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Abstract: A analytical method based on microwave assisted digestion and inductively coupled plasma mass spectrometry for

analyzing the concentrations of heavy metal elements in prawns of Haikou city, which were used to assess the health risk for

consumers.The results suggested that at the spiked levels of 0.4,1.0 and 2.0 pg/g,the recovery rates of nine metal elements at

acceptable levels,indicating a good perform of this method.In addition, the concentrations of 9 heavy metal elements( Cr,Mn,

Co,Ni,Cu,Zn,As,Cd and Pb)in GBW10050( GSB-28 ) prawns were analyzed based on this method ,and the relative standard

deviations between measured values and true values below 10% .The 9 heavy metal elements were detectable in prawns of

Haikou city.The concentrations and detection rates of Zn,Cu and Mn(100% ) were the greatest among 9 elements. These for

another 6 kind of elements ranged from 32.2% to 96.4% .The 5% ,media, mean and 95% cancer risk of Cr and As in prawns

for consumers were 4.16 x 107°,1.06 x 107> ,9.05 x 10 ® and 2.14 x 10, respectively, indicating a potential risk but not

serious. The non—-cancer risk values of 9 elements were lower than 1,which indicated that no obvious non-carcinogenic effects

occurred.In general ,the analytical method could effectively analyze heavy metal elements in prawns and the pollution of heavy

metal elements in prawns of Haikou city was not serious.
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Table 1  Values of RID and SF of heavy metal elements

ZH/EL)E Cd Cr As Co Pb Cu Zn Mn Ni
RfD( mg/ke/day) 0.001 1.50 0.0003 002 000014 004 0.3 0.047 0.02
SF( day-kg/mg) - 0.501 1.50 - - - - - -
2 TCR J2 X HRAE it o Cr R As P 76 3208 2 RGP R RIE R (R
BNTH 235 1 8 B0 AU 5 G, A G J2 X iR v Cr A Table 2 Standard curves and coefficients of determination(R*)
As PIHREE (we/g) ; SF, 1 SF, & Cr Fll As PiFfl T2 e bEEIh JerE R LR
BORAPR T (day - kg/mg) (2 1) ™5 IR SZRA Cr Y = 11709.52X +10.29 0.99965
WAHEDRIGIFREATE (139 g/day) " EF JEER R Mn Y =90229.73X +12.18 0.99996
(365 day/year) "' ; ED JLALFET[H] (53 year) *'; CF Co Y =12355.04X +21.07 0.99987
R T (1) 3 BW 2 A AR (60 kg) 5 AT Ni Y =2425.91X +6.95 0.99996
-1 7545 (70 year) Cu Y = 16440.07X + 14.43 0.99986
TEAR SCHT U 2 9 9 Fh i 4 J8 ot E H, SCik Zn Y =15548.12X +26.70 0.99987
[13-14 B0 9 Froo &l 1 B A BB S XA As Y =16738.90X +17.62 0.99974
P A AR s KRS, PRI AR S % A Boes IXURS: PEA 41 cd Y =13337.55X +12.43 1.00000
XTHTE R 9 FhoeE . B TE P &l B & X EE Pb Y =880.89X +6.13 0.99997

PO T i 0 N A B A B0 XU ph A =X (2) 11
TNCR = iC; x IR x EF x ED x CF

= RfD; x BW x AT
LA TNCR X HRAE A R 9 A0 X AT 2%
FEARBUE KRS ; C; EXTUR R 9 Fh < Jm JuER 1Yk
FE(pg/g) s RID, J2 XS HF i 9 F 44z & 70 5% B9 AR 250 &4

%3  FRAEREFEE S GBWI10050( GSB-28)
#(2) 14 8 O E RINER RlIscR

Table 3 Results of recovery test of each heavy metal

element in national reference standard materials of

prawns GBW10050 ( GSB-28)

T (me/keg/day) (6 1D IR R e hg ey PVEEL mbRREBWEM o RICR

Je ) IF HE A (139 g/day); BF S 5 42 M1 K (pg/s) (pg/g)  (ug'e) (%)
(365 day/year) ; ED J& Z& §Z B[] (53 year) ; CF J& %% 0.4 0.381
BT (1) sBW S AR (60 ke) s AT 257 75 Cr 035+0.11 1.0 0.542 87.5 +12.2
(53 year) © 2.0 0.946
13 HiE4E 04 A2

R i WPS il Miorosoft Excel M SEAGLE Mn 8.9 £0.3 1.0 4256 91.9 6.0
HAMT , 32 ISR TR R A e KU 5 15 ﬁ Zﬁg
2 HZRE5HH Co  0.044 +0.005 1.0 0.478 928 1.6
21 miREYREZEXR 2.0 0.942

ST BT KO T R 1ICP— MS BX FH 4 AR 34T X IR 0.4 0.286
Ao i v B S T S B9 T SRR AR SCHEAT T R BT AR Ni 0.23 1.0 0.601 91.4 +6.0
S . S5 GBW10050 ( GSB-28) KR L AMbrfi 20 0956
Py JoT, 43 SN A = ASAS TR R BE B R HE S W (IR &2 55 0.4 5.004
B 0.4.1.0 FI 2.0 pg/g) o 2 NAFITERARAE Cu 10307 1.0 5.361 95425
T & FAE B B AE e R, PT AR 9 FRoC R R 20 6.047
PIRTF 0999, KEHE G WUFHLLIEXL R, AFEILER 0.4 36.914
S R bR e 0 5 5 0 UL B 8 3 s, WA 3 AT - 76 +4 L0 36800 95718
LIFEH,7E 0.4 1.0 1 2.0 pg/g BIHIARKF,9 Fhir 4 20 37.046
JE G FE M AR B R 4 F (87.5% = 122% ) ~ 04 1.165
(95.7% +1.8% ) Z Il , FRWIIZ 7 0 FAT B w5 19 HE A As 25 1.0 1644 89782
PR E 20 2136
2.2 FREYIRANE 04 0211

M FARR O AR B &2 29 2 RBE PR, S B AR AN IR cd 0.039 1.0 0.479 92.7+2.6
T IR VRS R ATORE i B, SR AR T T R 2.0 0.928
WR B AR EY Bt GBW 10050 ( GSB-28) 1[4 9 Fli & 7% 0.4 0.264
Foh AR ILE 4, K4 ATLIAE L, %00 K 1y ol Ph 02 1.0 0.547 915 +45
W AR AL VE Bl 2R 87.6% ~110% , M % B 35 76 b 1 2.0 1.064
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Table 4  Analytical results of heavy metal elements
in national reference standard materials of

prawns GBW10050( GSB-28) (wg/g)

. FRUE(E bpEe (e TR

(png/g) (pg/e) (%)
Cr 0.35 +0.11 0.336 96.0
Mn 8.90 +0.30 9.16 103.0
Co 0.044 +0.005 5.00 x10? 109.0
Ni 0.23 0.25 110.0
Cu 10.30 +0.70 90.80 88.2
Zn 76.00 +4.00 69.30 91.2
As 250 237 94.6
Cd 3.90 x 10 2 3.50 x10 72 90.4
Pb 0.2 0.175 87.6

23 BOMEMNHBHEEESE

iz BT ST BT A 38 T =XV 1 T R X AR
T 9 FhEE S JEIEAT TR, ARG SR ILEK 5, "L
Fi,9 FhEE 4 8 ST R AE T A WYX R &L b A A
o AR A ORTRS H MR B B S A Zn  Cu F Mn
X =R EICE , A LR 100% , Hofth 6 Fhoo
FYHS HH 2R AE 32.2% ~96.4% o Ko Wk BE I =i i)l Zn,
oy BE A7 (55.22 +41.25) pe/g, Hik g Cu(22.3 +
11.7) pg/g Fl Mn (8.2 £4.4) we/g,#R1Mj Cr Ni, As,
Ph Cd FiI Co Py H MR FERAR, 9T 1 pg/go

AR B DR R, FRE A TR A E AT
XK ER G Y e B, /TS ATAE T JLER B 5K
brdfE, FEA GB2762 —2012 & S &A= E KA i
HiG gL £ ) LGB/ T18406.4 —2001 { A& 7= i JiT &L %
BTCNFIK T T AR ) (NY5073 -2006 { oA
B KPS E R FEYRRE) L NY5158 -
2005 ToAF B IR K ERY , HXF X UF b £ S @ T &R
YRR E ILER 5. A LA, B B HT Y B bR fE G b
A5 Co Ni F1 Zn = Fpoo A, Hifth 6 FhmE M
TR BLT IR E AT 0= AR UE, W) 25 2R WX MR A
e B 4 Ji Xl Y 2 R R ) T A ST A R

H AT, FE WA TFFE 3 XAS [R] DX % iR v 5 4 s
B BE HEAT T2 o R A5 I s T I e X IR R P
I Cd 3 B2, HHe B2 45 551 2 0.0347 ~0.0812 mg/kg FlI
4 0.0084 ~0.0438 mg/kg, HANIFEAH L, ¥5 YLK
AHY . RS S A5 T VU S 4 AR o P L SR L As  Pb
F1Cd 14 S £ 1k B 43 51 S 0.0315 ,0.140 . 0.0425 F
0.0743 mg/kg, Hi5 YLK 5 A HF e A 24 . 5K DL
SNBSS T RN S X R 6 AR 42 )& (Cu \Cr . Cd |
Pb Hg F11 As) ¥k 5, 4% 5L 3¢ B Lk 3 4351 ol 2.66 |
0.38.0.31 .1.31.,0.01 11 0.81 mg/kg, AWFFLH Cu Fi
Cr B 3 LSRN VS A TR vy (BRI As Ik B2 L SR M
EIRIR Z2 . A USRI, MREE DR N 75 4L 9 09 vk
BE EZE G PURRY) v I5 ey iy vk BE RN UTAR Y v A ALKk
& A O, RItixX ] g2 5 I 2 AR K BB v (UTAR
W) 15 YLy v B R ML 3 1 22 53 1

Vol.40,No.12,2019

5 OUTTEXTERRE G A Y
R K AR E R R
Table 5 Concentration , detection rates and corresponding

thresholds of heavy metal elements in prawns

SHFRM G H %
T it (pe/e) I
Cr 0.87 +0.45 2 96.4
Mn 8.20 £4.40 26 100.0
Co 240x107>+1.40x107? - 322
Ni 0.16 +0.12 - 88.2
Cu 2230 £11.70 50 100.0
Zn 55.22 £41.25 - 100.0
As 0.11 +0.22 0.5 60.4
Cd  340x1072+£1.20x1072 0.5 55.4
Pb  520x107% +2.10 x 10> 0.5 87.6
24 BOMEXNHHERPESENEHEENER
B

T EER ALY T it iR Hp B 4 B o AR
s RURS: AR 308 XU , AR 338 F USEPA 75 11 {4
RIS DAl A T 45 - 52 4R R VS AR HEUE P 2 1 1 PR A
A JE X T B 3 i R RS o

XTURA Cr F1 As XJ 1 2% 22 19 2507 AU DLER 6 N
Bl 1, M 6 AT LU H X iR dr v Fb 31 4 @ 5 78 2% &
M 5% 948 . TP A AT 95% B0 XU 45 B oy 4.16 x
107° .1.06 x 107° 9.05 x 10" °F1 2.14 x 10, i@ # 3«
g RUBS: /N 10 ~° SR WS e 4 Xk N 1) B80R8 IXUSS: S A
AT DA ZLME 25 Egas XU Ak T 10 7 Fi 10 71 2z a] R VS
YLk N B A7 70 P 70 03 3O KUBSE , T 24 E0es UGS
T 107 i, FWIAFAEAR B R B A& L EASHE
GEH XU AR PR AR R 4 JE T T A Y R B XU R
F 10 HSE/NTF 107, & WA A8 W8 A 19 XU HL 18 A
JEEE, EAMTER R 9 T4 JE X 2 3 AR B XS 43
Bh 2.18 x 107° .3.69 x 107 . 3.43 x 10> Fl 6.00 x
1077, R AR KBS /N T 1 2 IH5 e s X ABER
FETE I S 9 HE S0 XU, M IEBUE XS KT 1 I, 3R
B YG Je b N REAT A = 3 i AR B0 XU 7 fE AR
WG, XFiR e O FhEE R XTIE 2R H 0 5% MHE P
(BN 95 % LU KU 13 /T 1, FeBAA SCHTAF 9T 1Y
XTI 19 9 FhEE &R X TH 2B AN EEH B
JEHUE RS o BEAN , PR AS W 58 B4 i SR 46 1 AR X
BN, RTHRAE AR EE T — IR, B FZ B
ZE R E, B RS PEAR 19 45 2R 20 — 28 1 AN
JAER G

F6 UG ORI o 4 JE X 2 A B XU

Table 6 Health risks of heavy metal elements

in prawns from Haikou city for consumers
WU 5% affE) LREIE 95%
HUFEXFE  4.16 x107° 1.06 x 107 9.05 x 10 ° 2.14 x 10 ~°
AEHE A 2.18 x 10 7% 3.69 x 10 2 3.43 x 10 7% 6.00 x 10 ~*
3 #ig
AR SCHE N7 — PP AR i B ff ICP-MS 7k
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BT 9t 1T 65 X 0 v o Ja YoV 2l 1) B0 A A R B0 U
Fig.1 Cancer and non-cancer risk of heavy
metal elements in prawns from Haikou city for consumers
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W X M F R < e 0 A O T PPA i e T X R
P 4 R O I, 2 SR W E 0.4 1.0 1 2.0 pe/e
BYIN AR 7K S, 9 B HE <4 @ JT 3R 69 0 A 0] Wi 5 4k 5
(87.5% £12.2% )~ (95.7% +1.8% ) ZIa], FHiZJr
2 BA B B MERG P RS GE M . TR E B SRR 43
BT T GBW10050( GSB—28) U i 4345 vE My i vH 14 9
PR 0 R & A, #4500 R 19 [l 1 A2 AR e B
87.6% ~110.0% , I 5E (B ¥ 7E AR MEH FL VPR 22 Y5 1
9 FhHE 4 JR JT IR AE T A 1Y i 1 T8 X HRAE L rh I
Kt o H ARt RIS H R B S B9 A Zn Cu I
Mn Jx = Ffi B0 R, HAG 30 100% , Hofth 6 oo
RIYKL I AR AE 32.2% ~96.4% o XFEFH Cr Fl As X
TRHFM 5% FE HE T 95 % Eogmw XS 4351 2k 4.16
x107° .1.06 x 107> 9.05 x 10 °F12.14 x 10~ , FHALE
TEVETE B9 XS AEL 1 A ™o, X iR b O o 4 )/ X1 2%
F 5% FE B 95 % AE S0 KU I /T T,
ZRBAS SCRT IR ST B9 T B8 X MR i O o B < J XTI B
F AL 0 HE 0 XU .
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