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Abstract: In order to comprehensively understand contents of heavy metal elements and potential risk in
soil and ginseng ( Panax ginseng C. A. Mey.) root from non-forestedland base with cultivated ginseng in
Jilin Province, contents of Pb, As, Cd, Cu and Zn in soil and ginseng root from non-forestedland base
with cultivated ginseng in Fusong County (including 24 sampling points) and Ji’ an City (including 21
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sampling points) were detected, and soil heavy metal pollution status and potential ecological risk were
evaluated by single factor pollution index, comprehensive pollution index and potential ecological risk
index, meanwhile, heavy metal safety of ginseng root was evaluated. The results show that average
contents of Pb, As, Cd, Cu and Zn in base soil of Fusong County are 23.89, 7.08, 0.19, 19.08 and
81.00 mg - kg™, respectively, while those in base soil of Ji” an City are 28. 65, 7.81, 0.20, 20.72
and 81.32 mg - kg™, respectively. Coefficient of variation of Cd content in soil of two bases is the
highest, indicating that Cd content in soil of two bases is greatly influenced by human factors. The result
of single factor pollution index evaluation shows that average of single factor pollution index of each heavy
metal element in soil of two bases is lower than 0.7, and that of Cd is the highest, followed by Zn and
Cu, that of As and Pb is lower. Single factor pollution indexes of five heavy metal elements of each
sampling point are basically lower than 1. Averages of soil heavy metal comprehensive pollution index of
Fusong County and Ji’an City are 0. 51 and 0. 55, respectively, in which, soil heavy metal comprehensive
pollution indexes of No. 3 sampling point of Fusong County and No. 21 sampling point of Ji’ an City are
higher than 1, those of other sampling points all are lower than 1, meaning that soil heavy metal
pollutions of two bases are generally at clean level. Single factor potential ecological risk indexes of Cd in
soil of two bases both are the highest (obviously higher than 40) , those of other heavy metal elements all
are lower than 40, indicating that Cd is the most important potential ecological risk contribution factor.
From comprehensive potential ecological risk index of heavy metal in soil, comprehensive pollution
ecological risk of heavy metals in soil of No. 3 sampling point of Fusong County and No. 21 sampling
point of Ji’an City all are at moderate level, that of other sampling points are at mild level. Average
contents of Pb, As, Cd, Cu and Zn in ginseng root from Fusong County are 0. 11, 0.07, 0.12, 8.76
and 19.67 mg - kg™', respectively, while those in ginseng root from Ji” an City are 0.13, 0.06, 0.29,
7.46 and 23.60 mg - kg™', respectively. In which, Pb, As, Cd and Cu average contents in ginseng root
from Fusong County all are lower than limited value of heavy metal pollutants, and Pb, As and Cu
contents in ginseng root from Ji’ an City are also lower than the limited value. Overall, soil environment
quality of non-forestedland base with cultivated ginseng in Fusong County and Ji’ an City of Jilin Province
are fine at present, quality of ginseng produced by them is accord with national standard, but potential
ecological risk of Cd pollution in soil of a few sampling points is higher, so protective measures should be
taken in time.

Key words: non-forestedland base with cultivated ginseng; soil; Panax ginseng C. A. Mey.; content of
heavy metal elements; pollution index; potential ecological risk index
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Table 1 Comparison on content of heavy metal elements in soil of non-forestedland base with cultivated ginseng in Fusong County and Ji’ an City

of Jilin Province (X=SD)"

A KELFBITE ﬁi/mg . kg’l Content of different heavy metal elements

Sampling plot Pb As Cd Cu Zn

A Fusong 23.89+3.97(16.6% ) 7.08+1.95(27.6% ) 0.19+0.08(42.2% ) 19.08+3.67(19.2% ) 81.00+13.09(16.2% )
£E2E Ji’ an 28.65+3.75(13.1% ) 7.81+1.65(21.2% ) 0.20+0.10(50.2% ) 20.72+3.82(18.5% ) 81.32+13.45(16.5% )

D55 H ) 43 80N 78 5 22 %0 Percentages in the brackets are coefficient of variation.
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Table 2 Evaluation and analysis on soil heavy metal pollution of non-forestedland base with cultivated ginseng in Fusong County and Ji’ an City

of Jilin Province

A T A TT R ISR TG YR

Single factor pollution index of different heavy metal elements

ZEATE YRR

Comprehensive pollution index

FERS S
1

No. of sampling point" o A cd
F1 0.10 0.25 0.56
k2 0.11 0.19 0.83
F3 0.10 0.28 1.71
F4 0.09 0.19 0.58
F5 0.11 0.22 0.67
F6 0.10 0.27 0.75
F7 0.09 0.18 0.64
F8 0.10 0.24 0.48
F9 0.08 0.19 0.41
F10 0.11 0.39 0.71
F11 0.11 0.27 0.55
F12 0.10 0.23 0.65
F13 0.09 0.22 0.42
F14 0.11 0.27 0.66
F15 0.11 0.31 0.43
F16 0.10 0.29 0.43
F17 0.10 0.28 0.75
F18 0.10 0.20 0.46
F19 0.09 0.20 0.43
F20 0.10 0.23 0.60
F21 0.11 0.24 0.69
F22 0.09 0.19 0.51
F23 0.03 0.03 0.66
k24 0.09 0.27 0.41
TFHI{H Average 0.10 0.24 0.62

Cu Zn
0.38 0.37 0.46
0.42 0.51 0.66
0.41 0.39 1.28
0.32 0.37 0.46
0.41 0.39 0.54
0.40 0.51 0.60
0.41 0.42 0.52
0.58 0.34 0.48
0.32 0.34 0.35
0.57 0.46 0.59
0.36 0.48 0.46
0.32 0.39 0.52
0.33 0.36 0.36
0.34 0.33 0.53
0.48 0.43 0.42
0.30 0.35 0.37
0.37 0.58 0.61
0.35 0.36 0.39
0.35 0.37 0.36
0.38 0.38 0.49
0.34 0.45 0.55
0.38 0.42 0.42
0.32 0.41 0.51
0.31 0.31 0.35
0.38 0.41 0.51
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£ZE3 2 Table 2 ( Continued)
F IR ITR B T I5 5 5
RESRHSY Single factor pollution index of different heavy metal elements LRI YRR
No. of sampling point"’ Comprehensive pollution index
Pb As Cd Cu Zn
n 0.12 0.25 0.52 0.34 0.36 0.43
2 0.12 0.29 0.79 0.40 0.40 0.63
13 0.12 0.21 0.55 0.35 0.46 0.46
J4 0.10 0.25 0.44 0.32 0.36 0.38
15 0.11 0.38 0.51 0.42 0.42 0.45
J6 0.13 0.22 0.73 0.47 0.49 0.59
7 0.12 0.26 0.58 0.50 0.41 0.49
1B 0.15 0.23 0.78 0.50 0.50 0.63
9 0.12 0.23 0.58 0.47 0.40 0.48
J10 0.10 0.26 0.48 0.34 0.36 0.40
J11 0.13 0.28 0.56 0.52 0.39 0.48
J12 0.10 0.41 0.60 0.51 0.41 0.51
J13 0.10 0.20 0.51 0.38 0.37 0.42
J14 0.09 0.31 0.44 0.35 0.30 0.37
J15 0.09 0.27 0.46 0.41 0.31 0.39
J16 0.13 0.24 0.84 0.39 0.38 0.66
J17 0.13 0.30 1.09 0.53 0.46 0.84
J18 0.12 0.24 0.64 0.32 0.35 0.51
9 0.12 0.17 0.59 0.37 0.59 0.49
J20 0.09 0.26 0.35 0.51 0.42 0.43
121 0.10 0.22 1.93 0.31 0.40 1.43
S Average 0.11 0.26 0.67 0.41 0.41 0.55

DF1-F24 ; $EA8 ELAE 5 Sampling points in Fusong County; J1-J21; $E2¢HikE £ Sampling points in Ji’ an City.

LTI AR MR AR 2 56 1 + 18 7 4 8 P 75
TN FMR MK Jg Cd  Zn  Cu  As Pb, Horf #E
P BAE MR 2 kb 24 S5 380 P As (Cd . Cu
M Zn B FIG Y8 BOEAR FIET 1.0,10 3 S
THER Cd R FI5 PR 80 (1. 7)) &1 1.0, F I (E
35108 0.10.,0.24 .0.62.0.38 F10. 41 ; 522 AE bR
Fe B HHh 21 ARE S A Pb As Cd,Cu 1 Zn FA[A
FUGYFREEEA LT 1.0, 17 5/ 21 SN
I Cd HE IS YRR (0 1..09 F11.93) 5
T 1.0, FHES 14 0.11.,0.26 0. 67 0. 41 F10.41
I H. AR AR S 5+ 3 0 5 4 R PR TS
YRR ZE BTG e B0 T B RS N 1
TG YFE TN AR o, AR L 3 S AR DA S R TT 17
S22 SRR R E 225 Cd TE g, AR S
HEYRZ B W AR5

H1 3¢ 2 0T UF P B AR M Ak 2 3 b 1 1
(4 B LA AT Y8 BN 0.35 ~1.28 13 SHE b+
B ES BTG R EE T 1.0, AR L 55
FEEBLGEATF IR T 0.7, RIGLE A 15 Y4541

TEMBRAE 3 S hF o5 b TR 5 Yok A A
1 I A T8 s K-, B T AR ARkl R 2 B -
B ESRG AT AN 0.37 ~ 1,43, Hrh 17 5
FES RN E LSRG 15 R A8 80N 0. 84,21 S 45
TR E SR G T IR 1. 43, HAh A A TR
BRI RAEEIIET 0.7, R4 L5515 Y F8 5k
PEMARIE 17 SR i AL F 38 1K e T
ENER 21 SRR AL TR TS YKo i A A
MM FIE RO SRR E T BRI LT
MR HAR S 3 b+ 58 0 T 4 JE 255 15 e A8 B0 i R
0.51 F10.55,2 SEHL A+ e840 F i it K,
2.3 EHMMBSEMTIESEETLBELESNRE
G

TG TS BRI T AR R AR S S+ 1
RTINS PEM A R R 3, W& E&JEIT
RN AR RIS TR B (E) FER A T
BRI AR M AR S 3 3rp 5 MR 4R LR
BT G AU Eh s BRI Cd L As Cu Pb Zn,
o, Cd 2 B R AR S XS -, Tems B AR b L 2



3

g5, . AR ARMRH RS I R SRR B R TR & A S AR T 73

FeHh+3E Cd (1 E' {H-N 33,71 ~ 141. 08, £ 2 T AE AR
Mk 23+ ¢d 1) E' {4 28. 86 ~ 158.72;2 4>
AR AR 2 3 13 p Ph As .Cu 1 Zn 1) E' (HIK
T 40, R £ EIE AR e, 2 S HEM IR S 5+
B Pb As  Cu F1 Zn 75 Y I T 76 A2 5 KU 3 4k T 55
UK, W Cd JE T 5, A EL AR AR Ak S 5L
33.3% M5 (8 NFEAL) 133 Cd 15 L T 7E 2R B KRS
UE TR WOKE (E1<40) ,62. 5% FE 5 (15 MEES) 35
Cd 5 Y (P e AR A R b F R 257K SF- (40 < ET<80)
4.2% S (AL 3 S HE ) HHEE ARG Cd 15 Y
TEAEZS KRS (80 < . <160) 3 4R 22 T AR AR AR 2 ik i
23.8% FE A5 (5 M) HIERY Cd I3 GL W 78 AR 28 XU
B210,66. 7% FE L (14 AFERD) T30 Cd 15 QW e AR
XU Th 45 9. 5% FE S (17 S H 21 SREE) T HERY
Cd 5 Y7 76 AR S KU B

3% 3 BT LUE . SR Tors B AR GR S 3
Mo+ S R V5 Y LR A R TE AR S R AR B (R

51.03 ~164.30,1% 3 SHE 8 I E S @ I5 Y44 RIE
=T 150, AR S HIEE SRS 440 REEILT
150 ARG RIAEITEANPRUE 3 SRR S HIE R 4R T5 YL Ls
B AE A A AL A8 KT HAh AR 55+ 18 4 R
5 YL LR AT AE AR A8 KU ik TR oK, R TR
AR S BE b+ 58 4 J V5 Y2 1% RI{E R 51. 91 ~
177. 86, 1348 RI HITNARAE 21 SHE i L E SR TS
PeLR G IR ARG AL T rh S8 KOF A AR A5 3
G B T5 YL 25 A T AR AR A RS I AL T 52K P, B
K A B AL TR AR S I+ 1 &R 5
Yo RIAE I A{E S 900 72,03 F177. 81,2 5+
e 4R 15 Y 28 A T A AR B MBS B Ak F R A S R
SN,
2.4 FHHMBSEMFEASRBELESENTR
Z &M

TR PR BRI L T AR AR b R 2 B b 2
FRHB 0 4 Jm S BRI 2 R R4 R4 LLE

R3 EREATREMEZTERBRSEM T RESESREEESRRITN N

Table 3 Evaluation and analysis on potential ecological risk of soil heavy metal of non-forestedland base with cultivated ginseng in Fusong County

and Ji’ an City of Jilin Province

R b NI NS R P AN

N o sr Aok A1)
ﬁﬁn%(} ! Single factor potential ecological risk index of different heavy metal elements %ﬁiﬁeﬁiﬁjiﬁ;ii%

sampling point! Ph As cd Cu 7n ecological risk index

F1 5.16 9.01 46.36 5.78 1.03 67.33

F2 5.72 6.92 68.37 6.48 1.42 88.90

F3 5.63 10.12 141.08 6.37 1.10 164.30

F4 4.78 6.98 47.35 4.88 1.03 65.02

F5 5.74 8.00 55.26 6.38 1.08 76.47

Fo6 5.64 9.52 61.60 6.20 1.42 84.39

F7 4.91 6.60 52.79 6.29 1.18 71.76

F8 5.16 8.57 39.70 8.93 0.95 63.31

F9 4.35 6.83 33.92 4.98 0.95 51.03

F10 5.73 14.11 58.05 8.76 1.29 87.94

F11 5.90 9.84 44.91 5.60 1.33 67.58

F12 5.32 8.19 53.42 4.98 1.08 73.00

F13 4.97 7.80 34.53 5.10 1.00 53.39

F14 5.83 9.74 54.47 5.17 0.93 76. 14

F15 5.82 11.18 35.61 7.39 1.19 61.19

F16 5.33 10.21 35.58 4.65 0.98 56.76

F17 5.61 10.18 61.69 5.70 1.62 84.80

F18 5.19 7.18 38.17 5.46 1.01 57.01

F19 4.94 7.01 35.19 5.35 1.03 53.52

F20 5.20 8.23 49.46 5.80 1.05 69.74

F21 5.77 8.74 56.46 5.29 1.26 77.51

F22 4.73 6.97 41.78 5.78 1.17 60.43

F23 1.64 1.18 54.28 4.97 1.15 63.22

F24 5.12 9.60 33.71 4.72 0.88 54.02
SEIE Average 5.18 8.45 51.41 5.88 1.13 72.03
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A B LR B LR I L A KU R R

B S " . 5 A : SRETE L S KRR R
No. of Single factor potential ecological risk index of different heavy metal elements Comprehensive potential
sampling point! Ph As cd Cu n ecological risk index
n 6.72 9.13 42.61 5.25 1.02 64.73
2 6.74 10.34 65.00 6.12 1.13 89.32
I3 6.44 7.48 45.14 5.34 1.29 65.69
J4 5.58 8.89 36.35 4.92 1.00 56.75
5 6.19 13.53 42.14 6.49 1.16 69.50
J6 6.84 8.02 60.07 7.23 1.37 83.53
i 6.60 9.25 47.86 7.70 1.14 72.54
1B 7.99 8.09 63.98 7.63 1.40 89.09
9 6.29 8.30 47.98 7.30 1.11 70.98
J10 5.62 9.21 39.25 5.17 1.01 60.26
J1 6.83 9.92 46.22 8.05 1.09 72.12
12 5.45 14.67 49.67 7.85 1.15 78.78
J13 5.44 7.19 41.91 5.83 1.03 61.41
J14 5.13 11.00 36.02 5.43 0.84 58.42
J15 5.14 9.59 38.19 6.34 0.86 60.12
J16 6.89 8.66 69.49 6.02 1.05 92.11
n7 7.13 10.71 89.35 8.15 1.27 116. 60
J18 6.76 8.46 52.58 4.98 0.97 73.75
9 6.36 6.16 48.82 5.63 1.66 68.63
J20 4.81 9.23 28.86 7.84 1.18 51.91
121 5.39 7.95 158.72 4.70 1.10 177.86
SEHME Average 6.21 9.32 54.77 6.38 1.13 77.81

DF1-F24 ; $EA8 ELAE 5 Sampling points in Fusong County; J1-J21; $E2¢HikE £ Sampling points in Ji’ an City.
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Table 4 Comparison on content of heavy metal elements in ginseng root from non-forestedland base with cultivated ginseng in Fusong County

and Ji’ an City of Jilin Province (X+SD)"

B KELEILE /ﬁ\%/mg . kg’l Content of different heavy metal elements
Sampling plot Pb As Cd Cu Zn
LA Fusong 0.11+0.08(72.9% ) 0.07+0.04(51.9% ) 0.12+0.07(55.2% ) 8.76+1.63(18.6% ) 19.67+4.09(20.8% )

492 Ji’ an 0.13+0.05(34.4%)  0.06+0.03(44.0%)

0.29+0.16(55.6% )

7.46+1.55(20.7% )  23.60+6.64(28.2% )

D355 B 8078 5 B AL Percentages in the brackets are coefficient of variation.

b B AR S S A SRS Ph, As . Cd,
Cu Al Zn 3 & 84350 0. 11,0. 07 ,0. 12 8. 76 F
19.67 mg - kg™, H:ft Ph . As Cd I Cu 32 H{%
Tt 203 %5 i) (GB/T 22533—2008) P C T A
SR 4 BT Y & R A PR (0.5.2.0,0. 5 Al
20 mg - kg™'), LT AEMMAR S T A SR
Pb. As, Cd, Cu I Zn F¥ 8 543514 0. 13.,0. 06 ,
0.29.7.46 H123.60 mg - kgfl ,H.tf Pb As .Cd #1 Cu
S B TR BR AR, (2 2 SR 21 SRR
ASREH Cd &l ankRE ., hFHiEE
XA AT 2561 Zn (9 PR SRR VE I A I H AL E
WIS ABARTNY Zn 2 tEdt T RlE M,

NSRS ELSIR TR T ENL T RZECRE,Pb. As
1 Cd FEMA S RBOLE ST Cu Ml Zn,

3 g

rhb T R 4R U R Y i ST SR AR
VIDCF ARl BE B AR A o FIE ) - rh A R
&R ICRER RIS AR AR G
T TR B RG22 TR R 2 B il 1 s b R
JBICE BRI A SRR Y] 2 MR 2 i 1 45
) Ph &9 12,13 111,20 mg - kg™, Cd &
B0 90,157 F10.190 mg - kg™, As 7 4 SN



3

g5, . AR ARMRH RS I R SRR B R TR & A S AR T 75

6.01 F17.29 mg - kg™, ARHFF P, 2 NIEMMER S
S+ HER A Ph R As i U S 5 T A 5T 45
JEH BRI Cd & B S ATk g R, A
FLA AR B AR S R B B &, BT E S
TCR O it 1728 S RABOBR U W A 4 58 v i) 43 A i
AR5, 52 BN TPk H e ) s A
WFFE 4555 W R AT 57 45 SR A [A) 1) 3 22 Jis R B AR
WFSE R RAE AL T AR AR 2 5 b A TR
B H R (BT EVEY) N oK (Zea mays Linn.) ) | T 2%
AR SRR U F2 B A FE MR A5 52 AR TR
AN

— BB BT, AT DAAR s - 5 LR 135 Y s RN
LEATS YR I — PR RV AR PP 4z
TG YL PO RRIE T 18 A% P PR A 2 KU i B 25
B A AR A KRS 8 B0 BB A% S e = 398 v i e 4 X A
VI BEE R, AR LRy 28 A i8 T A RS Xt
TR AR TS YRS A THER IR R4S
T POAS EL AR 22 T AR AR R S 5 b A5 A
1 Ph As Cu Fl Zn (1) 5L 1H 75 YL 48 BRI R -9
TEAE I HE BRI AR, 40 IR T 1 40, {HIE, Cd
F14) BRL PR 15 YL 8 B30I B R 7 0 A A S B 48 45O 3
EHIA & T Lk 4 FESEITR, L, S H SRR
PRF15 G B A BT 1 (PN EL 3 S RE 4R
T 21 SHE R BRAN) | (H R i A AR 2 KU i 5
Z T 40, GLEAEAS B T SR MR 2 5 b 1 1
RERZH Cd 159 HILELE Cd 15 AR b T rh 46
K, X —WFFE A RS NSS4 AL

AW L HERY Cd SRR, — T T 5 R 4 B BT A
i JT R i B VA DG, o — T T A 54 b by A FH 4= 38 ek
HOM AL DIAIDE, ZEAT A5 AR P B ST £
b Cd SR8 0. 241 F10.237 mg - kg™, BB
ET S R Cd B, X AR 5T R
BBATHE 5 145 Cd V5 Y v A KU i s 9 S Rl 22— FE
AL AR IS A2 MR DL K A HLIE RS A]
e Cd F RS Y Hodh B A
Xt 8 Cd BN TTRR R IL 54% ~58% 0T
BNt e T O B SR MR RS F -4 Cd R
REZERE I H R E A LI A, £
Herp i Cd A RN BAh, iR TR e B
PR Hh Ak 2 35 b 7 b RN AR B4 B R PO TR
SR AT HLAE [ B 15 T M B, 3 655 7t TG
SRR 9 Cd TR

AR AR S b R B 2 AR AR 3 ARE
ANSF TR, F i, ASHRIBHYESETES
A7 FIRTHR 5 E ST WS AR b - R
PR FEIA , 2555 TR AR MR N SR 5 7E s e e 45 |
Tl 8 ok LA S ok 5 A BH 46y T PRV R R, 7 I i XoF =l
PR Hb AR 2 F 4 V5 e 1 R Sk s o R B o R 1Y
FRIEALAE B, DT3B S AR - RN A SRR Y 4
JE 5 X NI e

S RPN ey R O N (BN A RSN E =g B¢ i
FEtE (R A R T R R E %) i8S
HARAE AKX ASNhEF 4 FARMY), X &
SR EREA—ENEEENY I etE+
B ESECE SR ESEVMED ) LT
B Cd TR A B AR s M, A 80 & it i i
H22.1% W 85T Zn As .Cr Fl Cu £ H SR IC
FLEUEH TR G g SR & Y AR
o PR B AR 2 T AR b R S S b N SRR Ph
As Fl Cu & MR TRRfAE, PErs B B A SR %2
7 19 RS NS Cd & W R TR A8,
LR 2 SR 21 SREAASHREE Cd FaHE
PR A, BRI A Rt — 25T

ZE LTI M PR BRI 2T AR M AR S 3
A 9 AR R, R Ph As (Cu AT Zn &
BT LK, ASRTN L AESE TR S &
SEARFF A B AR (U2, A BIRE R 3Eh Cd & i
Triren , 8 AR e, 2 A 80 Cd V5 YL ik 7E
A KBS A i, AT RE TS O A2 i i e e Al
ORAE PR 17 15 | A B A0 I St R I 1) 7 A Tt
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