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Abstract: [ Objective] The pollution characteristics and risk assessments of heavy metals in soils of different
Pogostemon cablin production areas in Guangdong Province and Guangxi Zhuang Autonomous Region were
analyzed, in order to provide scientific basis for the prevention and control of heavy metal pollution. [ Methods ]
The Pogostemon cablin and corresponding root zone soil in representative production areas were collected to
analyze both of the total and available content of heavy metals, including Cu, Hg, As, Pb, Cd, Cr, Ni and
Zn. The pollution characteristics and risk assessments of heavy metals in Guangdong and Guangxi were
compared by methods of single-factor pollution risk index and Nemerow-factor pollution risk index. The
enrichment coefficient of heavy metals together with the correlation of heavy metals in soil and Pogostemon cablin

were investigated to expound the effects of soil heavy metals pollution on the safety of Pogostemon cablin.
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[Results ] @O The risk of heavy metal pollution in the soils of Pogostemon cablin in both Guangdong and

Guangxi have reached the warning level, while the heavy metal pollution in the soils of Pogostemon cablin in

Guangxi is even higher than Guangdong. The Cd pollution of Pogostemon cablin soil is most widespread with

the highest value (0.95) of the average single-factor risk index, which needs more attention. @ The overall

situation is safe since the content of every heavy metal in Pogostemon cablin is lower than the corresponding

limit value in the Chinese pharmacopoeia. @ Pogostemon cablin has a weak ability to absorb As, Hg, Cu

and Pb, but its stem tends to accumulate Cd which is not affected by soil differences. The accumulation of Cd

in leaf is more evident compared with stem. [ Conclusion] The prevention and control of heavy metal pollution in

the soils of Pogostemon cablin production areas should focus on the control of available content of Cd.
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IR 13.65+4.43 3243 1.10£2.59 236.35  0.28+0.26  89.81  0.83+0.49  59.74  0.3440.25  72.43

X R FHM SD RafRfEN 2 Co/ NRRLBHAM. TH.

SRR A AR CGERI) P 5 Fh G R
Bt B 24 4 R 24 3 (2020 K80 ) Y PR
PR VAT B2 4x . il E 4 YR AR RN DT

A7 G 7 DX T 4 A 25 R 77 A8 B OB AR Sb 1 s R
IR 6.74 06 A 7.87 Vo, Hor i X TR A AL BR R
H 4 Jm bR 1 D0 X AL T 22 4 aT 4R K CRIPEE B R
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<5.000) RE G R GBI E )TV X RE AE
R Cu,Hg, As Fl Cd X 4 F s 42 @ 19 & 1 A7 X
FI R K B, i P A a0 A X AR, X —
SERE W) A PR b R X R B G T e 1
L—BCE D R G R Qe A
MRS E R BRI —

LA A9F 58 S AN [ AR ™ DX ) 78 7o A bk v
EIEERNE SRR Z AT 1000~ 10020 K9G H
I Hp A B AR S 0K Y- 3 3R R S AR e A X
WU 4 R 5 YAl 00 2 2 0 S S i 52wt L i

T 46 SR F T Bl B 52 W AR AT RE R AR AR T AR A R L
b R AR BT T R AR PR, BT IE R B T
wAETD Cd WP & & 25 S T & &0, M He
2 i E R T AR A T (p<<0.05) . HI% b
AR TR] 7 DX 9 4 A AR LE ) A< 48 DO BH 7 25 3t ) B
G IR T ACTEA BT TR X N B TR
A R PR A ) < R R 52 BN DR 16 Bl i BOR R L 5
LS i A A 4 A T e s r ) . PR
TE T2 7 1 Ff R AET B G R o, B o i M 5 A
R AR 2R A

x5 FRFRHTEEHHSHESESE

% Cu(mg* kg ) Hg(pg * kg ) As(mg* kg 1) Pb(mg -+ kg ") Cd(mg+ kg ")

X+SD  C./% X+SD  C./% X+SD  C./% X+SD  C./% X+SD  C./%
6 QUIEE 13.1042.92 22,28 3.11£2.39  76.85  0.64+0.27  42.24  1.89+1.94 102,99  0.1440.07  48.01
EYN RS 13.9841.62 11.60  3.91£2.55  65.16  0.2940.09  32.34  1.9340.92  47.65  0.1120.04  36.32
E DRGNS 14.64+4.97  33.93  5.06%3.92  77.46  0.36+0.05 12,88  1.79+0.61  34.23  0.0940.03  38.02
PHAT B 12.1543.39  27.90  7.03%£3.95  56.21  0.4430.43  98.00  1.274+1.10  86.77  0.07£0.04  64.42
FHYT PH P 7.954+1.47  18.48  5.64+2.79  49.37  0.25+0.06 25.86  1.334+0.26  19.32  0.0640.01 9.55
BEA=TL 9.93+2.09 21,00 5.17+4.33  83.70  0.18%£0.05  26.29  0.60£0.17 2874  0.02+0.01  40.86
RS 10.251.44 14,07  7.174£1.73 2415  0.2040.03  14.82  0.7120.35  48.80  0.06+0.02  35.13
T M 12774243 18.99  6.53%+4.10 62,75  0.154£0.03 16,50  0.70+0.16 22,58  0.0540.01  27.04
%% 8.8942.75 3091  7.8242.47  31.51  0.274£0.09 3217  0.49+0.07 14.82  0.044+0.01  32.58
TN AR 13.20£1.83  13.88  5.3942.68  49.73  0.3240.09 2858  0.68+0.13  18.83  0.15+0.06  41.45
TR 6.654+3.73 5611  7.11£0.45 6.34  0.87+0.31  36.39  0.24+0.06  26.83  0.0720.06  89.99
PR ARE  14.6344.36  29.84  7.14+6.15  86.05  0.3640.27  73.10  0.85+£0.31  36.90  0.1240.09  75.61
xR 14.16£4.90  34.59  10.04£7.17 71.40  0.3540.22  62.42  0.9320.40  43.07  0.13£0.06  44.56
BOM R 1 12.13+£2.47 2038 5.554+4.15 7479 0.13£0.07  55.26  0.46+£0.19  40.59  0.09+0.02  26.50
B gL 15.85+1.89  11.94  9.92+£2.89  29.12  0.25+0.05 19.31  0.73+0.26 35,97  0.0740.03  37.79
T M 10.24+2.09 2042  14.244+2.86 20.09  1.20+0.68  56.67  0.974+0.23  23.72  0.0840.01  16.00
AR 11.4443.36  29.36  5.41£3.39  78.82  0.36+0.32  90.12  1.064+1.00 9442  0.06+0.05  79.37
I 13.9744.33  31.01  9.27+5.97  82.65  0.3840.31  82.25  0.8540.36  42.45  0.1120.06  58.54

25 TTEBEMESENEESMH

JCRER AR RN RS A RPN - Y R A RS Yt
TESFRIH T ) 76 7= X5 Y AT 7 2R 7 I Jin ™
TP 0 L X I ) A R AR RN - Y 4 R T e T
REAFTE—E M AHCE . IRBL, DR 20 i TR )72 X 1Y
JAE A ZE R [ 25 8 (2020 RO ) A B A BR
HHEM S MELSBENEERBEC (K 6), %4
WoR, AR ZEN Cu, Hg, As, Pb #l Cd 1 EC -1
AN 0.60,0.13,0.03,0.04,1.43; 2 F M % Cu,
Hg.As,Pb fil Cd % EC F ¥ {H 43 %1 A 0.61,0.54,
0.04,0.04,0.45, Al WL ZEF 2% Cd A1 & £ 1EH,
Xt As,Pb,Cu Ml Hg HA M Z . RHAESER 3
PAY TR SR R B 7 b ) Y 25 5 45 R R R A PR
) FEFEMNRESR IR Ca I Ph I EEEFEE
(p=<<0.05) , T % HoAth 3 P 42 @ i & SR TC o 2= 5 .

JURER X Ph BRI 2 (EC<<0.1) ,HE R it
TF 2 Hp A S AG 3) D 25 7= [XOR P 77 XA T 4 5 A7 A
AFRREER Pb V54, XiE— L RPT A TR Pb
V5 R IE AT e AN S A B o A I H R R AR AT g 2
ML R A i Pb BURESY . AR ™ M 38 45 X Cd
) EC A 3% 22 5 R BUR RN = XY | 78 A ik 2 %
T8k Cd BA BEWEA . TERNEENR, ) ER
T+ 1 v Cd V5 G H 000 36 0 o 7 ™ X I R
K BT 7EFZEN Cd A EEIEM, B Cd WAE R %
FEERIG YN0 E S, A AR E S )
Bt EC (1922 500 o, Hg M Cd 72T 46 7
KRR EC AR i 2 5 (p<<0.01), HoAlh
HEEBAEZE MNP EC N LR EEES., BIkERH
H T FERZENT He 9 EC B F /T &M, i) %
FrZEXt Cd 1y EC W &R T8/,



96 IR A PR %A1 B
X6 FAFEMN EEEENHMNSHESLENEERY
— ENESIEEERE MY G e R R

Cu Hg As Pb Cd Cu Hg As Pb Cd
U 0.60 0.07 0.03 0.04 2.21 0.72 0.26 0.08 0.05 0.61
PR 0.69 0.12 0.04 0.04 1.49 0.6 0.25 0.06 0.04 0.55
E PN EDN 1.07 0.08 0.03 0.06 2.13 1.09 0.11 0.06 0.04 0.52
BH YT BH A 0.62 0.19 0.03 0.04 1.69 0.59 0.86 0.04 0.03 0.52
FH YL FA 75 0.87 0.03 0.08 0.06 1.26 0.71 0.49 0.08 0.06 0.67
7% 4 1= M 0.56 0.09 0.02 0.03 0.58 0.6 0.39 0.03 0.02 0.25
AN 0.56 0.03 0.05 0.04 1.50 0.56 0.49 0.04 0.03 0.38
T 0.15 0.07 0.03 0.09 0.86 0.14 0.56 0.02 0.11 0.25
TV %R 1.03 0.09 0.03 0.07 1.83 0.84 0.73 0.03 0.04 0.29
T JH A 0.33 0.14 0.01 0.01 2.37 0.3 0.85 0.02 0.01 0.6
VLIRS 0.62 0.10 0.13 0.01 4.26 0.45 0.93 0.43 0.02 0.75
B EHEARE  0.82 0.11 0.02 0.05 2.24 0.86 0.35 0.03 0.05 0.60
ERab i 0.39 0.18 0.02 0.03 1.34 0.4 0.54 0.03 0.04 0.47
BN R 1L 0.91 0.02 0.01 0.01 0.73 1.08 0.41 0.01 0.01 0.45
BN E AL 0.54 0.16 0.02 0.04 1.00 0.48 0.88 0.02 0.02 0.36
T 0.52 0.25 0.03 0.05 0.60 0.47 0.89 0.05 0.03 0.33
T H 0.60 0.13 0.03 0.04 1.43 0.61 0.54 0.04 0.04 0.45
o U A 2 0.37 0.20 0.03 0.03 1.41 0.36 0.49 0.03 0.03 0.34

26 tEECRSEREBHUM EEmREE
E;u]‘]

JCRER X LR S R E SRR A
METHEELRT, SeEML AUESESETE
BN B SR O, R O A RS A AL #)
SIS 8 52 B - HE PR AP BT A PL BT & L pH
{8 BH B F s mt o) | e 2 DA R AE P AR

P B A A A I_I%%E’J%ﬂifl # 8 Won, Ly He
TRERMTERZETD RWFIEMRK, As TR

e H)TERERY %*&ﬁ%fmﬁ% ifii Cu,Pb
MCdtRERARE., T EFEN. N Cd IR
Zrig Gt Cd & 5 R F IEAHC, Cu, Hg, As F1 Pb
TLEEE¥ARE ., MXF LD E S E A RS
5 ,Cu, As,Pb fil Cd TRARME G EFEZ P& &
LA R 3 IE A G s Wi, Cu, He As, Pb fil Cd LR A
iﬁ?&%ﬁ%éﬂfﬂh@%%f&%%ﬁ*ﬁa‘éo ok, g
BEBAMEGRSEFMKT T REATEIM
*Ea‘é‘ré,Lﬁ$ﬂuﬁ<#kﬁﬁﬁﬁﬁ,n%—£&ffljo L&
A G, A R A OS  RAE A E IX R
S R AN R R R, 28 ETR LR
PR 2 A I % 4 Ei&(%ﬂi*ﬁaﬁﬁ@ﬂlﬂ%ﬁﬂf‘(@
375 it I B 390 55 gt A ) R 470 4 i b G A 24 3

W AE b 238 V5 G2 S5 R 1 AN B 4 TR 75 et A 1tt
b o o 4 SR TR A R X 3 Cd Y5 Y L
it A 2o A X -3 Cd A7 808 & it sg it ot , & &
& B A RS B H R DI AR ) 25 7 1 o o 4

RT ITEBEFRIEESREEMEHTSEE

i H BEEEILE FHME iz TR REU/Y
Cu/(mg- kg ')  26.37 20.41 77.42
Hg/(mg « kg™ ') 0.02 0.02 89.76

4/ As/(mg-kg ') 11.02 9.93 90.10
Pb(mg + kg™") 35.24 20.98 59.54
Cd/(mg -+ kg ") 0.23 0.29 129.20
Cu/(mg *» kg™") 3.64 3.78 103.80
Hg/(pg *» kg™ ") 0.20 0.23 111.07
HHA  As/(mg - kg™ 0.18 0.16 86.15
Pb/(mg - kg™ ') 7.02 5.22 74.29
Cd/(mg -+ kg™ ") 0.09 0.11 126.19

®8 EEFFRIZEECRELE AUSEES
TESESEASHEXESN

TiH MERERH  Cu Hg As Pb Cd

N— Rr 0.47 0.56"  0.68" " 0.47 0.45
B
R, 0.91" " 0.27 0.87°% 098" 0.71°"
Ry 0.35  —0.05 0.46 0.48 0.63°

EHN
ER R 0.82"7 0.6477 0.68"° 07777 0.797"

E:Rr EAEGBERES T EEHTROMERAL: Ry KR E
ERAMES T EE R RIML R,

3 &%

(D) J7FE A 8 X FoAE b S b A e — B R
BER w5 gy Horh Cd 15 9%t BB R B v, - 2 R
P15 e e Bl L 38 80 0,95, A RiG e E 1Y &
EIRIGHKIL, WD LR 15 QIR A R R P
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o DI A2 b 1 it 522 A R I T
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(3) J7 78 A AR R S HG X IO AR X A R A P
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FESI BT A LE RS B 4 b VP Al 4 08 b o 4 o)
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