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Abstract: Background, aim, and scope Plants are involved in the biogeochemical cycle of various elements and
have been hot topics in the research of food safety, health care, pollution control, ecology and environment. Non-
traditional stable isotopes as new techniques are being applied in plant isotope research. Due to the high organic

matter content in plants, the complexity of isotopic fractionation, and the difficulties in sample processing and

determination, the non-traditional stable isotope research in plants develop slowly compared with elemental
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research. Materials and methods This paper summarizes the pre-treatment processes and determination methods
of non-traditional stable isotopes (such as K, Ca, Mg, Fe and B) in plant samples. Results Relevant studies
reported non-traditional stable isotope techniques used in the fields of food identification and traceability,
migration and transformation of contaminants, and ecological and environmental status. Discussion We analyzed
the sample pretreatment and isotope determination methods in plants. Plant samples need to be ablated into a
transparent solution for subsequent processing and determination, and the most commonly used methods are direct
extraction, wet ablation and high temperature ashing. The digested samples also need to be chemically purified
to separate the target elements to avoid the interference in isotope determination. The isotope determination is
performed by thermal ionization mass spectrometry (TIMS), inductively coupled plasma mass spectrometer (ICP-
MS) or multi-collector ICP-MS. The difference between laser ablation -ICP-MS and laser ablation -MC-ICP-
MS does not require ablation and chemical separation for determining sample isotopes. Conclusions The high
organic content and complex composition of plant samples make the pretreatment process more difficult and
require more consideration of sample digestion conditions as well as the interference of organic matter may exist
in the separation and purification and analytical determination processes. We should considerate the selection
of suitable resins, exchange columns and leaching acids owing to the different properties of elements and the
information on the fractionation of the isotope leaching, the residual of the resin blank and the contribution of the
blank. Finally, during the mass spectrometry process, all factors affecting the determination of the target isotope
should be correctly evaluated and deducted. On the other hand, an adaptive calibration method should be selected
to obtain the correct results. Recommendations and perspectives There are still many potential non-traditional
stable isotopes that have not yet been applied in plant-related studies. Moreover, laser exfoliation systems have a
promising future in the field of isotope determination of plant samples. The advantages of simple pretreatment and
the possibility of micro-regional in situ analysis will greatly increase the scope of application of non-traditional
stable isotopes.

Key words: plant; non-traditional stable isotopes; plant digestion; isotope determination
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B ii% (thermal ionization mass spectrometry,
TIMS ) BYA &, LIFHELLBE I id R 47 2 2830 &
Sk, XEEE AR PR N AR SRR AL R,
#lanLi. Ca. Cu., Fe. Ti. K. V. Ba%§ ( #Jy
FIHZET, 2018 ) o

FE W) ASACRT L3 3 56 G A TR e R Yy
AR B R AR A N SIS I I R R T Tk A T A

(Dong et al., 2021) , W#ESEWE Y (A
) FREEEY . 1E A Y A A T
T W) 5 422 5 it b 5 9 v ) B 70 P R RE S 1
¥ (Bianchi et al., 2018; Dahl and Arens, 2020;
Chaplot, 2021) o PHIXIAE Y A0 5 — B2 b ER

foaf . IRBETS Yt . B A A . RIS
LA ) SR B A, TSR, BEE T T BLAY
R, AR AR SRR e R B e AR
GikaE [ Z BT (Baoetal., 2020; Sauzéat
etal., 2021) . 154l (Kiibek etal., 2020;
Wang et al., 2021) . ¥FifE¥ ( Wang et al.,
2020; Lietal, 2021) S50/ 28])Z N H, 2
B THORE 2 E BT, B4k R A S AT
FETIIIN T M Z—

o S ) (RIS, R 0BT O ik B A ST R TT RIS
PITTHE, AR AR AR e g R e T ik
FEA A CEEIRT, B SRR R A B R 4y
Balifl, TR S A T R SR B
HYR TR, AR R [0 2 o B 280 28 4%
PFBEFH A& 0 BT AN B ik o AR il i i oy
B, A E R, EETREE AR P TBL
AT AR AIE T2 R BRE W . A SO R
Sk R 2000 2o A vh i P A A A B K o B

DOI: 10.7515/JEE221016



286 HOERIRIE 24

RHEAT T G, . SRR T HAEAEGE | WA R
TRAGE R JERE . BRAEFIOLE . 458 K. Ca,
Mg. Fe. B. Zn % JURp LAY (AR GE R Rl L R
T, XTHBE A s B L% (TR
AL AT ) BAER A I e R, LA
HLBS B . WL 5 S5 B TR BT (inductively
coupled plasma mass spectrometer, ICP-MS) . %
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Fig. 1 Non-traditional stable isotope determination process of plant samples
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(Hoenig, 2001 ) . H A& P #f o Ak 2 5 1Y
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Tab. I Comparison of different digestion methods
Trik Pers {735 T8 HITE
Method Advantage Shortcoming Scope of application
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AEHGE R AT XA R FRNTEER 51

Extraction Simple, targeted extraction

decomposition

T i KA

Incomplete sample

Elements with free form or easily broken binding bonds, or molecules
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EERAI . BERTES SEiRERYTTRERIR AP R, RS TR TR R R AR R MR R

High temperature Removal of organic matter, High temperature volatile ~Samples with high organic content that are not easily volatilized at

ashing avoids contamination substances may be lost  high temperatures or subject to isotopic fractionation
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Fig. 2 Boron isotope micro sublimation separation device
(Gaillardette et al., 2001)
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B FHECTMER TS E, BETFHES
TwEESE %, FIAE ICP-MS Y, &% S
LR I [F 67 22 Lo/ ELSEEL, i TIMS o, i
I DX RN S AR R R KR S kT 22 vh il e 2% &
MIZEARL, X B 5 R R 2R A D o R 6 3R
FeAl R T E 9218 ( Becker, 2002) , ICP-MS 1Y 3



T, G MPRARLGERE R R AT AL B A 2 AR T

LA SR T R 2 R P A A T A S R )G
K, I H R A A5 B AR Ay g R A AT I
TLEAHZR TR ERA, FEHLHAE &
F TIMS W RGE . 25T s+ 48— B2 ICP-
MS 0§ o T I 1) AR, A / RO (fRTRR
CRC) HARTAF RIS TR KR, fERFEIKE
JE - S Py T RS T ARG i AR (ZRvK
45 2010) .

2.3 MC-ICP-MS

ZA O IR B 1) 55 B TR B J2 AE ICP-MS
FIEEAE & ik, @i Ry, 2RI
PRl St E—25¢3% T 1ICP-MS Xt [Rl{v 2 Al
FERE ST . MC-ICP-MS J7 vk Hi & IEAE i e [FfL
BRI RS P R DN e 0 R e £ 75 A A AL 2 —
(Yu et al., 2020) , A B AR E [F 47
ESISPEE

I MC-ICP-MS I 25 e ) 2R &
WFRINFIREE T AL B B A REE A 0 T3
DA o i AR o AN R T B R AR AR T A
PREEROTREE . R T HRSEI N R

FEAER 15 R A PR 4 R s T 4 Al i
T, TR h 2R E T (W
CAHT XK L R A B R O S X
“ca®) M F A FE T (K X “Ca) (Xu
etal., 2019) . Hrfh, ZHEFEFTHERE SR
1), ZAXERSE AR s oy Heas ) B35
IR G BT A o o7 I D T o ne /NI N
S PR O TR 7 5 B oo R it
— X4y, ORI A B R AT fig L R L
Pl TC ZE DA E TP A A9 A L. MC-ICP-
MS ffi il Ar SAE MR, & 1A X “Ca’,
OATHT X KRG, AT R R SR o 3 B
YL F SR AR A5 B AR RIS AT BB Ar T
FEAEE SR EEEE (Lietal., 2020) o

Jk B TR 1E B 4 58 AR 5 1 4 HE S HoA
HZE T RE00 T, ef WY T4 2RI T+
i — PR EE AR BE . VR FSE ORI, e R i
T P TP TR A A s R ) e I A 45 R, An
etal. (2014 ) XFAS[EERE HNO, FilBbRiER o
B, RIREEM 2257251 T Mg [N R4
YR S e B s e [R) 467 20 i 45 58, 4 K
Mg 7 P R 2285w o7 2500 5 ke df SRR i B
PRICEWREA S T B LR 2ES, W Lin

et al. (2016 ) A 3 WIAE vk BE 222, Li [l
Z A R AR R A [ I R e R b AR
R AR P B B AR G AT 0 R B & A5
FEEESR, A AL R IR 22, S e R 1Y)
WERRPE, 4N Li/Na He&5m Li [0 2 e (45
Je®4, 2017) , 1fii Na, Mg, Ca 2520 K [Fl{i
ZAIE (Chenetal., 2021) . S FILAHLL,
JEFE TR R S 2%, (UaS . SHOE .
SCIE A . R WECH SR 2 R R s B B
e T4

Br TR ER SN, 52w SE bRl ) ) —A 2
PR 2R 2 0T B AR o i B AR 2 4 7 [ Aoz
2T I B AR RN A BT R T 5 R R A3 R RN
FHUAIX 43 AR [0 284008 o 3l TR FH B 1
T 1A bR A TRV L R T AR UURRS e 77
2, JLRRERIE vl LB . AR kE—FE S )4 ik
JETE RPN T2 BRFE 5 2 (B I — R AR A T
M AE . 7E MC-ICP-MS 1 BifiFisf [7] 72 A= S 28 it
RN, S AR R 5 SEBRAE i A 1Y T i
15 AR TT AR A Ry AH R, DA & 1T S
ASBRAE XS S BRAE AT A IE o (A1 VA 7 S B
H A T R TR A RS RE 2 IR TS Yy, T B
B 18 T DRV R R R R G AR A I T
FE R —FES . EE T 2% HNO, #Ef7 Pk,
A L% &N A HF 5% NaF 2528500 42 55 1 Vel g
He et al. (2019) 55K B 0.6 mg g ' NaF
XFFEH 2% HNO, 7] LABH 46 %0 B[R R G Uk
B o AR IS s 1) 75 43 BT AR i s 2 40
A7 2R 20 g AT R AR R AR, B 53 B it
R PIA T &R AT o —2, DL
TR AR R EOR B IE H BRIt R 1 5T it B AN
BN Al f Cu #21E Zn Al 3R (BRi>, 2016) o M
R BEFE ML T T 4 A4 DL B r e e IRl r
REIRFR, B C A ALK R R RE 55 52PR
FEAIR A, FXTRE S AT o B alifb Fnil 2, B s
ol B I A AR 2 R R B 1 LS TR A
Z{H. Rudge et al. (2009 ) ZE 7 T XUFE B 57 1Y) 1
Ay, SRESR ] B BC HE AR 22 2 R A BA AR O
PE LA T Ca, Fe Fll Mg 45 33 NIC & M e
A BRI A

MC-ICP-MS & H HiAE YA 5 1 AEAL G e [\
o 220 5 fif I 2 1435, Kiibek et al. (2020)
XA X B HEA K Y Cu Zn [ & BEAT T
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GE, BUS TR B ZE S, Bao etal. (2020) fif
H MC-ICP-MS X 2 Ff b Jit Sz A= A i 9 Ca
Mg Al ZE A T4 M A2, Ca AL B SPGB
K5 0.08%0 (2SD) , Mg [al {3 2 FHMERAG B ik £
0.11%0 (2SD) . Sauzéat et al. (2021 ) WMI5E T Ji &2
FRUERE i S HA LR AE e S Y Fe. Cu. Zn [H]
BRI, P58 FE 43 51 R £0.10%0, +0.05%o,
1 £0.05%0. X BB HHF 5T 4K A5 10 0 5 A B B 35 T
HABAY#S, X & MC-ICP-MS 3% i B4 H At ]
T B R A iR R B A I AR AR 2 A
VIR R R BB AT AT 8 & &, Vangk
et al. (2019) X 17 A 9 Ti [ A7 2 {4 FH MC-
ICP-MS HEAT TIE; Liet al. (2021 ) XF & @ikt
X A A 8 A PR i R ) KRS R AT T
W T K R 2 AE AR (R IR AL .
F AR F AR 0 B AR, AT LTI R ok
TR — B ] MC-ICP-MS $ AT A WUk i [l 57
R o B B AR
2.4 LA-ICP-MS LA-MC-ICP-MS

WOCF i 2 4: (Laser Ablation System ) 3 i
PO [ ARE SR ke, R ik AR
IR RN S A N LR B | P D
SIS AR S B AT X A AT . SO R
Tl 2R 45 5 F R B A5 B R BT () 306 S T A
PR rp 42 B e TR 26 ) L3 %E - ( Pickhardt
etal., 2005) . TEARH —Beiif ] B TIMS #f /& 5
WA ER TS BOR, T s AR T
7 eV & E R ER . (B H T LA-ICP-MS #l
LA-MC-ICP-MS {8 #i %t F TIMS ifii 5 HA7 & R
WO A B RMERR B . LR ASREE TR
)RR LA | 5 S ) TG S 1) B e 00 DA S 2 1
IR AR B R T 1 AT BEME S L. TIMS #%
T A o ok 1 22 b 9 LA-ICP-MS 5 LA-MC-ICP-
MS B, LA-ICP-MS ) E 2 TPk A T i I
PRASE, R BR ) LA-ICP-MS I H 45 1 A Ho A 5%
M) R 22 3 F0 35 440 5 0 DX s i) . 2 SRARE LAY
. . RIER . SIS,
OO . TG DL R HeA T R R R BT
( Pickhardt et al., 2005; Becker et al., 2008) .
eI S AV B BT AT, 2™ B
AT, H AT LA-ICP-MS 20 7S A . 3
B S [ AR S RIS 22 . W et al (2009)
fii F LA-ICP-MS XJfH ¥ it w1 Cu R R AT
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%145

TG B E

MC-ICP-MS £ [l 37 Z il % J7 1 B AL F 1CP-
MS, PRI 55 O 6 il 22 G0 19 156 FH A 1k A SR 11
., Walder et al. (1993 ) #2230 O30 1h &
%5 MC-ICP-MS B, TG X A5 [R5 2R 41 g
G0 VARERRERARMEY) B NIST 610 A 73 Afr ik
X%, RAT TiVERSMRICERIE Pb [F/7 2 15
TR AL, RIS ARSI RS, 2"Pb/*"Pb
AN RS B2 IR 2 T 0.1% (2RSD) . {HJ& LA-MC-
ICP-MS il 5 4 Ja £ [l 2 I AR I ik & A 15 3]
P, RERFE R R 284 R R R
RAIEFE S I B R, FIHM LA-MC-ICP-MS
FEAARE VA I 2 A IR T B T R R
BB IR K F Paul et al. (2005 ) # 57 AL IX AL
Pb &4 Pb [F] {37 2 43 #r M 3 J7 ¥ X LA-MC-ICP-
MS FEARMAT T —IREE Rt AR A R
A E T EEs (SEM) U *Pb 558 F15 5,
SEA PR 2P, *Pb 1 *Pb
TAE5 o RAXFH A MRE AR, wlKE 4 [H] 43 ¢
IR EF 100 pm, MRS EEE 10pg-g' L)
TR RE S . 25 CEM BRI R S0 K R
KIGEHE T 3 X A [R5 26 43 BT Y 4 & ( Shaheen
etal,, 2012) . REPHOGTE T R R0 2 0 $osi
VAN =10 = S O ] S G TR/ TR s AT TH =N
H R ERIEL, [F LA-ICP-MS —FE, H T EOb
I R 585 224237 A R B A5 B R T 1 36
FEAER T Mo SRR S BN A, T RE R S I A
R R, EEIE D — 7 AR YRR S R A 53 B
BRG BE AN ANV W, 59— I H RTOG Rk R 48
N7 TR0 28 98 N B 22 oy b 48K, A 4 4005
IWFFE N i /b, SEUE PR A R HLE T
LA HIAEIARERE Y . Frick et al. (2019) fdifH] LA-
MC-ICP-MS Xt JLRAE P it 8 Ak [ 47 2 32047 0
FE, AREAE T INAS A R AR Sk — 3, (1
JEASE A3 AT RS AR T ORI LA L, O3k
FEARE DR S TRV 2R =G I Ty T A B AR ATy i
WM R SR, WHEMERZFF 2 5
NS, DA R AEZ B AR BA %11,

3
(1) HEWIRE R AR GoRe e RO 3R A5 Xl 47

feotat. HATARMEGEAasE R AL 5 6l o 2 3
THLTORE A, AR A O [R]3 2R AE EAR 2S N 5E

e, AR Z A AR AR % A [R]7 3R A 12 I 1 E A
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BR, AR RAE AT A —E o

(2) AT 2 S B 0 1 R 62 3R 0 iy
W, AR HORTER B I BE R B D TR 2 R
FR A B — 7 THI Al AR B 45 22 SO R 4 4
BB E R B AR X AR Z U R T RIFHY
THERACR, T2 T AL GeAe e R R WHFE )
oo o3 — 05 T BOER i R GEE AT X A
OIS A R AR DI ff AR SR [ R
W55 19I5 1 o

(3) 5 2R A R SE AR L SR E R 2 R
SN ETT % HRTARAE G Re e [R) 6 3 A i i Ak
HURIE S RRFER . A R, 28O R BT B
VERRTT . TS DA 10 75 R AT B T AR 4
T E R B HEA TSI 34T, DI S HFE ] o

(4) SEHRMTTSHIPIRE Al R A2 2 BIL 9 T
PEVYRA R o ZIRT IR AR HrEoAR, L
AFAEYIEA R AR B BE . RS2 T & AR Y
NN S IN R | B =R 2 S D S S e L)
PR AR . (A RBETEA JUR AR E S
RS [ R DT AL 07 ), R AR RAR K — B
] IR
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