
INHEAE 0.007 0.420 0.0013 0.31
KRt 0.007 0.420 0.000 0.00
K= 0.007 0.420 0.0011 0.27
Cr [ #8 £ 0.0067 0.402 0.022 5.48
4B fh 0.0067 0.402 0.005 1.25
FHA 0.0067 0.402 0.0013 0.33
Lirgi:! 0.0067 0.402 0.007 1.75
KE AL 0.0067 0.402 0.007 1.75
INHEAE A 0.0067 0.402 0.016 3.99
A 0.0067 0.402 0.010 2.49
IR 0.0067 0.402 0.009 2.24
Pb F iE F 0.025 1.50 0.0025 0.17
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JLHR BN PTWI'/(mg/kg) ~ PTWP(N)/mg AW 5 R SRR A T /mg W4 SR Y PTWI A%
o e 0.025 1.50 0.000 0.00
RN ] 0.025 1.50 0.0009 0.06
it 0.025 1.50 0.026 1.74
Kbt 0.025 1.50 0.007 0.47
/NEAE A 0.025 1.50 0.000 0.00
K2 i 0.025 1.50 0.005 0.34
7K b 0.025 1.50 0.006 0.40
Hg i 0.005 0.300 0.010 3.34
4l fa 0.005 0.300 0.0013 0.44
T 0.005 0.300 0.009 3.0
it 0.005 0.300 0.0005 0.17
Kbt 0.005 0.300 0.0005 0.17
/NE AR 0.005 0.300 0.007 2.34
K2 i 0.005 0.300 0.010 3.34
KT b 0.005 0.300 0.0055 1.84
Zn i 7 420 4.44 1.06
o e 7 420 2.27 0.55
T 7 420 1.50 0.16
Giiacil 7 420 8.91 2.13
Kbt 7 420 8.75 2.09
INTE LA 7 420 1.52 0.37
RUE 7 420 2.82 0.68
IR 7 420 423 1.08
Cu [E]g: 3.5 210 0.068 0.033
St fa 3.5 210 0.039 0.019
GRE=N::] 3.5 210 0.051 0.025
gl 3.5 210 0.039 0.019
Kigfeta 3.5 210 0.116 0.056
/N R 3.5 210 0.135 0.065
RUE 3.5 210 0.099 0.048
IR 3.5 210 0.079 0.038

e PTWE R AR AR 25 5B (B 60 ke) 5 PTWT {EMARe 45 .

4 wESiie

[l b B <5 SR AR I AN [ ZH P ) 0 A1 AN TR o 7 Fofif )™
sty 18 6 S DAY P 6 Ja 5 SRR R, UL e e o
HIXTEAR; Br T AR, KRB, HAbmIEAR A
GlE G REE Oy A, NIE > R > LA AR Zn 5
I R EEEEMAL Cu, Cd. Cr LN
o NI 4 e TR R Rl ] — 2 2L AR R A I I AT
P ESJR S RRZ IR Zn, HUOE Cu; ARAFNY
HMFRALGE PR E SR & A2, DA TaEE
JE IR B b e RRARE(E, A FRR R iR TS
PR, gt iRt M, REEm, N
FE AL L ZU AL TR T5 g 00, A g LA Ak T
PRT5 YR, 7 FhifE LA ZHZUH, Zn, He | Cr STRRELACKR,

VRN P E 25 YL & Zn, Hg, Cr Jo% . BAEAR
7RV 4R AR A R AR PTWIE, AW (5 PTWI Lt
{HYEFE 9 0.00%~6.72%, KT 10%.
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