5 34 B4 5 W [ERCPNE = G ER N ) Vol. 34 No. 5
2020 4F 10 H Journal of University of South China( Science and Technology) Oct. 2020

DOI:10. 19431/j. enki. 1673-0062. 2020. 05. 001

i X P R s AP B BA B S i -
CAES vfF- 3 i b 151

/’% ’:\!-_} mql,2,3 , }%‘] ;7](;‘?‘;1,2,3 , ';_‘_5 g§1,2,3 , é%&#tllﬁ

(1. R WIRMIE 5L TR, R #7580 421001 ;2. BfE K% MEEHA S BV = AS
5%y b B Ak R R B A S0 IR AP 421001 ;3. FEAE AR A T AZ ARG PR HL B FR IS 5
FR T S SCIRE  WIRT MFH 421001)

i B BB PUR—FOZBLAFHLEING(FMN2E), A3 A ERRE
WARIC, G E 2B AR\ T oA A Efe 2 T4, F itk T 2P E4
B E EAH AL FE Y e, 1) RBR L ERAERY A ELEATRATR, £
AEZAHLEINOPHVNREE, IANE ELR TRE PR LS EMFER
RIBEFRAPERGE KRG DTN, S ERARNGETLEREERATE;2)HAZ
R BRAF mm ey LE2 @ P, T ket —F T/ h ARk Eehg
/Y B — R R R BRI R EL BB A E A AN LT KK
T BB R T RN L3E 5 4 R 56 A, AW IR R B 5 A FAL,
KPR AR LB, TLB G EMH L IREH R

hESZES.P512.1 XEIRER:A

N EH S :1673-0062(2020)05-0001-08

Enrichment Mechanism and Environmental Impact of Heavy
Metals in Soil of Karst Area.A Case Study on
Pingba Profile in Central Guizhou

FENG Zhigang' >~ ,ZHOU Bingjie' >’ ,MA Qiang' >’ HAN Shili' >~
(1. School of Resource Environment and Safety Engineering, University of South China,Hengyang,
Hunan 421001, China;2. Hunan Key Laboratory of Rare Metal Minerals Exploitation and
Geological Disposal of Wastes, University of South China, Hengyang, Hunan 421001, China;
3. Hengyang Key Laboratory of Geological Theory and Technology for the Nuclear Fuel Cycle,
University of South China,Hengyang, Hunan 421001 , China)

%5 B H#A :2020-07-02
EL£WA . BXARBFEL W H (41373115) ; IR A B R BF2= 34 8 B0 H (20204524 ;2018])J2327)
fEE R &N (1970-) , 5, %ﬂ%,ﬁi, N A 5 5 PR B b BR AR 2 O TN SY . E-mail feng_zg@

sina. com



IR (A ZRBEAR)

Abstract ; A soil profile developed on dolomite rock in central Guizhou,China (i. e. ,Ping-
ba profile) was taken as a case study. Based on the extraction of acid-insoluble phases
from the bedrock ,combined with the distribution characteristics and the mass balance cal-
culation of heavy metals such as U, Th,Cr,Ni,Cu,Zn,Cd and Pb in the profile,the en-
richment mechanism of heavy metals in soil and their environmental impact were prelimina-
rily discussed. (1) During weathering of carbonate rock, heavy metals are obviously en-
riched in soil, no matter whether they are strongly depleted or not. This phenomenon is
mainly due to the fact that volume of acid-insoluble residues is greatly reduced along with
the full dissolution of carbonate components in the bedrock ,and then heavy metals are sig-
nificantly enriched in the residues. (2) In the soil formed by the accumulation and devel-
opment of acid-insoluble phases in the bedrock, the further loss/gain of heavy metals
causes their content depletion/increase, which shows the developed characteristics of
general soil profiles. (3) In soil derived from carbonate rock poor in heavy metals, the con-
tents of the most of heavy metals are higher than the risk screening values for soil contami-
nation of agricultural land, which has potential environmental risk and should be paid at-
tention to.

key words:soil of karst area;heavy metal ; enrichment mechanism ; environmental impact

2020 4= 10 A

0 51 =

4 R e — O AR A TR BT AR = A
FER R ICER , HR A BRI ATl B IR A%
B 382 58 RN PR 855 i BR AL 2 58 G TE A A
AR SCRT IR K 4 A A A EL O M b 2 B
PE) U T2 AR SRR i o F b 4 19
5 YL XU A AR (GB 15618 — 2018) ) g 2 1)
6 MHEEAIIH (Cr Ni Cu,Zn . Cd Pb) ", i
SR E R (BUGYL) , BR A A Sh, 1 5T A
AR Y5 38 H A R IR A E T 4R B KR BT
BRI BRIRER A e — 2 A A
ATEHITY SRR X 4 [ 0 R A (A
DA A3 4 i i 1) 4 S ORISR v, 38 % R ER
WRIRER A Kk B W 1 185 i A7 7% 5 4 2 i 3
%, HEn, S AE X e 48w A
INURAFTER S, AR ST B M 57 X v 3 (D
B M DOCP IR AR G — K A s B R E L
T (TRT RSP0 T ) A 61, 3 2ok X6 S TR AN VA
BRI, F-45 A T 4 J 70 S T R A 4 A REAE SR
SOPAITR DOHE R A R 1 & AR AL R IEAL
HIRBE I, AHFIE AT IR E A 55 5 4 R
BRI 2A AR, O T AV X 1 4 T 4 I A 05
KBS AN 22 5 Y PR I 525

1 RS
1.1 HmRE&E

B A DX R ] PG P T DX ) i
Iy, A BIEFRA 739% 0 SEI KIS,
TERRIRER 5 2 LTz o3 i — BB — I L0 A%
42, Hi 7EE d ol X B3N B A, e
AT AR () Fr b e b Ho 3, B AR gT R0
X3k & B ) R A 43— 1 = SR A
WAL B 7= 4, SRAE ST ( BPSE- 3005018 ) 457 T
LG —A BB TS, Bl R A 2T B TG
1A, M3 AR FR N 26°25758"N (106°21'40"E , Hb 3%
AREFRAMGE, R B2 ARG,
NI N e S ol ap /) ) =S W A B i s
fE, Hop JH R =BG LINH A= A2
WL R N B Pae =y i b N B~ % =R I B A N SN v/ =
JE 10 em; 1 )2 A E0H 4K, B ARE L2
JE 120 em, R 428 10 em JB 1K (5858
+. ARSI WA A OC R A
WFR A A — T, SRR {0 20 U
B 75 B SRR SR E 10 em, FEREIA(Y) A
WE (YO UK HJZ(TL ~T1) BESL 13 £, % T3
210 em JEI 255, LLBT SR 9 5T 4 MUK TR
Ao I HRRAE BCRAE B WL 1 FTs
1.2 BREREEABRANAYHIIRE

1 mol/L BYERFR I W43 XT 500 g 35 f
TR Z R T A, AR TR A ), £



55 34 B4 5 )

PRI A DX R T T 14 T SR AL SR BRI - LA 300 A 451 3

B ETPEIL S, Wang 5617 Sl H AN, M 42
BB 23 % R AR ¥ A0 7 A B e R g O
TR, IEA () MUEARZE (YD) BIERAEY (Y A
Yit) 438U R 0. 86% Fi12.93%

0r
N
. HEAHHEBH)
B o e HRE
100F |-W15 I
| ] 4m
SRAEALE R
150

E1 FHAHEFERRECETEE
Fig.1 Sketch of the feature and sampling location of
Pingba profile

1.3 Sl

FESL Y 5O R 40 PW2403 AU XS4
PENCIEAL (XRF, faf 2% AP A, iR IT R
38T ELAN DRC-e 7 PUZR AT Y H JBof & 55 5 1
B (Q-ICP-MS, I K PerkinElmer A ] )
AR 4 A 2 PR EFR B4 (GSS-4 1 GSS-6)
1A = AP RE (GSR-12) #E 4T B fa g, %o
FEHITEK, Na,0, MgO, CaO 119 53 #7152 2= 4 X}
{E<10% , HARTCER <5% 3 3 T AW K W i i oo
Z(U.Th,Cr Ni Cu.Zn.Cd Pb Zr Hf Nb)Hr,
Cr.Th W HriR 22463 EH <15% ,Cd . U<10% , H

50

R /cm

100

150

0 10 20 30 40 0 1 2 3 4

Iy % RSy %
(a) (b)

W E/em

RICE<S% , F S e Z M4 37 JE 4 %
VR B 7 9 A ARG I Hr o R e LR 2 g b
BRAL2E TR 58 BT 58 A

FITHAE i pH (B 1 3 R 2 W) A 7= 1
PHS-3C AUKS % pH 31 2, H A& 7 vk & FREL
10 g LR EE N 0. 85 mm i A FH 2K KRR 5 (L7
JIWEERAAE ) B S0 mL BEFRH JIA 25 mL it
FEFK, TG E 30 min, ZELLNE 1T
W3 Wk, BUHSE A VE MRS Y pH AL

2 ZR5T®

2.1 BIEEE MBI EEE

M2 (CEHs WLZE 1) aT LUA W, S0 [ T i
I ESh RAE A = TRk R R AT 1Y CaO Al
MgO , Ho Bt A B0 3 (Y) TR 43501 A 38, 35% Fil
13.59% ; & ‘5 8 2 (Yf) | CaO 1 59 F& 1%
(37.07% ) MgO Jol 224k ; 1 2 42 )2 T1 Hrilt
AR 0. 38% M1 1.29% , HEL T HE B 40
XAk i B A BRI R B S8 iR
VA 2 — - AR A TR R 75 4 il ) M Bk
TE2AVER T . 5 AR, P Bl h TR 6 1) 75 it
VR B v s B R ANV AH4H 43, AL O, i K, 0
78 T1 S B o 25 18 K AR AIE 5 Na, O JCH o 2%
b, 7R T RRFRER VA R I R B, R ANV AH T Y Na™
WA e, 7+ 2 0 i A R (B TL—
T11), bk 4 43 ¥4 52 80 1 28 18 75 fb 5 4R AE
I, RN AI AL th 3628 2 4 2 b i o B0 B
FWR, B TR IS MR 4,

50 -

100 |

150 I 1 1 ] [T S T B Bl
60 70 80 90

CIA pH
(©) d

B2 FHHHEHSEETERENH.CIA K pH ERERENTH
Fig.2 Variation of major element contents, CIA and pH values with the depth of Pingba profile
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Table 1 Partial major and trace element contents, CIA and pH values of bulk samples in Pingba profile
) ALO; Ca0 MgO0 K,0 Na,0 U Th € N Cu Zn € Pb Zr
FEAL Y TREZ/em pH  CIA?
T Ay % it /4 (mg - kg™
T11 10~20 31.01 0.07 0.86 2.48 0.04 5.37 91.66 9.2 33 118 123 118 336 0.35 112 240
T10 20~30 30.99 0.04 0.88 2.77 0.04 5.57 90.81 9.7 33.9 115 152 130 418 0.36 147 263
T9 30 ~40 31.01 0.05 0.89 2.85 0.04 5.8 90.58 9.88 32.9 117 154 133 398 0.37 151 256
T8 40 ~50 30.92 0.22 0.8 2.4 0.04 5.68 91.87 9.43 33.9 120 127 121 366 0.37 110 233
T7 50~60 31.08 0.08 0.84 2.44 0.03 5.55 91.88 9.59 33.9 118 141 126 398 0.37 106 238
T6 60~70 31.44 0.04 0.81 2.4 0.03 5.77 92.08 9.67 33 115 146 126 403 0.33 105 236
TS 70 ~80 31.47 0.05 0.82 2.31 0.03 5.84 92.35 9.76 33.7 120 151 131 39 0.4 127 236
T4 80~90 31.75 0.06 0.83 2.41 0.04 5.47 92.04 9.91 33.4 118 150 131 406 0.45 151 239
T3 90 ~100 31.16 0.14 0.91 2.63 0.03 5.59 91.34 9.9 32.3 114 162 127 465 0.35 244 237
T2 100 ~110 29.98 0.29 1.13 3.49 0.04 6.14 88.44 10.9 32.9 120 202 146 470 0.8 421 271
Tl 110 ~120 29.69 0.38 1.29 3.91 0.04 6.43 87.16 11.5 32 115 263 183 538 1.83 556 287
Yt 7.71 26.6 101 147 134 303 0.66 65.7 263
Yt 8.31 10.9 221.8 53.8 80.6 75.1 0.27 35.6 448
Yf 120 ~130 0.68 37.07 13.64 0.11 0.01 9.12 0.73 1.18 8.23 31.77 6 14.1 0.1 5.82 10
Y 140 ~150 0.23 38.35 13.59 0.05 0.02 9.49 0.29 0.27 1.75 6.69 1.81 2.56 0.077 0.79 2.95
Tm 9.95 33.17 117 161 134 418 0.54 203
ucc 2.8 10.7 35 20 25 71 0.098 20
CS(A) 3.03 13.75 61 26.9 22.6 74.2 0.097 26
CS(C) 60.8 28.6 23.1 71.1 0.084 24.7
GS(A) 5.2 17.68 95.9 39.1 32 99.5 0.659 35.2
GS(C) 133.3 66.7 38.6 135.9 1.244 33.1
SEQ 250 70 50 200 0.3 90
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