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Heavy Metal Pollution Characteristics and Risk Assessment of Soil Surrounding

A Steel Enterprise

YU Zhengxing

(Sanming Min Environmental Protection Investment Co. , Ltd, Sanming, Fujian 353000, China)

Abstract To clarify the pollution situation and risks of soil surrounding the iron and steel enterprise, tak-
ing a steel enterprise in Fujian province as an example, a systematic point distribution method was adopted,
combined with factors such as atmospheric deposition range and terrain, with a total of 23 points distributed. A-
mong them, 5 points were distributed within 50 meters of the enterprise boundary ( with a spatial distance of 50
m), 15 points were distributed about 500 meters away from the enterprise boundary within the atmospheric dep-
osition range outside the boundary (with a spatial distance of 500 m), and 3 control points were distributed a-
bout 1000 m away from the enterprise boundary outside the atmospheric deposition range ( with a spatial distance
of 1 000 m) to determine the content of 8 heavy metals, including cadmium Cd, mercury Hg, arsenic As,
lead Pb, chromium Cr, copper Cu, nickel Ni, and zinc Zn, in the soil. The single factor index method and
Nemerow comprehensive index method were used to evaluate the soil environment. The results showed that the
content of 8 heavy metals, including As, Cd, Cr, Cu, Hg, Ni, Pb, and Zn, at 50 and 500 m exceeded the
background values. The evaluation results showed that the Mero comprehensive index at 50 and 500 m of the

steel enterprise was 20. 47 and 24. 85, respectively, indicating heavy pollution. The single factor index of Cd
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and Zn was greater than 1, indicating that the soil around the steel enterprise was polluted.

Key words

B A IR Tl A R o i 5 6 e
AT, X R R B B & R 5 B e F B AR
T AN A 7= R 2y et R 50% , HA )
REFESzpesem ' SR, Wk e A4 it
BharmARESAHRESENTG Y, ks,
B, WS TP SHER S A E (Pb), 4
(Cd). # (Cr). 5K (Hg). fill (As) ZHE)E
AR AR R, kY5 e 38 ad KA UTRE
VRAKHER . P2 s M A7 SOV S s AR 0k 8 i + 8
W, IR E SR,

TR RN RS RGERARERZ
—B D REA AR, S EA T
TEVE . WRBRE . G ehE SRR, R NS LR
FERR RGP LR, BEE AR FREE R4 gk
BRI G B AR B4 v, R 4w i5 Yo
5T I N 2 ¢ I NI B UL i D) N O B2 7 I DN
AR 1) TR AR SRR M T A% A2 O, A AL R A £
R4 R VS AN IR AR ThRE,
AR R T W R E A R e A, IR T RE
WL Y HE AL B8 fE F NS, BN &R e R
YEY) i BF AT R B0 3 RN 4 8 B AR,
CIV -3

Wi A 7 ol B PR e, H G IR 5 ) 5 T
WHZE M, UHE RS Y, Bl
RS, AR SRR EE S AN Bk Alk A 1]
TEITBR Aol 6 H AR, AT is YRl H, Of
PR A A B b, LA N IR B A P R ] Rk

iron and steel enterprises; soil; heavy metal content.

KEERMSF

1 MB5RE
1.1 FREEER

TR X A 48 S A0k Aol JR 3 X3, i
Al DA AE 77 50 AU 2k il o . i KRR
WBAmE, R 19.9 T, BEKMWD, FFE KR
A 1375.2 mm,
1.2 HRF

TR AR ] R G vk, 23 A
R BRIR 38 R R NI 5 Tl X
ALTLAE 20 m LB A 4R - 48, {HkAb 20 m
PIICHEERE T3¢, BUmANEff, B A 50 m™), 1
BRI FE 50 m A S A (e HIBEESH 50 m)
BRSP4 500 m b s, (GEZS [BIEE S A 500 m)
ZERTHE T, W A S Y R i 4, e
BEAZ 5 Y X S % A 5, T3 FEAMEE 4 lk i A 24
500 m AbAE A5 15 4, B A2 1 000 m Ak AR
XTHRFE S (IEZSBIEEES A 1000 m) . AR s IR IF45
BOHIZX B 1000 m R, KBRS
ARHMERZI 1 000 m LASMX ek, B LAFE KT
ANIEASE 25 1 000 m b IRAE S 3 A4, 3%
FEm T 2022 42 9 H MG RREE, % (AR5
HARFIE HI/T 166-2004) 7 R4 0~20 cm )2
+. RERWHIEREMZARRNTE, L1
A AT bR, WA S AT SR 1, Bk
SOERIE 2,

x1 BEHUNETE

Tab.1 Determination method of each index
JEHR Index M % J7' 1% Determination methods
pH BEHS M TR
Cu, Zn, Ni, Cr CREERPURIAR B, #Y . R R AINE JOA R TR 6 B HI 491-2019) 1
Cd, Pb CEHETREE By, RIIIE G RS IR GB/T 17141-1997)
As, Hg (CEERTR MOR . MR ST T 2OkEE GB/T 22105. 2-2008)

1.3 i AE
1.3.1 3RFH5EBEENF AHFI5 LRI
PEM L RIE AR T 565 Y-t i 5 2
HFRIKA N

P,=C,/S,

X, PO RIS YY) | BURTS YRR C
SRS B S, AN mg - kg
ARBEFEH S, R (L SJEERIE i A H 3 4 33
WU AR 2 T <A™ o T g XU
. TSUERS T 49, WER3 PR,
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500m
1000m (BHS)

HEYSos 2 o —_— iR
T HUERIR T AT
Note: The map is from Google Maps.

1 AREEBEESSHRE
Fig. 1 Study area and the sample distribution diagram

F2 RIEHESRESNHFRIES
Tab. 2 Distance between the sampling points
and the enterprise boundary

HEAAS BERAEE/m||  HEARS HHAER/m
Sampling Distance from Sampling Distance from
point No. boundary point No. boundary
| 7 FEA 13 145
R 2 23 FEr 14 245
FERL3 33 FERL 15 128
R4 50 FERL 16 160
FERLS 10 FEr 17 144
FERL 6 428 FERT 18 240
T 363 FERL 19 430
KR8 327 FERE 20 428
9 132 FE& 21 (CK1) 1140
FEA 10 200 FEf 22 (CK2) 1 060
FES 11 470 KEH 23 (CK3) 1030
FERA 12 400

*®3 TEBETFFLREHENS R
Tab. 3 Evaluation and grading of soil single
factor pollution index

S5y IG PR (P,) 15 Yty
Classification Single pollution index ~ Pollution level
1 P<1.0 i
2 1.0<P,<2.0 VAT
3 2.0<P,<3.0 e
4 P>3.0 5

1.3.2 A#FHEsEH0E AWPEEHE"
A EITA AR R, BETE WA PEA R 13
Bk, AN,

24P

jmax yjave

P, = >

K, P REE G AWM 5B s G AR 5L
P EB j AN 5 Y i A BRI YR R P i
KA Py B ASMEIU AR i V5 Qe A BRI e
PR, 1Y R ol S G, WA 4 R,
1.4 HIRRESHH

B o3 B2/ I i Excel2010, SPSS20. 0 Fil
ArcGIS 10. 0 A5,

2 ZEREHH

2.1 #WRKX11EE pH ST

WFFE XA (R 23 [A]E 5 4= 460 5 1) pH(E LI 2,
50 m 4k pH {f >~ 7.22+0.60, 500 m &t pH K
7.53+1.03, 1000 m 4b+3% pH {H K 4. 69+0. 23,
50 m LA 500 m 4k 435 pH {HIIH & KT 1000 m
4b -3 pH {H (P<0.01), {HMZHTC R #H 2R,
HRTHEEAT LT RME4.7, WRKT 7, -
e
2.2 TEEEESENHEIL

MREXAFESEER FTESESEILES,
Cd, Cr, Hg. Ni Fl Pb 7EA[a] %5 (0] B 25 T A9 F- 3
SRR TEES LR RME", s ELE T
RIEAFZS PRS2, L1
As JUEFE 50 F1 500 m &b 5 45 Ty LR
R RME (5.78 mg - kg™'), ul2yh 1 5
[ 2. 00 15511 2.39 £%, +4 Zn JTERTE 50 1500 m
bR R A R 4.9 15, -
8 Cu X 1 000 m &b F AL THREA T =M (21.60
mg - kg™')
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Tab. 4 Nemerow comprehensive index evaluation and grading

ERIN 5y e RET AL (551 IEE =2 15 YK
Grading Comprehensive pollution index Class of pollution Pollution level
1 P.<0.7 By W
2 0.7<P.<1.0 PR CRER
3 1.0<P.<2.0 By SIS YR T RE, ORI, ARV IR T G
4 2.0<P:<3.0 LGS R NN (R Pt B EEC
5 P:.>3.0 GIREE R (7B Tr N E TR
10 A WFEFME (P<0.01); Ni 5 Cd, Hg, Pb, Cr,
gf A CuJWIEHI¥, Cu5 Cd. As. Pb. Cr IEHI;
£ of B Cr5 Cd, Pb IEAHX; Pb 5 Cd I W35 FAH %
= 4+ (P<0.01),
oL 2.4 tHESERBATTMH
0 — — - ST A L5 QXS R, SR EAI ¥

7% [R] #E B3/m Spatial distance
W, REFHFRRARFERBEZES (P<0.01),

Note. Different letters indicate highly significant differences
between groups (P<0.01).

2 REAEWGEWHDRTIEPpHEE
Fig. 2 PH range in boundary soil of a steel enterprise
in Fujian province

2.3 TEESEMREXM

WF9E L3 T 48 S A e, AT AR
KFIEEAE, AHELE S EA DM, U
R OTREA R, 75 WK UG o] fEAS (k—4~, ] SPSS
XTI 8 A 4 J@ AT A OG- (R 6), 4
WL, PR Zn 5 Cd, Pb, Cr, Cu ¥ hik

BHEGEIA, BERFE ORI RS T () 3 4w i
I a5 R an e 7 Fin, 599K A an e 3 i
N BT AT, 50 m AbAY P, BI{EAMK K A Cd
(5.90) >Zn (1.56) >Cu (0.76) >Pb (0.69) >
As (0.39) >Cr (0.23) >Ni (0.16) > Hg
(0.08), Hrp, Cd *H T EIIME R 5.90, P>
3, BRI, 500 m AL P, BIER K
Cd (3.38) >Zn (1.45) >Cu (0.90) > Pb
(0.75) >As (0.49) >Cr (0.32) >Ni (0.13) >
Hg (0.08), M, Cd B FHEE41E K 3. 38,
P>3, RUIEHERTEIGYL, 1000 m 4b+3HE P, ¥(H
BKUNT 1, UM R 2 RS G,

x5 EEAENKCUVIRAAZEHESE TLEESERENHTFE
Tab.5 Average mass fraction of heavy metals in soil under different spatial distances in a steel

enterprise in Fujian province

L2 2= A %5/ m Spatial distance BFFCIX A5 528/ (me - ke™')
Element 30 500 1 000 Soil background value in the study area

As 11.57+7. 00a 13. 80+9. 59a 4.42+2.25a 5.78

Cd 1.94+2. 34a 1. 87+3.76a 0.12+0. 07a 0. 05

Cr 49.00+24.91a 70. 87+45. 32a 47.03+32. 02a 41.30

Cu 69. 80+44. 06a 75.93+81. 53a 16. 33+10. 56a 21. 60

Hg 0.21+0. 15a 0.21+0. 24a 0.19+0. 15a 0. 081

Ni 21.80+15. 61a 16.40+7. 63a 15.10+4. 71a 13.50

Pb 85. 60+36. 44a 127.21+152. 57a 49.30+15.29a 34.90

Zn 406. 60+209. 98a 408. 67+499. 63a 75.30x15. 36a 82.70

T RIS PR R 27 1B (P<0.05),
Note: Data with different letters are significantly different ( P<0.05).
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*6 BEAENEKCWHRTESRNESESSHEXESHT
Tab. 6 Correlation analysis of different heavy metal contents in boundary soil of a steel enterprise in Fujian province

He;i;};% n}ital fii cd 7K Hg il As Pb % Cr 4 Cu B Ni
K 0.037
it 0.301 0.281
it 0.799* -0. 066 0.197
i 0.534"" -0. 029 0.224 0.619""
kil 0.834"" 0.192 0.422° 0.792°" 0.655""
i 0.450" 0.417" 0. 130 0.521" 0.579" 0.751"
B 0.896"" 0. 200 0. 390 0. 887" 0.585" 0.919" 0.619"

T T FRORAE 0. 05 K RN, ©F FRTE 0. 01 K EREME,

Note: * indicates a significant correlation at the 0. 05 level, == indicates a significant correlation at the 0. 01 level.
x7 BEEEENRKLCWHATESEEERFTNER
Tab. 7 Single factor evaluation results of heavy metals in boundary soil of a steel enterprise in Fujian province
BTG YR HL P

23 [A]BE B8/ m Single pollution index

Space distance % Cd K Hg i As #% Pb # Cr i Cu B Ni ¥E Zn
50 5.90+8.17a 0.08+0.06a 0.39+0.23a 0.69+0.38a 0.23+0.11a 0.7620.39a 0.16+0.06a 1.56=0.78a
500 3.38+6.24a  0.08+0.12a 0.49+0.35a 0.75+0.88a 0.32+0.19a 0.90+0.91a 0.13+0.08a 1.45+1.65a
1 000 0.41£0.25a 0.15£0.11a 0.11+0.06a 0.73+0.74a 0.31x0.21a 0.33+0.21a 0.25+0.08a 0.38+0.08a

W TR FRAR R R EZFERE (P<0.05),
Note: Data with different letters are significantly different ( P<0.05).
M 3 v, B W - AR S R, He . Cr,
Ni ¥JJ@ F i, ¥F Cd JL&E, 50 m &b 40%
mn HTTETG O, 20%FE i TG Y, 40% FE 5l H
15445 500 m Ak 13%FEA M TETETS By, 13% MR
Bimye, 27%MEm N E 5 1000 m &b¥R Jois
Yo, XHF As 6 &, 500 m 4b 13% 8 T FETE 4, XFTF CuJtE, 50 m Ab 20% A5 A A fEIG gy, Hith
HAbAES I TEI5G, X F Pb L&, 50 m4b20%  FESCATCIS YL,
O J575 44Non-pollution B J#7£i5 4+Potential pollution B 425 %4Light pollution @ T }5 J4Heavy pollution
100

FERCOMEFETS G, 500 m Ab 13% B i TS 4,
TRAEE RISy, FHAWRE S TET5 s, YT Zn
JCE, 50 m &b 20% SR TEAEIS Y, 40% TS
v 500 m Kb 27%FE S CAIETETS Y, 7% R R
159 14%RE S BTG Yy, AR N IET5 4,
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B3 RERAEWNGEVIRARZEEELESESRESLEEEST
Fig. 3 Distribution of soil heavy metal pollution levels at different spatial distances at the boundary
of a steel enterprise in Fujian province
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FIFH 9 A 25 Ye 8 B0 R IR X I 25 B is
YedeB, SEREMW (% 8), DI 575 YL X
WS i VE (B AE M PEAN PR ifE L, 50 m b N MR 25 5 45
0k 20.47, R LEHEF SRR CH
FREMME, HHHEZ2E5Y, 500 m AW igY
LRATRECH 24. 85, VI HIEZR|EISYL . 1000 m
B L5 A8 B0N 1.00, W] AL TR
%8 EERAENKLUHRIEELESHINER

Tab. 8 Assessment results of soil heavy metal pollution at
the boundary of a steel enterprise in Fujian province

2[RI BS/m N LR G485 P PP
Space distance ~ Nemerow composite index  Evaluate
50 20. 47 gL
500 24.85 gL
1 000 1.00 R

3 iWitE4ie

14 pH {8 £ 258 1L 5 e 4R A S Y TE 1
VST S A T N & TR TR B TN I, bR
Wi 4 B G R A A B P AT R BRFEIX 50 Al
500 m 4k -+ 5% pH H¥K T 7, Mot - 58, FRik
" R R AR e T pH (E
EE T, SRR ERR)E 18 pH (1Y
SEHE S 8. 08, JE ik 448 pH {H A TE LR 3
{EJE 8. 14, ¥JRmdM:, AR SIHAFREE AL,

L BERRE EXELIRER, S7E PR
BRI OABIRER, W), Sk
T SRR R E SR SRR
AR R, HFFEIX 50 F1 500 m &b+ As, Cd,
Cr, Cu, Hg, Ni, Pb fil Zn & & E T 1 000 m
WESE S, B THREs DT RE, X%
MR IEIX e Z B AMNR 4 B TS e, s Xt
Jesmii g AT S, S5R R LHEFESE Pb,
Cd. Zn Ml Hg W3 & 80 28 W S i 8 =1,
22 M IR, ) R A T
SEHUPRER A As BIIRAR R . AT
PN T2 @m&Em e B E Cr kK, kit
PR X REAEk s B b AT T, S5 E 1+
e Cu (39.01 mg - kg™') . Pb (47.76 mg - kg™') .
Sb (0.83 mg - kg™'), Co (13.83 mg - kg™') .
V (90.96 mg - kg™") X R EOR BE K

W5+ 498 4% B 4 J O B A AE OGP T LA 2

LIEAWIE AN, R E SR & R B A
ett, DERHAT e A AR AR IEY ) N R
SIRITCREMCHNRE, WFEX N 8 FiE & JE T EM
KMEHRHEE, KRS REN, Zn 5 Cd,
Pb, Cr, Cutf B IEM K, Ni 5 Pb, Cr thk 3
1IEAHSE, 8 Zn, Cd, Pb, Cr, Cu £ Ni 3k 4
W5 ge, wIREFAIERT Ik, IR X 1 v AR ek
I A -4 T 4 SR IS e b A TR, A SRR
+3EHE 48 Pb, Cu, Zn, Cd Fl Ni ELA [R P51,
HED AT e ok A ANER T K B 2R A5 Y, kI
G A S RS X RIS, A b
KO, MHEIX LR Zn 5 Pb, Zn 5 As, Hg 5
Cu ZMXFRER, HIHRIEML,

PTG YL B R AR IIZ A A X ) 3 4
JEIG YIRS R R, ARBFSEH, 50 A 500 m Ak
Cd 1 Zn BG RAR B R T 1, HNWP LEE1E
Bk 2047, 24.85, MGG, AT LR
FW], 50 m A HIERE SR AY Cd, Pb 1 Zn JT
RARGA Y, WM Hih HIEC &2 3
HEEEGY, AR, Wk Hi RS R
PR mEiGge, A FARSR AR R A SR, X5
BTSSR —E WA AR BFSE X A Cd A
Zn TR G YR AT REok A WA P i B h A HETS AT
S, AR R KR A2 A

v, G YT RE S FEUR M EY 1
E 4RSS, DY AN AR
BRI B SR AT SY , S5 R RS B Y
HAEL KEN Cr. Ni, Cu, Zn, Cd #1 Pb T %,
TIEE SR T Y B R | PR )
AWFFEEE I | R X I 3 h T 30 A2 3 9k
TR ARG YR, B2 ELEG
g, Wb, WECRBGETEE . Hir, 32E
A LR LA, — B TR, K+
e FIGHEBH SR, R EER IR s, W
g . mPEE | HEEMUESE; —RABE,
iy 4 1 R R RCRE R $h AN i, HXE Cd. Ni Al Zn
B BA WM AIETOEE N RSB E, it
Wies | MAEwBES,

Hii, FZENBERaRE TEEGR (%
d . R EFIRER SR ) . WBBIA T (AL s
B2 e E M g0k | kxR (nm
TIPSO PR AR W, HXF Cd, Ni il Zn BT
BAWMAMILTEER) AR BE (kY
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