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Bioaccumulation and translocation characteristics of heavy metals in
a soil and Scutellaria baicalensis system in Chengde Central Region
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(1. Beijing Institute of Geology for Mineral Resources Co. , Lid. , Beijing 100012 ,China ;2. School of Water
Resources and Environment ,China University of Geosciences( Beijing) , Beijing 100083, China)

Abstract; The heavy metal content in soil environment have an important impact on the quality and yield of
Chinese medicinal plant-scutellaria baicalensis. A total of 355 soil samples,30 scutellaria baicalensis root samples
were collected in two Chinese herbal medicine planting demonstration area of Chengde Central Region and
analyzed for Mn, Zn, Cu, Cr, Co, Cd, Pb, Ni, Hg, V, As,Co, Sb, Soil organic matter(SOM ) content and
speciation of 8 heavy metals (Zn, Cu, Cr, Cd, Pb, Ni, Hg, V). The bioaccumulation and translocation
characteristics of heavy metals in a soil-scutellaria baicalensis system was investigated based on descriptive

statistical analysis, geological accumulative index, bioconcentration factors and migration factor combing with
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principal component and redundancy analysis. The results showed that the average accumulation index of surface
soil in Jingoutun and Wudaoling area was generally categorized as no accumulation or moderate accumulation.
The accumulation of Cu and Hg in the soil of Wudaoling area was higher, while other element lower than that in
Jingoutun area. In comparison to China’s soil environmental quality standard risk screening values (GB15618—
2018) , the over-standard rates of Cr .Cu and Cd in Wudaoling area were 2. 82% ,1.69% and 1.13% , and the
over-standard rates of Cd, Cr and Ni in Jingoutun area and Zn and Hg content in Wudaoling area were 0. 56% .
The elemental content of Scutellaria baicalensis in Jingoutun area was higher than that in Wudaoling area expect
Cu and the bioconcentration factor of Co and Cu elements in Wudaoling area is higher than that in Jingoutun
area. The migration factor of Cd and Hg were relatively higher, and than the average value of Ni, Zn and Pb
were relatively lower, while the bioavailability of Cu, Cr and As were the lowest. The Jingoutun area has lower
pH value, higher SOM content in root soil and higher average BCF of As, Cd, Cr, Ni, Zn and Pb in the root of
Scutellaria baicalensis than that in Wudaoling area. The soil pH and SOM content have an important impact on
the bioavailability, biocaccumulation and translocation characteristics of heavy metals in a soil- scutellaria
baicalensis system, while the Cd and Cu biocaccumulation were most affected by soil SOM content.

Keywords : heavy metal ; soil ; Scutellaria baicalensis; Chinese medicinal plant; bioavailability ; bioconcentration
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Fig.1 Geographic location and sampling sites in the study area
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Table 2 Contents of heavy metals,SOM and pH in surface soil samples of different area
4 IX Mn Zn Cu Cd Cr Pb Ni As Hg v Co Sh SOM pH
Min 393.70 54.67 9.32 0. 06 20. 74 15.04 9. 84 3.18 0.01 27.83 3.95 0. 36 0.21 4.98
4 Max 2 075.00 256.10 41.25 0.63 228.36 42.21 116.90 21.41 0.20 161.20 38.56 1. 66 6. 63 8.50
A Mean  707.96 77.02 24.98 0.13 67. 44 24.39 34.26 11.34 0.03 84. 85 14.24 1.05 0.49 7.17
B C 0.26 0.30 1. 19 0.39 0.29 0.15 0.32 0.24 0. 68 0.22 0.32 0.23 1. 60 0.13
Iw_W 0. 46 0. 63 0.91 0.59 0.95 0. 64 0.98 0.94 0. 359 0.55 0. 64 0. 85 — —
Min 313.60 27.44 11.94 0. 04 20.53 8.94 4.48 1.81 0.01 29.61 5.26 0.19 0.18 4.99
En Max 1 191.00 209.10 207.40 0. 38 411.62 1069.00 122.20 19. 14 8. 87 206.60 38.42 9.50 5.85 8.73
iH Mean 561.70 63.13 29.33 0.11 73.31 28.00 30. 69 9.13 0.09 79. 04 13.51 0.91 1. 16 7.91
% C, 0.24 0.30 0. 65 0.45 0. 694 2.93 0.45 0.33 7.51 0.30 0.37 0.77 0.72 0.09
1 ((((((((( e 0.12 0.33 1.02 0.35 0.934 0. 40 0.77 0.58 0.48 0.43 0.55 0.55 — —
VAT 9 5 754.78  72.65 19.59 0.122 50.78 23.31 24.99 8.53 0. 027 84. 68 13.10 — — —
b 608.00 78.40 21.80 0. 094 68. 30 21.50 30. 80 13. 60 0.036 73.20 3.91 1.22 — —
i U U 7 5 705.00  62.00 23.00 0.113 66. 00 22.00 32.00 11.00 0. 020 82. 00 12.00 0. 85 0. 26 8.61
SEEZELTE 569.00 66.00 21.00 0. 137 53.00 22.00 24.00 9.00 0. 026 70. 00 11.00 0.73 0. 60 8.00
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Fig.2 I, grading of soil heavy metals content
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BREER N, Cu st RIE -5k B BURISR B BURE &
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HPh B TS G MM 2.24% 1.88% 1. 84%
M1.49% , Cd TRRMRHEEGDTFH LR ERT
HE I, 24.66% ; Wk & Hg Ni.Zn f1 Pb, F- 1
di AR 5.32% 3. 66% 3. 14% F1 2. 15% , H& o0
FWMRER LS A8 5 W /NF 2.00% , Hg As Cu
Zn JUE JE TR 45 A AT 3505 A X w4 Sk
19.24% 12.07% 8.31% F15.31% ; ik} Cd f1 Pb,
SE459 4 K 5. 08% 4. 08% . Pb Ni Hg il Cd 62
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Table 3 Correlation coefficient matrix of heavy metals content in surface soil samples of different area
T
Mn Zn Cu Cd Cr Pb Ni As Hg \Y Co Sh SOM pH
Mn 0.540 " 0.333 0.461 0.574" 0.425™ 0.645" 0.193  0.430" 0.644" 0.681" 0.418" 0.274 0.309 ™
Zn 0. 425 0.591" 0.492 0.443 0.186 0.495 0.373 0.179 0.555" 0.563" 0.134 0.458 -0.192
Cu 0.327 0.139 0.454 0.336 0.735" 0.384 -0.197 0.740" 0.468 0.525" 0.626~° 0.282 -0.192
Cd 0.422 0.2064 0.461 0. 080 0.433 0. 143 0.119 0.424 0.175 0.210 0.403 0. 695 0.451 ™
Cr  0.640" 0.286 0.697 " 0.129 0.153 0.909" -0.165 0.217* 0.800" 0.828" -0.136 0.437 " -0.078
4 Pb 0.310" 0.313 -0.027 0.516 "=0.257 —-0.090 0.320" 0.995" -0.081 0.237" 0.934~ 0.075 -0.078
V8 Ni 0.656* 0.284 0.712* 0.148 0.975" -0.227 0.480 " 0.159 0.916 " 0.900" -0.095 0.051 0.394 ™
o As -0.247 -0.264 0. 188 0.238 *=0. 134 0.244 -0.107 0.219* 0.197 -0.065 0.237 -0.092 0. 347
Hg 0.465" 0.350™ 0.381" 0.179 0.359" 0.190 0.332™ 0.381™ 0.184 -0.039 0.935" 0.078 -0.092
v 0.561 " 0.289 0.776 " 0.236" 0.897 " -0.283 0.897* -0.055 0.352* 0.956 " 0.215 0.114 0.337™
Co  0.683" 0.366 0.725% 0.137 0.894* -0.193 0.901* -0.237 0.447* 0.930~ 0. 136 0. 158 0.321™
Sb -0.350 -0.297 0.358 -0.086 -0.175 0.387 -0.137 0.701* 0.123 0.162 -0.199 -0.121 0.481™
SOM 0.168 0.253 -0.067 0.510 0.166 0.218 0.112 0.461 * 0.276 0.117 0.136 -0.173 -0.211
pH -0.146 0.407™ 0.467-0.132 0.296""-0.308 -0.084 -0.170 -0.100 .283™ 0.387-0.245 -0.219
T 7 RIRTE 0. 01 K- CBU) B A G * RIRAE 0. 05 /K (XU B i 340G
PR A S A B R, a8 22.09% | 10
HTH MF
17.57% 11.02% #11 10. 98% ; H. ¥k &y Cu #l Zn H?Hjj\j HIEH MC
8. 48% F17.60% . Hg Ni.Cd fl Cr A HLLE A5 & %
o7 L AR X B, 43l Rk 16.90% (7. 17% (4.24% %‘n # 01} 0
. . v » o o o
3.85% , Cr.As . Cu fll Zn STRIEELUIGRES N F, i 3 ° ° é
F 4351 89. 429% 84. 87% 80. 63% Fl 79. 88% ; ik ¢ %o% E
7 Pb Al Ni, 3 5 Ly 68. 62% il 67.28% ., o o_m-é ?
00% é °
000] 1 1 1 1 1 1 1 1
As Cr Cu Pb Zn Ni Hg Cd
BS tESEsEEVMEHRESERRER ST

B4 THEESEREFERS

Fig.4 Chemical fractions of heavy metals in soil samples
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Fig.5 Migration factor and migration coefficient of heavy

metals in soil samples

24.25% ; H. Yk i NiZn F0 Ph, (5 L4350 8 5.74% |
5.16% F13.79% ; Cu.Cr 1 As A=Y iE M R BEAK, 2
R 2.21% 1.55% F1 1. 06% ., 4 )& T # & 5k MC
K/NKZE K Hg >Cd >Ni>Zn >Ph>Cu>As >Cr;Hg
T R B X s, 345 18.93% ; Hik oy Cd \Ni Zn
M Pb, T A HH2.47% .2.07% .2.02% Fl
1.63% ; Cu, As Fl Cr iF 7% F £V %18 W 53 51
0.84% .0.62% %1 0.46% , Pb Ni . Cd il Cu V&ETEAE Y
AROL 5 RO, 20 5 27.60% ,26.99% |
21.30% 1 17.22% , i Zn, As F1 Cd 0 43 5 & b
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Table 4 Heavy metals content in Scutellaria baicalensis of different area

o X i H HHE4)E Cr Co Ni Cu 7Zn As Cd Pb
Min 4.305 0.770 0.108 1. 258 3.975 12. 320 0. 065 0.011 0. 095
. Max 17. 662 5.937 0. 525 5.784 17.300 31.440 0.379 0. 140 0.527

LR e
Mean 9.703 2.326 0.251 2.813 9.233 18. 820 0. 187 0. 042 0.241
C, 0. 405 1.616 0. 446 0.527 0. 426 0. 241 0.426 0.818 0. 555
Min 7.418 0.422 0. 107 1. 043 7. 065 11. 160 0. 050 0. 006 0. 054
. . Max 16. 941 3.417 0. 444 2.707 16. 600 17.790 0.402 0.041 0.273
i IE e B

Mean 10. 984 1. 349 0.231 1. 657 10. 710 14. 626 0. 149 0.016 0. 128
C, 0.260 0.726 0.477 0.334 0. 265 0. 162 0.767 0.539 0.474

WM/T2—2019 20 — — — 20.0 — 2.0 0.3 5.0

e B JRUBE T A (7 22 5 — 0.5 — 24.1 48.1 361.0 0.2 1.2 28.5

1SO( H25#1) — — — — — — 4.0 2.0 10. 0
o Sl (BZh) 10 ~20 — — — — — 3.0 — 3~10

Xif HE A o P

g R (FZ) — — — — — — 5.0 0.3 10

HA(4:2) 50 — — — — — 2.0 — 20

wE (Y A2 30 — — — — — 3.0 0.3 5.0

W (FZ) — — — — — — — 0.3 10

T - Min 7R fig/ME ;s Max 278 i KAE ;. Mean SRR BIE ; €, KR & 5 REG IR & 560 me/kg,

SIUA ¥4 4 JE Y WHO (IS0 J it Bt 4 %2
T2 R G AR EEA T L (3 4) , &) T B A L GE
WX Cr Cu Fl Zn 34 54891k 1. 349 ,10. 710 Fl
14. 626 mg/kg, ¥ i K T 4 E A [R] 7= H 92 14 ¥ 45
b Cr.Cu 1 Zn [ ¥ & & (12.54,23.09,28.98 mg/
kg o PIBIFSY X B S AR A T 4 U A B K 7E S
2y | H A 2 Ak [ A A A 25 T 4 R R R PR Bk
W ,Cu.Cd FI Pb & &t 28 ¥ I T [ Prbr #E AL 2 21 1S0 |
WHO S gk B2 5 R X 524 s 4 1
R E A RRMEER T Gk TR
JRURSE A B 2 1) B 25 T 4 iR 1 4 4 BREL R A7 X6 BE F
X% FEA Ni\Cu.Zn ,Cd I Pb JC 28 & 2 24 A8 1 {d B
JRURS: V<22 4 BRAE ; 5 X 4 & 43 FF b Cr R As 8 3 22
S RRAEARAE , BRFLIE WS 1 AFES Cr KBRS, o4 29 1
FEdh Cr B EEX ) T2 R BRAEBR M, 4 78 o LTS X 45
B 33.33% Fi120. 00% K As F il 2 4 FRAA bR
2.3.2 HHE-EKNEEEAEYE ERE

KLY EERBFRIEESRBESETCENE
LR R EYEERRGIT L E (K 6) WK, 4
T8 AR R L - B 5 i 0 R BCF {EH Cd > Cu > Zn > Ni
>Cr>Co>As>Pb, Cd.Cu fl Zn Jt & BCF “EIN{H 4
12k 0.385,0.363,0.265, £H A HEHE, Ni oH

BCF J& %24 0. 038 ~0. 179, ¢k 0. 086 ; Cr JT. 2 BCF
JUE A 0.010 ~0. 105, ) {E & 0. 037, & 0 Jy 13 55 -
AERE AL, BA M AR X Co T As JUZ R I L 55 4%
B, % Ph T R 3R B R AR 55 -0 59 I, 4% JT & BCF
EEE 5 0.011, FOEWEIXAR R - MEITR
BCF {8 Cu>Zn>Cd >Ni>Cr>Co>As>Pb,Cu.Zn fl
Cd JCZE BCF FI{E 4 51 M 0.457,0.252 F1 0. 174, 3%
oA AL, NiL Cr A1 Co JCFR BCF U [H 43 5 4
0.032 ~0.086,0.007 ~0.017 #10.010 ~0.036, ¥ 3%
PR TS5 Ph JT 3 2 30 A A sk 55 - 553 4 B o
TS X B A B Co 1 Cu SR AW & £ E &
TaWdish, HEIJTR BCF HHF A S & X —
HOHEEERERTSWEX, HIEKX 1 As Cd,
Ni Zn 1 Co & AR T4 4 X, Cr Pb Al Cu & & 5
TFEWEX,HAEEWE Co i ZAEYEERERT &
WHLIX, Cr Fl Ph A9 20 B T i e X, 3R W) &
B-EBRGE RS BOTRL FAHREEZ LIETRF
i 52, A2 B H B[R] o0 2 A W ISR v L S
G )& A AR P TR T A B B S
2.4 FIE-EEESEIBREAEERTS
4 JE AR WA OGS B -0 A AR R A G
KERE(E7) A, BR Pb oG R Fb, 4 V8 o 1 % AR
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Fig. 6 Statistical boxplot of bioconcentration factor in soil-Scutellaria baicalensis system
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LT AW X, Cu Ni Zn #l Pb AE YA 08 & &K
TaWEX, aTfes 1 pH 54 L5 SOM & & *f
BSR4 B W S A OC . [T (h) S AR
TESE S AT pH 1 SOM & RDA 43 b1 %
B, B A AR ER Cd \Pb Ni fll Zn % 55 + 3 SOM & &= 2
TEAH 56 F M 6 R B4 W) 0.311,0.370,0.263 Al
1.222(P <0.05) ,pH Fil Cr.Co HI Ni & — & F2F F M
KKF,5Pb A Cd BHRALK R, EHEMRIMAT Cd,
Pb il As,Cu F1 Zn,Cr.Co A1 Ni Wi BAA WM RIVEH ;5 2k
JEICE Cr.Co Fl Ni WE IS RE A2 HEAR R X5 As By M, 41

AR 2 X Cu B MR

+ 38 pH FRAC & S 5 FR 45 & 75 VR | AL W 45
G AR A LGS 5 A WA R WA A 5y I HE T g
W, 45 5 4 @ A 1E S k1S o BE E 58 pH {H Y BE
%, 4R A A S 4 2 W B s ke fn > . pH
RIS, g R B R A BIL BT 3R T Y B
Fp U b BEAIR T H X TR 4 OT 2R W BR A  TE A, A
MRS T 548 A Rk . A DL 456 i 5E
A0 53 A TV A AL R K B 4 RN AR oy
WAEARTT YA L, T3 SOM Al %K/ T AL BE 5
HEBIENEGY, &% Cd.Pb fl Zn B E & JE LY
AR, MNEEAILR S E 4 RIE NS, BRH T
I R > A AR | o 35 G | 1 | B o
SOM & it A, Cu Al A2 e 8 & & W R i/, 5 Uik
[F] I, B 2 AR B 2 7 2B AR R O A ) BB 8 U Ak N AR —
BB 4 JE T RO A A, AT B B S
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SWHE MR R+ pH JEHE N 6.37 ~8.36, F N
7.79; HIEW I &R + pH JE [ h 8.22 ~8.52, %3k
8.37; 44 H F AL A WS AR R + SOM ~F-¥°h 1. 13% A
0.79% , 4 X AR R + B AN pH {5 M &1
SOM & &, i 4 78 i X B A MR &R As Cd Cr Ni Zn Fl
Pb AW E R BCF (i m T LIS X, Cu TR & &
5 AL T HIH S X,

3 #Hig

(1)@ X R ZE 14 Cd Cr il Ni JTR & &2
PRFEYIN 0.56% , FiE IS X K2 + 4 Zn F1 Hg JTTCHR &
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Fig.7 Relationships between bioavailable forms in soil andconcentrations in Scutellaria baicalensis of heavy metals
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