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Abstract: This paper is the result of ecological geological survey engineering.

[Objective] In order to find out the pollution status of two heavy metals vanadium and cobalt in the surface soil (0—20 cm) in
Tongbai— Biyang area, 5521 topsoil samples were collected to analyze and determine the content of heavy metals V and
Co. [Methods] The distribution characteristics, ecological risk, health risk and influencing factors of V and Co in soil were studied
by using the single—factor index method, geoaccumulation index method and human health risk assessment method. [Results] The
results show that the V and Co in the study area were distributed in patches, and the area with high V and Co content was mainly in
the south of the area. By assessing the single— factor pollution index and the geo—accumulation index, we found that there were
more Co samples than V ones, and some samples had both elements. The human health risk assessment results show that adults are
at a higher risk than children. The non—carcinogenic risk index of all V samples for adults was more than 1, while 99.06% of that for
children was more than 1. The main route of non—carcinogenic risk transmission was through respiratory inhalation. 32.95% of Co
samples for adults were deemed not acceptable regarding non— carcinogenic risk, while the figure for children was 19.74%. The
carcinogenic risk indexes for both adults and children were within acceptable ranges. And the southern part of the area presented
high non—carcinogenic and carcinogenic risk indexes for adults and children. [Conclusions] The content of V and Co in soil was
affected by not only soil clay, pH value as well as iron and manganese oxides, but also human activities. Mining in the study area

may be the main cause of V and Co soil pollution and health risks.

Key words: vanadium and cobalt in soil; distribution characteristics; pollution assessment; health risk assessment; factors;
ecological geological survey engineering; Tongbai; Biyang; Henan Province

Highlights: With the method of single—factor index, land accumulation index, and health risk assessment model, we evaluated the
level of heavy metal pollution, ecological risk and health risk of of vanadium and cobalt in surface soil of the Tongbai—Biyang Area,
Henan Province.
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Fig.l1 Diagram of the study area and mine sites
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Table 2 Pollution grading table of the single—factor pollution

index and the geo—accumulation index
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Table 3 Calculation parameters of the health risk assessment model
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Table 4 Reference doses of heavy metal elements under different exposure routes
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Fig.2 Spatial distribution of V and Co content in surface soil
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Table 5 Descriptive statistical results of V and Co elements in surface soil (n=1378, mg/kg)

FIESH BUME BROKE Ps CFIE bz RRAHU% mEa L EE PESRESEE K K

\% 39.49 268.9 73.61 83.20 31.23 37.54 94.20 82.40 0.88 1.01
Co 5.47 49.19 11.85 13.03 4.65 35.65 10.00 12.70 1.30  1.03
TE K5 KO3 R e B R e R T S i i e Kb A2 R R EZ L
F6 LBV Co BRAFITHFTMER
Table 6 Evaluation results of single—factor pollution of soil V and Co
P, /ME SCONII TIMH P<l1 1<P<2 2<P<3 P>3
\% 0.42 2.85 0.88 78.30% 20.10% 1.60% 0
Co 0.55 4.92 1.30 24.17% 66.91% 8.20% 0.73%
55 — — — RiEg BEER REER EEER
®7 LBV Cot RPBEIFMER
Table 7 Evaluation results of the geo—accumulative indexes of V and Co
Lo  THE  L.<0 0<[<1 1</, <2 2<.<3 3<l<4 4<[i<5 1.=5
\Y% -0.84 93.90% 6.10% 0 0 0 0 0
Co -0.29 77.50% 21.77% 0.73% 0 0 0 0
S — Risde B—pETsge PETSR h—ES g RIS R eRTE R Bomis
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Table 8 Health risk assessment for adults and children under different exposure routes

A RS VAN \Y% Co o AU PR \Y% Co
ZUBAN T 0.06 0.29 LI P — —
B N S ] 3.72 0.68 WP T 1.80x10°  8.50x107
e TME 8.53x10° 1.04x10°  JZEREH  SPH{E — 2.55%107

IDIN THME 3.79 0.97 FEME S 1.80x10°  1.11x10°
HQ fe/ME 1.80 0.41 CR /AME 8.54x10°  4.64x107
RAE 12.25 3.68 A 5.82x10°  4.17x10°

HI 4.76 TCR 1.91x10°

A NE YN [ ] 0.11 0.52 LOWmA  FHE — -

BRI CPME 1.72 0.31 MPIRIRON  CPEIE 8.32x10° 3.93x107
L FEEfl ~FIME 0.01 1.28x10°  FEJkFzfl  ~FME — 3.14x107
FHME 1.84 0.84 TP 8.32x10°  7.07x107
HQ f/ME 0.87 0.35 CR B/ME 3.95x10° 2.96x107
IZINI:] 5.95 3.17 WM 2.69%x10°  2.67x10°

HI 2.68 TCR 9.02x10*

W R A P PRI P 5 1, 28 B2 I 2 f P DR P 5 A1
BAFILFE ) Co B PR F3E B0 48 £0OF- YME 53 51 0
0.97 F10.84 , FF7E 454 1 HE5h 1) Co X BN 1Y A
RS A AN 237, i LU i3k 32.95% , AT UL Co X A
B R IAREUE K s F7EAE 272 R 5L 1Y Co X JLEE 1
AU KU AT 57, o Bt 3551 19.74% , Co Xt
JLE AR AR B RS o BRI LEE 9 9E B0
XU S8 B HI X0 1, 7T UL iZ2 b IX TG 18 S i GR
LA PR AR B KU . B0 XU PE A 245 5
NN L R VB0 XSS 5L CR Y TE AT 4552 1Y
TN s A Co BUE XU T8 44 CR 1, A 703 M
S B RS i A T 222 e L, o B 51.02%, 38
i 48.98% M FE SANAELE B XU 5 JLEE 1Y Co B
ABSEFHE L CR H A5 163 N a5 2500 XU v 76 ] 42
SZIEFE, i 11.83%, A 88.17% M FE A FAAEEL
Pt AU o BRI L 3 1) 35008 IXURS: L6 40 TCR ¥ 7
AT 42 32 I R P, R s A B0 KU 2 5 T L
. iR, BT AE S0 K B4
B HI RIS KU S 38 8 TCR i (E X 3= 2243 A 7E A
FE X RS, B AT B, B0 X B 504 A & (
3), D X i X ke A
3.3 ARRXKRE T FAFIHEKES T

X E AR AE IR AR S A BA —
Wi (9 E B A 35 pH L R BEA AL LR
R AR ALY . RIS ] SPSS R X A

HiV il Co 5 B0 PR B EA TAH S 0T , 25
WFEOME10, HHRMERITRZLEVHICoY
HEAEICE MM, HHEV 5 Co MR
Kt 0.946,V . Co 5 Cr Ni Fl Cu B &1 5 i 2% 1F
K, 55 As . Hg .Cd .Pb Fl Zn (A SRR , %A
M, HHEAPLFRS V. Co R4 5 fiH %, 1
A5V Co I S A G Bk A 5 V.
Co S A &M, H3E pHE 5 V. Co & 454 5%
(£10), 7EMIGRIXRIZ i, BE Rk R3S
I, V. .Cof it i LI (K 4), kg 15
pHAE & HAY TR, V. Co At 5 FHA#as 2 +
HEpH X 3V Co AT — R miEN . b
B AR SRR, RZ gV Co FR R
PR 1 Tk FRIAER R E et £V Co
FEAE—E W B FH

4 e

ABIFFE LR R, M A — FH M X 3R )= £ S
2 [ 3 A A A L B R S AL AR A R L, AR
GIAT R EARHE, B AV R Co & i mifH X F 2557
ATTERRAR B o B X i A4 B DA R RE 52 i oy
S AR SRR . G4 R R, Co i
YA R T R A LT SHE, VAT Co —H E i F
POfE Yy T o E IR SE . RV I Co xS H] A2
SRy b i AL S UL ST IX A TR TR i IX A2 2]
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Fig.3 Spatial distribution of carcinogenic risk TCR and non—carcinogenic risk total index HI in adults and children

NG SN RZ A, HE 592 X R 15 B . AR
P 2021 474 E 7 #U8OE e s (B D), fildn B H
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BRI S 2 ARG, T R IX

WG RERT  Z B R R MR R A
WA EE ST X R N B I, Forb s | R
JHRE BB A R R 2, AR DX R A\ B
W2, YU N TROKOR T 32 4 R B Ry T L B X
15 G 7 IXAE ) AR A K 32 B ), FE PR
AN AR M N A DB A A R A . et
FE AR NS R A K WF5T X R 75 Yeid 2 oA
JEEE R N Y G R E M,

G B80T 45 R iR (B 5) , 11 VAl

RI REXEVHMCo5EEERTERRBEXRY

Table 9 Correlation between V and Co and heavy metal elements in surface soil

HHK FREL As Hg cd Cr Pb Zn Ni Cu Co
A 0.029  -0.02  0.152*%% 0.717*% -0.024 0.399%*  0.743%*  (.864**  (.946%*
Co 0.117%*  -0.023  0.107**  0.791**  -0.03  0.313%* (0.849**  (.860%* 1

T+ RIRTE 0.01 LA (BUR ) HISENE 3, * 57N TE 0.05 2L U ) FISEHE 3

http://geochina.cgs.gov.cn H1EHLFT, 2023, 50(1)



504 5 14

S5 ] g A R — 00 T DX 3 22 L SR BRI ) A i e A R KRG AY

231

F10 RELTEVINCo SEEHIMEZE R /REIEXFRE
Table 10 Correlation between V and Co in surface soil and
its factors

MRARE AP LIRS FeOs Mn pH
\Y% S0.118%%  0.587%F  0.937%*  0.727%%  0.470**
Co -0.152%%  0.518%F  0.918**  0.766**  0.460**

T R FORAE 0.01 25 OB ) FH M i 35, *Frn7E 0.05 2451
(R ) I 2

Co AFAEA[RIFREE Al 75 e X I, Hirp 4392 Co 75 YL AH
X R EE KK HAERES 2 B
ArcGIS10.6 2 il fiff 53 [X 44 V Fll Co B [H 15 YL b
B (ES) . B8V IR R R F15 P b
W BRSPS R i R BRI B X . £
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TEXI B SRR TG 0. LIV Iou R i R TE AL
PGS B R G e S G i R B A E A
B DX A B L Rl 38 i % B SAUALL A4 5t) s 62 o A
TERR LB R AP ST X P AL AR L e i 2 X .+
B Cootm M RBURBOFG S e—rp B s
15 UGN B AT DX 3R RV A 2 A
WAPHE , H A A By HE 2, AR a5 3 A A
W5 DX N 2% B 22 T B 28 A BIAEG L e B 01 5
X o X 8Bz NI SRR T AR 0 5 G s A AR
A LR X AR o

455 I T PTG B DR Ot R B

320 320
2 Ty =73155x- 71.256 T y=27117x- 404
R2=0345 0 o R2=0.878 ¢ .
240 - ° 240 .
) o on .
£ ]
2160 - 5160
] ]
4T 804 4T 80
0 T T T 0 T T T 0 T T
0 10 20 30 40 0 2 6 8 10 0 5 Py 10 15
4R L7 /% pHT it TFe,0, A R/%
320 60 60
y=0.114x + 6.107 y=0.9594x - 7.2235 y=3.3567x -6.0382
’ R2=0268 e R2=0.228
o o
=< 40 1 24 40
fb 0 . E" 0 .
= <
1 g
4 201 4 20
° °
] @]
0 T T O T T T O T T T T
0 1000 2000 3000 0 10 20 30 40 0 2 4 6 8 10
Mn ¥ i/ (mg/kg) - 3EFRLE /% PHT it
60 60
y=3.952x - 49811 y=0.0179x+ 0.9621
R2=0.843 . R2=0.586
:ij: 40
on
E_ 20
4
kel
O
0 T T 0 T T
0 5 10 15 0 1000 2000 3000

TFe, 0575 fit/%

Mn 7% ii/(mg/kg)

K4 LV Cof i SRR pH B ALY & AR

Fig.4 Correlation diagram between soil V and Co content and mucus, pH, and iron-manganese oxide content
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Fig.5 Distribution of soil V and Co single-factor pollution index samples
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Fig.6 Distribution of soil V and Co geo-accumulative index samples
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AR ZUACHE A5 £ T Fe .CoNi.V.Cr
AIMn A EZICE, Cu . Zn FIPb NERICE, [FZIT
RAERA MRk F BT — ek, R AT 2
AHEHE (P BEAE,2004) . ABFFE R, WF5E X V-Co
5 Cr—Ni—Cu Z [ 19 & & /& {8 X A3 A AW 4 [ i
M FHH Cr—Ni—Cu Z [0] 52 B N3 I FlH T 5
()5 ] Cf P AfE S5, 2021) , i BEAEIE 5 XV FiT Co
1T B2 N2 Sh FLb BT 15 5L =2, ol Bt A
SRR A IR, +3EV-Co 5 H gk | 3%
pH {E FERER A AL Z [ A e, AT PR 2+
b v X 5 & 8 B T AR — e BRI
FEAEFE L 008 B 4 i 19 3 B i fb i # (fi 22 74
1999) , UL kL & i i) 2 /b o sg i 3 d 4 )R
TCR MBI (EAE RS ,2015) . AWF5REM,
AR W) R 4 S W A7 4 TR 1 K A A
GRS EE R AT Ny (B b k=R
FRAT W3 15 T K A B B S TR 2 (T T
4F,2005) . AR, Bk = MR ZHR A 1 pH
(LR 5 , TR o 4 R P e D s ([T LRSS, 1992) , i
PR+ 48 pH 358, 398K T S e (AR i 114 671 R e, ek
SEWRRFREL T AR EDTTERE ) (£ =%, 2016; BT
£5,2020) ; 117 T RRIRE -2 L A B AL A )
T A VA T R A R AR T 4 R A T o (2R
£5,2000) , i RO IR | 22 K0T 4 W
YEFIR R, T AR & B TR VI Co M Frm s
AHDNEHE 5 o PREBIFSY X 43820 pH {H FNEk 46 4801k
Pt v H Co & it IR EAT — @ 12 EH

5 45 i

(1) BFFE X A 3E V F Co i IX 52041 T-0F
I8 X, AL G A A 2L 0 P B X, 5 TR
SRR EY R IX 4 V5 Co ot R IER
A E AR S, b Ve RS BT
PIEA BT RS A2 R 5o,

(2) M5 AR E0h , 14V A Co e E 45l
A 20.10% F1 66.91% W S AF WA Y, A
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