+ 534 - TR~ 20224F5 HE5E 34 B85 58 Prev Med, May. 2022, Vol. 34 No.5

C TR -
TR T e — LS 5 25 18 I B i
NaEAHL 1T FhoT R

WX, FRER, REBR?, FEM?, KEE, KRS

1 A INTHESR BRI RO BAERE, Wi A 3180005 2. B MBS HR#EHI ., WL A M 318000;
3 WV LAR I R FE il ot . WL BTJH 310051

WE: BR @S HROE - EER S S B T RIUSRE R E b 2T E . FiE BEAL60 CTH 15 hig
PN . FREL0.3 g ¥R, SR MO I AR B T i . R P LB & 55 B 1 R 03 104 2 e B A 0 ok i % T
o, LN ISR TR, BAG SR (V)L 8 (ND . & (Co). Bk (Fe). % (Co). 1 (Cu). %F
(Zn). % (Mn). i (As). 8 (Sn). 8 (Sh). @ (Ba). il (Se). @ (Cd). & (Pb). 5K (Hg) Fge (T1) 17Fh7G
%, %R V. Ni, Co. Cr. As, Se, Cd. Pb, TIf£1~50 pg/L, Fef£100~5 000 wg/L, Zn, Cu. Mn, BafE10~500 wg/L,
Sn. Sb7£0.1~5 pg/L, Hgff0.2~2 png/LiEF ML R RIF, MERE=>0.999 8. 17 Fyo = MK i Ry 0.5~
100 pgrkg, HIXFRHERZE (RSD) 4 2.1%~6.5%, PIHE 83.3%~110.0%. IXGPAARMEY) T (GBW10018) k7512
HERA PR AL HIVE I, A e 45 RITETE BAREER E N . 858 8 O A A A B 30 R 3 D) 46 S 3T ) B
TH e — SR 5 3 B A T VA3 T TG rh Z2Fhoe R AT .

KERE: MG JUR; UM, AR S SR TR BTG

HESZES: R446.1 SCHERFRINED: A XEHS: 2096-5087 (2022) 05-0534-06

Determination of 17 elements in placenta by microwave digestion—inductively
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Abstract: Objective To establish a microwave digestion—inductively coupled plasma mass spectrometry assay for simul-
taneous determination of multiple elements in placenta. Methods Fresh placental tissues were dried at 60 C for 15 h
and ground into power. Then, 0.3 g homogenized samples were digested in a microwave digestion system. The interfer-
ence from mass spectrometry was removed using the kinetic energy discrimination model in the inductively coupled plas-
ma mass spectrometry, and the baseline interference was removed by online internal standards. The contents of 17 ele-
ments were determined in placental specimens using the established microwave digestion —inductively coupled plasma
mass spectrometry assay, including V, Ni, Co, Fe, Cr, Cu, Zn, Mn, As, Sn, Sbh, Ba, Se, Cd, Pb, Hg and TI. Results
Good linearity was shown for V, Ni, Co, Cr, As, Se, Cd, Pb and Tl at 1 to 50 pg/L, Fe at 100 to 5 000 pg/L, Zn,
Cu, Mn and Ba at 10 to 500 pg/L, Sn and Sb at 0.1 to 5 pg/L, and Hg at 0.2 to 2 pg/L, with all correlation coeffi-
cients of 0.999 8 and higher. The detection limits of these 17 elements ranged from 0.5 to 100 pg/kg, with relative

standard deviations of 2.1% to 6.5%, and recovery rates of 83.3% to 110.0%. The determination results of 17 elements
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were all within the normal reference range defined in the certified reference materials of chicken (GBW10018). Conclu-

sions The microwave digestion—inductively coupled plasma mass spectrometry established based on optimized pretreat-

ments and mass spectrometry detection conditions, is feasible for simultaneous determination of multiple elements in

placenta.

Keywords: placenta; element; microwave digestion; inductively coupled plasma mass spectrometry

NEEAEANGILE KRB BRIRGERE, TERRE SR
JUR MR F 0 R J7 R G AR, J2—E
e A MR I G L N 2% 8 R B R A1 2% 8 1Y X A 7S
Pyt R4y 4 I T FR AT o iR BB AR IR B
JUAN, BASYSRRIE SR BA —E IR
PERBIERL, 5 S5 —T5ih, B TR I 2l
T REOR RAEIRSS R . B, 27 R R I A
AR P o SR A B ECR A T2
RGBT 3R A i AT iU — ROAR AL T 12, 52
TR A R HER AT ok B EN 2 R R
Meieid, PRI T R B AR 5 EANER W 5k
JH LIRS A 45 8 IR B3 75 (inductively coupled
plasma mass spectrometry, ICP-MS), {HEZH T
WA FILR, BR# T ZFITRRG R A ITR M
KAERIBESE 7. ICP-MS Kt FRA, REUE S, Ltk
WIS, AfSEZMTRFE I, 2 ZHTE
ai KT, BREE R A A R A Y AR S S
A fR-1CP-MS M Al (V) 8 (N, &b
(Co). % (Fe). % (Cr). i (Cu). ¥ (Zn). Hh
(Mn) . 1 (As). B (Sn). B8 (Sb). ¥ (Ba). fili
(Se) . 4 (Cd). & (Ph), K (Hg) Fge (T 17
MotER . BHRIEIT .

1 RS

1.1 BLEL5XA  NeXION 300D HLBHEA 255 T4k
JEEAYL (ICP-MS, 26 PerkinElmer A7) ; TOPEX
PO T AL (LRI SRS B R R A R A W]
LDO-9246A HLFEIR S XA (LI R ERIN AR %
HARF) ;s ALl basic WFEEAL (F8E IKA AF]);
2.5 L Triad ¥ T4HL (38 Labconco 23] ); Mil-
1li-Q B4kl (32[E Merck Millpore /A Fl) o WAL
(HRehsti, 65%, 1E[E Merck PIEidHAIAT); w4k
A (g, 30%, BB T IR LA BRAFD; 25
FhOCZ IR B (& 500 mg/L Fe; 50.0 mg/L Ba,
Cu., Mn. Zn; 5.00 mg/LL As, Cd. Co. Cr. Ni, Pb,
Se, Tl, V; 0.500 mg/L Sb, Sn; 3[F Inorganic ven-
tures 2yl ) ; Heg BAARAER (1 000 mg/L, HETEE
FHEERE) s B (In) . Bk (Re) AI4: (Aw) HRARIA
W (HREEYIH 1000 mg/L, HEZRAGEIEKHEFHE

SAHTIEAG) s B EEE [ & 1 pe/L B (Be).
fli (Ce). Fe, Pb, In, £ (Li). Bt (Mg) Fl4h
(U), ZE[E PerkinElmer A7) |5 XSRS HbsED)
i (GBW10018, Hb Bk H) FH 5K Ak 7 Bh 82 WF 58 I )
Ak (BFH%E=182 MQ « em), H Milli-Q 4k
INE
1.2 BHAZ JREALHEMNER ™ H A R
faHR, fRERE YIS BRI RE
1.3 Fik
1.3.1 FESLATARER Bl SUR EAiK sk 3 i,
P RE By I B, B THLRS 60 CTE, 43T 4. 7.
10, 12, 14, 15, 16 #1 17 h JGicsEkEMmE R, T4
Je FRE & RIS SO, A TR 48 o

FRELZ) 0.3 ¢ BEdh, A 8 mL AR, 100 C
WU 30 min J5, A 1 mL 38 @0 Tk
T, R MR . 80 C, 4R 5 min, JEJ
0.5 MPa; 100 °C, f#J& 5 min, JEJJ 1 MPa; 120 C,
{95 3 min, JE/J 1.5 MPa; 150 °C, {4 3 min, JE
77 2 MPa; 180 °C, f#78 3 min, JkJJ 2.5 MPa;
200 °C, &% 25 min, 71 3 MPa. JHRZSHE, ¥
TR 140 CIMIEL | mL, UMAKERE
10 mL. [RIBHAGRTR s G RR, RV TH el
1.3.2 PRERVIBECH  AEMBEGE R 25 FiooRiR
Br, VA 5% THIRZ KBS B Z I RIBIRE RS
Hg HARLL 5% iR (FFER] Au 2.0 mg/L) BHM
B33 He SARPRE RS, SR EEREILE 1.
S MERRSBGE I In. Re WARBERR, LA 5% 82
MikE 2 20.0 pg/L AR
1.3.3 ICP-MS Jiik 4 1 pe/L B s s i
Xf ICP-MS X #8174k, ff Be. In. Mg, U 5%
SRIE, ERETMRE, ALY RNUE AT RS SEY
IRERGINER , g vk, LARORREE R, R
FH 2 g ¥ A B 2 I 5 . RO far 45 T3 T
o, WA RS R®E T2 HE®R (R) M
1 we/L AR (R H1 o'V, 2Cr, *Mn, *Co, “Fe,
ONi, ®Cu. “Zn. "As 1 '"Sn {5 51, i+58 Ry
(R.—Ro) i S BRI . DL "In, "Re Wi
AFRTCRG SRS, AR EMRNCRGS, HhRE
T TG S AL 1



+ 536 - B EE2E 2022455 A4 34 2455 Prev Med, May. 2022, Vol. 34 No.5

117 MOCRIRERS R

Table 1 Mass concentrations of standard series of 17 elements

S EE e B Mass  concentration/ (p.,g/L)

;ﬁt 7901 FAl2  FAI3 RA4 FAls  FAl6
Series 1 Series 2 Series 3 Series 4 Series 5 Series 6
'V 0 1.00 5.00 10.0 25.0 50.0
*Cr 0 1.00 5.00 10.0 25.0 50.0
*Mn 0 10.0 50.0 100 250 500
“Fe 0 100 500 1 000 2 500 5 000
*Co 0 1.00 5.00 10.0 25.0 50.0
“Ni 0 1.00 5.00 10.0 25.0 50.0
“Cu 0 10.0 50.0 100 250 500
%Zn 0 10.0 50.0 100 250 500
PAs 0 1.00 5.00 10.0 25.0 50.0
™Se 0 1.00 5.00 10.0 25.0 50.0
MCd 0 1.00 5.00 10.0 25.0 50.0
"%Sn 0 0.100 0.500 1.00 2.50 5.00
"*'Sh 0 0.100 0.500 1.00 2.50 5.00
"*Ba 0 10.0 50.0 100 250 500
*"Hg 0 0.200 0.500 1.00 1.50 2.00
T 0 1.00 5.00 10.0 25.0 50.0
*%Ph 0 1.00 5.00 10.0 25.0 50.0
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Figure 1 Weight of placental tissue samples with different
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% 3 (££) Table 3 (continued)

. Jinkz i Spiked D5EAE Measured HE&S
;Tient concentration/ concentration/ Recovery
(mg/kg) (mg/kg) rate/%

“Cu 1.50 4.89 98.0

3.00 6.35 97.7

6.00 9.63 104.0

Zn 15.0 48.0 94.0

30.0 63.1 97.3

60.0 96.1 104.0

"As 0.008 0.023 107.0

0.015 0.029 93.3

0.030 0.044 96.7

"Se 0.50 1.55 98.0

1.00 2.01 95.0

2.00 2.89 91.5

MCd 0.040 0.117 95.0

0.080 0.157 97.5

0.160 0.236 98.1

""%Sn 0.006 0.017 83.3

0.012 0.025 108.0

0.024 0.035 95.8

"21Sh 0.006 0.019 100.0

0.012 0.024 91.7

0.024 0.038 104.0

"*Ba 0.140 0412 94.3

0.280 0.554 97.9

0.560 0.818 96.1

*”Hg 0.006 0.018 83.3

0.012 0.024 91.7

0.024 0.036 95.8

Tl 0.000 5 0.001 3 100.0

0.001 0 0.001 9 110.0

0.002 0 0.002 7 95.0

*%Ph 0.003 0 0.002 9 96.7

0.006 0 0.006 1 102.0

0.012 0 0.011 0 91.7
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Table 4 Detection of 17 elements in GBW10018

bR W
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Element concentration/ concentration/ RSb/%e
(mg/kg) (mg/kg)
oy 0.06 0.051 ~0.072 3.9
*Cr 0.59+0.11 0.532 ~ 0.566 3.0
»Mn 1.65+0.07 1.49 ~ 1.66 2.1
Fe 3143 29.5~31.2 2.7
*Co (0.010) 0.009 ~ 0.010 3.8
Ni 0.15+0.03 0.148 ~ 0.155 4.1
%Cu 1.46+0.12 1.38~1.48 2.8
%7Zn 261 25.2~264 4.0
PAs 0.109+0.013 0.101 ~0.116 54
Se 0.49+0.06 0.497 ~ 0.506 6.2
"Cd (0.005) 0.004 0~0.005 1 4.3
"5Sn — 0.003 0 6.5
"1Sh — 0.002 0 6.1
"*Ba 1.5+0.4 1.49 ~1.52 3.6
*"Hg 0.003 6+0.001 5 0.002 5~0.002 8 4.9
2097 (0.014) 0.013~0.014 5.8
5Pl 0.11+0.02 0.109~0.118 4.4
T WS REIE NS % “—" FRICIEHE. Note: the
values in brackets were reference values; “—" represented no certifi-

cate concentrations.
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