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Form Distribution and Potential Ecological Risk Assessment of Heavy Metals in Understory Ginseng Soils

SUN Hai, ZHANG Ya—yu", SUN Chang—wei, LI Teng—yi, XU Cheng-lu, Yang Zhen

(Institute of Special Wild Economic Animal and Plant Sciences , CAAS, Changchun 130112, China)

Abstract: Heavy metals in ginseng soils may impact the quality of ginseng. A modified Tessier’s sequential extraction procedure and induc—
tively coupled plasma optical emission spectrometer(ICP-OES) were used to investigate the distribution of five forms(S1, S2, S3, S4, S5) of
heavy metals( As, Cd, Cr, Cu, and Zn ) in understory ginseng soils. Average concentrations of heavy metals in the soils were all lower than
the Level I of the State Soil Environmental Quality Standards(SSEQS, pH<6.5) except Cd, whose average concentration(0.410 mg-kg™) ex—
ceeded the Level II of SSEQS. Heavy metals were present mainly as residual forms, with small proportions as available forms. Forms of
heavy metals were affected greatly by soil pH, organic matter and total heavy metal contents. The whole potential ecological risk index of
heavy metals was 85.45, far less than the R limit(150 ). However, Cd was at the medium risk level. In conclusion, understory ginseng soils
have not yet been contaminated by heavy metals, but Cd pollution needs attention.
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Table 1 Basic physical and chemical properties of understory ginseng soils

T A FR AHLBg ke 7 /g kg BB /mg- kg AR Img-kg! H
Name oM Available N Available P Available K P
B e S}
. .j(““)”\T/%ﬂﬁ 16.93+5.87 366.87+86.76 55.70+12.05 199.44+68.50 5.86
Wujie site of ginseng under forest
SN %
e 8.09+2.43 164.97+38.95 44.06+13.35 155.65+16.29 5.04

Erdaozhen site of ginseng under forest
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Figure 1 Percentages of heavy metal forms in understory

ginseng soils
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5 pH BARET G A A A, st Bk 1Y As (Cd F1 Cr
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B I s IO TE AE g, A A Ak
W R LA A RE R, X AR ) B W TE K
B, MR S - g R A 4 A A O il R B
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Table 2 Descriptive statistics of heavy metals in understory ginseng soils

IV Hf I EpREZE /ME S IN ] BRAE ERE—-RiE [E % —hRifE
Element Unit A+SD/mg-kg™ Min Max CV/% First level of SSES Second level of SSES
fith As mg-kg! 3.640+2.483 0.674 9.355 68.22 15 30

i Cd mg-kg! 0.410+0.092 0.284 0.646 2247 0.20 0.30

# Cr mg-kg! 43.723+24.470 23.388 105.623 55.97 90 250

i Cu mg-kg! 13.173+6.162 8.051 32.554 46.77 35 50

B Zn mg-kg! 69.921+10.188 52.712 93.447 14.57 100 200
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BRCREH ) . &£ BTRRES S &I 5 E S
Eb ARG A T S, o As 5 & (74.63% ), Cd
% (31.16%).
23 KTE1EpH, BHREREEELRENEESRE
RASRIRNE

+HE pH, AHUR SR AES R SRR MRS
JEBSTEAER EZERNEK @8 pH A LR X E 4R
S 5 A TE A RBOR/IME I S i+ 1 4 1
Tp KX A B IEAS R . XK S 445 pH A AL
Jo R 4 A e S A TSI TAH O E ST

3 N1 pH SARESESLE G =M H B
AT, L3R 3803 Cu A Zn 355 pH A
F AR (P<0.01), A5 R E5 70 0.522 F10.741,
IRiREL 45 G R As Fil pH 2 HAAHK(P<0.05), fH
TR, BRI IC R Cd I Cr BHLES A
358 pH AR B ARG

®3 1 pH ERRAKSEERAENHEXIXE
Table 3 Relationships between pH and different forms

of heavy metals in soils

As Cd Cr Cu Zn
S1 -0.081 0.301 0.213 -0.522"  -0.741"
S2 -0.464" 0 0 -0.323 0.140
S3 0.119 0.483" 0.186 0.162 0.390
S4 -0.337 0.600™ 0.563™ 0.610" 0.677"

S5 -0.743"

R FTORTE P<0.01 KR iAW 2 A R 5% FoRTE P<0.05
KT RBEHEKR, TR,

Note: ** shows a highly significant correlation at P <0.01,* shows

-0.219 0.239 0.086 0.044

significant correlation at P<0.05. The same below.

AN EEPEYUTE A RIS E G )R 1R
FHRIMT, ZPRRIIA PR Cd 19 n] 222 \Zn
B A IS & SIA B E ARG R MR R B
5°~0.757 #1 0.819,

TGRS SHA SRR, Ee )R

x4 TEANRERRESESRRENHEXXA
Table 4 Relationships between organic matter and different forms

of heavy metals in soils

As Cd Cr Cu Zn
S1 0.241 0.757%* 0.396 0.023 -0.215
S2 -0.173 0 0 -0.189 0.291
S3 0.222 0.099 -0.466* 0.16 0.819%*
5S4 -0.183 0.098 0.059 0.178 0.418%*
S5 -0.37 -0.364 -0.202 -0.169 -0.235

SRS TE S R B IR RE S Sk T ) 1
A7 KPR G IR IE SRR (3R 5) LG s S i 55 Cd
1 Cr A PSR S SR B E LR, by
Cr (AHIE RBUR AN 0.994, X FREMHFKAY As Cd
M Cr, ERRATY As IIIRIRELSS & S IRIE A
BORFEAMR, 5 As FIAPLA G SR BEMRCR, 5
Cd MBER AL . ALA A S MERA S I 2 A
KRAR, PR SR PSR AR B R T
0.9, Cr BYA HLAS & MBI ULkl A ek
F, HMRREORT 0.9, £ 45X} Cd Al Cr HFhE
ERIE M BA HESE AR .

RS IEECREESFRESEMNEXXR
Table 5 Relationships between total contents and different forms of

heavy metals

As Cd Cr Cu Zn
S1 0.245 0.180 -0.235 -0.347 -0.098
S2 0.883" 0 0 -0.018 0.186
S3 -0.062 0.901™ 0.922 0.220 0.326
54 0.508" 09117 0.927" 0.971 0.470°
S5 0.988™ 0.486™ 0.994" 0.593 0.760™

24 MBS ETESENEBEXE

N AT 2 4 b A R I TR XU R L
| i BFLFE % (Index of Geoaccumulation, 7,) A
e A 2515 3 1 (The Potential Ecological Risk Index,
RDPIXART 2 3 vp 8 45 Jm ¥ 7 KU A T 2E A, 1
HhE SR REE N IS LS R R
BF 1l 2 - b G R A AR S O B Il S
TIEFF AV SN A ZOR . — Il ZS +
B NS AR RIEIR 25 0F, R INS s AR
WS/ N, BRI T AR T 2 LI SR o0 i 2
S, (AU REAIRT S ACHTE SRR T 2 -3 5,
W PREE R A AT S
2.4.1 HER Rk

P25 Muller 76 1969 445 H 1t SRFRFE £k
WHAVEE b i S R 15 YR, AT

I=log,

Cn }
KxBn
K :Cn AT S LD ELE S ENINE, mg-
keg™;Bn AEFINZ LR E SR &R HE, mg-
kg™ K J2 87 IE 280 R IUH 1.5,
E LT ¥ RBHEEUT N T %, L RPUHEE
ESPREE XU Z [0 135G F 22 BR Muller J3 0 AR1ERY, 2 6
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Table 6 Geoaccumulation index and environmental risk levels of

heavy metals in soils

M2 13 Understory ginseng soil

LR HHE

Element  Bn b B RE L Mg KSR
Geoaccumulation index  Risk level  Risk degree
As 9.036 -1.38 0 7o
Cd 0.173 0.55 1 Jo-H
Cr 25312 0.73 1 Jo-H
Cu 12367 1.48 2 th
In 45379 0.83 1 Jo-H

WK S 4 e i 4w T Y BRFE BT BT
YUFERE A XU SO R 2 9, AP AR T K- BEPERR
KEY As Cd F1 Cr (RS Z535000 0.1 1 1, Kbk
T2+ As BeAT5Y%, Cd F Cr AT REG R EE TS Y
2.4.2 WS TR EOE

K P Fig L3 BR £k 2% 5% Hakanson 7E 1980 4F 4 H
FIVETE A SR BOE RS 2 1 b 8 4 8 15 Je s i
PR, X H Ei el Y 35875 Qe AN s
oo WSS AEECETTE AT

RI= Y Bi= 3 [T ]

A GO Z R I R 5 A S E (mg -
kg™)s B HEFINZ LM G R & A B E (mg -
kg™) s Tr A TEIE R B, BUES IR R SF P45 R 5
E O AE AR A AR B ITR 2, fliA R — B m e H R
JEE VBRI KRR BE 5 RT SRy S 1) A 25 U 48 45, 4
R — R A E RIS HE R B GH

ETEPESRESEHERBGETD MTEZ
e Cd A e TR EUR R O 7110, FREEXUS:
R EEIRE, AR R AR S E IR B/ N T 40,3
BT 2 LI RIME XS . fE IR R BIME N
85.45 , it /INTR IR T KBS FRE [ 150, LW F =+
R RZFE Y.

KT HNTESIETESENESRERURETEN
Table 7 E; and RI of heavy metals in soils

LR SME ERE FEERN EDEERE fEEE

Element Cn Bn T: E RI
As 3.640 9.036 10 4.03
Cd 0.410 0.173 30 71.10
Cr 43.723 25312 2 3.45 85.45
Cu 13.173 12.367 5 5.33
Zn 69.921 45.379 1 1.54

3 itig

TR E SR SRR LA DU E SR
FREURAL , (E R T 4 B I SRR R, B AT A%
P CEYIA SRR T A A A R B A A
FHEGAHZ B EPES B ERYE. WS 1%
4R Cd il 041 mg-kg!, ML EZRIHE 5%
PRUERRE . i T R A RERA A S e 3R RN, T
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| R — AR UERRAE 0.20 mg-kg™, 451T I — brifi R
{8 0.30 mg-kg™, AT S B A 0.210 mg kg™,
FH A AT A B AR T R S B F AR AL X S
O SCRPHE PR TR 45 R— 5. RRE 4R
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