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Evaluation and analysis of many kinds of metal elements
in fresh gastrodia elata in Xiaocaoba
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ABSTRACT: Objective To analyze and evaluate the content levels of 9 kinds of metal elements in fresh gastrodia
elata of Xiaocaoba in Yunnan. Methods The content of Fe, Cu, Co, Mn, Ni, Se, As, Pb, Hg in fresh gastrodia elata
in Xiaocaoba in Yunnan was determined by inductively coupled plasma mass spectrometry, and the food safety index
IFS method was used for the assessment of heavy metal pollution. Results All the 9 kinds of metal elements were
detected in fresh gastrodia elata of Xiaocaoba in Yunnan. According to the the limit value of heavy metal in Current
green industry standards for import and export of medicinal plants and preparations and the 2015 edition of Chinese
pharmacopoeia, the content of Cu, Pb, As and Hg in 54 kinds of pieces of gastrodia elata were not over the limit
index. According to the GB 2762-2012 food standard, the overstandard rate of Pb was 40.7%, and neither As nor Hg
had exceeded the standard. The /F'S values of As, Pb and Hg in the fresh gastrodia elata in Xiaocaoba area were all
less than 1. Conclusion The trace elements in fresh gastrodia elata in Xiaocaoba in Yunnan are abundant, and the
food safety risk is in the acceptable range, but the possible lead pollution level still needs to be concerned.
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1 5 &

K W (Gastrodia elate Bl.) 7 % % &, = #
(Orchidaceae) i), ToMR oLkt F, ZIREL N4 5
bt BT 2R CRRARREZ ) Uha8 T KRN 2y
R, “AMEE SO, R0 bl HEZERT 2
(ARFHRE ) PRI Ty “KIRE . . L. AR
R, BEHEREFHAEE, ARG, BEKAE, BT
“TRZ MR, BRI AT T MRIE, KRR
FOCRAA BN . SRR . B . PiR . BeE i, i
REFRE AL R TE ¥ . M MR KRR E G0 X, gk
CRONIR R ) 08 T BAEA % GUBOE 52 /NE 3L R FRAE
HRAIETT AL o AT 5/ NREI R R A e A I T
RENEI S | SRy B IR IBR 377 Hi R T b ™ X

R 5 A 15 K B R IE AR T, RO T B A IS Y
B3R, DR TRSEH AR K JE, RIRE =R #b a5 2561 1Y
N AURR T AZ, W22 & IR = e R
o RIRIE MR VE B SRS P s, FZE )i il
LS, AP IACKER . RIS, RRG5 S
BOER M, R WA RN HRIE bl A S SR 1
RV, BRI H#HE TR, A% TR K
JBR, BB RRAVE A M A R M R, WA R,
It HHEA R R EE SRR . BT, ER DA MREZE G
CIEAEAL SR RFRAE S #e AL e B 2 B i SUR h 2 W s
IR

RIRFILRM SR SERMEAERVNRR BT
WO ) R B S S A R IS (inductively
coupled plasma-atomic emission spectrometry, ICP-AES)®) |
B JEH 6 45 1 I T i% ¥ (inductively coupled plasma mass
spectrometry, ICP-MS)PIZE 4844 Fl T Kk b L R S &1
G0 e (HSR, BRTXS TR 8 R BRAE £ i R AL IS
W (B0 AR 55 7 T F T 3R /b, e mli Bl SR 2
R A B TE B 2 R IR S /NE DR JRR O E R R X 4, R
JI ICP-MS S Ml R It 5 AR IRt i U T & Fe
Cu, Co, Mn, Ni, Se, E&/B4/EILRE As, Pb, Hg, 3t
1t 9 B, FFHATAHTIE, BFR/ NI R R4 LR
Fra O, AR e R RRAE S B A R (R A 5 AR
L%

2 MEAEE

21 #HmEEREIE

TE IR BRI )7 X 2 g 4 R T 4 R B, FE /N EE
S R A 7= SE b HOR AL R0 kR 54 14,
LR 2 FORIRR 3 BRRRES 5 1, 4 ORI 11 14, K
SRR IR 28 7o

22 RAFHNSNFE

ZIR IR AU (10 pg/mL, EE SPEX A H);
ZICRIRA WA (10 mg/L, FE SPEX A wl); AHRR(IL
24, 3E[H Fisher Scientific A F])o

Thermo X SERIES 2 Hi /8l & 55 5 A BB (35 [
Thermo Fisher /A #l); SI-234 Ji4r 2 —H FRK¥-(EH
DENVER 2 F]); B-400 ¥ 5 HL(GH 1 BUCHI 22 F); Milli-Q
reference FAALKHL(EEE Millipour A H]); ETHOSI il
TH AL (KA Milestone A H]).
23 HmAE

AT FE R R v He (0 % T vk, AR 4B R
FITER A B = IR T B2 Mre s . FARBRELT:

BCRBRAE i vT 6 AR 43, el T, VL A3 BB A
A3 RRFDNAT R RE . FRRINAE S8 R B THLRE ' ) R 51K HIRE,
RN, HETRFRIL 0.5 g(IRAE)RFINAE & 8 5 DU 56 £ I 1 e
HEFR, A S mL ASER, 1230 1 h FERCASBEE A, %
FE UM TR T o THARES S, PRI AR T SR
BR. RRREN, AR, FIE, MMM RF IR 1.

x1 WKHBRER
Tablel Microwave digestion procedure

I BAERT

1 FHEIA] 5 min, JERE 120 C, FAFFHHE S min
2 FHRIE] 5 min, JEEE 150 C, #F5HHE 5 min
3 FHRAE] 10 min, #&EF 190 C, {RF5AFA] 20 min

24 LWHE

KHEAEBETEMME T ES% GB 5009.268-2016
(BT EERRRE &5 P20 Mme ), SR AL
e A R Ny 7

KAMINGE T 5% GB/T 5009.3-2016 &b %4
FhRE BRI ) U, R AT .
25 E&RSEMITFMNKE

EE N ES ] R S i Rl R o € I N B 1 G R N
TR 2. BT E G B RN AR 28 X2 h 26
P S, AR SO R i 225 3R 1 BUA T R i A B R bR I

RIS VISR F AT, XA 5EEEY
Bl AFFRRERPH FITEMKYE GB2762-2012 (B AL
S FARE AR R R ) U SR TR
B < 0.5 mg/kg, MK <0.02 mg/kg, < 0.2 mg/kg(TR
R T < 1.0 mg/kg).o

26 RMHPEERERERRERKMEITFMN
PR bl 22 550 TFS PRAT B A SRR 22 RS . £ b
AT BEW AR R PR AR B AT O, R DL



9522 BRI, S /NREHUETEE KRR b 2508 m L= F i oA 5989

*2 BEFRMXFEHEERRERER(MYkK)

Table2 Herbal heavy metal limit standardsfor various
countries/regions (mg/kg)

] K/ IX. T Cu Pb As Hg
(P EZIL) 2015

P 2t 200 50 20 02
(AT IR I
BRI O S e fT ] 200 5.0 2.0 0.2
by B

B E 25 4 ] — 50 50 0.1
5 [ 25 Y izl — 50 20 02

ISO 18664:2015

hERZ - RAE ch2hk — 100 4.0 3.0
4 g BR A

3R DA 25 -
mpeee M0 < 00— =
I P 24 002 e — 50— ol

IR IR AN S 0 PR AR S %
SRR WAL RIA & S 2485 IFSc.
EDI - x
Socor 0
K1, CHESGIEICEK; EDIc HEE)EITER CHY%Lhr HE
A=A, mg/kg; £ IEREG Slc W& ERHAE me/d;
bw NIAHE, kg,

EDI, =Y (R xF,xE;xP) )
2, RUCGHE S i PEAR T & B (me/ke); Fi NE
i AT HIE SRR (g R BB | TR R
F5 PR | N C AN

ARAFE Y SIe % FH (provisional tolerable weekly intake,
PTWIfli B A, bw=60 kg, =7, E=1, P=1.

]FSC =

Wl IFSe BITHE R T IV B R R A 12 ih
LARNEWRREE . FUEARUE: IFSc<<l, XE L BITREX T
i LA BT, IFSc= 1, ZHE SR ICRI L2
09 XU 2 T LA 52 1995 IFSc>1, E AR ICR N B hh L4
SR RS T AT 52 I BIREE, IR Al 16 ik A XS A B
Y

IFSc AHH A Al A .
SIS
IFS = C:Cl...Sln (3)

FEXAIFOL T AT AT A5 SR 2 IFS<<1, FithoE &
A R 9 AR 2 ARSI IFS=1, Fr b i i
X P AR R AL AR N AT LU SZ . TFS>1, FTiikse
B A X B AT AR AR AT 32

3 HR5S

31 RMPEECEEEMNERIN
54 i KFRFES P Fe. Cu., Co. Mn. Ni, Se. As,
Pb. Hg 3t 9 i & @ e & & B IS IN G255 02 3. 2 Il
1724 FARE Y ekl 7l it D sk e Tk bR ) (O 5258) B p
FEZiL ) 2015 4RO E AR BRI, 54 By KRB
Cu. Pb. As. Hg W& &AL R E TS bR, IR
B K RRHC R GB 2762-2012 £ S brUESFITHIE, Po A
40.7%IMER A, As . Hg B Hh BB ARFE AL
32 TRIEHHMXXHRPESERIEMNERI
PER WD R BRFE S 54 4, Hih 2 e R/NE 7 X
RHE 38 1, mEdERIAE/NEI X IER T 16 14, FR5
FEEEIOERMGIT AP RIE 4, KAHREAR

* 3 EERREMLE R (n=3)
Table3 Determination results of fresh gastrodia elata(n=3)

i::i ﬁ{g Femtk P& R/ (mg/ke) P50 P90 P95 P97.5 EZE(f) igﬁfﬁ
Koy 54 62.91671.6269 65.0500 77.2000 79.1500 81.6500
Fe 54 15.9415+0.7319 15.4829 21.9282 29.1085 33.0772 \ \
Cu 54 0.9194+0.0278 0.9234 1.1959 1.2655 1.4425 \ 0.00%
Co 54 0.0661+0.0069 0.0484 0.1533 0.1891 0.2159 \ \

Wit Mn 54 5.4826+0.2667 5.2580 8.3702 9.1036 10.3969 \ \

ENGE Ni 54 0.1334+0.0092 0.1212 0.2150 0.2643 0.3806 \ \
Se 54 0.0054:£0.0003 0.0050 0.0090 0.0090 0.0096 \ \
As 54 0.0113+0.0013 0.0097 0.0259 0.0268 0.0313 0.00% 0.00%
Pb 54 0.1868+0.0215 0.1333 0.4255 0.4966 0.5833 40.70% 0.00%
Hg 54 0.0004+0.0002 0.0000 0.0005 0.0034 0.0077 0.00% 0.00%

H: P50 18 50%A9EHE, P90 48 90%KI %, P95 & 95%MI%LHE, P97.5 48 97.5% B
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FT 4 TERHFMX XL R (n=3)
Table4 Determination results of gastrodia elata
from different regions(n=3)

itall] TR TR P
WH  PNEMPEX/(mg/kg)  AE/NEIE X/ (mg/kg)

Koy 63.7000+2.3249 71.9000+3.9000 0.791
Fe 16.7896+1.7631 13.9275+3.6353 0.135
Cu 0.9120:£0.9340 0.9370+0.9448 0.747
Co 0.0670+0.0348 0.0640+0.0461 0.789
Mn 5.2664+0.0084 5.9959+0.0123 0.072
Ni 0.1406+0.3458 0.1163+0.3503 0.501
Se 0.0051+0.0123 0.0061+0.0091 0.142
As 0.0102+0.0003 0.0142+0.0006 0.138
Pb 0.1400+0.0016 0.2978+0.0022 0.007
Hg 0.0002:+0.0185 0.0008+0.0485 0.218

FE R HTEE KBEP Fe. Cu. Co. Mn. Ni. Se. As. Hg 8 il
JCE S PAE>0.05, N[ X H = )RR I ER & e
4 2% 5 Pb &1 P {<0.05, 3P BAASIR] ™ X 1 K JfR vh
TRAGIERE X, BA M. NIRRT & L
TN X A KRR ABFIREER LN, PRE S BN,
NEEMUR RS A M0 R . AR5 H A X A KR I
WX,
33 NEMFEXAERINKFEPEEEEELNER
AN U5 [XR B A [) 000 R R i, Herp — 2R
RS Pk, ORI S PF, SO S 1, TUZRORRR 11 fF
FES P E SR SRR 5. WK 5 0JH, RR%
BIRBEHR TR ST RAS IS E P EH > 0.05, 5T
2R, XA RSO R ot e R R E AR TR S

HYEHEES . RREERKRFLEEERS, SRR
IR 1 S bR . X OE e AR R S5 2% e 3
5 RFRA 5T o R B[R] 3 R R R R 1 & = AN [,
— PRI A 0.82 g/100 g RFRFE, —H =HIUHK
BRI RBRR S EIE. HEAMRRKARKDEEE TR
A MR RIRBANAS W= AR 22 5 RIS 200 B R R
RIRFR &, MHESIEICRIFAE, &I KRR
PE TR
34 HERRGHZENEEH

G EAR A ZU/HE A 4H 2L (FAO/WHO) K A £ i
WINFERERESHE As. Pb. Hg FWAKREE RIFEA
& (provisional tolerable weekly intake, PTWI)45]% 15,50,
5 ng/kg . ML FE S 28 4 KU A s 22 A O AE SR s
WEE 9 P AR A AL G B2 B SNOR TR AR
PR L AP R BRE A <3 g/ R . WiELio o K& 32
YILATE), I3 6 ATANLHLH & KPR IFS < 1, fENE
vl R JOR PR 453 15 e XU A T2 2 T o /N300 DX
fif IR As. Pb. Hg 19 IFS fEF/NF 1, /NG KO8
BERIBR AT TFS 2 2.08, ST T o XURS: Jre s 9 5L H
PNEAET — AT RS A

4 FHL5ITIR

AR AF 5388 18 %o 9 3 /] R T i R PR A G 3 RN T 4
JE TR (RN 25 B AT AT REAY, Al RIBRA A BE 2 B
SR H 2R PR LR o 25 SRR W R R
B Fe. Cu. Co. Ni, Se. Mn 6 Flisi ez, TEAR”
DX 4038 B R Db P B G 25 S AR [ 4 31 £ KRR
MEITTRE T RB I E 2T, RIATREERIRT As.
Pb. Hg3 M EAEEICER, B GL S EE T 232 U [l
P AH AR /N EEI = DO R JRR R P 11 b e 248 5 IFS>1,

#5 TRAHEMHESEEBINER(=3)

Table5 Monitoring resultsof different ranks gastrodia elata(n=3)

K § —4%/(mg/kg) % /(mg/kg) =Y /(mg/kg) P4 4%/(mg/kg) Pi
Koy 61.7400+6.0010 57.8800+8.0284 64.5000+3.6418 68.3636+2.0064 0.586
Fe 14.3993+1.7306 14.4349+0.8398 17.8810+0.8735 17.4679+2.1314 0.323
Cu 0.8613+0.0632 0.7936+0.1157 0.9792+0.0572 0.8889+0.0435 0.518
Co 0.0412+0.0057 0.0874+0.0343 0.0697+0.0137 0.0589+0.0116 0.583
Mn 4.6315+1.0415 4.4205+0.9903 5.4776%0.8759 4.9313+0.6947 0.745
Ni 0.0973+0.0187 0.1331+0.0164 0.1443+0.0186 0.1465+0.0160 0.224
Se 0.0038+0.0008 0.0058+0.0013 0.0046+0.0012 0.0057+0.0007 0.58
As 0.0045+0.0019 0.0047:£0.0020 0.0152+0.0045 0.0054+0.0021 0.157
Pb 0.0872+0.0275 0.0928+0.0345 0.0749+0.0211 0.0970+0.0262 0.966
Hg 0.0016=0.0016 0.0014+0.0014 0.0000+0.0000 0.0000+0.0000 0.343
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*k 6 AE~AMRESREREITN(n=3)
Table6 Safety risk assessment of different ranks
gastrodia elata(n=3)

FEGZEH]  KIH PSR/ (mg/kg)  IFSc  YIFS
As 0.0113+0.0013 0.26
BT EE R R Pb 0.1868+0.0215 131 0.52
Hg 0.0004+0.0002 0.00
As 0.0102+0.0016 0.24
RS Pb 0.1400+0.0185 0.98 0.41
T ) . ) .
Hg 0.00020.0002 0.00
As 0.0142+0.0022 0.33
A /NI
, Pb 0.2978+0.0485 2.08 0.81
it KR
Hg 0.0008+0.0005 0.01
Vo R A5 YL FE R i, W AR — B R 1 3 XU .

A SE TR RBRAN AT b A B, N ARSE R BR W58 R PR A
FARRITYACE, IR b2 A KA HE

73 IR /N 37 X8 KRR 5 A B IR R RR R L R
HOCAEA REE P DL AF & B o o R MR T R

ﬁmmﬁ,ﬂﬁhﬁmﬂﬁﬁﬁﬁ%&mm BIF5E /N E
IRR BRI PRLAE b 5, )P 24 3t R R S BT 8, R 9 0 1
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