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Arsenic speciation analysis and edible safety evaluation of aquatic
products in typical waters of Central Anhui

ZHAO Min' GUO Yufeng' FANG Ping®  ZHAN Hao*  ZHOU Dianbing'

DING Lei' LIU Yuxin' LV Yaning'? ™
(1. Hefei Customs Technical Center, Hefei, 230022, China; 2. Anhui Province Key Lab of Analysis and
Detection for Food Safety, Hefei, 230022, China)

Abstract A high performance liquid chromatography-inductively coupled plasma mass
spectrometry (HPLC-ICP-MS) method for the analysis of arsenic species in aquatic products was
established. The pretreatment method used acetic acid-water (1 : 19, V/V) as the extraction reagent
for the speciation analysis of arsenic in aquatic products, and 15 mmol-L™' NH,H,PO, as the mobile
phase. The linear range of the five arsenic compounds was in the range of 2.5—200 pg-L™ (>0.999).
The detection limit of five arsenic forms in aquatic products was 0.020—0.045 mg-kg ™', the recovery
rate was 78.0% —104.0%, and the relative standard deviation was less than 10%. The method was
applied to the determination of arsenic compounds in aquatic products (grass carp, shrimp, crab and
catfish) from typical waters (Yangtze River and Chaohu Lake) in central Anhui Province. The results

showed that the detection rate and concentration range of arsenic in the samples were at a low level.
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High risk inorganic arsenic was detected in shrimps and crabs, with a maximum of 0.151 mg-kg ™.
Inorganic arsenic was not detected in fish. The arsenic content of aquatic products in spring was
slightly higher than that in other seasons, and the inorganic arsenic content of shrimp and crab in
Yangtze River waters was slightly higher than that in Chaohu Lake waters. The results of safety
assessment showed that arsenic pollution had little contribution to the risk of shrimp and crab in the
Yangtze River and Chaohu Lake.

Keywords aquatic products, arsenic, speciation analysis, the Yangtze River, Chaohu Lake.
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BT T4 BT 3 2 43 BT T 3k B S B, AF DG SR 22 SR IR v BE R~ 190 R BE-7K 20221 R -Gl 7 ) AR 3R
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1 SEEGHER A ( Experiment section )

L1 AL 5]

R o AR R 6T - f SR A 45 B TR B % /Y Dlexar ELAN DRC-e 3 [E PerkinElmer 23 7] ; Milli-Q
Element Zfi7K Bl 3¢ [F % B H 20 w5 AR IRAE IR 12 E LS F).

BRI | R — S B BRI A BRI MBI TR . K (3t [ 245 A AL AR R A R A
H 5 Eh e (435 4l ) Merck 2 7 5 & A5 (435 46 ) Merck 23 ] 5 Jo/K H % ({633 4 ) Merck 2\ &) ; A HLIE I
(0.22 pm) 2 3E R A RS Al C18 /(500 mg/3 mL) b 22 iR+ A PR A

PRUERE 2V [ G m HED) BT F o2 O I 3K, B S IR AR (As( V) AR AR (As(I ) ) . — I LA iR
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(DMA) , — H ILAR (MMA ) AR EHSE D% (AsB) .

bR E T AR JHRTE AR E A% 550U 1%HNO, TS 25, BOGIRAET 4 °C B,
1.2 SR a3 K ICP-MS 4544

HPLC A 5514 ik AE: AS19 BB 72844t 10 pm, 4. 1 mm=250 mmy;

HishAH: 100% 15 mmol-L* #fR — A%, pH=9.0; i #: 1.0 mL-min'; JEAEH: 10 uL.

ICP-MS i TAESH: AFT T 1550 W; 15 XGH I8 2510 %5 SRR 9 mm, 23 1.04 L-min ';
[ 2R : As75; BT[] : As(FTE%k 75): 1s.
1.3 FEAREE

LR RN DG N 2R, 43 AR KK T 37 S S8 1 7K Sak R SUT A 10 AR 7K 37 5 v R SR R (1 1) 2R
FERT R 23514 2018 4F 11 H L 2019 45 3 H 12019 4F 7 A, BEUCRAFEECE AR [F], AS [5] 37 58 & Fh 78 7] — 7K
SR, Lk 3258 N DUAZ R BENL B J5 , 0 e — B i KD BEIR K i (38 1) FK 7™
A T V5 2 R R I P A S i A R, R B A | £ B AL IR 2 D 3 4%, TR R ER R D 10
g 2/ 5 1 AR S0 FE S TR T 400 g, MR RVE RS, B v B o S, oIR8 5T
HR2RVE VRIS, RBRURPI LA IR Sk | R R | B MR S5 AS T B R 43, SORRIR G B A il 45 I S RIPR EE 492
TR HELET-20 C /A7
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Table 1 Basic information of aquatic products
Hi[X Area HH)FZEBiological species % Quantity {AK:/cm Body length {AHi/g Body weight JENj /% Fat content
1 {11 Grass carp 9 17+0.42 682435 9.05
. T HF Shrimy 2+0. +1. .
K-ITThe Yangtze Rver ‘ - p 120 8.2+0.71 10£1.93 3.57
[ #River crab 15 6.2+0.53 215+1.8 3.51
fill 5 Longsnout catfish 9 23+1.2 1207+1.9 4.70
1 Grass carp 9 16+0.61 629+17 8.14
. R Shrim 120 9.2+0.51 12+0.49 3.70
95 Chaohu Lake ) ' P
T f&River crab 15 5.67+0.42 198+2.4 3.40

il {2 Longsnout catfish 9 20+0.83 1092+2.4 4.58
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1.4 FE S ETALH

FRECHT B3R 43 B BE D 29 1.00 ¢ T 50 mL B0, LA 35 mL L BRI BIR AT, T Ukt bl 75 A5 B
25 min J5, T4 °C &0 15 min, BEFRGE C18 /IMELERIMAR, 2 0.22 pm JER5 #F HPLC-ICP-MS 434/,

Z: [ GB/T5009.11—2003 (£ & i LA K FCHLAH i e Y2 47 ICHLAR Y I
1.5 PHPRIES D5k
1.5.1 15y EDEOY

SR LR -5 Y A8 B0 RN S5 (B A5 Y A8 B0 RN P KK IR iR | B R B 4 R T R 5 ek, &
BLY5 YL P F T G B far EEPEAY . 5P 05 G AR B0E i DIPEAN e — & B e E A —T5 YR, Hoat
LR ()R,

Ci
P=g ¢))

K, P B FU5 Q485G Cp X H SRR RN T3 & i, meke™; S X 4 &8 TN AR A,
mg-kg ™, TEMARUEN 2 I GB2762—2017 (£ & v i5 ey R 2 Y27,

P<0.2 I, T B G 36 5 R B % P 715 Y45 0.2<P.<0.6 I, 150 B AS 36 /) 52 332 R 795 e, 75 e 7 i 4
525 0.6<P<1.0 B, BEHIRG G i 32 BZ K 15 Gy, V5 YRR B v 455 P> 1.0 B, U6 WG 56 5t 32 B R 15 2,
V5 YRR
152 SHZEMWTH

SRR, R AKX () 5 1 R R AR SLhR 4 B A T & (mg), I 5t DA US55 E R AR
ZH 2 % Y R R NI i A2 5% A & (provisional tolerable weekly intake, PTWI) bRifEFEFT LB, P-4 P K
K 388 H R £ P 2 4k

Joit DA Jo] S Bm ek N L4 J8 L/ (mg) = BRFHAR DL A 4 2R 42 P2 % (mg - kg ™') % 0.403 kg 2

A, 0.403 kg TR [E R BB AN BB 7K = A &, S5 (E N 2016 45 (5 & R s B 45 5 iRAs 25
2 725 5318 (Results and discussion)

2.1 HIARBRT IR R

XF 5 R S PEATHEEL, 43 HEE T KL 10% EhER . 10% filHR . 10% BfR . LFR-/K (1 : 19, V/V) |
FEE-ZK (12 1, VIV) 25 6 MR R BOR. t & 2 ol 2, LUHAb A 28 Sk 32 3500 4 01 i R L /K g v, 7K iy [l
R 73%—80%; 50% FF VA VI [RDSe 0 2 27, [R1 IR 68%—102%.

120
As(V) ] As(In) MMA  [OAsB DMA
110 -

100 B

90

80

Extraction rate/%
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40

B2 A [E BRIBOR AR A R IBGSCR B R (n=3)

Fig.2 Effect of different regents on extraction feeiciencies of arsenic speciation(7=3)
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JRPHANTR : (1)50% H Bk & B ARG T IR 8 Z A B FE AR 30 (HiZ IR RRE R R 2, HLk 4Rt [a]
K, A S B, MR gm AL, (2) $2I00 IR, R A AR 1A R pH (B AN SEBRAR S 32 O/ pH {H
AN, T DA R 25 76 bm VS VRO R B B0 A2 B B ) 25t B — e R B I A 2L (3) DU LR IR AR R A
Sk R i T AL R A S BGRIE, [TIRCR 90%—92%, Hh T HE MR pH {E AR VA TR pH (4230, 5 T 6 A
AL A TG A RS [R5 P O BA B ] 1) 22 5. RIS BRGNS 5 2 28 R VR A0, 4V 22,

WL 2R A 7 B, AR SRS R IO 2 Ry L R-/K, TR, 38 o A G SCHk mT 231, AR 2R AT vk v AR Y, i
iz D3 130%, RIS As( V) [ ISCRERAR. W] BB 2 & AR50 0 e Ak, TS B e vk b ift 47 P AR B
2.2 T BIAH IR S R B

WIS XA R . (NH,),HPO,. NH,H,PO, i sl AR X I 25 43 B3 () L 44, 1 NH,H, PO, I AE R it
SR, FEBIAREE 43 3 5. 15, 20, 30 mmol-L!, 2% £ i s AR e B X Al £k 5 4 40 385 0 5 i) AR 9% 2 B,
24 NH4H,PO, ¥4 15 mmol-L™' B}, 12 min PR 5 FPfb S WIRENS 4 55, HLor BRSO BT, 25 A&l 3
JIE . ARG BE PRI S AR A A 15 mmol L.

18000 As(I)
16000 DMA
14000
» 120001 AsB
5
2 10000
N MMA
2 8000}
| As(V)
6000 |
4000 |
2000 o)
0 2 4 6 8 10 12 14

t/min

B3 AR S A

Fig.3 Chromatograms of five arsenic species

2.3 WIEER IR
231 D7 EERYLAE O RIS H R

A3 S B 1 R R B 2.5, 5.0, 10, 20, 50, 100, 200 pug L IR S A AEE I, 2 Hbr i ph 28, 15 201
FAOC R BRI H i S 2 2. 4 2 AT, 5 R Ak G ) i e PRV I AE 2.5—200 pg L™ JE A, AHOC R
B ¥I7E 0,999 DL b WA ER As(I), MR As(V). — B JE /M MMA, — H 3L (DMA) | i 3% 66
AsB IH H BRAK KA 0.020, 0.040, 0.035, 0.030, 0.045 mg-kg™.

F2 KR, LM A

Table 2 The instrument relative standard deviation of the experimental results

ijnfj?nd gz‘rl%illzelj/r(;ﬁg? ’ Lingiﬁzz%tion XAR() RsD/%  LOD/(mgkg™)
As(1Il) 2.5—200 y=12763p—413 0.9995 0.65 0.020
As(V) 2.5—200 y=6289p-2532 0.9997 0.41 0.040
AsB 2.5—200 y=6843p—3774 0.9999 0.63 0.045
MMA 2.5—200 1=6574p+2036 0.9995 0.53 0.035
DMA 2.5—200 y=11574p+1036 0.9994 0.37 0.030

232 JriEMEE M bR R

3 3 FPAS [V B X AR A5 A B 23 1 FORE S RV AR b, X S AR AL A B AR LR A T
RO fR 3R 3 AT RN, 5 AP AR AL S W FEAS TR BE 0 0 b 1ET R 43 i S As(TT) 81.0%—103.0%. As(V)
78.0%—99.5% . MMA 80.0%—104.0%. AsB 78.0%—94.2% . DMA 78.4%—98.4%, A X%t i fin 22 14
INT 10%(F% 3). 5 A ik & e i, BEPTRPAE i B AR DS 3R 8 v, BRI R AT 4.
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R 3 A BERES TORE SR B IR A R (n=6)

Table 3 Recovery data of five arsenic speciations from spiked fish(n=6)

aw/a% WK/ (ug L) AT L% RSD/%
Arsenic compounds Add level) Recovery range

2.5 88.5%—103.0% 9.97%

As(1M) 10.0 87.0%—99.7% 9.42%

50.0 81.0%—97.4% 5.11%

25 78.5%—89.9% 9.21%

As(V) 10.0 79.0%—93.2% 5.33%

50.0 78.0%—99.5% 3.59%

2.5 82.0%—92.2% 3.27%

AsB 10.0 78.0%—89.3% 7.69%

50.0 82.5%—94.2% 7.39%

2.5 86.0%—104.0% 5.66%

MMA 10.0 84.2%—100.2% 5.73%

50.0 80.0%—97.2% 4.52%

2.5 81.0%—96.0% 3.95%

DMA 10.0 80.4%—98.4% 4.09%

50.0 78.4%—92.6% 5.68%

2.4 KM

R P SE B 7 AN 6] A 0y A VA S K S b R £ | TR | g | i £ i T O R HEAT I E,
DA SR 2745 25 DR AN [R K7 ity i s SR A7 AR T 25 A B2 M. DABIE S DX S P SR R AR A e T 250K
A, B G YA AR (R A5 e B K — B, RARERAI, 45 2R ANk 4 on.

R4 AFEK™ M S AL SIS YR AE R (n=6)

Table 4 The results of four arsenic species in different aquatic products(n=6)

7K1/ Waters Fih/Sample As(Il)/(mg-kg™") As(V)/(mg-kg"') AsB/(mg-kg') MMA/(mg-kg ') DMA/(mg-kg™")
¥ 44 Grass carp ND ND ND—0.301 ND ND
. [ ¥R Shrimp ND ND—0.151 ND—2.830 ND—0.0805 ND—0.0532
K AT.(3H ) The Yangtze River )
I #ERiver crab ND ND ND—1.192  ND—0.0426 ND
#iif1 Longsnout catfish ND ND ND—0.642 ND—0.0371 ND
i 4f Grass carp ND ND ND—0.240 ND ND
. R Shrimp ND ND—0.0490 ND—1.293 ND—0.0362 ND—0.0357
£71.(7H ) The Yangtze River i
A% River crab ND ND ND—0.977 ND—0.0751 ND—0.0326
#iit1 Longsnout catfish ND ND ND—0.369 ND ND
i ffi Grass carp ND ND ND—1.383 ND ND
. ¥R Shrimp ND ND ND—1.606 ND—0.0381 ND—0.0353
KIL(11 ) The Yangtze River
J[#River crab ND ND—0.0570 ND—0.560 ND—0.0410 ND—0.0376
il £ Longsnout catfish ND ND ND—0.498  ND—0.0472 ND
Fi4fiGrass carp ND ND ND—0.191 ND ND
. [ ¥R Shrimp ND ND—0.0630 ND—0.630 ND—0.0810 ND—0.0357
Hi41(3 A )Chaohu Lake i
I #ERiver crab ND ND ND—1.572 ND—0.0512 ND—0.0381
#iif1 Longsnout catfish ND ND ND—0.472 ND—0.0377 ND
i Grass carp ND ND ND—0.183 ND ND

H98(7H ) Chaohu Lake :
T[4 Shrimp ND ND ND—1.573 ND ND
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23k 4
JK 3/ Waters £ fh/Sample As(Il/(mg-kg™") As(V)/(mgkg') AsB/(mg'kg') MMA/(mg'kg') DMA/(mg-kg")
o Il River crab ND ND ND—0317  ND—0.0433  ND—0.0310
H1(7H ) Chaohu Lake
il £ Longsnout catfish ND ND ND—0.257 ND ND
401 Grass carp ND ND ND—0.192 ND ND
e TR Shrimp ND ND ND—0.497  ND—0.0468 ND
i (11 7 ) Chaohu Lake )
B River crab ND ND ND—0.351 ND ND
fifil £ Longsnout catfish ND ND ND—0.249 ND—0.0495 ND—0.0380

ND.#45 . ND. not detected.

AT AR i B G T 25 SR, A VTS T K 8P Y A2 A K T AR N A LR S £ R AsB.
MMA Fil DMA, {5 J2& 15 L 75 A A0 il A 2w (AsB) JE 200 3. KV 7K s PN 14 32 6 7K 72 i v T B A g
B T MR (As(V)), Herpyar R4 Y T HLAH B =5 3K 0.151 mg-kg ™, o] 8 4G H (%) JC HILA I 15 >
0.0570 mg-kg 5 S K P A 52 A8 7K 7= i AT RS T JEAILA, e ik 0.0630 mg-kg ! K VTR B
T K I 8 SZ ARG K ™ it v A8 S B R A S TEHLA .

FEXRTH VT AL A S8 2 A5 K ™ i (R At | Y[R ) 88 | £00) R A TR 28 20 A P A e | AT
TR £ A R O AR AR As(TI); Tol MR AT B A T AR AR As(V), HLITERAS 58 v TR A
K M AR AR AR As(V); — B LA (MMA) 1 F BE6H (DMA) Z2 7775 T-I] MR FIY) % DL N, 46
FIR K s PR SRR (ASB) 7 5 fa | YR | AT | £ 55 4 oK R ARG Y (E R AT SR RN ) A
F R TS, R B TRl R TR ) AR A A OC.

T3k (5] 4 AT, VTR S A VAT AR R v T ALA R H SRR A TSI K S XA [ )R A Y
FEARGYHTRE, 3 A 0y RAE 7K = i JE HOE TO LA & B = AR AE A . 25 S IR R 5 &, v]
RE S R A A 7K U A 358 17 e 2 H Al 2 s ™ B — 2, DT S SBOK AR A 5 i 55 v, K AR A i = 4
J , FLERTE L.

a
_osf ﬁ -
I
2 o4} 4
g ]
S 03
2 A
S 02} A A A Shrimp(Yangtze River)
A B Carab(Yangze River)
0.1 - A Shrimp(Chanohu lake)
0 1 1 1 1 1
1 3 5 7 9 11
Month

4 BERBK T R BLR B
Fig.4 Analysis of arsenic elements in aquatic products in the middle of anhui province
MRAEATIZE R, 455 A7 P B PSR I A5 5 R0 A, VT RAF R 2 M, R, i iz b
A Tl A Rty o (il K St 95 2, ] BE 5 E0R OT 3R ol i K R 218 A SRR BT, 24 K A A W)
AR MRS, FRe 2 S BT AR )™ A JOHLA 5 I TSRO i, ELAE A KRB S K i Y
TEHURR 5 f R T T A AR At S,
2.5 AL L] A I ] R AN B T R T AL
2 I GB2762—2017 (£ it 15 YL W BR &L ), /K7 sl B il il v JCHLAR B BR 5 0.5 mg-kg™.
5 AL, RUT AL K SR A R A7 AR TOALA, P2 5 i P e 22 e R LA,
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Table 5 Inorganic arsenic content in shrimp and crab edible parts of the Yangtze River and Chaohu Lakes in March

K3k Waters FE b Sample SH4{E/(mg-kg™ ) Mean
. AT Shrimp 0.0778+0.019
1. The Yangtze River )
T River crab 0.0897+0.013
T ¥R Shrimp 0.0643+0.028
9t Chaohu Lake i
[ #ERiver crab 0.0694+0.009

2.6 JCHLAHAE R TR 5E 8 7K Sem A R 7y 8 v g JXURS: DA
1€ 6 IR, VT BE I /K SR UT B8 DO MR A 75 e 48 B /IN T 0.2, R AN i T 3 A9 75 S (E VI L

R 6 UMK BAR, B TCHLAP Y T5 Y16 5L

Table 6 The general composite pollution indexes of inorganic arsenic in shrimp and crab edible parts of the Yangtze River

and Chaohu Lakes
7K Waters #E 5 Sample 15938 %X Pollution index
. T ¥R Shrimp 0.16
£Y1.The Yangtze River
I River crab 0.18
] iR Shrimp 0.13
HLiHChaohu lake
A River crab 0.14

2.7 RVTHEEIAIK 7 i i 2 AR

2016 4F-H [ i R G B4 w4 i, TR AP 45 AR K ™ i A 0.403 kg, LA FE 4353
NI T4 R PR AR S B2 e 2 M G 5. 3R 7 A, VL S /K S A TS HL A 1 /N
PTWI 9 10%, %42 PE T 25 HEAR WIS Gt T 1T S U 8 £ U P SRk AR /.

E R SO YNSIE BRI YN
Table 7 Estimated per capita weekly intakes of heavy metals from shellfish consumption

TEMSESRTFEEE  GASPRRAL

7K/ FEf/ PTWIY PTWIY /(mg-kg™) /mg B
Waters Sample (mg-kg™") mg Average content of heavy metals  Actual weekly ~PTWIHL]/%
in edible part intake
ki [ RShrimp 0.015 0.9 0.078 0.0316 3.51
The Yangtze )
River T River crab 0.015 0.9 0.090 0.0361 401
S JA[4F Shrimp 0.015 0.9 0.064 0.0257 2.86
Chaohu Lake  ya[fiRiver crab 0.015 0.9 0.069 0.0276 3.07

TE: PTWI' 7€ 15 T i 2 3 At (mg-kg ™ BT ) s PTWIE R BB MR B 60 kgi 3045 11 98T 5 1A T i 52 48 A At (mg).
Note: PTWI'. Tentative weekly tolerable intake (mg-kg™' body mass); PTWI’. Tentative weekly tolerable intake (mg) calculated according
to adult body mass of 60 kg.

3 4518 (Conclusion)
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iR (DMA) , — F BB R (MMA ) FIRHEHSE0 (AsB) 25 5 F i o0 K S A6 I (14 404 7 v 3R BGR b 2
fz-7K (1219, VIv), WA SR B IE 165405 W 8h 4324 15 mmol- L™ NH,H,PO,, 7F 12 min N SEHE 5 Fif
AL A P PR RN 325 A B A v AR e, T8 B AR R, A IR 9 R, A B vk R 4,
TV DT 55 T 2 S 96 UF B AR V38 FH K™ i R A 254k 0 1 Pk 0

(2) R 277 1% BLI A VLK 800 SEBRFE S EA T 20 BT, S5 5 3200, H AR X I ok ™ i i e A 54
AN TE R 267 T A 2 v B R T, 340 TR A AT R o e S 258 AsB. MMA Fil
DMA, Y07 SR AT BEAS T v KU i JEHLA , £ A Hh T L B A3 . NZEY R TG, /K™ i 5 it
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