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Vertical Distribution of Heavy Metals and Its Response to Organic Carbon in

Red Soil Profile

JIA Guang-mei'”, MA Ling-ling’*, XU Dian-dou’, CHEN Hang-xin’, ZHOU Guo-hua’, YANG Guo-sheng’,
LUO Min’, LU Yu-nan®, LIU Zhi-ming' "

(1. State Key Laboratory of Chemical Resource Engineering, College of Chemical Engineering, Beijing University of Chemical
Technology, Beijing 100029, China; 2. Division of Nuclear Technology and Application, Institute of High Energy Physics, Chinese
Academy of Sciences, Beijing 100049, China; 3. Institute of Geophysical and Geochemical Exploration, Chinese Academy of
Geological Sciences, Langfang 065000, China)

Abstract: The vertical distribution patterns, the source and correlation of heavy metals were characterized in the bulk soil and different
soil aggregates of arable red soil profile (0-100 cm) in Hunan province. Their response to organic carbons in proflie was explored as
well. Principal component analysis (PCA) suggested that elements could be divided into two principal components, the metals of the
first group were Zn,Cu,Pb,As,Cd, and the second group metals were Cr, Ni. Priniciple component elements had similar sources. In
0-30 cm, The first group metals decreased with increasing depth, the second group metals increased with increasing depth. The
concentrations of typical heavy metals were in the order of Zn > Cr > Cu > Pb > Ni > As > Cd. Cd in each soil layer was severely
polluted, Zn was at level of light pollution, while other metals were at clean levels. In terms of different size of soil aggregate, it was
found that colloids played an important role in facilitating transport of heavy metals, such as As, Cu, Zn, Cd, Cr, Ni. While Pb was
still mainly enriched in clay component ( <53 pm). Infrared spectrum analysis showed that the main functional groups of organic
carbon were polysaccharide (22.07%-47.13% ), aromatic ( 13.88%-34.37% ) and alcohol (21.04%-59.49% ). Correlation
analysis showed that stable organic carbon such as polysaccharide and aromatic organic carbon could stablize the metals of first group in
profiles, which would delay the migration of heavy metals to deeper soil. However, the active alcohol carbon would enhance the
migration.

Key words : heavy metal ; profile; soil; organic carbon; colloids; correlation
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Table 1 Mass fractions of elements in profiles/%

GRLERN C S N TRk
P1 1.77 0.07 0.21 6.63
P3 1. 06 0.02 0.13 11.51
P5 1.08 0.04 0.17 10. 60
pP7 1.78 0.06 0.17 6.92
P9 1. 84 0. 06 0.21 5.24
P10 0.73 0. 042 0. 141 13. 15

1.2.2 H4EEN R

Fedh (4t IR <53 wm A 32T B IK ) %
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B Cd, g Pb S AT I . BT R HNO, R
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(GBWO08302, I T El b 5x e, b ) 47 Bl i
¥, Cr. Ni, Cu, Cd. Zn. As. Pb [AUst 245 51K
90% ~110% . 81% ~84% | 124% ~126% . 105%
~110% , 114% ~ 115% . 120% ~ 134% . 93% ~
95% Z [8]. FEAFEMG 3 A FAT, B 3 25 1,
FE AT 2 AT BIAR IR 22 539 7E 10% 1 5%
LT RE S bR 2 .
1.2.3 AP &

FREC 1.50 mg HRAEHE 5 150 mg Y6 i 4l
KBri& . WHES . Fe F, LD AR i (75 iN10-
1210, % Thermo Fisher) Il & , H % A4 Omnic 7.3
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176. 27 mg-kg_l. Zn, As . Pb. Cu Fl Cd 7F + 55 m
R AT AR, dRe e R D AR PL B ST ) T
F AR, TR P4 I — MR, AR5 B — A~/
LRI FHRTT 76 P10 R S BRI AR ; Cr T Ni
TSP A AT AR, P RP B AR PL & AR AR,

x2

B 2 0 TR, 7 Ak B AR G o, AR R
P10 Ab 5 F ik B i .
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i 5 [ 5% 4 S PR R AR v KX E, R AR
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T AR T E R AR IR T E R K
BRUFE(E, Do I I b i b - 8 R 3 5 R 4 G B
T FE AR I S b 1) B SR B AR X R B A 23 1 LS
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{85 He 2 B R VB L XA B (0 4 R o R b A
by (R A TR G 4R R AR TR
i DX S AR B N, UEBH X 20 24T i
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Cd Tt I h 7 2 7™ TH8 2o [ R — Gbn e, 2 PR
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JEIS YRR X Zn SRULER T PL PR R
IR = Gbnife, 4 T S0 & S R = bR
LT B TR EE Y. WX AFRREDH Cu,
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Table 2 Concentrations of heavy metals in profiles

BE SR %U??ﬁk)ﬁ : : - @Fﬂ‘a/ﬁﬁ\ﬁ/mgkg’l
cm Cr Ni Cu Zn As Cd Pb
Pl 0~10 132.10 38.69 83.24 537.93 20. 02 7.38 173.07
P2 10 ~20 153. 34 45.81 73.47 258.20 14.25 2.69 116.31
P3 20 ~30 152.77 44.25 65.95 217.97 15.13 2.07 95. 14
P4 30 ~40 149. 14 42.94 62.85 149.17 12.08 1.28 58.77
P5 40 ~50 164.75 48.18 73.79 301. 85 17. 50 2.85 115.22
P6 50 ~60 153. 54 44.20 70. 19 245.26 16.31 2.34 114.93
P7 60 ~70 161. 34 47.89 81.07 351.81 20. 04 3.56 175.43
P8 70 ~80 155.70 47.61 81.92 357.16 18. 44 3.63 176.27
P9 80 ~90 149. 28 47.49 87. 69 429.13 24.30 3.21 139. 38
P10 90 ~ 100 189. 81 60. 32 64.01 148.77 16. 63 0.98 38.70
I Y 1 JbrifE 90 40 35 100 15 0.2 35
B %R+ HE 2 Juhrife 200 50 100 250 30 0. 60 300
KRR Y A 67 —b 25.4 95 14 0. 079 27
P 4 R 57.3 24.9 20.7 68 9.6 0.079 23.5

1) R AR

2.2 I 4R A U4 AT R
T I RAR S A ¢ A ML R T
. FBOSEPIN H R M E 4R LA

KA SRR P 28 A 22 5, Bt A 141 SR AL A28 1 U /)
MR EEE KRGS, B F 2T HEE <53
pm UKL, Acosta %50 XS PR R RO 1 4
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M2 1 M 3R TE P1. P3PS, P7. P9 FiI
P10 HAYHEECR K 6. 63% . 11.51% . 10. 60% .
6.92% . 5.24% M 13. 15% . 3 e A 5 2 9 BUAE
AN[F TR BE HPOR R ZEREFIZ (0 ~30 em) fi4
O B R RGN T FE TR b R AR
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Distribution factor of heavy metals in different aggregates in profiles
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