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Study on lead isotopic determination and origin traceability of sea cucumber
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ABSTRACT: Objective To realize the origin traceability of sea cucumber based on lead isotopes. Methods After
freeze-dried, pulverized, and microwave digested, the lead isotopes in sea cucumber samples were determinated by
inductively coupled plasma-mass spectrometry (ICP-MS), the data were subjected to differential analysis, and a
discriminant model was established for bottom seeding sea cucumbers by combining principal component analysis
and discriminant analysis among the 3 production areas: Jinzhou, Yantai and Xiapu. Results The 10 pg/L standard

solution for cross measurement could correct the quality discrimination effect accurately when the total lead
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concentration between 5-20 pg/L in the sample solution. The intra day precisions were 0.02%, 0.02%, and 0.01% for
204pp2%py, 207pp/2%ph, and 2°8Ph/2*°Pb, respectively, and the inter day precisions were 0.04%, 0.02%, and 0.01%,

respectively. The lead isotope ratios of raw shrimp and scallop biocomponent analysis standard materials were
determined according to the established method, the relative standard deviations of 207pp/2%ph and 2®Pb/**°Pb were

below 0.1%, and the relative standard deviation of 2**Pb/**Pb was below 0.3%. This method was applied to

determine lead isotopes in bottom seeded sea cucumbers from 3 main production areas of sea cucumbers, Jinzhou,

Yantai and Xiapu, after principal component analysis and discriminant analysis, effective discrimination was

achieved with a discriminant correct rate above 90.0%. Conclusion The lead isotope ratio determination technique

established by this method can be used to trace the origin of sea cucumber.

KEY WORDS: inductively coupled plasma-mass spectrometry; leadisotope; sea cucumber; traceability
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Wizhyy), HAKEZ, 2IIE 1100 KFh, KELAE 100
A, ATEHAMSFARAS . S 52 S S,
FRSE 20 5, HETRE KR IRH AN TS
¥ 2 2 (Stichopus japonicus)!' ™, #§52—Fhm & H
TR ICAR I EE R e RS R it U &AM . Mmoo
FEFRGY, BETAHFEBMNES L. SRS
PYRE Y, B RN, S 2. SRS A
AR . PUREE . PUEML . PUEE . PUs g rshatl

WS EFR TR, JEHR YIS KR TR 1)
Tz B ZRE E g, HrhgRar . & KGR
Be A 725 EA a2 h i S R ) T AR 5 RB AR
W), T AR 2 A s P A RN ) G 2R R 2 50,
2021 FFHEIGS B R 16 1 t, K ilAR=H 6 Jit, iL
FREH STt REEH 35 T, Wb 1577t A
=g ST B 2ERRK, 7. WEESE
ZIHE F R, AR RAEF 25 IR R S Oh k127 i
PARAS o AT SRV B mT LA T 3 W A AR R
BE, WS RO R A R RN N I
S . AT A LA B [ G i A 5
DNA 407 . JCE W R L R i A2 e i 2
A A AR O SR A B Y, T, A
SRUEAT — TR F AR AT LA ST 04 58 B s ST U, R i 2
7 3 I DA TR O AL AR R T B A TR R,

BRI F I A 2Pb, %°Pb, *7Pb 1 2%°Pb, HIXT
PRI 1.48%. 23.6%. 22.6%F 52.3%, Hirfr 2°°Pb
207Pb *D 208Pb ZElliEh ZSSU\ 235U *ﬂ 232Th ﬁi%ﬂ“lﬁ:ﬁﬁ)ﬁzdﬁ, E
WFSE AR R 20 ST — B L 205Pb A g H s Ky 110121,
RN RIS AR BB R R P A S R A BB
AU AR B R DX B RIS, R LA A, BT A HLAT B
BRFRBOHE T FERAR L R TURI AT YR
5 TR A BT N2 AR, Bt R SR A S k-

Ji % 9% (inductively coupled plasma-mass spectrometry,
ICP-MS) AW & 24, SRt PR A, FRIRZ b=
M, PR TR, SRR T XS E R Z A AN
PR AR 28 H R ICP-MS T E HY R % 2 4052
TAHHAGT HHUECD . EPT oKD e P
SRR A E . BT, SR AR RO ER LB AT E T AR R
e B BT %25 (thermal ionization mass spectrometry, TIMS)
2 Bl - R A S B T - 3 7R (multi colletor-
inductively coupled plasma-mass spectrometry, MC-ICP-MS),
BAR PR PIRN IR B, (HAR R R B T A 1AL
23L& S W R S U OB A i N RIS E R & s Tl
A, BRI T YR A2 A AT S IR T T
(34301 A58 R ICP-MS X5 Fp AR TR 0 b A 404, I
AR S5 AT AL, S — R BEF ICP-MS 19
SRR R vk, xRN WG Eil 3 NES
F7 RS TR R R E, 456 FERS i
(principal components analysis, PCA)F1 Fisher J 5|44t
(discriminant analysis, DA)#: N S [6] 7= b () J] SRR,
VIR it 2 7 b IR AR AT 1 12

1 MR5ERZE

1.1 w5

FAFHRAEDIT(GBW10050) . F DIARAEYIT(GBW10024)(H1
B B9 R AL B 2 WE ST T ), B IR AL 3R AR vfE ) T (NIST
SRM 981; ZEEEFFr#ER); % Ba, Bi. Ce, Co. In, Li,
U AW (1.0 ng/L; 3 Thermo Scientific Fisher 23 Al);
BT EAREE (1000 ng/mL; FETRERIEFFBL); W
SRR (LR al; 5= BRI A ), B K i aliK .

1.2 UFE5E%

ICAP RQ HBHH A 2 TS Y (3EE Thermo Scientific
Fisher A7), ASX560 H s (32 Teledyne CETAC A H));
Alpha 1-4 LD % THL(##E Christ 23 w]); Topex-GT400 4
Bl T T B (L0 S AR BB R R A R A D,
BSA623S HLTRKT-(HHiZE 0.001 g, f#[E Sartorius 2\#));
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1Q700 f#zli7K & 483 E Millipore 23 H])o
1.3 #H#mRESLE

FERCRAE: BEA A BIBCA LT . DA & R
T A SRIEE T AE KIS LA 2, T 2022 HFER
B, IRIRIZ B, Pk KN SRR 5, R
BN BIRSEOR: FNHIZ 50 H, (REE(128+22) g;
HERZ 50 B, KEA17£15) g EWilZ 50 A, k&
(1141+24) g,

FESLTRAL B : OGS 08E, R 21K b e 3R 18 22 5T,
$ BB i rh T -8 0°CHA IR IR vk A Hh BUA R, SR JE R T
LA VR T 96 h, FIBFERDIES, & 150 pm i, A TR
IR AR

FEAH IR T e FREL 0.2 g £ THRIEHTEE 5 (ke b
TR, A 10 mL WRASER, A4 B shidk iy
AR AT I R, TR OE A IR IR BV 180°CHEIRE
T, ABAUKEHMBHES 2R aEd, EFE
10 mL, $EAYJGTRM . ARt T e A ST A AP 26 1

R HORERIER

Table 1 Microwave digestion procedure

LR i BE/°C PR ] /min JiJj/atm
1 120 5 20
2 150 10 20
3 190 20 20

14 UFBSH

JFH R I8 5 W R B G #E AT R, SR STD AT
"Li>50000 cps, ’Co>100000 cps, '*In>220000 cps, “*U>
440000cps, WHLfT(" Ba++)/(PBa)y<3%, EALH “Ce. "0/ Ce
<2%, KED # i R, i ¥Co°CL"°0>18 i
H. ¥C0>30000 cps, ZAALIGARYXAESHNE 2,

#z2 ICP-MS ({EEH
Table 2 ICP-MS instrument parameters

SIRE| SR HitH 24
RF KAEARIH/W 1550 SR JiE/(mL/min)  4.125
B /v 1130 F bR/ C 2
Jok e, eV 1912 AR /mm 5.0
AHIA R/ (L/min) 14 3§ f4 Hif Al /s 0.02
EAL SR /(mL/min) 1.0 EEEI1/ €0/ 150
CCT Ji®/(mL/min)  4.257 WU 3

1.5 #IELIE
i U - FF i - B 7E 38 3 (standard-sample-bracketing,
SSB), M1 R RIRHHFAL AR5 W LAY FfE, #i B (1)

1144 SSB:
R

measured, sample

)

Ialurc sample IENISI cert X R 2
4 s R
( NIST, before NIST, after) /

fﬁ ':P 5 RTure,sample ?‘J HF i @3 | ff'f 4 ﬁ 5 RNIST,cert ?"7
NISTSRM981 HRfE AL Rincasured sampte I i B HATIIA HLAE;
RNIST,before ﬂ] RNIST,before ﬂ‘j )Fi Fll:llil {ﬂ"] )Lit JJ? 5'] Z E‘Lj Ej Z}ﬁ E/‘J
NISTSRMI981 75 H AR

K Graph PAD 8.0 iEATAHRE I EE A ez 61
KA Excel 2016 SPSS 25.0 # {4t 782 R Z 5048 4t
R, %7 Origin 2023 #4T PCA 24,

2 HFR55H

2.1 SARMLEZMSEENFHE

4 NIST SRM 981Pb [Alfi; ZAREAH 4% 0.5, 1.0, 5.0,
10.0. 20.0. 50.0. 100.0 pg/L A4 55 vk 3 B i 290 A%
WEV I, 2Rk B A, 45 33 B 03 28 2R H R4
WEE 3 PR BT &R 0.5~100.0 pg/L A, FHtFENAE
A5 5 ) B 5 8 & i R AP AR M G R, AT LA
0.5~100.0 pg/L B4 & VL B N E1 T ICP-MS U #H R 1ES:
it

*&3 PbEMIRMEESKEZENXR
Table 3 Relationship between isotope signal response
value and concentration of Pb

[Fl {3 Ry EVEEX4
204ph ¥=958.7X-86.729 0.9999
206py Y=15748X-2470 1.0000
27pp Y=15651X-2858.1 1.0000
28p Y=35859X-9640.8 0.9999

22 HERESHHMK

TE Qtegera BFAY LR B, K458 BRI N
0.02's, Ff HIME 10 pg/L B NIST SRM **'Pb 14 2**Pb/**°Pb
207pb/ 2P | 208pb/205Ph, FEAS [ A AT R R A A
7L L 1o 28 50 YRFH, o PkE B AR X of i 2
(relative standard deviations, RSDs)¥J K F 0.5%, JuH:
9P/ MK PURS BEAE R 22, M BUE N E] 150
YCHE, AT AR 4R R R B MR = #1200
WL, 2%Pb/%Pb 1 F- B YRS B RSDs - 0.26%,
27Pb/2Pb I ARG EE Sl 0.24%, 2*Pb/2*°Pb - Kt
RS RSDs A 0.22%; 433 B & 8 250 (B, 45IR]
D7 Z M PURS BE B B S AR &, TR, fRJRaEE 200 k3T
5, I B R AT BB, TS 2 A A I R 3
23 REBEMBBKIE

ICP-MS  HEA IR AT 237 A BRI R BE R,
T IE A5 B AT e AU R R A B X S 7
23 B L FAF 002, AT 72 A i i 22, BT A6 20 % HL i A7
MEIBIE . TEMIFRER S E T, AT NIST SRM **'Pb
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I 57 23 AR VA R FIARE S T AR A T 2, AT 53 BT R
SSB Kb IE T FE . 25 HEF K ™ S A VR B — M EL ARG,
L 10 pg/L (% NIST SRM **'Pb [al i ZEA5E bh g Kz, Br i
YR EAR YR 0.5, 1.0, 2.0, 5.0, 10.0, 15.0., 20.0 pug/L
1Y ZR AR ALV ARV J3E 22 v Wk B A TN, F SSB i
IR m2EBIE, S5 uE 2 iR,

1.5
-6~ 24pp/206p}y
S
S —A— 208Pb/205P}
212t
o~ -5 207pp/206pY
=
o
£09 |-
pict
g
2 06 |
&
=
=
203}
0 ] ] ]
0 100 200 300

EEL11/S3

P O I BERE BE RS2 (n=10)

Fig.l Effects of scanning times on measurement accuracy (n=10)

218 n 205Pp/26Ph
o 2Pb/%Pb
217 - H} % ________ - {A ______ 4 204pp205pp
- B
‘iﬁ 0918 | ll 111
4% [ .. ) -SSR %
= 0914 J:II 1 T T
= 0.910)
£ 00621
0.060 - g e . ;
0.058 |- Ii 1
1 1 L 1 1 ]
-5 0 5 10 15 20 25
PO E (ng/L)

P2 Pb Bt ik BEX RS SR A 52 (n=10)
Fig.2 Effects of Pb concentration on the test results (n=10)

M BUVR AR T 2.0 pg/L I, I i 22 1 FUAOK
MR R EVRE KT 5.0 png/L 1, 2*Pb%Pb ., 2"Pb/*%Pb FI
208pb/2%pb F IR R 22 (E W S R RE, — B3 20.0 pg/L #R4ESF
BT, YRETTRE A 10.0 pg/L B, 3 WEEK I
B 10 YE-SFH{E 450 0.059026 ., 0.914392 Fl 2.167325,
5 NIST ‘B J5 Br 42 41 19 4% # {5 (0.0590420.000037)
(0.914640.00033)F1(2.1681=0.0008) EL A7 75 B 19—k .
U, ARBHFIE B AR TERE N P, R R AR A T
FRE A SRR AE 5.0~20.0 pg/L ST, IR 10.0 pg/L
) NIST SRM **'Pb [Al{; Z AR S A TR I o

24 WBERE

ABFRAER —KXF 10.0 pg/L BI4S R ZARIE S TR
PEATHESE 7 4, 15 RSD SRIEE H NAS R, 2 JH i
W7 d, BRWE 3 Wk, 15 RSD KRIFH H PR R
204pp/20ph . 27Pb/2%Ph . 2°8Pb/2"Pb 14 H ARG 5 E 43
0.02%. 0.02%. 0.01%, HIEE® RS 0.04%. 0.02%
F10.01%, FRIATLEA RIFHEZ A IH:
25 MmO

BT, WSIFWH G —AREY R, TR K™=
JGZ S Hr R FH B R IR RS DL 19 o b o 40 S )y 9 A 7 B
o SR SR T RO TE AR S, R T AR
B & TE 5.0~20.0 pg/L, HAWEFEHA 19 ) 1 W
TR, GEHIFE 40 WIRBRIED) TG AR O e AR o
TR N, U BH PRI OK ™ S AR v B 7E S A 2 4 T RE S
SEATHAR; o, 2O7Pb/%Pb i 2°°Pb/ 2P (1 AT AR
T 22/NF 0.1%, *“Pb/ P HIMIXFRfENN 22/ T 0.3%, %
A Iy 3 EAT 5 g 0 L R AR e ko
2.6 BEEHEE
261 IEFRELLEASERLRAEERMELERRE £R
A

AN i 5 A R 2 PSR L3R 5. A IR
BEA R B B, BN BEA B S AR, 1Y
KT ERBRERRHE. 2*Pb/"°Pb F1 *"Pb/ %P (HHET M43
JH>H 5 >F5 0, 2 Po/ 2P (EHEIF R4 & > 5> . 3 4
7 2 ) 2 R A R K PP %Pb . 27Pb/%Ph A
208pp2%ph A 5B k5 T (P<0.001), &S HE— AT E
BRAT53HT B = MR AT
2,62 HBARLE WAL TR

PCA Je- b — LA S5 2 1 WS 50 2 1 e o — 4
AR AR B XA TR] 7= i v 2 (0 TR A7 38 He ALk A T 6
BLAT A AT, R BRI 32 A3 o3 A AT R A 1Y) 7R O R
204Pb/206Pb\ 207Pb/206Pb Aﬂ] 208Pb/206Pb Hgﬁzﬁﬁgfﬁ/z%ﬁﬁ%u
k7 0.459. 0.496. 0.333, UiHH 3 FPEIM &K HLELEA M
Red KA E R . 3 AR R A5 B2 PCA HUS A,
WL 3. BRIEG 1AFESL . BN 2 SFESRTE 95% A5 X h]
TG 78 A, HARE S e B b S BUOR [R] 7 g 245
BN, fH—Emndtass, dailt— 2l rR82EH
AT
2.63 AR AT

F 1) 43 A S i B — o 1 43 2R S R A N B eR B, I
X EEREAR A T3 2 B g2 05 TR0 R 2%*Pb/”"Pb
27pb/2%Pb FI 2%°Pb/*"°Pb 37 Fisher R #L(2)~(4), X A [l
77 M S HEA TR AR N, BRI SR DL 4, K 6
SYREEREIR: PRI IER R 92.0%, EilHHES
SRR, BN B S 4 SRR F IR G,
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Table 4 Results of lead isotope determination with 2 reference materials (n=7)

bR M EFRHE(E/(mg/kg) ST H R /(mg/kg) [F] v 2 B AT T I A ARE RSDs/%
204pp/206ppy 0.058289+0.000104 0.179
KR 0.20+0.05 0.215+0.01 207pp/2%6pp 0.885556+0.000238 0.027
208py/206ppy 2.145546+0.002037 0.095
204pp/206ppy 0.056258+0.000149 0.265
B3 (0.12) 0.148+0.01 207pp/2%6pp 0.863517+0.000613 0.071
208py/206ppy 2.104350+0.002022 0.096
x5 TER~HESHRRERMNRLE
Table 5 Ratios of lead isotopes in sea cucumbers of different origins
miH BN & B P
204py/206ppy 0.058954+0.001763 0.056795+0.001146 0.055901+0.001066 <0.001
207pp/2%6pp 0.870505+0.006464 0.862572+0.006430 0.854445+0.003327 <0.001
208pp,206ppy 2.108531+0.010611 2.127737+0.016842 2.081252+0.009418 <0.001
BV R (mg/kg) 0.3165+0.04401 0.4249+0.03388 0.3466+0.01199 <0.001
’/“ H K AR LU 1] e
— 1 \\ - ﬁdzﬂ
) JHE 50 oMO
~ . / \ klzl = A %ﬁ
. L KIS0
251
< o )
o
«: g 00
g
£
25
5.0 o
0, I 1 I 1
PC1(38.7%) 0 -50 -25 0 25 5.0
PR
4 SR DA B4 KE
Fig.4 DA scores for sea cucumber samples
E 3 SHEA PCA 54 s e e
Fie3 PCA . N b | + 6 AR~HMEGFSRERMNRNZMESIRSH
'8 scores for sea cucumber samples Table 6 Linear discriminant analysis of stable isotopes in
sea cucumber of different origins
IMEMESA 6 REAGHFIN M . 2 A HEABEREH i *3] B 5 St
B B SR 0 535 92.0% LA SR 1l
o \ . . M
84.0%. 100.0%; 2 XLHRIESM G, FEA: 203191 F ‘IEQ oo 0%
. \ . WA 6 42 50
A 100.0%, HRMFNEESH4AHA, EEG 90.0% IR . o o © “
A SRR AP M 25 W% 920 840 1000 92.0°
Y 55=24045.797*Pb/***Pb+30475.663°°Pb/**Pb+ M 43 7 0 50
14690.441%%Pb/*%°Pb—29462.132 2 U & 6 42 2 50
690 b/204 > 2069 6213 207p1. 206 @ S UETHE F-*«D
Y m=23068.755"""Pb/"""Pb+30282.398" 'Pb/~"Pb+ EoRT 0 0 50 50
14792.082%%Pb/**°Pb—29453.403 A3) RIEI% 860 84.0  100.0  90.0°
Y #3=22556.505°"Pb/**Pb+29966.493*""Pb/*Pb+ T IERHERT 92,00 JFHA T M LA HES T T 43285 © IER N 90.0%

14485.290%%Pb/*%°Pb—28507.691 4) A SURAIEAM AR HEAT T 4303,
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3 iHieSEe

AHEF AT B FTK T 8 (R 7 3% LA 2 1A G
TS | AT BE R RRIBA | AU ER A HTRER B R BER, A
Hi ICP-MS # AR TS Hh 4 [F 0 L ST 0
o BRER: HFESPEEEEINMIEL, @il
TH IR T S S8R 5.0~20.0 pg/L, SRJEH 10 ng/L 1Y
YA ZE AR S UEA T 28 SO, AT LA S5 ek s 8 2R A
FEH A& IE; 2°"Pb/>"°Pb I ***Pb/*°Pb i 4G % /N T 0.1%,
299pb/2°Ph 1) RSDs /INTF 0.3%. Ay 3k AT R A E 42 1
HERPEFIRRE R o I FH I i R 2R 0 43 A b ME ) JB K
W0 DL A Y [R) 7 AT T IR, R T A v O 25 34 /8
0.1%, 2 WA FH I 5 i ] LUK B 3 0 52 ¥ 2 1O S Rl 62 K 1
fHo JEXTHEIN . WE . B 3 AT SAEA R A R
PEEFATINGE, 05 A 677 Mo S 8 i v S 45 R o 2 2 9
AR 25 S, N LA BT R A3 b, AT LA AL
OB 3 AN L SRR AR AT X 8, LRG0 5 I iR A
90.0%L ..

HWFsE LM, R E A RSDs 7E 0.4% L4 T i %
W5 25 T SO AT e T N R SERE ST AT IR 3R
ICP-MS Wik, 3 FhlRlfE LA RSDs ¥/hF 0.1%,
AR R i RS2 . thF B AT iE S
HEA 2 R E A D, Tovk S A AR DC A A T AR kA T
XLt (R ECHE AT LA A T i 2 v T G o U5 A B 1 3
TE R R 7258 5 IR 3B 248 — 8 2Rl R
A R TR (4 T R LR A IROR RE AR VAR,
v s, 755 2 22 0 0 U AR AR 285 G A R E— 25 B e 4 1 L A
PSR AR ARSI 7 I DA TR f T P R L B
N S0k AR E RN R E g &1,
DABR S 00 IE A2 SIS BT e 37 Vg 2 P 4 [0 3000
HORBA P @6, ERRSFRE R, A S 0 a e
RIPRUE T R R SR, I 045 I R4 R 2 0047 Fofh ok ™
sl (AT 0 A TR 1 L
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