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Spatial variability and health risk assessment of heavy metals in soils and crops around the mining area in
Fujian Province , China

XIE Tuan—hui'?, GUO Jing—xia', CHEN Yan—hui', LI Yun—-yun', WANG Guo"

(1.College of Resources and Environmental Science, Fujian Agriculture and Forestry University, Fuzhou 350002, China; 2.Fujian Provin-
cial Key Laboratory of Soil Environmental Health and Regulation, Fuzhou 350002, China)

Abstract: To reveal the cumulative characteristics of heavy metal elements and the crop safety around mining areas, geostatistical analysis
methods, such as semi—variogram and inverse distance weight interpolation, and a health risk assessment model were employed in this
study. The former computed the spatial variability and distribution of heavy metal elements, and the latter estimated the health risk induced
by crop intake. Seven heavy metal elements in a mining area of the Fujian Province were sampled and detected, specifically Pb, Cd, Cr, Cu,
Zn, Ni, and As, and the over—standard rates of their total content were 88.89%, 91.11%, 0, 73.33%, 82.22%, 2.22%, and 0, respectively,
according to national standards GB 15618—2018, while the over—standard rates of their available content were 100%, 68.89%, 48.89%,
6.67%, 24.44%, 22.22%, and 40.00%, respectively, according to Fujian provincial local standards (DB 35/T 859—2016). In this study,
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the total content and available content of each heavy metal element had a significantly positive correlation, except for Cr and Ni. The poten-

tial hydrogen (pH) negatively influenced available Ni and Cd, while cation exchange capacity (CEC) had a positive influence on available

Cd, Zn, and Ni. The effects of soil organic matter content on available Cu and Ni were positive, as well as the effect of free ferric oxide on

available Zn. The results of geostatistical analysis determined that the total and available content of heavy metal elements were spatially au-

tocorrelated due to nugget coefficients of less than 75%, where total Pb, total Cd, available Cd, total Cr, available Cr, total Cu, available Zn,

total Ni, total As, and available As held stronger spatial autocorrelations according to nugget coefficients of less than 25%. The results of

the health risk assessment demonstrated that the total target hazard quotient (TTH(Q) of tuberous vegetables and leafy vegetables was great-

er than 1, which meaned that the study area was significantly threatened by compounding health risks. Moreover, children were more sensi-

tive to various heavy metals than adults due to the target hazard quotient (THQ) of Cd in leafy vegetables, which was greater than 1. The

heavy metal elements in this mining area were spatially autocorrelated, and crop safety hardly met the requirements for human health.

Keywords:soil heavy metal; available heavy metal; geographical statistical analysis; health risk
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Figure 1 Spatial distribution map of soil sampling sites
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Table 1 Values of the parameters used in the calculation of THQ

for heavy metals
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3. THEFE4JE Pb.Cd.Cr.Cu.Zn Ni, As 21 ()1
{8 43 9 4 673.53.,2.11,50.09, 65.80, 565.66 ., 32.45 .
12.78 mg-kg ' ; BR 4 Cr 4> As #F, 45t Pb Cd .Cu . Zn,
Ni 24938 3 [ 58 XU 0 1 (L (GB 15618—2018) , 845
0510 88.89% .91.11% .73.33% .82.22% .2.22%, iji.
W DX 300 1 S8 52 B 8k ™ B 1 Pb . Cd . Cu . Zn
Ni 15 G, 07 o - 58 B 358 W 00 R0 A 7 i ip ] 5000
5 4 A A B o A YA — R T IR AS A A,

JERR , o 4 Ni i fe e . R HEE G2 )R Ph . Cd
BRI WMASHAH ILEZHEH it N
Assessment Reference value  Reference value Reference R2 TEEABUMR
. enc
parameter of adults of children Table 2 The basic physical and chemical properties of soil
EF/d-a” 365 365 [28] o n—
WiH AU CEC/ Ui Fex0;
EDla 70 70 28] A pH Organic matter . Free Fe,0y/
o ITtems B cmol kg o
IR/g-d 301.4 231.5 [29] content/g-kg g kg
BWikg 63.9 32.7 (28] SEHIE 5.95 31.00 10.00 32.68
AT/d EDx365 EDx365 [30] JLHEIE 5.27~6.41 7.10~52.50 5.12~14.81 11.39~86.65
®3 IREEREENVEUSSEMR MG
Table 3 Descriptive statistics of total heavy metals and available heavy metals content in soils
Giit o F/MH - PRl 2 RS i N N 05 [E N == B LD R
4 mj(ﬁ Minimum Il Standard B4 T Vg 7 Over- (pH<5.5) (5.5<pH<6.5)  Fujian provincial
. Maximum Mean value/ . - . standard . . . .
Statistical . value/ o deviation/  Coefficient of Skewness Kurtosis Risk screening  Risk screening  local standard/
value/mg-kg . mg-kg o . rates/% o
parameter mg-kg mg-kg variation/% value value mg-kg
4 Pb 3029.00 24.29 673.53 696.80 103.45 1.75 3.17 88.89 80.00 100.00
HPh  1804.84 30.52 332.90 399.52 120.01 1.85 3.45 100.00 15.00
4 Cd 11.84 0.12 2.11 2.21 104.70 278 9.20 91.11 0.30 0.40
AL Cd 8.24 0.03 0.66 1.33 199.82 474 2532 68.89 0.15
4 Cr 91.05 31.21 50.09 10.56 21.08 1.53 4.45 0 250.00 250.00
A5 Cr 2.93 0.06 0.69 0.58 83.41 1.79 4.10 48.89 0.50
4 Cu 129.23 26.15 65.80 23.96 36.41 0.65 0.22 73.33 150.00 50.00
AR Cu 16.82 1.50 591 3.62 61.19 0.98 0.47 6.67 12.00
4 7n 2109.83 117.44 565.66 462.18 81.71 1.79 2.95 82.22 200.00 200.00
% Zn 34.87 2.06 14.83 8.44 56.89 0.43 -0.48 24.44 20.00
2 Ni 126.75 13.11 32.45 18.44 56.84 3.21 15.02 2.22 60.00 70.00
RN 3.37 0.18 0.70 0.60 85.22 2.53 8.31 22.22 0.80
4 As 21.01 6.03 12.78 3.56 27.87 0.22 -0.48 0 30.00 30.00
AR As 2.93 0.77 1.40 0.50 35.70 1.64 3.06 40.00 1.40




548

URIEIRCX ity S 38553

Cr.Cu.Zn.Ni. As 3 20 & & & 0 F ¥ {8 5 51k
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Table 4 Correlation between total heavy metals, physical and chemical properties and available heavy metals in soils

28

A8 75 & Available content

Parameter Pb Cd Cr Cu Zn Ni As
ety 0.590 4% 0.370 9% 0.196 5 0.381 4% 0.705 2% 0.142 1 0.365 9%
pH -0.069 3 -0.311 3% -0.060 8 -0.283 5 -0.106 8 -0.513 5% -0.2102
EERIN 0.072 1 0.1212 0.239 0 0.400 2% -0.269 4 0.367 2% 0.1277
CEC 0.238 3 0.425 O 0.209 5 0.2915 0.491 g 0.486 5% 0.051 0
755 Fe,05 0.1517 0.247 6 -0.2820 0.084 3 0.441 455 0.196 7 -0.1015

T +AURAE 0.05 K R HE 45 0.01 K- R HC

Note: * Correlation is significant at the 0.05 level ; ** Correlation is significant at the 0.01 level.
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ANy B — 4 Ja b s N 5 i ) i R XU 38 /N 5 %o
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WA T
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(1)iZ X 4+ 4 & Pb.Cd.Cr.Cu.Zn . Ni.As #
%514 88.89%.91.11%.0.73.33%.82.22%.2.22% .

RS THEESRELENEUNSOETRAYERRAUREBRSHY

Table 5 Summary of the theoretical semivariogram models and the corresponding parameters for total heavy metals and

available heavy metals in soils

JCH Element I {7 Optimal model ~ H4:fH Co B CHC  WERMC WRERIBC/(CHC)/% R AKkm RSS R
4 Pb [y il 0.001 0 1.014 0 1.0130 0.098 6 0.004 0 0.5510 03530
HEPb T HR A 0.754 0 1.6140 0.860 0 46.716 2 0.0519 03350  0.4640
4 Cd BRI 0.001 0 0.796 0 0.7950 0.1256 0.005 1 02010 04130
HRCd [ S 0.176 0 1.546 0 1.370 0 11.384 2 0.002 4 0.7400  0.0490
4 Cr BRI A 0.003 1 0.040 8 0.037 7 7.598 0 0.002 5 0.0008  0.008 0
AR Cr BRI 0.001 0 0.686 0 0.6850 0.145 8 0.002 3 0.3320  0.001 0
4 Cu b R 0.000 1 0.1212 0.121 1 0.0825 0.0120 0.0022  0.7540
L Cu RG] 0.210 0 0.449 0 0.2390 46.770 6 0.0327 0.0264  0.5460
2 7n i G 0.2420 0.950 0 0.708 0 254737 0.127 8 0.0879  0.4020
R Zn i Hr R A 0.168 0 0.726 0 0.5580 23.140 5 0.026 5 0.0438  0.8480
4 Ni T AR R 0.0310 0.207 0 0.176 0 14.975 8 0.000 5 0.0280  0.0000
H RN R AR 0.1770 0.5210 0.344 0 33.973 1 0.007 3 0.0349 07340
4 As iR B 0.001 8 0.091 6 0.089 8 1.965 1 0.0117 0.0013 07570
B As R AR 0.003 9 0.097 8 0.0939 3.987 7 0.004 2 0.0043 04200
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Figure 2 Spatial distribution maps of the total heavy metals and available heavy metals in soils



PP , 268 AR 0" D JRT 0 AR A0 R 2 )28 SR L i KU DA 551

W High:34.848 9
B 1ow:2.0775

B High:126.634
B 1ow:13.1153

I High:3.367 9
B 100,181 7

} 4 As/mg kg
.- High:20.982 5

B 106,047 4

Continued figure 2 Spatial distribution maps of the total heavy metals and available heavy metals in soils
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Table 6 The average heavy metals content of various crops(mg-kg™)

REE2(84Y) EARGAD) MK T7) £ R B E(GB 2762—2017)
He%}%ﬁtal Root vegetable(8) Tuberous vegetable(5) Leafy vegetable(17) Food limit standard
JLUFE{E Range “F-¥J{f Mean JUFE{H Range “F-¥J{f Mean JE[EI{H Range VI Mean #2525 Root 2 Tuberous M- Leafy
Ph 0.01~0.24 0.10 0.05~0.78 0.29 0.06~1.30 0.42 0.10 0.20 0.30
Cd 0.01~0.09 0.05 0.01~0.11 0.04 0.01~0.75 0.17 0.10 0.05 0.20
Cr 0.03~0.04 0.04 0.01~0.15 0.09 0.03~0.14 0.08 0.50 0.50 0.50
Cu 0.67~1.65 1.10 0.99~5.85 3.87 0.45~3.46 1.32 — — —
Zn 3.61~16.82 8.21 5.25~8.40 7.17 2.91~37.48 10.48 — — —
Ni 0.02~0.23 0.14 0.13~1.59 091 0.01~0.30 0.13 — — —

As 0.10~0.17 0.14 0.07~0.36 0.21 0.06~0.24 0.13 0.50 0.50 0.50
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Table 7 TH(Q and TTH(Q) of heavy metals in crops

B 257 RAEY) THQ TTHO

Type of body Crop Pb cd Cr Cu Zn Ni As
LUN eSS 0.130 5 0.2207 0.000 1 0.1299 0.1291 0.033 5 0.013 4 0.657 3
E-2S 0.396 2 0.1972 0.000 3 0.456 3 0.1127 02152 0.0199 1.3978
S 0.570 0 0.7877 0.000 2 0.1557 0.164 8 0.0315 0.0127 17226
JLiE S 0.1958 0.3313 0.000 2 0.1950 0.193 8 0.050 3 0.020 1 0.986 5
Ik 0.594 7 0.2959 0.000 4 0.684 9 0.169 2 03230 0.029 9 2.098 1
S 0.855 5 1.1823 0.000 4 0.2337 0.247 3 0.047 3 0.0190 25855

0(GB 15618—2018) ; Ff % Pb.Cd.Cr,Cu.Zn Ni, As
() 8 AR K 4> 5N 100% , 68.89% | 48.89% . 6.67% |
24.44% 22.22% .40.00%( DB 35/T 859—2016)

Q)TFICEN USSR A —
FE M 2S [ AH e, Hosp, 2 Ph 42 Cd A2 Cd 42 Cr,
B Cr 4 Cu AR Zn 4 Ni 4 As A 5 As Jyim Al
K HEE SR A YIS SRS Ez H Ak CEC.
pH A HL T FIE 2 Fe.05 55 P K52 M, Hoh 45 8 Pb
Cu . Zn Z HA R ER , AR IO R W 3 257 HoAth
S AT

(3) THQ FJHEF « AR 2525 4 Cd>Pb>Cu>Zn>Ni>
As>Cr, 2 25 °f5 Cu>Pb>Ni>Cd>Zn>As>Cr, M3 28 H
Cd>Pb>Zn>Cu>Ni>As>Cr; BN THQ #R/NTF 1,11 L
3225 Cd 1 THO>1, FUEA S TR0, Ui B L # X
25 4 O R AR RN LR Y S R SR 2
B TTHQO>1 , it B2 DX S AR A W0 A7 A8 52 A it B AU
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