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Abstract: Based on the test data of topsoil, Chinese medicinal materials and root soil samples, the paper studies the

contents, spatial distribution characteristics and pollution degrees of five heavy metal elements including As, Cd, Cu,
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Hg and Pb in the topsoil of Chinese medicinal materials planting area of Niujiayingzi Town in Xibo River Basin, Chifeng
City, Inner Mongolia, as well as the accumulation characteristics of soil heavy metals by different Chinese medicinal
materials and heavy metal pollution degree of herbs. The results show that the five elements in the topsoil of Chinese
medicinal materials planting area share the same origin, mainly from the parent material, and in association, with the
mean contents of 8.729x107°, 0.142x107°, 21.146x107%, 0.036x10° and 23.651x10°%, respectively. The variation
coefficients of Hg and Cd are 0.639 and 0.472 respectively, reaching the intensity variation, for their low soil
background contents and more susceptible to various factors. Both the single and comprehensive pollution indexes of the
soil heavy metals are less than 0.7, which shows a clean level of soil quality and meets the soil environmental
requirements for the GAP base construction of Chinese medicinal materials. The concentration coefficients or pollution
indexes of heavy metals in the medicinal parts of platycodon grandiflorum, glehnia littoralis and achyranthes bidentata
are all less than 0.50, with their contents much lower than the limit value of heavy metals in Chinese medicinal

materials. The Chinese medicinal materials produced in the planting area of Niujiyingzi Town all meet the requirements

of green standard.

Key words: heavy metal; Chinese herbal medicine; bioconcentration; ecological effect; Chifeng City
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Fig. 1 Geological sketch map of the study area
1— AW Calluvium) 5 22—t AU (alluvium—diluvium) 5 3—5 /R 7540 (Wuerji fm.); 4—P0 114 (Xishan fm.); 5—HF 53540 (Zhaowuda fm.); 6—FhE
Y94 (Sunjiagou fm.); 7—H5.HZH (Fuxin fm.); 8—JUf# 4 (Jiufotang fm.); 9— X 4 (Yixian fm.); 10— = &4 (Baiyingaolao fm.); 11— jgnt
2H (Manitu fm.); 12— 52 3k B8 2H (Manketouebo fm.); 13—1- 3 F4H (Tuchengzi fm.); 14— F4H (Xinmin fm.); 15— 11141 (Minganshan fm.);
16— 71114 (Wulashan fm.); 17—fERBEA (granite porphyry); 18—22 2 HE — A48 7 (biotite monzogranite); 19— NN K7 (hornblende diorite ) ;
20— Wiz (fault)
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48 3~5 RREFP 2GR 25 FHER O (AR ) e A A 348 i 5
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Fig. 2 Sampling points of surface soil, Chinese medicinal materials and root soil samples
1—H 25 B AT 43417 X (planting area of Chinese herbal medicine); 2—H1 25 M Rl [X 7)1 RAE £ (sampling point of surface soil within Chinese
herbal medicine planting area); 3—IE*h 254 Rl X 38)2 - HERFE 2 (sampling point of surface soil outside of Chinese herbal medicine planting area);
4—Ibib B KRR + Kk (glehnia littoralis and root soil sampling point); 5—H5HH &R Z + K #E S (platycodon grandiflorum and root soil sampling
point); 6—24 & K H3 & R A¥ #4 (achyranthes bidentata and root soil sampling point); 7—%#3 1A 7 (Xibo River); 8—% 4 (town); 9—#¥ JF (village)

Cu.Hg.Pb .pH %, 4845 A5 2k Bk th PR L2 1.
BIWITCRE ML IR R R MER R A%
S5 i R AR 3R B b BT S IR Ab A PR R (DZIT
0295—2016 ) ) Fi3R 200,

3 Y AESIRE

AW RS 1T  Pearson A1 241N
254 id 1t SPSS ver.22.0(IBM, New York, USA) 52 Jif.
B = R A AreGIS 10.2 (Esri, RedLands, USA) Fll
MapGIS 6.7(Hth 55kt , v [ sl R 1 72 .

DL RIS Ye kg B AN 25 575 Y (Nemerow , NS )
FREI T 2 A AR X 3 (2 24 TR ) AR
TR EREE R U TR 2

*1 ERESEREKRHRRESHAZE
Table 1 Detection limits and analysis methods of heavy
metal elements in samples

A KR ATk JEE KR0S Tk
Si0, 0.05 XRF As 05 AFS
AlLO; 0.02 ICP-OES cd 0.02 ICP-MS
TFeO,  0.02 XRF Cu 0.29 ICP-MS
K0 0.02 ICP-OES Hg 0.0003 AFS
Na,0 0.03 XRF Pb 0.3 ICP-MS
Ca0 0.03 XRF
MgO 0.03 XRF pH 0.10 ISE

XRF—X GFER S35 s ICP-OES—HL B & 45 8 71 R A i
AFS—JEUT 9 HE M s CP-MS—HUEHE & 55 B TR BT ISE— 8 1
PR A.
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4 ERSITH
41 REHRER THEES R SR
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0.077x10°~1.010x10°, 4{E>H 0.142x10°;Cu F &N
13.120x10°~61.950x10°, ¥} 21.146x10°; Hg 1% &
7 0.012x10°~0.295x10°, HI{E A 0.036x107°; Ph 7
9 18.360x10~60.260x 107, ¥{H Ky 23.651x10°, 75 5

*x2

RETESEE .pH 7

ZEGEFE K 0.141~0.639, 78 Fa FFAK R Hg>Cd>
Cu>As>Pb, JHJFERUZRE B0 E 58k He Cd TTERA
JIE 2 BEAHXTEAIR®, B 5 22 B 45 A R 4, i
Mo EAR G AR, NS FRERET, i
JN. K=Stest 7M1 i~ , 13 As.Cd .Cu.Hg.Pb “ER
PEBIRFFE IS , UL R IR AE 52 NI 5
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R ] R - PR o i« o P e = 49805 e KU 4
PhrE GRAT))(GB 15618—2018) 21, 472 {:4% 5 p
A 2 FFEE As ORI PEE, e {H(27.9x10°)i
I EE (20x10°) /8 39.5%; 1 1FFESh Cd &
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26.25% ; HARRE M BE T ERM, B LGN ESE
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42 HHEMMHER TIESELETREITEN

-3 AR HIS YR BRI SE A TE YR BOA T
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Table 2 Statistics of heavy metals, pH and background values in topsoil

E OR/ME O RRME WA bR ERAM BHOTRMEY RHEEEED SRR BESRSTRITEE(pH>7.5)
As 4510  27.90  8.729 1731 0.198 8.80 8.70 1.164 20
Cd 0077 1010  0.142 0.067 0.472 0.11 0.08 2,679 08
Cu 1312 6195 2115 4.634 0.219 219 208 1.468 100
Hg 0012 0295  0.036 0.023 0.639 0.042 0.02 0.900 10
Pb 1836 6026 2365 3.335 0.141 21.80 251 1.375 240
pH 6500 9190  8.280 0.246 - - - -

T B R R)Z DA NS 2% S IR 2 LA P E NS % n=472 1.
O [ 3 BT AR U P ST A . N SE FVA KRR IR 1:25 7 b B i MR A~ i A iR, 2018,



http://www.fineprint.cn

784 Hh,

=

2023 4

®3 EEBRZEEEXESITSNE
Table 3 Statistical analysis of correlation between heavy metal elements

As Cd Cu Hg Pb SiO, Al,O; TFe,03 K0 Na,O Ca0 MgO
As 1
Cd 0.74** 1
Cu 0.78** 0.80** 1
Hg 0.56** 0.61** 0.67** 1
Pb 0.60** 0.82** 0.69** 0.52** 1
SiO, -0.55**  -0.23**  -0.18**  -0.14** -0.06 1
Al,O; 0.36** 0.09* 0.08 0.11* 0.37** -0.05 1
TFe,0, 0.56** 0.16** 0.15** 0.13** 0.35**  -0.41**  0.88** 1
K0 -0.43** -0.11* -0.13** -0.02 0.12** 0.76** 0.17** -0.17** 1
Na,0 -0.65**  -0.21**  -0.18** -0.18** -0.14**  0.83**  -0.43** -0.69**  0.66** 1
Ca0 0.29** 0.17** 0.12** 0.07 -0.14**  -0.80** -0.46** -0.13** -0.70** -0.44** 1
MgO 0.66** 0.27** 0.22** 0.21** 0.21** -0.77** 0.51** 0.71** -0.60**  -0.86** 0.42** 1

TE:** J1E 0.01 ZUi OUR ) ARSCTERE 5 * 7 0.05 Ui OBUR ), MM 2. n=472 14

(7 25 i B PR [ 2022 4E 55 22 5 SR rh2li bt

FhE b 1 EAF G B AR (IR BT T i« A b TS G4 X

W 5 s bm o (347 ) ) (GB 15618—2018) 2, DL g i

Wrbm iR T BT 5 YL P B0 RN LR 515 YA e B0 X SR A

X A S SR T IR, ARANER S Fon. 45

TG et R B LR BT AR B/ INT 0.7, BB i 1235
AT , LA R e
T4 TEERTRIES

Table 4 Contamination indexes of soil samples

YRR DI R IR IR B TR

Pa 0.99 KAz Y 0.44 KAz

Pas 1.29 BRRETS g 0.18 KT

Pa 0.97 K215 Y 0.21 KT 9

Py 0.86 KAz Y 0.04 K325 Y

Pro 1.08 RS g 0.10 KT
P s 1.09 R Y 0.30 T

AR 4 M T MO BERAE A TR TS (DZIT 0295—
2016)®) iz ArcGIS10.2 B4, edE S iH B A E v %

F9% X 398 0 4 8 PRIV ZE A o s Bs UEA TR L 25
AP 3 FioR. BFFTIX 4 R BE 25 A TO KU 1 B 5 e
99.33% , AU AT P THI AR 0.67% , 1 HEFRSE I 7. 9T IX
ARIGTEBRZE 0 P B ROE AR, 32 2 i i
FH M, R A 0 5 SRR B R 3 As
Cd .Cu KU AT FEIX, 0 5 B A i R A6 R 34 K
MERUVREATEL, TR S A4 . P RE ARk
T TRS (Lt B B 300, =5 oAb ) HH B Jay 50 1 45
Cd KU AT #IX, HEm kG EE R (R FIZAL) fir
.

DA R A 8 A5 I i < AR P b 39805 e IXUBS 5 4
FrAECGRAT)Y(GB 15618—2018) 2 F1¢ 1 Ml J5t & Hh Bk
A2EPEMRIE ) (DZIT 0295—2016) 2 1}y 2 B8, Rkl
X I, ST A 2R B B
(GAP) PR I %t F 38 1 4 g 5 A 2ok (227 (1
DA ol b i S S EAE N S50, 2 R E XA~
PR R E AR S RERMIS Y (£ 2.4). P
7] 25 A KRB R BOA ] B PE A b A5 2R ] ) &%
A, R DA BRI T S AR A B A 45 R F
M AR5 A (5 S5 S S ) B 48 78 L3

O [ 3 BT AR U P ST A . N SE FVA KRR IR 1:25 7 b B i MR A~ i A iR, 2018,
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Fig. 3 Geochemical evaluation map of heavy metal elements
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FRIX 3 PR M I AEY) S R BGEITER (R 5)E ®6 HHMREXDRHELEAIEMTLIEN

7N, As RS RBCH 0.014~0.018, Hxim MiEHE; Cd
EEZRECH 0.261~0.380, e MR B Cu BHERECH
0.264~0.480, i AALTPZ; Heg &AL R ECH 0.083~
0.167, /= ST ; Ph &5 R ECH 0.006~0.008, 5 5
AR, SR M A AR AR EE R ERE
A AN [] v 2 0 o 4 IR SR R R R AR [, B
FEAATRN Y BRSO RSB D He & 5 AT RB 2 AR IR 2
% (AR T (A A RN 24 i (—36 ) ) 5 (20
T SN2 SR g A Tl bR e (WM/T2—2004) )
M E SR G EREE ™ A ROl ThR R,
x5 NHMESEEERY

Table 5 Concentration coefficient of heavy metals in
Chinese herbal medicine

JTE FiAE(21) Jeb£(21) 4 (3)
ASecr 0.018 0.014 0.014
Cllecr 0.261 0.296 0.380
Cllecr 0.437 0.480 0.264
Hgecr 0.167 0.111 0.083
Pbec 0.008 0.007 0.006

Table 6 Heavy metal contents and pollution indexes of
collected Chinese medicinal materials

TTE 5 HAE(21)  debE(21)  AIER)  IREARESE

JL /10 0.060~0.421 0.058~0.204 0.104~0.131

As FJ{E/10°  0.160 0.121 0.121 2.0
SYLERL 0.08 0.06 0.06
L /10 0.013~0.078 0.020~0.096 0.042~0.061

Ccd #fE/10°  0.037 0.042 0.054 0.3
SRR 012 0.14 0.18
JEFF/10° 5.96~14.50 7.35~17.60 4.73~6.78

Cu {EH/10°  9.244 10.144 5.573 20
YRR 0.46 0.50 0.27
5 [/10° 0.003~0.016 0.002~0.006 0.002~0.004

Hg {&/10°  0.006 0.004 0.003 0.2
SYHERL 0.03 0.02 0.02
JEF/10° 0.09~0.56  0.06~0.28  0.12~0.18

Pb ¥{H/10°  0.197 0.171 0.147 5.0
SRR 0.04 0.03 0.02

3 Pl 2 E A R 1 RS YR B RRIE LR 6.
ZER IR As SN 0.058x10°~0.421x107, 1753
BB E RS RE (0.08); Cd &K 0.013x10°~
0.096x 107, P34 75 YL Fa 55 i = 1 0 A4+ 8 (0.18 )5 Cu
1M 5.96x107°~17.60x10°, X5 Y8 5w i i b b
2(0.50); Hg 5 i4 0.002x10°~0.016x107, F-34575
PP BUR =  AAS A (0.03) 5 Ph Sl 0.06x107°~
0.56x 107, V375 YL 48 5 i /= 0 A G 4.(0.04). 3 Ffirp
RO TR B R R A T O PR A 3 1
A GBI M RIME X i R 25 B RF B ek et
PRELK.

MHT, AR IX 4 4 R e R E RV
SR P R A o o« A FF e 395 e R 45
FrdE GR47))(GB 15618—2018) ) 1fij H 11 4 )&
PG E — S5 BEEE, KZIEIEhEH S
JEAR TP 2T SR R] T ™ A ) EE 4 e MRS R
RS, KO- E LIRS EBEiR T 2iA
G G IEE s L IEE S S EA T g 2t
AR R BLG. EIG I AL T YA E 4

JEIFH I, R EAR LSRRI T 25 R A I Y
AR , E— 2D B AN B TSR AR 2 22,

5 i

(DIREFZE PP A X R Z - 4
J& As.Cd.Cu.Hg.Pb V¥ & 1 43 il o~ 8.729 x10 5,
0.142x10%, 21.146x10°, 0.036x10°, 23.651x10"; Hg.
Cd JTCZE A5 R 51K 0.639.,0.472, K 31| 3 i A8 5
J PR 3D He (Cd TR A AR, B 5 32 3] & A
[N Z 50, As.Cd.Cu.Hg.Pb TR0 4 @ 0 2 A K
TE—80 R R R, FEORIEF R 1.

(2) ARE BRI IO T S T R )2 IR E SR
1P, Cd Fl Ph PHFPOT R A TR EET5 Y, sk 3 Fh
LR TFRZIFYORS. DLER R R A& H
M - 49875 e KU 45 FE bR v (7)) (GB 15618—2018)
AT R A A PEAR B ) (DZIT 0295—2016)
PP RIZ IR E SRS YY, R SR AL
BIGYPAE R /NT 0.7, HEEFRRTE, AP
GAP it 331 + HEIR 2K
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OFGAE JLb SR04 3 Fleb 24 b4 25 R A0 2 4
JEE R BET YHR /N T 0.50, HARBUHAFEH
AT R IR REAFER S YR RN
HAGL R T A M Ee R S EREME, WHEEET
P2 RIE D™ Hh ) TP 25 B SR B 2k (B A TR 2K,
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