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[ Abstract | Objective; To evaluate the residues of heavy metals and harmful elements in soil of Province
County Jiulong County Gastrodia elata planting base and Gastrodiae Rhizoma, so as to improve the safety evaluation
of Gastrodia elate planting. Method: After collecting samples, lead, cadmium and copper contents were
determined by atomic absorption spectrometry, and mercury and arsenic contents were detected by atomic
fluorescence spectrophotometry, which were adopted as the evaluation criteria for heavy metal content and harmful
elements of all samples. Result: The five measured heavy metals and harmful elements in the selected range
showed a good linear relationship (r=0.999) , detection limits of lead, cadmium, copper, mercury, arsenic were
8,0.03, 10, 4, 6 pg-kg ', with the recovery RSD <2.2% , precision RSD <1.3% , and repeatability RSD <
0.9% , indicating that the method is feasible. The established method was used to determine heavy metals and
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harmful elements of samples held. The results showed that the soil samples conformed to the Soil Environmental

Quality Standards (GB15618-1995) , and medicine samples were consistent with the Green Industry Standard for

Import and Export of Medicinal Plants and Preparations. Conclusion: Soil and herbs in the G. elata planting base

conform to GAP standards for lead, cadmium, copper, mercury and arsenic.
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CE s B2 O BIARCAT , TG B A B b F0 [ B 1 RE RS
2% [ Perkin-Elmer /A &) ) , AFS-8220 &l il + 7¢ ¢ 6
TEA (B ok A a0 B AR T, db 5 3 KA A PR 2
F]), SP-3520AAPC # JF F W Wi 43 % o6 BE I (5 4
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L2 0 Jakgy ms iR (1 24 4 Ak 27l ) A FR
3] b 20131106, fE 44l ) | SR A B (R 4 1l
fe2z2 i A BR A Al ik 55 20130801, 43 #7460 ) |, 48 R
(ERIN AR THERABR A AL #E5 20130918, 9%
ali) A A B (25 48 2= R A R | L ik 5
20130411, 3 H7 40 ) 5 4% 4F B8 3% % (1 000 mg- L™,
GSB 04-1721-2004 ) , 4% %t F #5 # (1 000 mg-L~",
GSB 04-1742-2004 ) , 4 % P& % Wi (1 000 mg- L™,
GSB 04-1725-2004 ) , 5 %t FE 5 ¥ (1 000 mg-L~",
GSB 04-1729-2004) ¥ i [ X A 5 4 & M 1 K
A3 A DA H e BB 5 A Xt R A U (1 000 mg - L7 it
5 1030006 ) , B 5% LR 37 3 bm o A o 0F 5 o 2 1L
L3 HMEE REEFEMRATMERTE LR
TR R AR 3 B, - 18 SRy IR JRR o b 32 s 1) - 9, 3 b R
I3 DX H AT BEHL A 1% 2R AE i DAAE SR FE 5 4 38 10 R A
W Z R AR (A 1 AN ML 5Kk 3 ~ 5 AL, 2R
JEERTAFEAR), TERHERRELT ARNT
J&i B A0 0k AH YR FR AF R YL B A 3 R A R
PR B BIE B | 3 100 F 65, 7

2 FAEEER

2.1 U TAEAME R RBOLE I TSRS
BOLER 1, R T2 i A TAER S5O R 2,
1 RFRECLENTEEHSH

Table 1 Working conditions of atomic absorption spectrometer

XA Pb cd Cu
WK/ nm 283.3 228.8 324.8
F IR B/ C 110 110 110
TR SR/ s 30 25 20
KA E S/ C 950 800 1 200
IRACAE S 6] /s 20 25 20
B ALRE, C 1 600 1700 1 900
R T ARSI H] /s 5 5 5
HLAA i )/ L 3 3 3

2.2 Jrukepggeter

2.2.1 BN HRVE VR AR ORI O X HE S TR

(1000 mg-L™",GSB 04-1742-2004)1 mL ‘& 100 mL

T, KR B 2 %0 3 A3 B A 45 (10 mg-L71) 5

B 2% B VRS 45 W 0. 5 mL & 50 mL =i, FH K # B
- 33 .
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2 RFRHKBUTIESMESH WA BORRRZEB R A (40 F)0.5 ¢ KBRS, B
Table 2 Working conditions of atomic fluorescence spectrometer ?%}E{#}ﬁ%ﬁé V‘] ﬁ%’g ':F' , le] ﬁﬁ M 7 mlL , _%'%_J: V‘] _j_u% , ﬁi/\
MW;;QM/V ;i 3A02 PN BT ﬁ%ﬁﬁﬁ@ﬁﬂﬂﬁé 55 P9 m
BT “ “ 170 CARRE 3 b HCH A 50 28 2 06, o4 30 foe e o
AR, C 800 500 T HL AR B 170 Com#k 4 205 6 R IR, B W
J5 T 46 48 75 E/mm 8 8 2501 mL, &, B E 50 mL P, mikEh g 2.5

AEOH B/ mLe min 400 400 mL, P K B 5 20 4850 A5
B i < B /mLe min ~! 1 1 2.2.7

&I

B A A 2.5 g, Jn A K
i, RS AR AT A ALl 10 g,
ik Je T 2l K B 22 500 mL, $E 2]
=3 W2 50 mL T 1 000 mL H# ),
JHK i B 2 20 %, $82)

FZI P AFHE W (100 pg-L7")
2.2.2  GRARAT R A WA R B B X AR W
(1000 mg-L~", GSB 04-1721-2004)0.25 mL & 50
mL i, FH K A6 B 2 20 B, 19 5 A A5 W (5 mg -
L7 % B BUR i #5002 mL ' 50 mL &0, A
K H B 2 20 AR (20 pg-L71)
2.2.3 XS MRS WA A BOEE X R VA (1 000
mg-L ™" GSB 04-1725-2004)0. 5 mL ‘& 50 mL & Jifi,
FHOKH B 2 %0 B, 15 4 4% 45 (5 mg-L71) s K 2%
U 59 0,1,2,4,8,10 mL, 43 5| & 50 mL &,
FH KR o 28 200 B, A5 i 4 BB 900 3 W (A Y T %
R BE 0,0.1,0.2,0.4,0.8,1.0 mg-L™") .
2.2.4  ORXMREM A WIS R B WOBOGR R BRI
(1000 mg-L~",GSB 04-1729-2004)0. 25 mL & F 50
mL L, AR ER R 2.5 mL, FIUK A B 2 20 B,
P AR RAEA W (5 mg- L") s IR 459 1 mL,
100 mL, HI7K 6 B 20 B, 48 51 J5 , 45 R il 1
(50 pg-L™") 43 DkG 2 W BOR 1 FH ¥ 0,0.2,0. 4,
0.8,1.6,2.0 mL & 100 mL i, fil A ¥ £ % 5.0
mL, FIZK B R 205 4550, 45 R X B R 4 W (AH Y
TE R RN 0,0.1,0.2,0.4,0.8,1.0 pg-L7'),
2.2.5 AN BRI WA A O B WCIBCRR 0 X BR
(1000 mg-L™",130006)0.25 mL & F 50 mL &
M AMRER TR 2.5 mL, FIK B 2218, #5457,
P P (5 mg-L7") o WREUE A% 45 W) 10 mL, &
100 mL, FZK# B & 20 B, #2 21 J5 , 45 fl 4 W (500
e L1 KG 2 W ORI 0,0.2,0.4,1.0,
2.0,4.0 mL & 100 mL &, il A HER R 5.0 mL 1
10% R W 10 mL, FK G B 2 Z0 5, #2457, 159 i
X IR RN W (H S T & Wk 0,1.0,2.0,
5.0,10.0,20.0 pg-L"),
2.2.6 E RIBKE M OR b ICER A A TR
.34 .

I - R i oR i o 2 A At 3K Y VR
& OWHHEO0.2 g KW AR, B T TR A 0 N E
ISR 5 mL, SRR 1 mL B F 5 R R -
170 °C , Wi f#% 30 min, O J5 F A 2 mL A4 R , 35
ERE ARG RNE D R R, K5 E TR
ST HRA IR, 160 CARRE 3 h i, U R A &
25U N T i A IR P AR L 170 °C AR 4T R
SRR BIHE WY 1 mL, %R 2 50 mL &,
I ER R 2.5 mL, KRG B 2 20 8 4850 1A

2.2.8 U E KRR 2 A AT R R T R G AR
W& O RZ R B K (40 H)0.25 g, 45 % FR
BT R R RE R, NS R 7 mL, 3 AN
FLMAREWE R H ARG E T RS
TEAE NN, 170 CORFE 3 h BUE R A R =R,
T M e B R R [ 170 °C Ity B 2T b A S AR
R, BHEW 1 mL, B8, 55 %2 50 mL &,
I ER R 2.5 mL, KRG B 2 20 8 4050, 1A,

2.2.9  HE SRR SR AT B B T B B0 A
Wl s BCEHE0.2 o K ME, BT RN LM

P18 v T A PN R A R 5 mL, SRR 1 mL E
FH R AR - 170 °C, U % 30 min, 074 5 BN
A2 mL R, 3% LN, ARG IWE T, e S
LR E T R IRGET B4 N A, 160 C 47 3
he, JBCH ¥ 20 2 200 K 3R DU R £ J D IR A L R AR
Br b 170 CIm#k, K aiii SRS, B 1
mL, 568 % 50 mL B, IR 2. 5 mL, #EH K
R e I I

2.2.10  JLORECHEFR W EEY A LVE R 0. 5%
MR BE [ Mg(NO, ), [

2.2.11 JEFI & FRICESEAEN 5.0 g, ImA
T R 4K TR 58 SR S M AT S Ak Eh 20 g, %
JE K BEZR 1000 mL, 3757, H145

2.2.12 HEWHH A EBOKEER 25 mL BT
500 mL s, B 2K A B 2 208 #2450 1S
2.2.13 R W A A FREL10 g Bk, = 100
mL S K 2B T K bSO R AR
10% i lbx , BAECBE A o
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2.3 brdfEdhZeny gyl % 2.2 WOR vk A
B R BT BEOA U, R 2. 1 TR AR SR A 43 S
I 5E WG RE A RIS G (R, LAAR LY A 8926 fE o 4
AR, LK BE P M B OB A B, 23 0l E A A [
9. SERBHAT LA —E W H N LR R
b AR WA 3,

%3 SHELERAETROAFEAXRR LML

Table 3  Five kinds of heavy metals and harmful elements of

Regression equation, correlation coefficient, linear range

7 475 B HI%RH ir:t‘f@
B A=5.50x10"2C-2.00x10""* 0.999 4 2 ~20
H A=1.60x10"3C+3.00x10"? 0.999 8 10 ~ 100
K A=1.05x10"2C +3.00x10"* 0.9998 0.1~1
Bl A=2.10x107°C +2.50 x10 ~* 0.999 5 50 ~ 800
il A=2.40x10"°C+1.10x107? 0.999 9 1~20

2.4 KGINBR 2.1 R0 GE A, o Bk g E
N Rl S R R DD I RN N TRl = B2 )
AL2 3 L A B 3 4% BRI 3 15 5 R
FEAEAE ok B o A A A R A g e T B 43310 g
8,0.03,10,4,6 pg-kg ',

2.5 KEEiR

2.5.1 & WU 1 mL &Y 100 ng (4l GE &,
HESIERERS L 201 TR E A, iR E A h ik
FEAS , 3 3 IR TAEM 4 L, BEAR R 3 L, %
SR SE A 6 WK, ZEHY RSD 1. 1% , B AR 45 % 1
Rt

2.5.2 @ WUEE 1 mL %4 20 ng ({8 FH RS &,
SRR L 2.0 1 IR E A, iR E A Bh ik
FERS 0 50 W U4 T AR 10 L, B4R Btk 3 uL,
HELEM E A 6 K, 5 RSD 1.3% , 3% B #8 KG % &
Rt

2.5.3 4 WA 1 mL &4 10 ng i TAEW W, 4%
2.1 0 FAXER AR, Bl s e A 6 IR, 4
RSD 0. 7% , 3 W 4545 % B R AT

2.5.4 Sk W1 mL &K 0.4 ng 1 TAER W, 4%
2.1 TR AR S 43 0l 3% S o SO MH 6 IR, A5 AR
RSD 0. 9% , & WAL 45 K5 2 3 R AT

2.5.5 fiff HUBE 1 mL &S ng B TRV W, %
2.1 IR AR A A o3 3% S A OB AH 6 K. 4
RSD 0. 6% , & B AL Z5 4G % B R 4F .

2.6 FEEE DS FRE KRS M R
AS 6 0y, A3 R 2.2 T A A VY & O
3R A, e 2. 1 TR ACER SR o0 i L

P TIR G N N N 72T B RN /I T N N 1)
RSD 435 % 0.7% ,0.5% ,0.5% ,0.9% ,0.6% , 1&
LB H L SR B Y RSD 4 51k 0.3%,
0.4% ,0.7% ,0.9% ,0.9% , Vi E G R I,

2.7 MEERICEEE R AR E SRR T RN K
J7 B U8 KRR B A 35 M 7 0 R R R 2 AR A 9
0y, RIREGHF 543 0. 25 g, B +- 35513 0. 1 g, 73 A
34, B RS MO GE B0 ET VR L LR VR
X RES W, #2202 T AR5 I VAR o A8 O 1k o
FESD, IEHE 2.1 TR SR A5 1400 5 SR A A 2 1B A
TR VAT A DL R R O i T B 4
6] g % ¥ 16 98.38% ~ 101.01% , RSD 0.4% ~
2. 1% , RWHZ T ¥ e B R AT

2.8 MM EEIE KR BREE & 4 R
2.2 TR £ KL &, JF 2 2.1 300 A % £ 44 2R A7
AR IR 4,

£4 FRLBHSTELRREETENE

Table 4 Determination results of heavy metals and harmful

elements in samples mg-kg ™!
8 F A FH TR B
No. A
Pb Hg As Cu
1 FRE-1 nd 0.023 - -
2 K K2 nd 0. 033 - 2.53
3 K JFE-3 nd 0. 020 0. 04 5.20
4 N nd 0.021 0.05 3.75
5 K K5 nd 0.024 0.07 2.54
6 + B 5.06 0.243 7.57 25.8
7 + 2 4.98 0. 205 9.27 27.3
8 +4E-3 3.72 0.221 5.45 15.8
9 + 44 5.12 0.207 10.0 27.3
10 +HES5 4.97 0.197 3.21 16.7

TE: nd FoR &R TR SR, Cd B TR R, 3R (LoQ)
S5 0.008 mg-kg ™', 4% 0.01 mg-kg ™', 41 0.11 mg-kg~", fh 0.01
mg-kg ™', K 0.02 mg-kg™'; R (LOD) J 4 0.25 mg-kg ™', 4
0.1 mg-kg™" 41 2.5 mg-kg ™', 7 0.2 mg-kg™',5K 0.02 mg-kg ™'

AL - U 8 B AR o ( GB15618-1995) ) )
FE :As<40 mg-kg ', Hg<1.5 mg-kg ' ,Cd<1.0
mg-kg ', Pb<500 mg-kg™',Cu<400 mg-kg ', LI K%
Hh 2 SR 2 A W) R i) 300 0k 10 6 A M A 9 )
FXF 25 As<5.0 mg-kg’],Hg$0.2 mg-kgfl,
Cd<0.3 mg-kg ' ,Pb<5.0 mg-kg ',Cu<20 mg-
kg RLE XS M T A E A R O E TR
(2 i Ko R AR, KRR 250 I & & )
LA FEITCR M A AR A AR 3 A E R 55 6

.35 .
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“ 2 MY KRG R e e AT AR ET (WM/T 2-
2004 ) R
3 itig

KIKI A L3RR IR, oM, okt v, 7215
K 1640 m (1 H AR5, RIRAD 8 & 28 Fh -+
B AETE 227 36 A H L E AR IR E T 4
oo BRI RURRR T AR AR P Y A TR T 22 L
B F ) A SR SPSS 18. 0 X i il 4 K R
2R L 18 A R AT E TR A R AT
FER B Z [ AFAEAROCHE o (H R T RIBR 25 4 F 2535
Pk TR R2E  KAEZA AR T HIEZT, LR
AR Ty 5 e KRR B i oL, I KRR H: v i 4 R
AETLREZRALERN ., AXEERLERWFINE K
J5 B U e PR oA b B - TR R S R AE 3,72 ~
5.06 mg-kg ', KA EAE 0. 197 ~0.243 mg-kg ', il
GHEETE3.21 ~10.0 mg-kg ' 4 o AE 15.8 ~27.3
mg kg JFRBEIHBIOR, F I ELE LA ECR
o AR T 4 PR BT B &= A fE (GB15618-1995) )
(Y FILRE T T 000 2 ) 32 5 B T 7 18 SR RR 245 b vh ok %
5 7E 0.020 ~0.033 mg-kg ', f &7 0 ~0.07
mg-kg ' Ml S HEAE 2.53 ~5.20 mg- kg ', IR
B ETTRE MBI R SN ESE A FTRYRT
25 A Py B il 390 2 1 10 60 4 b s o ) 1 B 5 B,
T B Y AR KR T R AR,
W FAE R M AE K GAP JHedth

AT R T 4 RO R Y 7 58 ok ok T At ot i
ATAbRR . 55 1 Ry 28, 7 L IEAE AL 0.2 g P AT
B2 5 mL FE47 # I % 30 min, & H G, 4> BIAERE & h
A Z IR 1 mL, /2 2 mL 7E 160 CIHM# 3 h; %5 2
P58, A6 L HEAE S 0.2 ¢ "R AR 5 mL 47 Tl
T # 30 min, ¥ 2S5, 78 20 S FEAE &b Hhoim A SRR 2
mL, 48 7 mL 78 160 CiHf# 3 h; %5 3 Fy %= 76+
AL 0.2 g M AGEER 5 mL #E47 B /% 30 min,
PG 765 AR S PO A E R 1 mL, = w2
0.5 mL,fil§f8 7 mL 7E 160 C 5% 3 h; 45 4 Fhiy %,
TEIEFENL 0.2 g P ARHER 5 mL 347 15038 fi% 30
min, ¥ 25, 20 N AEAE S OISR 2 mL, SR
2 0.5 mL, /R 7 mL £ 160 CiHfi# 3 h, ZH5C 1L
BOX 4 B vE 1 ROy BATATE L T R S A, S
B 8 AT, D M B 2 0 T YA T SRR TS 1 A
UE (D IES vk
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