B 1% 3 JEg I R Vol. 11 No. 3
2020 42 Journal of Food Safety and Quality Feb. , 2020

i, ik AL R, Al

(1 RR%RE, KRR, R 354300; 2. ERERERRAE S S PR o B e B 5 G A B E K S SR
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 E: B WREPNRGECEFE BRI AR, Fk LR 2 AR 1 RR T K FEH i 2 A0 R4S
SEIORIRE, FLEE T BRI A S B TR BT 1k (inductively coupled plasma mass spectrometry, ICP-MS)Fl HL JBHE &
SER TR T & B 6% (inductively coupled plasma atomic emission spectrometry, ICP-AES)2 {38 % H: Li
B. Cr. Fe. Mn. Cu. Zn. Se Fl Sr9 R IC R PRHMSCR, [FIRRT LG T 3 A R Ak i i =k e 45
RN, GR RN RIBRAFR N 3 FB AR, SRR/ A ST MR AL PR A ROR AN, TR Pk &
B, KD A R T A R e R TH AL P A5 2R, (BRTRE AR R . X TSR ICER Se, IR
PRS2 o S A U AR R . ZEACIKIR S50, B ARRIR N Li A Cr 2 Vi TR AN H
K ICP-AES XA, A% ICP-MS, TiXf FHEH 20K Se WIEAFAH . &5 Kl B A R T &
T, NIRRT RIS, BERRIE B IS o

KRR B ARSI BUEITER, RIEER G S AR, BRSSO

Effects of detection instruments and digestion methods on the detection of
trace elements of Apocynum venetum
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ABSTRACT: Objective To explore the suitable conditions for detecting trace elements of Apocynum venetum.
Methods The leaves from Apocynum venetum Linnaeus and Apocynum pictum Schrenk and Apocynum venetum tea
in Xinjiang were used as materials, and inductively coupled plasma atomic emission spectrometry (ICP-AES) and
inductively coupled plasma mass spectrometry (ICP-MS) were performed to comparatively detect their trace element
content, including Li, B, Cr, Fe, Mn, Cu, Zn, Se and Sr. Moreover, the effects of 3 types of wet digestion on the
microelement content were conducted. Results Totally 3 kinds of wet digestion methods using different acid
hydrolysis solutions were used, the nitric acid/hydrogen peroxide digestion solution treatment conditions were milder,

the element loss was less, the test results were slightly higher than the concentrated nitric acid/perchloric acid
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digestion solution treatment results, but it took longer time to digest. For volatile element Se, it was more suitable to

use nitric acid/hydrogen peroxide digestion solution with weak acidity and oxidation. Under the conditions of this

test, the 2 trace elements of Li and Cr in Apocynum were not suitable for detection by ICP-AES instruments, and

ICP-MS could be selected, while the opposite was true for the hard ionized element Se. Conclusion When detecting

the content of trace elements in Apocynum venetum, an appropriate detection instrument should be selected according

to the characteristics of the type of elements to be detected.

KEY WORDS: Aopacynum venetum tea; wet digestion; trace element; inductively coupled plasma atomic emission

spectrometry; inductively coupled plasma mass spectrometry
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I E B AR EEA 2 R B ARKE B iR
(Apocynum venetum Linnaeus)(18 FK £ ) A1 2 A5 K& F BR
(Apocynum pictum Schrenk)™M, A7 HAEH# SiFR <%
AR 1977 4, ZATRRITEXSIACHE 2588 ) —FF, 2015
AEROET R AT A B 5 A BRI A A2 R R 2 TR B £
AN, FEAR PR P b B A AR o< 2P, B ttan
80 AR, BURRACHALIE L, 2L 2015 SRR R
1E R U A % i B 2% (Luobuma Cha, Apocynum venetum
tea)?l o B A RS B2 LA A R SR A e i 1 1) A 2,
{BAE RS FURM B R X, 8 LA EURME AR . X 2
Tl 55 A SRR A B T S0 P B A T SR R I, BRI 9 80
K S S B AiMAEE, IRHA RAFR A RED

B EBFARE AR TR N E A TR, H
FEZS B AT RRZS IR A0 M o A Bl e 2R A I i A
LRG58 B PR T3 5 (inductively coupled plasma mass
spectrometry, ICP-MS) . HL B & 55 55 IR i 7 A& S ik vk
(inductively coupled plasma atomic emission spectrometry,
ICP-AES). &R TR ii s (flame atomic absorption
spectrometry, FAAS) 5 25 7 it F W Y& O 3 15 (graphite
furnace atomic absorption spectrometry, GFAAS)%: ., #£ K
A AL PRI A 7 3 A TR A . T A FR R T A o
B A T SCHR A DA I T 2 A BRI i R e T R
UL (AT S i X B A I (SR X 2 A A [ i T
RR DR 53 e DL AR GE o ASHIFSE DL A RN 1R 22
LA 5 B A RRA A LI AR, A FT L T ICP-MS M
ICP-AES iEXTI: 9 R @ IC R BRMACE, FNRT 3
AN R E 2 T R A A BT =R R I 5 SR i s ), DL R B
13 JRRAR B TG 3R AN B 25 A R4S T 42 i B L AR i

2 MREREE

2.1 MR

BATRRI BRI SRR 245K [ B R 222
P v [ o e B RS I8 A A L B ol SR A AL Bl s B A R
(730 BRI R ), WSK T T

22 N5

Optima 8000 7Y it J8HH 5 55 2 F 1A i 1 & SR (38
[ PE A wl); (S 8800 Y Ha JsHl & 45 i PR I (X (55
E LR R F); Mars 5 I IH AR (S E CEM 2
F]); EAL-1 i o $OH (3 0 G A SE IR A 88 A R F);
ML104 5 K- FE AR LR 24 7).

Bk(Fe). Hi(Cu). 4%(Mn). $%(Zn). fifi(Se). £E(Sr).
BL(Li). BI(B). #%(Cr)9 Fhom ZE AR I (R K E R
1000 mg/L, B RErHEY) T LO); SRR HED (IR 5
GBW10052, HiERYFEHbER L 2EHERWETEIN)); MR .
5. WEEUK (sl 250 LA RRA ).

23 TWHE
23.1 HEHMIE

FUR B RE SR RO A, B F A EH4S T . R
FHLATR 3 i 0 5 A R Aicinle T A =Xl A TR S i A 2L

BRI CRFRRIE 17): KB FRIUE 5
0.5 g, BT HRZ L p HH oK shie 1 F LA At
T4 50 mL I . A K # B B HNOs(1:1,
V:V)5 mL J H,0,3 mL, s/ /Met, #EERKH, #
HEP M E T E A A, IR 260 °C. FREEIENE AR
T4 1/3 ZE AT, BWANMIN 1 mL H,O, FEATHER, B ZEAEM
WA AN TAAEN, ARSEAAT S, ATEEN 50%
HNO; #l H,0,, 4k£L1HE, HEERMITEEN ., “WKE
A% 50mL, ik, FEAUEDRA A [FRHMikEs Fov iR

TR ABMR ZR 2T STRTAR WA 27): BRI A T BT
e HNO; /H,0, b, HoA T s = S se i 46 BR 2 Wl e
IR 1o

IR R 3O SCRIARIBIE 37): W ABON W
HNO; Fl HCIO,, 45/ A 8 mL F1 2 mL, I/ 2 /AT A
13 225, AR G @iE M, rI4MIm 2 mL HCIO, 4k4k
A&, HEMMERAE NI, HALRRETR 1,

R R RS FRERES, 0.1 g, BT HBRIZMIL R,
HAZYOK 3 T I AR T 0 £ FIHEE N . A
5SmL ¥ HNO; } 3 mL H,0,, & 2 h/5, & FLHEE ST,
BTN RO, TESEnER 1 s, H#1 b5,
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BHI B, feRRY R 2 h, FRAHERRE, [
TUOKERE 50 mL, REAMRDRAH . [FE SRR bR
YRR B R s O R O SBOL T & 1.

232 MBIELM

ZHES 8800 LB A S5 B TR BT X (ICP-MS) T.
Vit R B0 BRI A 1500 W, R ETTHE 1 W, RF Zh&
1500 W, 252 %3 15 L/min, Z <% 1.05 L/min, #b
A WHE | L/min, REEMELE 11 mm, SERHEALR
0.9 mm, & RARKEL 3, REEEREE 8.0 mm,

Optima 8000 % J&HE A & B T IR F &k 5 %R
(ICP-AES) TAEA&A S5 FHHMR 40.68 MHz, HH4iizh
#1500 W, HFEE 1.5 mL/min, FHBISAR & 1.0 L/min.
233 WEALEAETLN

ANV T A AT AR IR DR PRI &
JHRFP R L3R 3 FORERIETS A R T, Y9 ICP-AES
{SCESAIEE Sh P A(LD) . B(B) . H8(Cr). B(Fe). 4hi(Mn).
(Cu). BE(Zn). T(Se)FIEE(SHIL 9 P GE R

ANTFMER G A5 ARG 2 A BRI . PRk S il
B HRALIBIEHAORTE 2, BIHMEC N HNO3/H,0,)
FIHR T AL B, 2% ICP-AES & ICP-MS {25460
FES (LD, BI(B). #%(Cr). #i(Fe). 4h(Mn). £(Cu).
BE(Zn), Tifi(Se)FNEE(SHIL 9 i B ILERE .

ICP-AES Fl ICP-MS #2514 I _Fik 2.3.2,

2.4 HIRAIE

X Microsoft Excel 2016 #4785, % Excel
2016 il B 3=,

3 HER5HH

3.1 ARELEZEEBA XX THMME T RENHR
AL

DL AR . FURRIH R EURFD 7 S5k kL, SR 3
ARk BT AL ERRE A, RO BRI 230 4 S0%A AR/ 4R,
A MR R AT A AL SRR RIS R/ 5 SR, 342K ICP-AES
R DR S b 9 P e 2R i, 45T 3R 2.

t 2 2 AL 3 MR R R, RIS SRS AR
FIRRIT I8 PN 7, SR BB IR LA LIRS &
FR AT A AL B b, TSI B e R R IR T 41 2
R IAM AL R, Hob Se A1 Zn SEZESINIIE; S
TR /3 S AL ST AR A AT HE, <50% R AR/Ad AL S R
FIALER AR (T T3, BRTE Y Zn 22 RE KK Se
FEEERTAESN, HATRI R T R Z A 22 7R
A—2, ANHE,

32 AEEMLEX T KN ETRENBR
20

BATIRRI | FRR I B2 2 A R 0 T o A BB T o
J&, SrBIFH ICP-MS H1 ICP-AES PRI #5486 MIFE & 9
R GE &, 4R 3.

W 2 FhACER ARG 25 SR EAT b g AT, T A
-ICP-AES U XF Li JCRJLFARMIA H, %F Cr il
IRAAE, T TS #7-TCP-MS X X H, 25 702 Se ARG I 25
9. Fe, Mn, B, Cu. Zn fl Sr 6 FhICELE 2 FAGMIIA
AP OR R R AL, KRR 2 R,

=1 RRHBUIESK

Table 1 Working parameters of microwave digestion instrument

THGRE T iF/W T s} [ /min R /PC RFSEIS) [B] /min
1 1200 5 120 5
2 1200 5 150 10
3 1200 10 180 20

R2 3HIARIEEEBRARTHE HRHETRE(-3)

Table 2 Trace elements in different organs of Apocynum plants under three kinds of wet digestion (n=3)

. TH i It K 2/ (mg/kg)
B 447 ? -
ik Li B Cr Fe Mn Cu Zn Se Sr
Mkl 0.6 165.0 3.8 137.4 174.4 42 17.3 13.8 262.1
%A R I Wk 2 0.2 185.7 0.6 143.3 155.9 4.0 113 6.8 265.1
Wk 3 0.6 100.9 1.6 127.2 144.1 3.6 11.4 3.5 237.0
Bk 0.3 164.5 1.4 127.5 83.4 3.5 17.6 10.8 4952
BRI Wk 2 0.2 135.5 0.4 126.1 81.1 23 11.4 6.1 484.8
Wk 3 0.7 106.0 1.5 100.2 74.8 2.3 8.5 45 451.1
ke W% 1 1.7 48.8 2.6 157.4 55.4 5.7 33.8 10.5 128.2
Wk 2 0.7 60.1 1.3 162.2 50.6 5.6 27.1 2.2 112.4
r o
Mk 3 2.6 42.0 1.3 135.0 38.6 4.0 18.4 1.6 99.7

TE: MRIE 1 MRk 2 R 3, MM, AR SO%RE MR At A . AN R L AL SRR T R o SR
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®3 TRANFERMHEHARBET RS B (mg/ke, n=3)
Table 3 Trace elements of Apocynum plants detected by ICP-MS and ICP-AES, respectively (mg/kg, n=3)

IR LoRIIEIE % A7 R H R BATRRZR

ICP-MS 35.8 65.4 46.3
Li

ICP-AES 0.2 0.2 2.6

ICP-MS 120.5 140.9 41.2
B

ICP-AES 165.7 135.4 36.1

ICP-MS 10.6 5.7 7.5
Cr

ICP-AES 0.6 0.4 1.9

ICP-MS 190.2 200.9 271.5
Fe

ICP-AES 153.2 126.1 286.0

ICP-MS 170.9 91.0 30.7
Mn

ICP-AES 155.9 81.0 28.6

ICP-MS 4.3 33 4.8
Cu

ICP-AES 3.9 2.2 4.4

ICP-MS 11.0 14.1 38.9
Zn

ICP-AES 11.3 114 30.9

ICP-MS 0.1 0.1 0.2
Se

ICP-AES 6.7 6.1 1.5

ICP-MS 258.5 472.8 244.8
Sr

ICP-AES 265.0 484.7 238.4

33 3 MNEREBEATCIEMRILE

3 BRI A 7 TR R A R I i R 25 T & 4.
3 A AR T VAT, L 50% HNO3/H,0, A
R AIB M X, A RRAN, (AEERHEK, FF 12~15 h
FAHEfRTE S, HEHZSBRPTEZ MR H0,, L
HNO; /HCIO, i in, BHRR IR A A A, o e
()5, 1 3~4 h BIA] 588 1 LAY HNOS/H,0, A MR
FITH RT3, OB AR e (Rl A F = =2 Al

M IR 2 WA, 3 R T ARy T AT AR AT Y
TR, BB FE, =& Z AR LS R 2ZERAK
Ko AEATRIR 12 T8 A =X PR T 32 P R X 7 1 2 5 35 114 A [,
ANASUE e Vi e B (), X R R T R UK R A R
W, DAL AL SO TSR, AR iR A, TR
FEHROCER B, BRI 0 R R AR I R
v/ AR, TR A kR, RN EIEL, 5]
REERMPERBR, BTSSR 4 2 Fieim oy =S Ee, B
K o B R WG, 7EFTRI B LR e R, &
IR Se F1 Zn, JEHE Se, ML R AZ W R 7 =X
MR K. LL 50% HNOy/H,0, N i#R T, BAREH . K
R AR FURAD FHY Se S4B 13.8. 10.8 £

10.5 mg/kg, 14 T4 VR kv hil R/ s SRR I, 5 62 000 43 J31)
F&hh 3.5, 4.5 71 1.6 mg/kg. FTLL, X F—26k 5 15 & 6
RMICE, e AR, —BAR AT KAk sk
THACTE A TR AL B, AT 25 RO T R R G A BT B R
i 1% 1L 3 K (neutron activation technique, NAA)!Y,
3.4 ICP-MS F1 ICP-AES {¥ B&4& MR R EL 38

ML R R [ 32 T A 3% 2 A R A oG A
SR RZ 0 (3.1) B AH 3 STk 9T 45 SR mT 0, BR/AD BT & Ab
Chnmy, iy 2R X i oG 2 A I AR o g U
Hi A 18 SCHIE ST IR 5 VE 1 -ICP-AES A & 55 1 0 TH f#
-ICP-MS A R falt 15 70 2% A6 0 255 SR 1) 22 57 = 82 Y 4G L
AT

55 ICP-AES HiH, ICP-MS FiG i Se 7 A% — -4k
R, LRI . XREAF L ICP-MS XA 3%
feaR bR, AR Ha i Ha A7 = e HEL B 0 R RS AR . T
ZRWF D KL HOTELE ICP B B AT 90%, SR
B (As) | fifi(Se) . 7R (Hg)ix Lexf it 2 70 R AE ICP H i i i
FEHF G . XA S0 ICP-MS 05 3 B6 LR B, 4047
RAEEEEA 22O I, KX S B G R, AR
KA ICP-MS 4%, 7T Wik F] ICP-AES,
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Table 4 Comparison among three kinds of wet digestion systems
Bk 1 ik 2 k3
FRME /g 0.5 0.5 0.5
S 50% HNOs+H,0, #¢ HNO;+H,0, # HNO,+HCIO,
1R SR F/mL 21 mL 50%HNO; 9 mL HNO; 8 mL HNO;+4 mL HCIO,
ER AN 12~15 5~6 3~4
TH e e WL BE /°C 180 180 180

4 ICP-AES #:5 ICP-MS kil i 45 R (3= 3)ikfT
FeESR R, FEASIRIE S5 F, ICP-AES 3 JLFAG A H
AFEMI Li fl Cr & &, BORNERANZAEANX 2 Fik
WOLE &, A ICP-MS ik,

B ERJURME TR A & B W3 BRI oh, A
S AT AN Hofh s 2%, B Fe. Mn. Cu. Zn #1 Sr, %
ICP-AES F1 ICP-MS 2 F U i Al RO 22 7 AN K o

4 &

L 50% HNO,/H,0,. HNO3/H,0, Fl HNOy/HCIO, JyiH
fETRAT 3 FINRIA T AR R AL T, RIASER /) S AL ST R A
BORA, JULRIURER D, WO IS5 SRR 5 T i iR/ e &
PR T AR TR AL B, (H 22 55 R K EL RT3 ORE T M Tt T
X F 5 ¥ KT E Se, R AR AN A X ARSI &5
SR EE A, N A IR RN B A R 1ok SR A BN T AR A

TEAIR 5T, BAiRIAN Li Al Cr STRAEM
ICP-AES {{ #8453, #F] ICP-MS ¥:, MM 850K Se IF
WA, AT ICP-MS (LA, AT 3E ICP-AES {¥#%.
M, FEEAT A R A R 0 K A R A A, N R B A A T
RIRUFHE, EFRAE TR IS o
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