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 E R AIRNNIRREMFELELSETNT & FREERJZENBRIMELELTOI R, 7k RAEND
KAk A Ak Xéi‘?}ff’éf KM B B koAl 8 254 A (As) R (Hg) (45 (Pb) 4R (Cu) 4B (CdwgaE, KA
SPSS 19.0 #&k Ak s 2 3B AT E M AAa R 54, 2R As Hg Pb.Cu . Cd il T 2% B &KL E 5 8 4 0~16 ng/L(r=
0.996 0) .0~18 pg/L(r—09996) 0~50 pg/L(r=0.999 7) .0~0.8 pg/L(r=0.999 0) .0~4 pg/L (+=0.998 0) ; # M [ 5 %] 4
1.3x107%,2.4x107*,1.9x10*,0.33.1.8x10 * mg/kg; & #4531 A 4.4x10°.8.0x10*,6.2x10° . 1.1.6.0x10 * mg/kg; 4§ 2 £ 48 %
M F A RSD<3.0% , An A B 5 31 4 99.1% ~107.1% (RSD=3.13% ,n=06) .94.1% ~100.5% (RSD=2.36% ,n=6) .
98.9% ~104.8% (RSD=1.81% ,n=6) .92.7%~100.3% (RSD=2.92% ,n=6) .96.6% ~99.9% (RSD=1.26% ,n=6) , %K % F 48
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Analysis and Contents Determination of Heavy Metals in Platycodon grandiflorus at Different Altitudes in
the Three Gorges Reservoir Area

JIANG Dengjun', HUANG Jiao*’(1.Chongqing Wanzhou Institute for Food and Drug Control, CHongqing, Wan-
zhou 404100, China;2.Chongqing Three Gorges Medical College, Chongqing 404120, China}, 35Chongqing En-
gineering Research Center of Antitumor Natural Drugs, Chongging 404120, China)

ABSTRACT OBIJECTIVE: To establish the method for simultaneous determination ‘of heavy metals in Platycodon grandiflorus,
and to explore the effects of altitude on the contents of heavy, metals. METHODS: The contents of As, Hg, Pb, Cu and Cd were
determined by hydride generation, hydride generation method, ‘graphite furnace method, flame spectrometry, graphite furnace meth-
od. SPSS 19.0 software was adopted for clustering @nalysis and'correlation analysis. RESULTS: The linear ranges of As, Hg, Pb,
Cu and Cd were 0-16 pg/L (#=0:996 0)), 0-18 nug/L(r=0.999 6), 0-50 pug/L(r=0.999 7), 0-0.8 nug/L(r=0.999 0)and 0-4 ug/L
(r=0.998 0). Detection, limit were 1.3x107*,2.4x107*,1.9x107°,0.33,1.8x10™" mg/kg. Quantitation limit were 4.4x107*,8.0x107",
6.2x107°%, 1.1,16.0x 10 "\mg/kg. RSDs of precision, stability and repeatability tests were all lower than 3.0% . Recoveries were
99.1%-107.1 %(RSD=3.13% ,n=6) , 94.1%-100.5% (RSD=2.36% ,n="6),98.9%-104.8% (RSD=1.81% ,n=6), 92.7%-100.3%
(RSD=2.92% ,n=6), 96.6%-99.9% (RSD=1.26% ,n=6). Samples with similar altitudes were clustered into a class; the con-
tents of heavy metals decreased as the increase of altitude; there was significant correlation among 5 heavy metals. CONCLU-
SIONS: The method is simple, precise, stable and repeatable, and can be used for simultaneous determination of heavy metals’
contents in P. grandiflorus. The altitude has a certain effect on the quality of P. grandiflorus.

KEYWORDS Three gorges reservoir area; Platycodon grandiflorus; Altitude; Heavy metal; Content

it B A A B BL A ) A BB Platycodon grandiflorum
(Jacq.) A. DC.HYT4AR , HATE fili A AR AR Z
N, W T R 22 ) el ANy | WA 5 I 3t oo e
SERERIAR YT RS AR A TR E ATl ATk DL

A H TR THZ R FHE ARV RS H (No.KJ131801
KJ1725388) « T B 17 5 &5 HRY 48 AR Be 458 % AR e T 100 H (No.GZ-

TG201603)
* EEAI . WESE T B2 T 5 A . E-mail:
15503141@qq.com

#BAFAEH VR WFFEr 1 - 25 B 047 53 . E-mail:
huangjiaol108@126.com

HEZED; 2017 45 28 4 12

SO DU AR, eI | H AR R PG AR R b X R
TRAAT 43 A, AR K TR 2 000 m DLF B B Ab 55 A
RO KSR 2 R e g 2y DL EAT B R R
it | B 97 55 2 Fh o) BE T R Mz BT E AL, 3
AR T NS B A R Z A AT, R =
KT 2B AT TR 20, =0 RS
KZ R 500~1 500 m Ab , Ry 275G PFEA 4% 48 25 1
i, N RGP S PRI 2% (0 12 A GRAIE I TR FH 25
L AARMRLEARE A B N2 5 5T T iR R R
XA 24 4 T R (R S A B R P 2 R i

China Pharmacy 2017 Vol. 28 No. 12 - 1687 -



FAL, X RERE LG 41 R S AT B AR R AL
AR VRAI AR I3 W e i 1k LA (As) ok
(Hg) JEH(Pb) A (Cu) 4 (CA I & i, B AE Ry — Ik IX
RERE 2 (0 o 4 R s i A A B RS IR A

1 #d
1.1 =8

AE240 B HL 387 K- [ TR 20 (R i)

1.3
FEREZG M T 2014 452K 1 =02 P IX AN [m] 4 e 2 (AL
R 1), M RESFIEVREBRIETD , BB 5 T4, RIS
ZRTRE G, 2 T N Bt 24 S RS 36 T o G AR M e
L o
F1 EEAMRIE
Tab 1 Resource of P. grandiflorum

H PR F]; EH20A B #UR (AU RSRIARRMUER R & %5 KB 5 KM
A 71D s PinAAcle 900T BTSN I EREN (il ! e ; e
2 Yy SAIZ ) > M
PerkinElmer 2 7] ) ; MARSG6 % & A i 10 A (351 57150 . i
CEM/AH]), 4 FF5L/800 10 Jil/800
L2 ik 5 TFE1200 1 Tit/900
As.Hg Pb.Cu CbRIER I (R bRE D 7, 2 = T
s HE B 43 1 GSBO4-17422004 . GSB04-17422004, 2 JTASHER
GSB04-17422004 , GSB04-17422004 , GSB04-17422004, 2.1 DUEEMESRMF
Sy SN2
FeBEV HE 494 1 000 pg/mL) 5 50 T FIL 019 9 4347 R
i, KR RBAK . 22 EBAHIE
K2 IUBWESH
Tab 2 Instrumental determination condition
e &M As Hg Pb Cu Cd
Wik Aotk Atk FEhk Ktk Fa) ik
e it T EAT T P DBRST 7 DBRAT b BT
ST mA 380 185 10 15 4
TSI 07 07 07 07 07
Wik 1937 25365 2833 82455 288
TFHEEE /B, /s 130/30 130/15
TRAGERE /0], s §00/20 300/20
FF LR /R, /s 1,600/ 1300/5
HafiE ESHN ESH
EEA 1% MEMR03% FE e 05 Mmoo 2 Ak mER
B 192 (1-400) 1 BERE(1-100)
PR IR TR AR R TR
Wik FilEthekt: Filel ek frfEh tilElh ik frfehZe:
2240 VbR (1) As: BUCAs BRFES W 1.0 mL, i P AR S A 1.0 mL, B F 10 mL &I,

BT 100 mL IR, 0.2 % RS BR VA E 25 A As 5
B N 10 pg/L AUFRUESHIY £ . B As bRvfEdh It
1.0 mL, BT 100 mL B, 0.2 % fil§ BR 75 2
25 A% As TR EE A 100 pg/L AOFRUES A . R HEHL
iR As RS AR 0.0.5.1.0.2.0.3.0.4.0 mL, 23 # &
T 25 mL S, 43 ARG 20 25 % MU AR A | mL, $%
A1, 010 % HLIR I FRIA R | mL, #24], I BRI (20—
100) %E 25, $E5), % %€, B F 80 C/KIEH in# 3 min, B
RO AT As TR E 051 0.2.4.8.12.,16 pg/L 1Y
ZHNBRUE ST - (2)Hg: $52.2.1(1) "3 R Jr¥E4hil i He
JoT R A 100 pg/L MBRAE S . FE %% it L F A Hg
FRUESL A 0.1.0.3.0.5.0.7.0.9.0 mL, & T 5 mL &l
o A BIRE R 20 % BRI 0.5 mL, 5 % = Fl PR B
10 mL, $257 , T 01 5 % Eh FR PR e i T 28 R 2T B A %
TZKE 25, #8257 , 4% Hg LRt 430128 0.2.6.,10 .14,
18 ng/L 1Y R BNBRUE ST - (3)Pb: 42°2.2.1(1) "5l T J5
R B P SRR 100 png/L IARUESR W A, HEHL
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0.2 % MR R E 7% , il B P BT LR 0 10 pg/L bR fE
NV B 5 53 B IR PO ARME A A 5.0 mL, % T 10 mL
S, FH 0.2 % il BRI W2 25, T B Pb J5T v B R 50
ng/L BIAR SR IATR Co BU L IR P ARvE A B .C #5318
2, J10.2 % Tl ¥R 15 W ) B P I3 R B 4331 24 0.5, 10
20,4050 pg/L ) RAUARE A - (4) Cu: 4%72.2.1(1)”
TUF Jy i B Cu 5 5 MR B S 10 mg/L A9 A o i IE7 &
W BRI CubrifE I & 1.0 mL, & F 10 mL &l
oL 0.2 % il R W E 75, il i Cu BT it MR B2 A 1 pg/mL
FIBRUE SR TR . RS2 B A Cu bRvEA A 0.0.25,
1.2.3.4mL, &TF 10 mL &R, 1 0.2% il iR 75 T E
75,45 Cu #4312 0,0.05.,0.2,0.4,0.6,0.8 ug/L
Y R AN BRI R (5) Cd s $42.2.1 (1) " 301 R 5 il i
Cd B ¥ B R 100 pg/L AIFRAE AT Ao B iR Cd bR
HERAM A 1.0 mL, & T 25 mL 3804, i 0.2 % i R I
WE 2,15 Cd R A 4 png/L (AR UE S . B E
IR CABRE S A TROE B, T 0.2 % B TR 1 Y 1) o, Jo ek 3
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3515 0.0.8.1.2.3.4 pg/L i R FBRUESE AT -
2.2.2 PERAMAER (1)Pb: BZGMERSHLKY 0.2 g, K%
FRAE , BT R VUG T A E N, A R 9 mL | &R
0.5 mL 130 % i F AL E WA 0.5 mL, IR AT, 56 N 75, g
FHNE B T i T AT R . RS S L B
TH A N T B B R R IR B LA A2 RIS IRk
SRR WG 2 2 mL, A UK 45 2 25 mL, $227 , 1
[ R S W T v TN R R e = D R
o (2)As: B 2.2.2(1) 73R 25 0 BRI VA Pb A
VW4 10.0 mL, & T 250 mL fE i, A 25% Ak
VW1 mL, 257, 0 10 % BUIR MR 1 mL, 257, &k
PRI (20—100) EZS , 25, % 2, BT 80 C/KIBH
3 min, UL, 02, IS As R IR . BRZGRRE R
]l 5 25 1 0 BR VAT (3) Hg - BUZG A RR SRR 0.2 g,
KRR, B TR ST AE TN, ISR 9 mL &0
12 0.5 mL 11 30 % 1 A AL Z AW 0.5 mL, 1R AT, 35 INH:,
EEANE, B TR TR . 120 SCHEERR , K
KGN 20 % B R VS W 2 mL, 5 % o A BR A VA IR 0.5
mL, $257, 0 5 % Eh PR P RS W 22 SR 2L R I IE R B
2 10 mL i, K BER A A VR IF TR,
KAELS 5] il Hg s a5 v . BREG B FE i, [R)3k
il £ 25 X BEIE T . (4) Cu: $22.2.2 (1) " TR 7321l £
Cu M VAR RN 28 PO BRI I . (5) Cd : F4¢42.2.2(1) "
TR A Cd R R RN S N BRI
23 ZUXRER

K EE“2.2.17 0 F As Hg .Pb.Cu.,Cd & 51l #5 if
ARV TR AT T, F 2.1 IR AR ARSI i
SRR o AREIN T ER BT B (x, pgll) B AL A
HCEE () A YA AR HET T2 N, F5R I 7 5 4 v
FEL DL 3 o

3 HEAE KEEESEEMR KR
Tab '3 | Regression equation, linear range and detecti-
on limit, quantitation limit

Rl [ElEygE ro BEEE pyL EER, mg/ke IR mg/kg
As y=0.01497x+0.006 88 0.996 0 0~16 44x107 13x107°
Hg y=0.00779x-0.001 93 0.999 6 0~18 80x10°* 24x107
Pb y=0.001 68x+0.00094  0.999 7 0~50 62x107 19x10°
Cu y=0.084 85x+0.001 69 0.9990 0~0.8 1.1 033

Cd y=0.04765x+0.00486  0.998 0 0~4 6.0x107 1.8x107

24 TEERSKNRERE

FE 2% B 2.2.27 T A REIN T 2R 25 10 RV A
TE b, FE 2. IR AR SRR REI E , ARG &5
B 3 AR O 22 5 A A v i 2 AL 384 Sl 25 R e 2R 1A
DB, 10 A5 v O 2 4 by e it PR, 1R LR 3
25 RBEEIXE

Be2.2.17 50 R &R ST R PR UE S (As Hg (Pb.
Cu . Cd P M i 35 8 0 e B 43 3l o 2..2.5,0.05,0.8
ng/mL) #5318 5, #2217 W AN TAE SR S AR
E6UICEW IR, 459, As Hg Pb.Cu.Cd LK
RSD 35 4 1.47% .0.98% .0.92% .1.32% .1.66% (n=
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6), 2= ISR 2 AT o
2.6 FEEMIXIE
B2.2.27 Wi N A A AR (G5 D) & i, 43099l
TR FE0.2.4.8.12.24 hilF2.17 0 MU a8 T4k
FAF VAR E eSO . 454, As . Hg .Pb.Cu.Cd
SRR RSD 3R 1.25% .1.97% .2.92% .1.52% .1.69 %
(n="6) , R VA R S IRCE 24 h NIEATRE .
2.7 BEEMHLR
KB FREUR—HE R (GRS« ), 242,22
J7 A R VA, 3 6 0, P 2.1 AN AR
ZRAFHERENE L iC SR G . 455, As Hg .Pb,Cu.Cd
W SCREE I RSD 43 5°h 1.4% 1.7% .2.1% .2.5% .2.0%
(n=06), RPA T LEL MR
2.8  niEE RIS
BEFE RS (GRS DER, L6 4y, 23 A—
RE J e BRI T ZEARUE T, $262.2.27 T el £ At ik
VTR, PR 2.1 R AL A TAE S5 R REIN 5E |, 10 5
FEJE FT R IAE DGR 25 R LK 4,
x4 MERKRIKELE R (n=06)
Tab4 Results of recovery tests(n=>56)
ax W FRAE, WAE WEE PR RO R,
LR it,g pg/g pg Jg/s EN} R, % %
As 0.248 5 0.480 1 032 0.803 94 1012 102.7 313
02034 0:500 3 032 083822 105.6
0.251 1 04910 0:32 083372 107.1
0249 6 0:486 1 0.32 0.805 46 99.8
0:2530 04921 0.32 0.82234 103.2
0.2603 0.5049 0.32 0.822 02 99.1
Hg 0.248 5 0.0142 0.36 0.356 56 95.1 96.3 2.36
0.2634 0.0159 0.36 0.37770 100.5
02511 0.0149 0.36 0.363 74 96.9
0.2496 0.0144 0.36 035316 94.1
02530 0.0150 0.36 0.361 32 96.2
0.2603 00152 0.36 035792 952
Pb 0.248 5 0.501 0.10 0.6058 104.8 95.7 1.81
02034 0.582 0.10 0.6847 102.7
02511 0.521 0.10 06199 939
0.2496 0.511 0.10 06123 1013

0.2530 0.528 0.10 0.6315 103.5
0.2603 0.565 0.10 0.6039 989

Cu 0.2485 10.03 L6 115628 95.8 96.5 292
0.2634 1091 16 125148 100.3
0.2511 1021 16 11.6932 921
0.249 6 10.16 16 117232 911
0.2530 10.45 L6 11.955 6 94.1
0.2603 10.77 16 123428 983
Cd 0.248 5 0.003 8 0.08 0.083728 9991 98.28 126

0.2634 0.005 4 0.08
0.2511 0.004 1 0.08
0.249 6 0.0039 0.08
0.2530 0.0046 0.08
0.2603 0.0049 0.08

2.9 HmEEMNE
B2 HERE S AT 1, 4045 2.2.27 T R v a1t
BRI, FRHE 2.1 T NS TAE SR AR 22 | id 5

0.083944  98.18
0.082492 9799
0.081188  96.61
0082592 9749
0.084516 9952
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WEOCRE IR b S i SR LR 5
®b HMAENESER(n=3,ng/g)

Tab 5 Results of contents determination of samples

(n=3,pg/g)

e As Hg Pb Cu cd

| 048 0014 050 10.03 00038
2 040 0012 047 741 00027
3 038 0.007 043 703 00018
4 062 0015 063 1153 0.0040
5 041 0.009 053 801 00015
6 039 0005 042 4 00013
7 083 0053 067 1520 00225
8 081 0053 063 1410 00217
9 072 0027 058 1330 00195
10 0.66 0020 053 1330 00192
11 061 0012 051 1090 00112
12 053 0.009 046 10.10 00103

H1 28 5 I, A RS b B G JR s R & AP —
25, TR S HA KW 13 s SR E RS
e R iR B SR RE A G . AR K2 A S 50 2k
F1AT Ml 5% €8 9 ) % v 24 b4 B 4 J 5 12 BR (B -
As<2.0 mg/kg, Hg<0.2 mg/kg, Pb<<5.0 mg/kg, Cu<s
20.0 mg/kg,Cd<<0.3 mg/kg. AMFITLERHRI A FEK
e JBE AR AR e 4 R e P A 2 e (R T R K
Al AR b 4 0 Feif i .

2.10 BN

FIHT SPSS 19.0 e Hi % 12 LA [l e 4 w85 B Y
RERE 24 A8 EA T R A0 Hir , (o 580 3 ey Rl HL 2 0l
P AR IEMPIRIE, TR 1

0 5 10 15 0 5
1 L N N 1

N
aﬂ_
3

Al

B1 REESHHEHMKE
Fig1 Dendrogram of cluster analysis

HT I TR, 12 A AR 25 b e 2 S — 2k, al DLy
HABWRSE, Hr A5 AL FIA2 2,S2.S6.S3,
S5 M A125,S1.812.84.S11 R M A22%, S9.S10.S8,
STH MBI, AT LUA R S I R T —28, A
SR 4 R G B S R IR, B A A,
KA RAMBAE 7 & BEE SR
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2.11 MAXMDH
K F SPSS 19.0 G2 114 {4 %) 45 ¥ 4 ) [A) 547 4 ¢
PEAIHT . S5 SRR, 0 R Z A B A Ok T
W26,
#*6 EE£EZEH PearsontfXRE

Tab 6 Pearson correlation coefficients among heavy

metals
XA As Hg Pb Cu cd
As 1
Hg 0879™ |
Pb 0.860" 0.819* 1
Cu 0.983* 0.838" 0.8447 1
cd 0929 0.831°* 0.644° 0927 1

e xAE 0.05 ZKOF BN _F 582540 5E, % 5 78 0.01 K- CRUfill) 1
e DS
Note: * correlation is significant at the 0.05 level (bilateral) , * *

correlation is significant at the 0.01 level (bilateral)
3 It

R DX AN T R T S G R Y b i b Rk
HuTE A, (b X LA S L = XU/ (FRE BN
Z SRR H Z/NFESNE A, HAS KRR A R
BB AAFFIERT TVRAMZ Y. 8 T B 4F g
A AR AR} A AR XS AR ) EE 6 8 As Hg.
Pb.€u,Cd AT M, 245 R ] As . Hg .Pb.Cu.Cd iy &
YR 0.38~0.83 ., 0.005~0.053 ., 0.42~0.67 ., 7.03~
15.20.,0.001 3~0.022 5 ug/g, 40 MY 7w bl 5 i3k T+
AL, T ESE RN M SR EER R,
AR I AT H + = HEAR RS AR 24 b4 i SO T I3
RN RWA R T 5E,

VI 225 F AR IX — R R RAR 10 5 5 A9 52 1) ' T
T K TAE, B RS R B, A K AR b X
() B o 0 2 R T R R X AR Y R
B, 224 R o 20 5 i VA 4 L v TR o R SR AR A
R BT R 2 B AN R R BEE R BB
P 5 % 584 180, 3% DA R R o
F&@ AR LT A AR, TE A A
SHET B SUER TC R UIAR DG o XSRS A UL
PR AN R RE ) (1) S i R S [, AT R ) — R A AR A
(] 14 8 3 %o VR A A i 1y A B AN SRS ]

SRR DR R | TS RE 2 B TR DR I S 2
FARI o3 A B AR B B B R 7, W2
TFF 5% 26 WA, VA A B8 ot A A RLIE L /K 43 0 - S T g A5 3R
52 5 U T B e R b s e B A i A K, DT S B0R
Wy AR AR MR R A AR Al R X B A TR AR T
AR K I 2 5 R L . XAl Re R TR
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FRT A998 B8 R R AR e A AL, 52 BT K il feli 4%
e TR PR 3 FP AR AE FAR 25 AR TR A AR Il b s oAy
] BE R AR SR b AR TV IR K K A ) [ A

JE F ) 64 A S5 T DAL T o T A 24 b A A A Al 3 )

X, 32 13 2 SRR Y L/ N,

ARG SCHRF T, FR 1 A b 24 H 43 J 5 YR il
PO (AR E T2y B BRTE A AN R R IR
C A S M) 24 1 RTRE A5 3 ] e 2 245 1o T 5 AY
SRR D] PHER AL I R PR B < i ) iR AR LR
2y 4 AR i 2558 1) [E PR AL R SC s HaJm Y
TBTETS Y 5 25 TR A BRI ™ b 3 SRS 19 AN
ML AR ZEARNEA K AR b ReE
G B S YRR AT 22 S, 55— O T, AR A A B
P 388 A R R ) 4 i B AR BB T AR R IR
oK, L2 AN R TiAA o L PR RS AR ) B <2 R 5 i A B A
[l U , 5 PV s =2 (W) AT 3 O ARG, o s sz 3t
[vi) Fg P 2R S a0 2 AN 24 A ) st A 1 e S RE A G, (B
P IRABESE . R RIASREZ b rp R 5 i
PR TEF PR DXARR T AR IR S X, TR TR 2 0 R A 24 6 1Y) it o

oMo D, TR TR AR R PRI 25 0 1B P

IO 75 P T FRIX — R M) (R 7~ , BE il £ AR A 245 6t ot

PAGRIE NS AR I 244 4

52 3Lk
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