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Determination of 19 Kinds of elements content in Oviductus ranae by
microwave digestion-inductively coupled plasma mass spectrometry
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ABSTRACT: Objective To establish an analytical method for the simultaneous determination of 19 kinds of metal
elements in Oviductus ranae by inductively coupled plasma mass spectrometry (ICP-MS). Methods Samples were
digested using a microwave-assisted digestion system with a HNO;-H,0, (5:2, V:V) mixed acid system. Spectral
interferences were eliminated using an eight-stage rod collision/reaction cell system, and instrument parameters were

optimized to improve sensitivity and accuracy. Quantification was performed using the internal standard method.
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Results Method validation using certified reference material (GSB-28) and spiked recovery tests showed that the

recoveries for the 19 kinds of elements (V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, As, Se, Sr, Ag, Cd, Cs, Ba, Tl, Pb, U)

ranged from 87.8% to 108.6%, with relative standard deviations less than 10%. The limits of detection ranged from

0.1 to 48.3 pg/kg. Analysis of actual samples indicated higher content of elements such as Fe, Mn, Cu, Zn and Sr,

while levels of Cr, As and Cd were relatively low. Conclusion The established method is simple in sample

preparation, highly sensitive and exhibits good stability. It is suitable for the rapid and simultaneous detection of

multiple trace elements in Oviductus ranae, providing technical support for quality control and standard formulation.

KEY WORDS: inductively coupled plasma mass spectrometry; eight-stage rod collision/reaction cell system;

Oviductus ranae; trace elements
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BEEN W IR 2 M S B AL, JE 25 AR A7 O AR B (Rana
dybowvskii )i ek (1) TR ST A, ©A% 2020 R (PARAR
JERNEZGI) W | ROk, AR AU A i
L, WEAE N A R RIE S E KRR, Tz N
FFREE RS HESRE . FEAE MRFRE SIS &, A
e 9ty B A DGR A £ S S R AL T 3 T R SRR K
TR MAL G 24 F T KA (A el S A2 77 R Tk
By JITE, PRI E SRR R 2R A
Uil . Wil Meiton R, BA ST | el . Smos
S F AR, RBLI R 0B A 0, SR,
MATE R 2 A TH GG S I R, SRR 1
S A R R GENE N BT AR HT M PE AR AT A =
Ju R H T 2R 2 AR B H X B b 28 4 AR R i A AR 3
FATEAM . EAE, BT LA LRI, PREETS G (a8
H g™ i, F 58 P58 v ol BRAEAE 19 & B U R By il A= W)
AR AR Y, IR AR AR ™ dh .
TR S50 300 v ARl e ) A S R I A % B
HErP(As)#E HH GB 15618—2018 { e85 it A 4t 1+
s g WU A AR UE ) 20K, W AFAE—E 1Y 13 T5 LR
B o i 2 Bt o bR A P 4 SR 5 BB AR S 4
BrFoe R B, MR A o el 2 1t 5 JLAE A2 K R B A 3 1
IR . gRTIREE OIS & B, At | SR g 7T Mok
JHF T v 1 ] e Ak T AR TS G KO, B AL T R T ik
A, RTEGREAYSEFE, KN ERATHEES
JE TR WK, AT BEAFE (R BRXUR:, R R TR &
O 5 Z AT A IR L.

HAl, MCHERARELELL R AR — 5, 25
kFEHERTRGPEILHNESE, WUBOTHET
£ AFELCEEM L OB ERNNZ TR R ST RE D,
Ty — 5T, AL SR ik U S v A e R BB
Z U [F BRI B8 J7 B A A AR AR AE TR B, 3k LA 2
82 A=A R PR G R A UER I TR RLB A

T JFi %2 (inductively coupled plasma mass spectrometry,
ICP-MS) AT = RIGE | FELR T FF &% 202 R R4,
EL IR B A R A PR S R T R AT s A o TR g
B T T A A AL B R, R A AR R R T RO,
AR RPESTRBUR R AT, MEZREMNHEMN T ZT
B MERR I s AR T A Ok SRR o e U ODR
T A - BRI 55 B TR R S G R DU 8 T MR e vl eh
16 Fivi S AT R, A H Rk 0.050 mg/kg. SCHR[17-19]
KA ICP-MS & T g8 | o [ IR S Y Fh b
16~28 FrE AR ICE, HH AT HBL 2R
WS PPk B b PR R R BRI S AR 3 RE . ICP-MS
BRARREE S Z0R LR, (HIEHr45 R0
THETA I 5 B A T = R R S A 3 5 P AR i (BS A 1,
T T B AR R A R AT WL T i ot e P02
HAF TR, ARIEmAE R G b 28F, [a) I DL<2) & ]
P50 WEAN S ) B A FE B SRR S T 3 T T, T
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JCE[UWEE(Zn) . #k(Fe). fili(Se)]. WIEAH FILEK[U As,
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Tk, B R AE O B 5 R TR
Hl AT K SE Y RE T i TT R AR AR A, [
At s, S 2 R0 B 4 VA B 109 50 2R R B 43 T A S 1 A
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1.1 #R5R

AWFSE T MR REAS T 2022 4E 9 A 10 ARER
JeiTAE 6 AEEFEIX M 54 ASRAEN, IR 1, RFEERTEE
BLAF MR DA LG [T LT AP S 3B RS 21 . R AR
TEERRE AT HE PR AR 1080 L, P-4 4y(40.0+4.5) g FEAD
SRAEJT, 7RI 43 B A ek 4 U0 4 (RO MR T ), R R T
WG, BT ERA T TR

T B TAWEBRES

Table 1 Sampling regions of Oviductus ranae in the
Heilongjiang Province

100.0. 250.0. 500.0 ng/mL FIVRATRUETAETR; 5 HERfR
W& BT EIR A NARABE R, FH 5% HNO; WL 5L
MR A 100 ng/mL B AER TAER

1.3.2 H b &F il g

SEIGTT, FrA#$IE 10% (V:V) HNO; 2k, #
gk Pk 3 K, BT MU RS R T 48 h, BF
BERE 0.5 mm JE B, i T YR T 4 °CREM.

AR 0.5 g #F & B RUK THMREN, TA HNO;
5mL., H,0, 2 mL flif4li/K 3 mL, & 30 min J5, %
22 BT AT RO T A DS RS R 2 0.5 mL, 4K
FEAZE 10 mL, JIA 0.1 mL NARER (100 pg/L), 1RAIG
HLINE, WP A S R

2 HRHRIEF

Table 2 Procedures of sample digestion

e DR JVRATR BERORE  RUENT
/W /min /°C /min
1 1600 5 120 5
2 1600 5 150 10
3 1600 5 180 25

X ZJ¥/E BN OREERUAS MR

ded 127.19~127.71  45.14~45.59 9 20
BT 3k X ' ’ ' '

AL 127.68~128.15  44.34~44.57 9 20
S i) ' ] ' '

AL 128.20~129.10  46.21~46.57 9 20
SRR ' ] ' '

AL E 128.39~128.63  46.87~47.30 9 20
Bt ' ' ' '

Rl
gy 13020713053 47.84-48.2 9 20

AL 132.99~133.60  46.28~46.60 9 20
SR ' ' ' '

ZILRIREERERER: HUV) . H(Cr). H(Mn),
Fe. 44(Co). #L(Ni). #i(Cu). Zn. £(Ga). As. Se. £8(Sr).
#l(Ag). Cd. #(Cs). #(Ba). £8(TI). Pb. HhH(U)(FiEH
& 1000 pg/mL, EZRA 4R KT RTINS ),
FRUESZ YR GSS-3 (GBW-07403, [EFhrUEY) Fitfst
L), 65%AHER(HNO,, figsl, fEEBTA ), R IAA
(H,0,, fGksli, 1244 H A 047 A /), AR IR
[#(Li). %T(Sc). #(Ge). ££(Rh). M (In). £L(Tb). £%(Lu).
BB (R E R E 100 pg/mL) . PR [4H(Ce) . 4fi(Co). #
(Li), £8(TD) ., 52(Y)](FREIRE 10 pg/L)(GE E LR A
H)); SIS K H—2oK .
1.2 UE5EE

ICP-MS 7500cx FiLJEHE G 55 B F R B34S [ Bl B/ \
FEAliE/ SOV R SE, 56 B LR RHL A F] ), MARSS BUfE
AL EERE CEM A H]); XS 205 437 K P 0.1 mg, #§
Fr-He A 2 BB 2 (R EDA A ], Milli-Q Sk 8% (H
FH# =18.2 MQ * cm, 3[E Millipore A7),

1.3 LI

1.3.1 #RBEERS &
WIS BRI A EAE RS R, 5% HNO;

TR SRR E N 0. 0.5, 1.0, 5.0, 10.0. 25.0. 50.0.

133 NESHEH

ICP-MS TAESHUILF 3, SR He MitEA A BR 2 R
T T, ARSI Z(1500 W), 3 i 4(1.00 L/min)
SESR B S (P Co R Y IR R AT 10000/5) K 5
A TN T 3%).

#3 ICP-MS LIESH
Table 3 Operating parameters of ICP-MS

TAESH WEME|  TAESH BOEE
SN ZIW 1500 SRR Bk
SR TR ER/(L/min) 15 SE 387 2 SE
A /(L/min) 1.00 FHA B ] /s 0.3~1.0
R R/(L/min) - 0.23 I WEL 3
K B /(mL/min) 4.0 TR (1/s) 0.1
SREEVRFE /mm 8.0 | FETEZ/(1/s) 0.5

1.4 HUIELIE

i S 22 4 GraphPad Prism 8.0 fiz I
SPSS 23.0 MFMHET, SR LOEFIER R ZE SRR, R
FHAR R0 Bt 4G50 XoF 45 At B B AE MR ek i o 119 25 S5 Mtk
F1500T . P<0.05 IN KA G5 X, HH*FIR P<0.05, **
FIR P<0.01,

2 HRED

2.1 HmETRLIEML
Bt OG0T (0 S RAE TR A FLL s 58 22 0%
i IFEAL MR RO TCHLE T, F AR D5 I 46 T K
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PR3k | T AR B W R Y PR AR S BRI
RS, (A R T . mR AT 5 S 80F
MITE N As, Se. Pb %)k SR MR, HE)
FIAFREE S AMLIE G, 5200000 . 1 3% T i £ B
S T (), (FLIE R 5 A AR SR BR (W HNO; . HCIO,.
H,S04 55), FERUTA SR R R 55 Hg. As &5
YERANE PR TR AR, R R S5 Y™ 1
PRAEfGR PEE AE A, T X R IR, S B AR R
o0 T 238 (1 R X428 D T A A PN PR B R A T DR ST A
IR R R ) SRR S8 U A o 1 ARAN R FH A
A B E AR A S s R T L AR S
WAk, AR R A AR 1k T kM 0 R AR
FiR . T UL, ARUFFRE Sl S E AR &
i I 1) 52 2% S T R e, T A DB S A 1 Ak R AR A AT T
RGN

THRRIE R WMFTRERE As. Se FILHEEA
BRHEAY AN AsCL)MERRHCHIER, QIR
HNO;-H,0, (5:2, V:V)IRGRIA R . HNO; F2 L5 S fL 15T,
M H,0, REA AR AR SR AEH VLY, Wi B RIAE R AT
S P R M bR v 35 T R . SR TR, RS
(14 % I T e Pl R AE A 30 min (9 e A S Ry, A
FEFF A AL P

THRFF S B e ST R 25 1, ARFST L
BT RN (170, 180, 190 °C)FIE M AFEAFRI(15
25 35 min) XA S T A AIOR KOG 2 FISCR G E I . 255 5
7N, TE 180 °CLREF 25 min MU T, FRELHIRAUE =
#EH, H 19 FoT R BERE IR R A(87.8%~108.6%) . 2
TR T2 190 °CEEHf R 4EK: 5 35 min B, As £ Se A4 [RIIK
R F B B P2 5%~8%) . 1S IHER AL
R SE AT AR e, SRR AT R B I TR B0 As
Se 5 ¥ R ITCR TR EIUR KU, SCBL T MR S50 #
ISR 1) de AR

Ja AR BB A AR AR B ARV T A7 3 R TC T AT R
PR A B, Ry A0 RS T (o ok i R S AR R B DU A Vs A
THE, HE— 25wy U AR I R, AR TR
MIBEER AR . Bt %L 120, 130, 140 Fl 150 °CHYHE
FR IR BE R BN, MR EEALT 140 °CHY, FFERSCREAR, @
TFEL 90 min LA IS8, A1 1 7R, 140 °CHI 150 °C
HIAERRAL PR 2 T30 As. Se. Tl. Pb &R LMIcE
B (TR S R R A, Hirpr, 150 °CA PR, &R Iy [Nk
KRN H 5%~28%; T 140 °CA&MTF, iR mF
TR B B AT 4RI AE 1.0%~12.2%38 N, HART0
Z I AR T FRIR R T 5%, WL GB/T 27404—2008
(o R T &S AR ) R AR R, 1t
G, HEERR AL PR TGy A H PR BRI — B R L b, X
FIR BT R MMERINE B EEE L. 547 R IR AR

HIER PR, R4 RAEERIELE N 140 °C, 7RIS
HHREROEIR £ 29 0.5 mL 297 50 min, A 5% 38 106 )
PEAE IR, 1EABOKERIRA HNO; BRI, e KRRIE
M RRAR 145 AT 2R I et T B 45 XU

307
M 150 °C
= 140 °C
20
53
=
=\
10} % %
0 L L 1 L
As Se Tl Pb

TR

1 140 °CJ% 150 °CHLRRI BN TC R 1512 A K5 IR (n=3)
Fig.l1 Effects of the acid evaporation temperature of 140 °C and
150 °C on the loss rate of elements (N=3)

W R REMN A, AR ESY T —EE
NP AU T T AR AE . AR IR A e T e i A B
o ITIEARMBIIE T 2 22A WL R A 5820, H K
FREZHLOR B8 T dE 5 R AR AN NG BT 58
HE, WIFSCRA ICP-MS TR R . mERENZ
TR [ E R AL T v SR AR R . PLAR)S BT e s e i
Y, JCATAMER B ok sk b NG, AR e iR Lk 2.
22 (UESHMEKL

XF ICP-MS {38 TAESEUW AL F 2@ i # A 10 pg/L
VEUSBORNE, VAR | AR L Rl R A AR
S8, WINPT EL R 59, 89, 205 BN LY 5 BE K
T 10000/s, 156/140. 70/140 BIEALYI T /N T 3%; LIk
KEERRZEFEF T, #ift 19 FEFoTE S0
T ICER U Zn  Fe. Se, WFEREMIGE U As. Cd. Pb, K
i £ 0 2 IRl B AR A5 dw A 9 45 5 e 1o, 5 40 B s o L
TR i 9 TR 12 2R P 5 s Y 2 — B8ORS TE /D
e, HAKSEOE W% 3.
23 tRERMGRREBE

B E MM T, 19 FiTCE 1 0~500 pg/LIEFK
bR HEM KA C R B (NB R TH T 09970, KER43H
0.9999 F1 1.0000. 5 THE fL BTt R 0.5 g, BN 10 mL,
2% JIF 1159—2006 { VOB AT HL IR 73 55 B8 1 (A T i A SURS
RV ) A ICE UK H R (limits of detection, LODs),
BISPATINAE 11 9RZS MR SR SEbR 2, DA 3 fbmiktzsh
LODs, 10 f5rifEf2E A E R (limits of quantitation, LOQs),
ZE L3¢ 4.LODs 24 0.1~48.3 pg/kg, LOQs 4 0.3~160.8 pg/kg,
AN R B R R, AT LA AR AT ER
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T4 (UBOWEM. BikHTE. &M% M,. LODs #1 LOQs
Table 4 Instrumental analysis conditions, curve equation, linear correlation, LODs and LOQs

JLHR DTN Viki[x 5z AHOCFR B Mk LODs/(ng/kg) LOQs/(ng/kg)
Sy #Sc He 0.9999 Y=1.621X+6.07x10"" 0.1 0.3
3Cr +Sc He 0.9999 Y=2.22x10""X+1.12x10"" 1.9 6.3
Mn Sc He 0.9996 Y=2.169X-2.55%10"" 0.3 1.0
*SFe #Sc He 0.9997 Y=2.233X+17.97 483 160.8
¥Co *Sc He 0.9997 Y=2.858X-4.12x10" 0.1 0.3
ONi Ge He 0.9999 Y=6.30x10"'X+3.29x10"" 48 16.0
$Cu Ge He 0.9999 Y=1.516X+6.29x10"" 2.7 9.0
$7n Ge He 0.9998 Y=4.65x10"X-3.18x10"" 15.6 51.9
"Ga "Ge He 0.9999 Y=1.202X+1.16x10"" 0.8 2.7
As Ge He 0.9999 Y=1.98x10""X+5.06x107> 3.2 10.7
2Se "Ge He 0.9999 Y=1.43x107X+3.66x107* 10.9 36.3
8Sr Ge He 0.9999 Y=2.92x10"'X+1.11x10"" 0.3 1.0
Ag 1%Rh He 1.0000 Y=1.51x10"X-1.10x102 1.7 5.7
Med 1%Rh He 1.0000 Y=3.58x102X-3.18x10"° 0.8 2.7
13Cs 1®Rh He 0.9999 Y=3.99x10"'X+5.05%x107> 0.1 0.3
13"Ba 8RR He 1.0000 Y=5.37x102X-1.67x10"* 1.8 6.0
2057 209Bj He 0.9977 Y=3.05x10"'X-3.14x10"" 0.1 0.3
208pp 209Bj He 0.9970 Y=2.04x10"'X-2.20x10"" 1.1 3.7
3y 209Bj He 1.0000 Y=2.68x10"'X+2.39x107> 0.2 0.7

24 FHIEWOIE

B X R e vl 4 2% R T VT BE T A 1 S IR S T,
ARSI ok 22 4 A TF SRR X ICP-MS M ik Feiti AT T &
Sivefidb, DAORRE 19 Fhoc 2 e i 5 T Stk i e,
T LA SR B0 1w, AR B AR TR AT T e e ]
RETE B 2 B T2 74 cn 1o X °'v, “Ar'2C X *Cr,
PAP3CL, “Ca*>Cl % P As, “°Ca'®O %} *°Fe, “Ar**Ar %} 7Se,
FAr'°0 X Mn BT, RG0HE T ARERL R
5RO A BT BRA A . AR, SR SR AR X AT
HROER AR ZHEZIRFEF T, LX) As, Se. V&
Yy TAHRTR MG S A O B3, Bk iz s &
MR R, EAESSECTRE RN 7 1E, XY
RS KA SRR, e ¥Sc. *Ge. '“Rh, *Bi %
YERIRA WAR, AL NE . b, &REECER M
55254k, SCBSEA A IE . AR, A Jdh ™ A% DG e B i
55 4 v 2R 9 VS TR B R A T % R B (B #5516 R 5% HINO3),
BRCERR T B3 22 e R IR S F T B 2. I
J&, R AFRUEY R GBW10050 (GSB-28)MiiF J5 B i &
KE2% 18, FETFIRIMAR TS5 AR &2 50 ng/kg), 455 000
%5, IrAICE RN 87.8%~108.6%, FHr Se Hl As Y
Wl R IR 2 3R 87.8%. 89.2%, HiAth ot = Ml R4 7E
90%V) |, RSDs 7E 1.84%~8.74%, i /2 M HrEsR .

2.5 Hmoth
N R e SR [T SR R = DA (= I AW A

®5 EMRMMIRE RN R (0=6)

Table S Results of the standard material and additive sample

tests (N=6)
JLE  FRUE(E/(mg/kg) MEME/(mg/kg) RSDs/% AR /%
Mn 8.90:£0.30 8.87+0.16 1.84 99.7
Fe 112.0£12.0 112.0£6.2 5.51 100.0
Zn 76.0+4.0 75.742.4 3.20 99.6
Cu 10.30+0.70 9.97+0.36 3.57 96.8
Sr 20.0+2.0 20.2+1.5 7.30 101.0
Ba 2.30+0.30 2.37+0.18 7.44 103.0
Se 5.10 4.48+0.30 6.70 87.8
Ni 0.23 0.22+0.01 6.74 95.7
Cr 0.35+0.11 0.38+0.03 7.63 108.6
As 2.50 2.23+0.13 5.98 89.2
cd 0.039£0.002  0.041%0.003 6.36 105.1
Ga 0.050" 0.049+0.004 7.87 98.0
v 0.24+0.07 0.25+0.02 7.16 104.2
Co 0.044£0.005  0.045+0.003 6.29 102.3
Cs 0.027£0.002  0.02620.001 4.47 96.3
Ag 0.017 0.017+0.002 8.74 96.3
Pb 0.20+0.05 0.18+0.01 497 90.0
Tl 0.0020£0.0005 0.0019+0.0001  6.49 95.0
U 0.0097£0.0008 0.0100£0.0005  5.48 103.1

e S IBRAR S AR E(E bR AH X AR (i 22 (relative standard
deviations, RSDs); ARiEY) TIEA5 H AR HA DT 6 4 HAEBE R 47
FHRINEE, HahmzE, SWSEETCmER )%,
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28, MR IE S RN OT E R, tRE S e A
AR AR S P RR DN C 38 A SRR . ARG % A
HIZRYE IR Fe Al Mn ST BT RERIE . 45 R BN,
BT A Fe. Mn, Cu. Zn. Sr ZICEMEY S
B NFE. Fe. Mn. Cu. Zn. Sr. Ba. Se. Ni fll Cr %
TCE LRI RS 2 100.0%, 175 0.1~50.0 mg/kg 2
[&@], i Cr. As. Cd. Ga, V. Co. Cs, Ag. Pb, TI, U
SEITCFAE BCYCR I MR vl S A . SR LK 6.
2.6 FHENUFMHESEARMLE

AMFFE R A HNOs-H,0, J1 f# R R BCMESE HCL,
H,S0, 3% HF (K&, NMUARGES T CI', S"ELHF T
X As. Se SFREEITTE MBS T, LT HF IRXEAR
SRk, I DLV R EEAR . HER RS i R
BERTE T ICP-MS #FFE RG0S5 K ke .
[T, S04 R A2 ARG R D S 44T BV AT S B e o 5 g v
IR 5 T, BN =Y. BRI S TR
il, HJagEm R P E RS T 5. (IRl T
PR A M SERRI0 21 258 /AT RlfAE /S 17 b R K% He il
R, BERRC T R AGE 51~88 ZIEMMICR g+
Yoo HMoTEM Ag, Cd. Pb, TIFl U ZILENIEARSZ
ZVEF BT, R e AT WD [ 47 2 (dn
Med ., 2Py I T R SRR BB 17 X IR

XK, RSB RS (A SRS R R LG 4E(0)
A(H)., F(CD. #i(S). BEP)FHITRILMMZ R+, Hk
HHGEF AR, MELLGX HbooR R RS, R
EXEITRAG BT, AR . = Ak
SRS AR rh, SRR R A A O T
PEHORRARTY Se R | THBRISER AT . AR (55 I FRAT
LOD, MMk KI5 78 A 731 A 6 B 2 278 B
ST R AR e . R R R TR T . 5 SCERGE
(1) H, B L, A IETE Fe il Mn Bk EERE 5L R
TREAA R RS ARSI E REDS ), BAh, 7EZIAR(Ge. R,
Lu) 51 AR IE T HARZON Ff5 58, i — 4Tt
T 5 ¥ 0K 2 (RSD<10%) Al [1] i % (87.8%~108.6%), 5
e PN A S BIFg A 45 SR — 58
2.7 MERP TR HFESREM TR
ARFERAE T RIETT AR 6 A 377 X AREAR, A2
RER, BIRTAWERF Fe. Mn, Cu, Zn I St Z0E K
S SR (Fe: 239000 pg/kg; Mn: 412000 pg/ke), Al fiES
A PR R R OB P s A B B SRR FIARSE ), Cr,
Cd 1 Pb A BT R M & /5370 113.00. 42.60 Fi
8.98 ng/kg, ¥ WEMET GB 2762—2022 { &l 4 EZR IR
e B R RE ) HoKT” B BRIE(Cr 2000 pg/kg. Pb
500 pg/kg. Cd 100 pgke)' ™. Cd, Mn 5 Zn Y55k

*o6 HROWER

Table 6 Results of sample analysis

e THE I/ME/(uglkg)  IRKME/(ngkg)  FE{E/(uglkg) i 22 it 2/%

B Mn 2.25E+04 6.58E+04 4.12E+04 8.24B+03 100.0
Fe 8.21E+03 4.13E+04 2.39E+04 7.41E+03 100.0
Zn 6.04E+03 2.32E+04 1.08E+04 4.29E+03 100.0
Cu 3.90E+03 8.29E+03 5.92E+03 1.13E+03 100.0

S Sr 2.38E+03 6.67E+03 3.95E+03 1.16E+03 100.0
Ba 2.15E+02 1.96E-+03 8.77E+02 5.16E+02 100.0
Se 7.39E+01 1.19E+03 5.92E+02 2.60E+02 100.0
Ni 3.81E+01 1.02E+03 2.94E+02 1.67E+02 100.0
Cr 71.0 193.0 113.0 253 100.0
As ND 161.0 67.0 37.6 98.0
cd ND 132.0 42.6 33.7 89.0
Ga ND 106.0 40.3 22.1 98.0
\% ND 84.3 37.6 15.6 94.0

JNHITER Co ND 57.8 32.4 10.4 98.0
Cs ND 79.1 15.9 232 74.0
Ag 6.28 20.40 13.90 3.65 100
Pb ND 27.20 8.98 7.09 76.0
Tl ND 14.70 3.23 4.63 35.0
U ND ND ND ND 0

TE: ND it il & 845 T LODs.
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B S H AR A I ZE SR —3, Fe BEART 2 ARIUREA,
Se & B T AREIFEAS, Pb. As Fl Cu JUE St R T 7 bk
PR 2 U Rl HA (A g 1 R AE Y
B R, R E G A R BN IR . ARBIEE R
U 7EFTA R S 2R A 1 (LOD=0.2 pg/kg), X Al HE 351
IR S5 SR vk R R . RV H UK
e U R SR SR B, A 52 o b s 4
B NZ AR DU 2R TR R LA B b U i
T 4 P K, (R IRBE A S R T Uit
WEETEMBER N E . 7 — I, AR ITA ICP-MS
X A 1 fig T B O AL TR = AT K, (BT A
BRI SCE s = ) REUEP, R, RS T g A X
WIASEE SR, F— REEGME U oE 1K
AR, ATLAE N, BIpvma sk im i e E 48 15 3R
(S EROEE (8

Har, F&EAMCPRME N AT EHP R As T RIRE
g5 — B4, KT LML GAS) T AN As TBA,
HilH AR As P oTEk— & i, AR R As
BEH061 ug/ke)B it GB 2762—2022 HK)™ il iAs [
FRAE(100 pg/kg). X—KIPLR, T545 G M i r 24
EWE AR A, WHE As SE K As IEEMHEITIRA
WFSE, DARF I AL VR TE MR XU o (AR E RS2, g
4% (Eriocheir sinensis) g iliE S As T5YLIEOL, 1As &
OB E G As 19 15%28 A1, i ob A AR R As
AR BNG PR . ARITEAL LA As YR, iAs
15 WA ER R [AsID R IR E (AsV) R i Bt X, &
W TR iAs 1T RS 3 B0 AR A A ZS i HoAth ek
Refe ECON BB ROBE R R, K A e HAT e A
As(IIDFFFHFE NG L As FEU(MMA . DMARIRETT, M
MSET As MEAMBER, BIF AsUDPrE A5 )5 % F
A As S pl i HE B RSN AT As 7P TR P AR
WA T B A, (AAREEAE AW shYy, AT 5 oK
A S RA RS, HAL T YR S B, ROR LA e
1 ZEIREE R AEASE As TEN R ZFE 4R IBTEX
G D, ROk B R R As KL E
& I8 A FRLE WO T R 55 WA 3, IR AR R IS A
54 W5 AHLE], DOVE Sk bRk PEA R0 AT 504 i ARl vl
sl 14 B 4 R 2 0 XL o

3 4 i

ARBFSERST T —FhEE T ICP-MS [R50 E Ayt o 19
ORI TEE, R HNOs-H,0, (5:2, V:V)IR G TRIK R,
# 180 °CHR¥F 25 min MITHAESCHF T, 4 140 °CHERR, W
LOD FARBNEOR A T43 2 —, J5 B vEm RO 2 1T .
Iof FFZ ko B VT 48 Ml R e R S s R A, 4
FEUH, T2 b DX BRI T S A T 4 S V5 e KU ARG I, R

Iy ICE (U AsYTh s 465 FOWRAE B 28 S LR g i — 25 PP Al
Zatk, RERITIEERGEMPTTIEE ) LRI R,
{EATAEAE LT B B (1) Se (87.8%)F1 As (89.2%)H [l i
AR, ARSI A AR R A3 o0 R AR R B T T
P&, BINEIAFE BRI AFRAN In 38 Bi)ZiE—24 46 08
T TR I A S A]; (2) Cs Pb 1 T1 A6 H SE8A%, ] R e
AR AR, P AR IRE SR R AT B
LOD; (3) U 7EfTA Hdh R4 tH(LOD=0.2 pg/kg), WREY
I IREE 5 SE A 56, T ik — AR S BT
IRELTT R RINEE 1, FJa ¥ IORAETE B g0 iE 58 1

AR5 A PR B T 1 ST ) e A R TEA AL T AT
SERBAR SR, Kok g A R A E AR, )]
WIOCE & i 5 2 ) sk sl Pk s 1 DRI o I A,
07 AT I R A A Sl 7 i S A LB R
2 e R BRI, S IR BT 5 G i W RN £ DU 4
MR

SE

[1] EZRLMZEF 2. fre \RIGAE L2020 M—HB)[M]. dbat: $E
PR 2 ik, 2020.

National Pharmacopoeia Committee. Pharmacopoeia of the People’s
Republic of China: Volume I (2020 ed) [M]. Beijing: China Medical
Science Press, 2020.

[2] ZEALL, TKIE, XIRR. bl ih b 27 o3 B S 5 05 VAT ik T D).
fb2F AR, 2021, 35(2): 52-56.

JIANG XH, ZHANG S, LIU SM. Research process on chemical
composition and identification methods of Oviductus ranae [J]. Chemical
Engineer, 2021, 35(2): 52-56.

3] i, BERLE, APCHE, S5 MEEIIA TMBURTT . PosE ey B Aot
T[] HPEEZEAAR, 2021, 49(2): 12-16.

LI M, LV SW, GUAN QX, et al. Pharmacological effects of Oviductus
ranae lyophilized powder on anti-fatigue and anti-aging [J]. Acta Chinese
Medicine and Pharmacology, 2021, 49(2): 12-16.

[4] WEI HJ, GENG LW, SHANG XC, et al. Background color preference of
amphibian Rana dybowskii [J]. Applied Animal Behaviour Science, 2023,
268: 106079.

[5] WANG ZY, ZHOU Y, RUAN PY, et al. Impact of breeding environments
on the fatty acid composition of Rana chensinensis ovum from Changbai
Mountain based on UPLC-Q/TOF-MS analysis [J]. Journal of Food
Composition and Analysis, 2023, 123: 105599.

[6] ZHANG WQ, GUO S, ZHOU L, et al. Multi-omics analysis reveals the
healthy  functions of Oviductus ranae [J].
Research-Modern Chinese Medicine, 2024. 10: 100369.

(71 EHE, T, £RM. EA IR P E AR A & R R ET 5 )]
HAREEZY, 2014, 34(1): 68-70.

XIAO JL, YU YY, JIANG DC. Study accumulation characteristics of the
heavy metals in Rana temporaria chensinensis david [J]. Jilin Journal of
Traditional Chinese Medicine, 2014, 34(1): 68-70.

(8] mhmde, ARAdly, T, shEAREEAN TSR SRR AEIES BT
B B4R, 2018, 39(3): 633-638.

HAN XY, ZHU JX, YU P. Correlation analysis of heavy metals in Rana

Pharmacological



60

B 24 iR AR I 2 4l

FH1TE

[10]

(1]

[12]

[13]

[14]

[15]

[17]

[18]

chensinensis and their environment [J]. Chinese Journal of Wildlife, 2018,
39(3): 633-638.

SRR, LR T, AT, S AU R e T R T4 SR
N E ], FARRZE TSI, 2020, 23(8): 8-13.

ZHANG LN, AN FY, REN S, et al. Determination of heavy metal ions in
Northeastern forest frog and Heilongjiang forest frog [J]. Special
Economic Animals and Plants, 2020, 23(8): 8-13.

B, TR, HEMEEE, . MR- A AT - LR A S B T
R S ERE M E A Y R 8 M RO D], AR, 2026, 45(2):
475-483.

XIE X, ZHANG Y, LU CL, et al. Determination of 8 mineral elements in
plants by inductively coupled plasma-optical emission spectrometry after
microwave digestion with dilute nitric acid-hydrogen peroxide [J]. Rock
and Mineral Analysis, 2026, 45(2): 475-483.

SIM KS, KIM H, HUR SH, et al. Geographical origin discriminatory
analysis of onions: Chemometrics methods applied to ICP-OES and
ICP-MS analysis [J]. Food Research International, 2024, 175: 113676.
B, ENE, AL, S KT USRS S R TR BT (ICP-MS)IETE
B HR N IR I]. T EIEHLA TR, 2025, 1503):
382-388.

ZHAO YF, WANG XL, LI K, et al. Reflections on ICP-MS in science
technology engineering and applications [J]. Chinese Journal of Inorganic
Analytical Chemistry, 2025, 15(3): 382-388.

B, BRI, BERE, F. REEERE S8 TRBREIE R ZE 13
A m TR )], R ARG 2R, 2025, 16(19): 231-238.
FENG K, DUAN SR, LI JJ, et al. Determination of the content of 13 kinds
of metal elements in Ganoderma lucidum by inductively coupled plasma
mass spectrometry [J]. Journal of Food Safety & Quality, 2025, 16(19):
231-238.

VFEE, XIEE, BRmz, 55 DR A 558 T oA A= Rt
BFFEHERE]. 43HrikaE, 2022, 50(12): 1804-1812.

XU ZY, LIU GH, CHEN GY, et al. Development of bio-sample analysis
by inductively coupled plasma mass spectrometry [J]. Chinese Journal of
Analytical Chemistry, 2022, 50(12): 1804-1812.

BRGE, ATCME, WISCIE, A5 I - R A A T R T
FEHRZIR R 37 FOCK[D]. f2E T, 2022, 31(12): 17-21.

LI JJ, DIAO FY, HU WY, et al. Determination of 37 elements in
Gastrodia elata Blume by inductively coupled plasma mass spectrometry
with microwave digestion [J]. Chemicalanalysis and Meterage, 2022,
31(12): 17-21.

RIS IR T A - FEL R £ A58 9 PR R R D 1 D) bl i v 1
HARERITRD]. ML, 2014, 43(3): 470-473.

CHEN HY. Determination of major and trace elements in forest frog oil
with microwave digestion and inductively coupled plasma atomic
emission spectrometry (ICP-AES) [J]. Contemporary Chemical Industry,
2014, 43(3): 470-473.

TANG SZ, SONG D, BAI, SY, et al. Trace elements accumulation and
health risk assessment of Chinese mitten crab (Eriocheir sinensis) from
monoculture and rice-crab co-culture mode [J]. Journal of Food
Composition and Analysis, 2023, 123: 105640.

BAI SY, QIN DL, CHEN ZX, et al. Geographic origin discrimination of
red swamp crayfish Procambarus clarkii from different Chinese regions
using mineral element analysis assisted by machine learning techniques [J].

Food Control, 2022, 138: 109047.

[19]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

QIN DL, JIANG HF, BAI SY, et al. Determination of 28 trace elements in
three farmed cyprinid fish species from Northeast China [J]. Food Control,
2015, 50: 1-8.
SMITH A, BROWN B. Optimization of acid digestion methods for
ICP-MS analysis of biological samples [J]. Analytical Chemistry, 2010,
82(5): 1234-1240.
LIU Y. Comparison of microwave-assisted digestion methods for the
determination of trace elements in food samples [J]. Food Chemistry, 2015,
173: 889-895.
TANNER SD. Reaction cells and collision cells for ICP-MS: A tutorial
review [J]. Spectrochim Acta B, 2002, 57(9): 1361-1452.
NELMS SM. Comparison of H, and H, as collision gases for the removal
of matrix-induced interferences in ICP-MS [J]. Journal of Analytical
Atomic Spectrometry, 1996, 11(9): 907-912.
NIAZKHANI M, NAVVABI A. Interactions between Zn, Fe, Cu and Mn
in various organs of bread wheat at deficiency and adequate of absorbable
Zinc [J]. American Journal of Plant Sciences, 2025, 16(2): 232-244.
ELAE. T R A U JE PRI AR R R} Y AR S TR AT (D). B
S WIMITTEIREE, 2023,
LV Y. Ecotoxicology of lead on Rana omeiensis and Bufo gargarizans
tadpoles [D]. Xinxiang: Henan Normal University, 2023.
XHEHE, EEL, FLARIE, SF. ARl IR R B R LSRR P R
[7]. ®l2EFE4, 2024, 10(38): 74-77.
LIU HH, CHANG Y, KONG YD, et al. Research progress on nutrient
content and nutritional requirements of Chinese frog [J]. Scientific Fish
Farming, 2024, 10(38): 74-77.
R, FAR, R AN DR IO LT 3 % G Jm TR
FHIEHTI]. BT S5IT, 2019, 40(14): 170-175.
SHANG YS, WANG D, WEN HS. Characteristic analysis on inorganic
and heavy metal elements contents of different regions of Oviductus ranae
[J]. Food Research and Development, 2019, 40(14): 170-175.
ZHENG S, GUO D, YANG X, et al. Full life cycle of uranium toward
ore-soil-root-shoot system: A comprehensive review [J]. Critical Reviews
in Environmental Science and Technology, 2024, 55(2): 123—145.
WANG Z, LI C, PEI Y, e a. Dual-enhancement
electrochemiluminescence device for ultratrace uranium visualized
monitoring in fish, hair, and nail samples [J]. Analytical Chemistry, 2024,
96(36): 14604-14611.
SU Q, HE Y, PAN H, et al. Toxicity of inorganic arsenic to animals and its
treatment strategies [J]. Comparative Biochemistry and Physiology
C-toxicology & Pharmacology, 2023, 271: 109654.1-109654.8.
BUNDSCHUH J, NIAZI NK, ALAM MA, et al. Global arsenic dilemma
and sustainability [J]. Journal of Hazardous Materials, 2022, 436:
129197-129207.
TANG SZ, GAO L, QIN DL, et al. Toxic effects of arsenic on four
freshwater aquatic species and its transformation metabolism in crucian
carp (Carassius auratus) [J]. Toxics, 2024, 12: 221.
BLAIS JM, YUMVIHOZE E, CHAN HM. Foodweb dynamics affect
arsenic speciation and bioaccumulation in lakes affected by gold mines [J].
Environ Pollut, 2025, 372: 125999.
WITKOWSKA D, SLOWIK J, CHILICKA K. Review heavy metals and
human health: Possible exposure pathways and the competition for protein
binding sites [J]. Molecules, 2021, 19: 26.

(At ZF 5 Kuh)



