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W OE: BW HEENTEZSAWEGEY LB RS i ORISR LA 6 FiifIE AR 2 FoRIEA
i, TR LE TR L LR R RIS YRR . 73R CREE NI 39 AR 138 4
B L5 WA B AR SRR ORT R SR SR T R A S B R T %Y (inductively coupled plasma source mass
spectrometer, ICP-MS)##4 7434, % F Hamilton PRP-X100 BA B 123 #r4E A1 Agilent Eclipse plus Cyg {44143 71|
S ERIESFEGRIEE, WaiAH 514 25 mmol/L IR — A /K : LIE=99:1(V:V)(pH=8.0, Z/KIHT5)F10.1%
L-F AR - 10 mmol/L £ BREL/K I T IE=95:5(V:V), AU (i s I L I 13 45 B 1 IR B AT - R 2R
138 AHF it v (1 S e A A 5 VAR BE M43 901 786 145 4250.9 1 695.7 pg/kg, b 12 ANRE A i I SOR & BERRAR, A
AL T 8.7%; JITA KL &L AT AE TR (arsenocholine, AsC). — Hl #£7i(methyl arsenic, MMA)FI Z, 3L 7R K
TR HBR; BhEHZE (arsenic betaine, AsB), =/rfill . — FH 3LA (dimethylarsine, DMA). T4/ iR B k5K 146
FEADNEIM B8 25 6836, 135 Fl 48 4>, FITA KR O TCHLEN & SEASRIAR, fRmifih 174.9 ng/kg. g i
BB LB A B . RAPTE—ERREE AT g, 5 ARG TR AL

KB SRORA G- USRS R ARSI, B R MRS, CRIERS, B BOR
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supplementary foods for infant and young children
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ABSTRACT: Objective To investigate the pollution status of arsenic and mercury in 6 kinds of infant food
supplements and the content of 6 kinds of arsenic and 2 kinds of mercury in domestic market, in order to analyze the
risk of exposure to arsenic and mercury pollution in infants and young children. Methods A total of 138 samples
including 39 brands in domestic market were collected and analyzed. The total arsenic and mercury content were
analyzed by inductively coupled plasma mass spectrometer (ICP-MS). The arsenic species and mercury species were
separated by Hamilton PRP-X100 and Agilent Eclipse plus Cig, respectively, with the mobile phase of 25 mmol/L

aqueous solution of ammonium dihydrogen phosphate aqueous solution:ethanol=99:1(V:V) (pH=8.0, ammonium
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solution adjustment) and 0.1% L-cysteine-10 mmol/L aqueous ammonium acetate solution:methanol=95:5(V:V),

which were analyzed by high performance liquid chromatography coupled with inductively coupled plasma mass

spectrometry. Results The maximum concentrations of total arsenic and total mercury were respectively 4250.9 and

695.7 ng/kg among 138 samples, while the concentration of total mercury in 12 samples exceeded the limit, and the

unqualified rate was 8.7%. The content of arsenocholine (AsC), methyl arsenic (MMA) and ethyl mercury were

below the limits of detection in all samples; 25, 68, 36, 135, and 48 samples were detected arsenic betaine (AsB),

trivalent arsenic, dimethylarsine (DMA), pentavalent arsenic, and methylmercury, respectively. The inorganic arsenic

(sum of trivalent arsenic and pentavalent) content of all samples did not exceed the standard, and the highest

concentration was 174.9 pg/kg. Conclusion Arsenic and mercury in commercially available infant foods have a

certain degree of pollution, which should be paid attention to by relevant departments.

KEY WORDS: high performance liquid chromatography-inductively coupled plasma mass spectrometry; infant and

young children; supplementary foods; arsenic species; mercury species; total arsenic; total mercury
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PNE 782 S R e e o 3 e B =t N/ @ = gL T
£ AR RN SR 35 2 LUK T JE Ak A e e e )
A4 R JCALR AN AT HLAH, TCHLAHALHE = il (As™) R
W (As™), B8 — K808 Y, A LA AL RS — B 3L
(methyl arsenic, MMA), —H ZEf#(dimethylarsine, DMA) .
&2 (arsenic betaine, AsB) . fifl JHfi(arsenocholine, AsC)
FPORESE . TTAILA O AR B 00 2 R Ay = A0,
SRIG HE— 20 U IEALIE DL A A 9 4 MMA Hil DMA
PTG HE L RS . R 1 25 85 Uy TCHLA T B L2 AR
s A =, BEASRBES &R, B0
s #HE 2 MMA Fl DMA Xt 51 560k & ) A i 2 11
JHAT SRR, A OCHLE AR, 2017 4E 10 A
27 H, 5T A 4G BgihE A 5 LR U S A A
AREAB AL A DL L SIS 3 RBURYIER . &
A PRI R LG R R (He") . TEHLRH ) HLR
(ESR . AR, ZHESRAIRE R MIESHELE . A
HIRTE TR, GRS, g F R
(MeHg) fl £, 38 R (BtHg) 4 N JR ¥ 1, 25 52 9l A W (R ROl
I B B R AR R A AN, AR, B
W] BREGEE, IR EOR, S AR iz R
Gt AN 0] 3 A

T [ 120 20 4 FE AR MEL S B4y LA B £t o
AR B i i T PR AR, LS 4 LRER B
TP ERABRE N <0.02 mg/kg, BRI AR KL &
TIBRAEEFRUE, WA B4 LA Pk B & 5 ORI T R A
;B4 LA R BB W AR 2R 1 7™ B A1y Hh TE AL
<0.2 mg/kg, Z4JLASH P& S RIMBEZE R )T
P <0.3 mg/kg. B4 LRERREBIE (LK™ R sl
SRR RS H TEAUI <0.1 mg/kg . B4 LIESEHIBh &
sb(LAZKT™ Kl R A A 7 ) Fh JEALA < 0.3 mg/kg.

WTARFEIESM . RICGY A B, DL 24
JLIX —FRBR B AR A R K R o BT 00 45 A R ) 4
WIS RV E 2B £ (A A T R R TE R R T T ) XU A
F0L i RAE 2008 4F, Meharg %M & B4 L
1) 5 SR A FETEHLA & BB AR LA . 2013 4F Juskelis S¢L)
K IR A 45 B TR %Y (inductively coupled plasma
mass spectrometer, ICP-MS)X 3¢ [E#1 X 19 31 2L I
TP 4 FsE S T, LKA NLRTL
GRABY TS ELREZS, BERKAY
(R TCHLA S f AR, TR P AETE ) £ 2EA ML 2
DMA, ifif MMA FA#; . Carbonell-Barrachina %% Fi 5
AR R €073 - L SRR B A B TR BT i (¥ (high performance
liquid chromatograph-inductively coupled plasma mass
spectrometer, HPLC-ICP-MS)X PFH LS . 36 E & K A9 2L )L
B AL A TCHLRR & BT T RS, R BJCER R Y ROk
R TCALE S R T S BRI A Y R, RS
HOB L LB TE B 1 v UL o =22 T N AT 5 2 224
X SR A LA W bl P B TCAILEER B e, o HAth AR 259 N
HA L& P sEd, B3N ah mRIESY
FE T, R X b E m A R 24 L &
P AR, RIESY S EL AR . BRI ARG
Brifss. Bk, AR ERNTS E 2024 L
AR SRR SRIEAYIET . SRR SR S TR
MRGHGHT, — I R IL b B 0 XU, o5 —J 1
X4 e EE bR A SRR BT B — 2 S5 ME.

2 MREREE

2.1 X5

Agilent 7700 HLEGHE 45 8 TR BTEL . Agilent 1260
T BB (A (O R HEAR R B A)); Milli-Q
ali7K Zb B R 45 (3£ [E Millipore 22 w]); FE20 pH 11, PL303 £
TR (Fi L Mettler Toledo 23 7]); DFT-100A T2 1 A
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AL SR [ L7 A7 B H]); 5430R & 30 VR .0 4L
(f5 [ 35 A5 /0 7)), KQ-400DE A8 75 P i e pe (R LT AR
I ES A PRl ), MARS6-Xpress 55 JE Wiz 1 1k 28 (25 [E
CEM 24 +l).

(@ s, f5E Merck 43)); BEfR — ALY
afi, EZGER); CLBE(GIELl) . L-2F e aE R (L = 99%,
B PR A R TEHE A W), CRRE(E ke, Higd v
AR ARAF);, MR, WL gal, T meA
Al); BHAR[(28.0£1.1) pg/g] . MIEHEHR[(38.8+1.1) pg/g].
— B BLR(25.1£0.8) ng/g] A K —H BEA(52.9+1.8) pg/g]
I 4 B S FRAES (P EIFER B, = M
[(75.7£1.2) ug/g]. TANTH(1000 mg/L) , Z AL FE5K (1000 mg/L)
FSEAZHIK (1000 me/L)( F LSSm0 Bef A PR A )
SCYIFRFE[GBW(E)100349] . JCHLAR(190+30) pg/kg. ALl
(250+30) pg/kg. AR(5.0+1.0) pg/kg(ERBFAN va A6 I+ A
A BRA )

A S 5G RIS i 2 AL A S DK B T A IE R
(SR
22 UEILEFEMH
221 BEOERA EELT

i % 25 4> #7: Hamilton PRP-X100 FH B F 4% #1 k-
(250 mmx4.1 mm, 10 um); F:i 25 °C; ## 1.0 mL/min;
PERERE 50 pL, FBhAHE: 25 mmol/L iR — Sk KIE TR : 25
=99:1(V:V)(pH=8.0, Z/KMIT), SEHEPEM .

KIEZE4Hr: Agilent Eclipse plus Cjg 2 44:(150 mm
x4.6 mm, 5 pm); F1E 25 °C; i 1.0 mL/min; #4550 pL.o
WEIA: 0.1% L-2EREERR-10 mmol/L ZFR%E: K IE I F i
=95:5(V:V), ZEREVEM -

222 WABEE B THRRENEST

SHARThE 1550 W; FLLERES; SRAEEIRE 8.0 mm;
AR 0.75 L/min, FIE 0.4 L/min, fff#ES5HE
4.2 L/min, & PRSI 15.0 L/min; M S0 FE
B(miz) 75, RIEAKM T E(m/z) 202,

2.3 HmETLIE

6 R AP T A EREL: FRIBOR ST S0 BRI 0.5 ¢
(RS2 0.001 g) T 50 mL .0, fI0A 25% H BE-/K TR
10 mL, {RAGHA 2 h, FABREEE.LHLFLL 8000 r/min
B B0 10 min, B RIEIRGE 0.22 pm JEERE

2 ORISR HEEG FRBUR SIS I RER 0.5 g
(K% 0.001 g)F 50 mL B0, A 0.1% L2
fi%:10 mmol/L 1) Z TR 8 /K B (pH=7, Z /K 9)10 mL, &
AIJEHER 1h, BLARZRESDHLA L 8000 r/min A58 BE 5.0
15 min, B E3E@E 0.22 pm EBEA .

MEPSRIG SRIT GB 5009.11-2014 (£ 5224 [ 5bn
YL PR B JCALAR A ) A5 — o — k.

MSRIREG SRA GB 5009.268-2016 £ 5k 4 E & b5
HER MR ZILERIE ) B—kl,

3 HREHR

31 EZa)LEBhEsdi. RNEEEEKESHT

AR S AR B L S T S L 39 A4 A L
138 /MFE i, Hor A4S 5142240 LK Ry 2SR i OC HAB S in
144~ S INZA 9 A CIIERER 12 4 BmAZE 16 1), 40
ABRY LT A 2ERE A CEHADAS I 4 4~ L BRIINZR 2 4, 3
JNEREE 18 4~ WSINASEE 34> BSIFE 4 41~ B2 8
AL EIERZ 1A, 36 NS ERRY 15 4> SRR
61> XSRS 24> AR 134, 5 NHTREESGERTR 1
AL RV 2 A AT 2 N6 A RIBEEN

B LB Sl . SRR S BT L 1.
A RERL S AsC . MMA FIl Z BRI T R . 25 MFE
A AsB, fE{E R 3916.1 pg/kg, HiH =500 pg/kg
MFEA S AFESL, X 5 DMFERMSN A IR, 68 ANFEL
R T =0 Eh, WETERIAE 4.0~136.8 ug/kg 2],
{E R 39.5 ng/kg, Horpr & dbdn @ R A A HLK B, 36 MR
i RS S DMA, f il 418.6 pglkg; 135 MR S A
T, R Rk 98%, WREEEEILE 2.4~124.0 ng/kg Z 10,
M GB 2762-2017'%, FF A BE bl B TCHLAR & 5 35 K M A5
138 PAE AL FP AR & i =100 pg/kg BIRESIEAT 124>,
oL A BALE TR, | AR . BRSO LR
AR AR AR, R B L SR B R, e T gk
4250.9 pg/kg, 138 AL EY P B EOKIAF T
197.4 pglkg. BLAL, 35%MIAE R & ISR, fmifE R
ik 491.8 pg/kg, HHFRSREE =20 pg/ke FFEHIEE 114,
B s, 119 NSRS SR, IR 21.6 pgkg,
BIRE =20 ng/kg PIRER LA 124, BN M R, B
WM 695.7 pg/kg, R GB 2762-2017, 3240 JLEES: 4
Bl P ROR <0.02 mg/kg, #BIX—FREAIE, 12 MFR
L EOR R EEARIE, N EHORIAE] 8.7%, BACKU, ARE
AR SR RS Y AR i B AR K
32 AREAEMEZL)LHEBRRFHE., RPUSEKF
T

ANFIZEHIE S RSB 2, ARELE
KA STABEL LRI SRR M ARSI T 2% A
e SRR GG ARSI RE L, 33X SR Y TCATL A
W (EAE 12.5~174.9 pg/kg JEHEICFHME 75.9 ng/kg), Bl
WeBE(ETE 14.9~221.8 pg/kg FEREICEME 95.1 pgke), #
Toni ZFMIFSEEG 8 ANk F PG HEA 7 vh B4 LA P2
sl P B R v A 2 (TE ML 8.1~26.0 pg/kg . AL
7.7~35.6 ng/kg), FEEENILERRM 8 MR N AT R
RBETT AR S, TRIASBIF S P (R B R i 389 R oK B/ ok ik
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J, PR E AR RE SRR, DR A M EE (A T . TEAL
B 51 ALKk R A R EAAEEAS . EIX 514K
Wbt 7 AENURE, B 1 AR Z AN, HiA 6 AL
KA R B TEHL R R A TE 97.7~174.9 ng/kg 0 I CEIIME
137.0 pg/kg). MBI EE(EE 126.0~221.8 ng/kg JEHEICFH
8 173.7 pg/ke), TEFAKBMFES P FHREAKE, 5
D’Amato X FEHEF T 91 NMELYILAYIRE
ai PRI A B, BISRIBCE AL AR 7 1 AL
FEAR A R A LR G S X, (A A S
BEAORE DB PR, AR DUESSX — 4518, 4R iR T it
B ZRE A UEATSEI 08T o ST AN KBYRE il Hp AG s FR S SR
BRI L1535 54.9%F1 86.3%, 1H &S B AKCEEIE,
WIHEAY B 1.5 A1 1.2 pg/kg, R4 LE N REEAERTS
e v 1) AU 2 /N

x 1 BY)LEMAERPE. ROSAEEKRTE
Table 1 The content of arsenic and mercury in supplementary
foods for infants and young children

B KmERN R Rl WA i Y
SN /A~ 1% N(ng/kg) FRIEIE/ (ng/kg)

it IE B 0 0 <LOD <LOD
WIS 8 25 18 3916.1 516.2
=M 68 49 136.8 39.5
T SR 36 26 418.6 44.0

— L 0 0 <LOD <LOD
THrap 135 98 124.0 23.9
FR R 48 35 491.8 39.8

AR 0 0 <LOD <LOD
Xl 138 100 4250.9 197.4
IR 119 86 695.7 21.6

7E: LOD(limit of detection) Ay #%; i B

BB SR, BT AT 40 AR LTE SRE St
WINT SFAFR M . I 2 Ha] LB T 4R 5 0
HLII B i 1 60.1 pg/kgCEYAME 25.2 pg/kg), HK#
FEA R B TOHLEN S A, Hop 2 T AR R e
i) DMA, 0514 84.0 pg/kg A1 333.1 pug/kg, & X%t RikE S, H
SV LAY B 53%F1 79%, ATARESRENL LA L, 2
ANBERR TR I T SR, I LR SN i Y AN ik, HL
90% AA LR IE AR BRix 2 MR LSMNE 5 41 38 4
eSS RS N 60.6 ng/kgCEIIME 26.5 pg/ke),
R SR LI LA Hh g SRR BE B, 5 2240 LKA At % L
Gy HTA] R I A )L R T 2% £ it 2 B 3 2 v g XU

BNMR L, K& SO AER IR, RSN,
J& TR AR, WKREEE KR TF AR, TR
A BGRIGPTEYE, SRURIEWIRI, BTUAHE TN SR
HAEY), KAEF a1 AR R R
HER, MAREIK N 90%, HARESMEY 6.0 pgke, 5
KA i F 8 ROR B R O AR RY

FEah R 41 SR LRER B B LR RGN . AR
X6 DA R 2 (R Ry Ao i £ R — S0t T, A
36 NSRRI . AL XSIRFESR 23 RN, faZk
FEFT 13 AMEEEDA S NPT OB . 4L 3 M
mih, FJSEETT 2 AMRESD) . XIS ERE AR UL R 1M
LR RIRAKS 2 Tk B2 () DMA(418.6 pg/kg) =2 4k, Hgy 224
FEPA L A PRRIXG PR SR JBORE it b (9 JCATLAR e v 3G f 2
25 WK AsBFHIDMA, = MR AR Al
ik, JCHLEHH B (o 68.6 uglkg; B4h, 23 MBI . 4
AL RN PR 356 ST A o 10 PR SR AR R MR FE AR FAIR, ey
B4 5318 1.5 pg/kg 2.0 pglkg; 7340 13 AL 5
R AsB, HMREEVEEITE 278.0~3916.1 pg/kg 8 Fl = Ji,
KAEBSF Kt DMA, H YR BEAE A &5 JCHLE & £ 30 F A
2.4~124.0 pg/kg; EAAFERME, B 1 MFRSSE, HAe 12
AR TP R S S R R, v B YR
463.8~4250.9 pg/kg Z I, #F—H 4L ORRIMIEEY
T AT SE R P SR EE SO A TR RN
AsB. HR AsB RS 5 AR, (A2 AsB FIAARECIY
FIH AL A UL ST EBSIA 3 REUEYHE A, i HE
SYRERL T AsB S AR E L ASREHERR AT B4 Lax —4F
TRABEA =2 i iR, Rt B4 LB X — B n T
T, IOk, X 13 A2 R RARE S g R OR B A
12.0~491.8 pg/kg Z 0], HOREEAE 14.2~695.7 pg/kg Z I,
WHLEL, BR 1 NERIEES R 2 A, Hoak 12 A RARFE
s TR R OR B e A I A 19 0.02 mg/kg YRR BEEEK,
GG R IE 92.3%, o 3 ANFEEL A SRR (R 8 PR
BAREESR (290 695.7. 605.8 F1 510.4 pg/kg), Hixit
FE ORI R EAFAEIRAS N R, 2R 4l )LFE & X 2t
v BN 2% B E SR T e rh i IXURS: 8 o IRLHG, 7E 3BT £ A A
R BN N 45 A S B IS [T S 5 14 43 e A T R G i
A REAE H VA 1 T o X PRV SRR R B 5 AN IR 2SR
i R AR, SRR, b 2 AN SRR RE S
HAL R S i AsB, (H a2 RIFARE S Y AsB R EE(EAIR
B2, HiX 2 AFESSRHE F R FIEOR, BIOR &5
1.1 70 2.0 pglkg, EORERSMIHN 1.6 2.4 ngkg.

SEG R 6 ASSUEHE S FURS A AR S Y L A
(5.1~7.1 pg/kg), H I Mo 5 Bk B E I . HoAy S
FHBEA 2 FORIE Y BT L BRI T4 H IR,
I, BRah )L X — 28 B R R AR | SR 5 Y Y T BE
PEREN .
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A AR )T BRI 24 5 R AR 2 B 4L
R 6 FHETEAS . 2 FORTERS . BRI SR & ik
ARG . FrARESL AT AsC. MMA FIZFERMET %k
Aok B . B4 L R TR SR A . SR Y i
RS fRe /N, O B4 LIRSS b . PR Y LR R
a3 R ROk NI IR, X A B AR AR ) SR, R
A R At T vy, BRI AR it P R O ML R R
i 4 E AR R PR i R, (H2 L= B4 LK Ry A
o P AETE N R EAIE A, R E BB AL g M, (E
THER AR, T HEHURE A 6 N HLAKS A JCA LA e
LRI R (A AT KA R i R S8 A A i KO- AR,
X 51 AL LBRE S A 33 ARG LR, (A
FER AR e (AT 4.0 pg/ke, B4LAE R
XA il S 2 S A SR T e P AU 558 o

XA G 41 240 LRER A Aok UL, Hb i 26
G RIS Y A ORI A R SR AR SR
JE AL FAEMRAK- o AR LAY 15 ANt 2ihE b oL &
WAAR, [ARIX 15 MRS TP AsB FIFH LR, #70FE
ih AR AsB B i (e S (EA 2 3916.1 pg/kg), i HH:
rh SR MR B L (B S (A 31 491.8 pg/kg). EIR AsB
Xof N AR B (4 52 M AR 20 25, EJ: AsB A REA RIS I
b AL S E S A 3 KEUEDE b, HERFE
W AsB W H i, ASOZI H R 8 S bR BR A
PRI e — A P PR AR . U4, 13 a2 IRARE S o
A 12 A EORUE R E R AR Y SOR R R, A
b RE Ik 92.3%, i 138 MEMTEY 8.7%, RisHEHA
R, 5 A ST A A

S8 3k
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