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Spatial Distribution of Heavy Metals in Soil from a Coking
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Abstract: Coking plant is a kind of typical industrial pollution sites. It may release heavy metals to the
environment, posing harm to human health. Scholars have discovered that different types of heavy metals were
released from different coking production processes and led to spatial differences in heavy metals. Research on the
spatial distribution and driving factors of pollutants in soil inside and outside the coking plants is important for the
sampling design, risk assessment, pollution prevention and control, etc. Inverse distance weight was used to
analyze the spatial distribution of As, Cd, Cr, Cu, Hg, Ni, Pb, and Zn inside and outside of the coking plant.
Geo-detector was used to find out the difference in the driving factors for the spatial distribution of heavy metals
between soil from inside and that from outside of the coking plant. The results showed that except As, Ni, and Zn,
the over-background value rate of other heavy metals was above 50%, and the continuity of the spatial distribution
of heavy metals in soil was poor. The coefficient of variation exceeded 30%, representing a moderate variation.
The average degree of CV inside the coking plant was Hg>Cd>As>Cu>Zn>Cr>Pb>Ni, and the external average
degree of CV was Hg>Cu>Cd>As>Zn>Pb>Cr>Ni. Heavy metals content show that the content of As, Cd, Cr, Pb,
and Zn outside of the coking plant is bigger than inside. According to geo-detector result, the physicochemical
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properties factors with large contribution rate to the spatial distribution of heavy metals inside and outside the
coking plant was the soil total nitrogen, organic matter and available medium-micro element content. Pollution
source factors contributed the most to the heavy metal inside spatial distribution was the crude benzol and cold
drum section, while the coke oven and quench section determined the outside spatial distribution of heavy metals.
The q value of strongest factor inside of the coking plant was mare than 0.5 while that outside of the coking plant
was less than 0.5. According to the interaction detector result, the interaction factors value of pollution sources and
soil physicochemical properties to the inside spatial distribution of heavy metals was higher than that of outside.
According to the distribution and geo-detector results, the strongest physicochemical properties driving factors
which determined the inside and outside spatial distribution of heavy metals were relatively consistent. These
factors were soil nutrient factors, which mainly influenced the availability of heavy metals. The difference in the
production process led to the difference between the inside and outside spatial distribution of heavy metals and the
content of heavy metals outside of the coking plant was higher than inside because these heavy metals come from
various pollution sources. Driving forces for distribution of heavy metals inside of the plant higher than that
outside show that heavy metals inside of the plant was mainly come from the coking plant. Heavy metals
distribution inside of the coking plant was mainly driven by the pollution source factor of the coking product
refining process and coking water, while heavy metals distribution outside of the coking plant was mainly driven
by the coking gas production process and other emission pollution source factors.

Key words: heavy metals; coefficient of variation; inverse distance weighting; geo-detector; driving factor
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Fig.1 The scope of coking plant and distribution of sampling point
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Fig.2 Distribution of physicochemical properties
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FAEEHKE/NA: Hg=Ni>Cd>Pb=Cu>Cr>Zn>As, i/ /B ELEBY FEEH
KZE/PNAN: Ni>Hg>Cd>Pb>Cu>Cr>2Zn>As. MEL A LEILS ESEE T 25
KT 15%, JETHaEas, HAHAFESREEHRKZE/NN Hg>Cd>As>Cu>Zn>Cr>
Pb>Ni, 5 KK Cd 1] 78.6%; #3574 R F2 K % /N Hg>Cu>Cd>As>Zn>Pbh>
Cr>Ni, H AN Cu ] 156.2%, J& T 9845 . 145 B it B iZ A4k ¥ S AN i) 43 34 52 5|
HBERBAFRE M, SHESLERE, »REEKR, E&EGESMZAEN] A
M) P AT R K
F1 EWTPUMIES RS BAMAOTER

Tablel Statistical results of heavy metal content inside and outside the coking plant

HS BRE B/ME FiE PR E ZRAH HRE R LE BT RER
X A
)= /mg &g Img kg /mg kg /mg &g 1% /mg kg* Img kg™ 1%
As P 13 9.14 0.55 2.90 2.18 75.1 7.61 20 77
4 23 7.95 0.91 3.10 1.68 54.2 7.61 20 5.7
cd P 13 0.46 0.09 0.14 0.11 78.6 0.09 20 100
4 23 0.57 0.09 0.18 0.13 72.2 0.09 20 100
cr P 13 116.40 36.94 70.28 22.69 32.3 68.30 200 53.8
4 23 109.92 41.09 67.28 17.69 26.3 68.30 200 48.6
Cu P 13 81.93 17.76 31.01 16.27 52.5 21.80 2000 84.6
4 23 448.18 17.76 78.30 116.40 148.7 21.80 2000 85.7
Hg P 13 2.98 0.18 0.57 0.97 170.2 0.04 8 100.0
4 23 0.64 0.02 0.13 0.16 123.1 0.04 8 97.1
Ni P 13 56.50 28.40 37.21 7.62 20.5 25.00 150 100.0
4 23 47.76 26.29 34.96 5.65 16.2 25.00 150 100.0
Pb P 13 45.68 19.87 26.26 6.66 25.4 21.50 400 84.6
4 23 71.59 21.61 29.09 10.28 35.3 21.50 400 91.4
Zn P 13 171.01 35.78 7453 37.38 50.2 78.40 250 308
A 23 205.53 41.93 81.75 46.42 56.8 78.40 250 34.3

1) As. Cd. Cu. Hg. Ni il Pb &I GB 36600-2018 # & 1 i, 1ZEARAM E & Cr Fl Zn ML, FbE Cr ki
GB 15618-2018 #E 1) 6.5<pH<7.5 -3 rp H At A FI LI bRvE, Zn G {E %L GB 15618-2018 }E ) 6.5<pH<7.5 +IEH R
it
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Fig.3 Distribution of heavy metals inside of the coking plant
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Fig.4 Distribution of heavy metals outside of the coking plant
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Fig.5 Results of factor detector about heavy metals and physicochemical properties inside the coking plant
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Fig.6 Results of factor detector about heavy metals and physicochemical properties outside the coking plant
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Fig.7 Results of factor detector about heavy metals and distance inside the coking plant
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Fig.8 Results of factor detector about heavy metals and distance outside the coking plant

(3) ) E=EE )R- IR S R 18

FET PAY 0 Y X3l R SR T R, RSO AR MRS AT R KRR B S B xR
J VAL < A 1) A PR AR RE 0 e ot BIVRE AR MRS ] DX a2 £ AL ) N A EE < 2 ) 0 A
{3 ZIREN PR 1o AHSRHIT FU R, AZ X S Al SR & e S e TR AR
TRHEBU R SR, B2 S i B DX Ik P 1 i A TR L R IR AR S R
WS R TTSE T R 2 AR A R I R AN RK S, HAFEIE IR A A Az = i it
By FEALIROUTRR SN R S BUEIL) R E S A oA 22 00, ARk A E 4
J& (B I A bR T 2 BRI AN YS B T B E LIRS Ah, sz B 7R SRR A L B OK
Bll. HAMBIIRBIE F45 R T LA, FEpr SRR SR SRR IR, X TR A E

R Bl KRR ARG R Rt 1 B 4y e, R B i R 4 A A Y
TERE,

FE BTG Gl WX PR 7 T AR A B S AN R e A 1) 23 A 32 21 ) T2 EL RS K]
TAHAE—E 22T, FRAL) A B E < 2 (A A ) 2 EEIREN PR T O B R TR S LB, £R4E
J A1 < e s 18] A ) S BB PR 1 g AR AR AR AR R S R AR AT S AR T2
FEALPRK £ B FEROE T BORRIZE 20 B0 v b By B i 70 U 28 UK« T B
FEBR T, B SR T AR R SN S R P AR h HEBU R  RAE, ALR
Phrb e B R A ) B 4 RS Y. 4 2% SR BEREN N T A S B R R T 3
R R H SR A A A IRENAE T AN, T LI AL N E R
G L A2 B FRAL ™ it ) AL TR R A g A A vt T 8 AT PR K AR BN 5 42 55 (RIS, T A1
BB AT 3 BN AR LR T HEBUR R RUTRERM o BeAh, 5 Qe HERS R 22 A
TR A AN < A 8] o AT B R T AR 2 R LR
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2.2.3 AR T X b

SRR A AN L < AT (R KRS IR AT X EE Al (R 2), TR R B,
FEREAR SR ANEN DR 7 U5 T, 3 A S K PR 1 10 q B Bl vy T3 s AR A Eh PR 1) g fEL, i
WFRAL ) A R 1 A IRl AT B2 AR AL ) AR L R R . 3, WA ESEITR,
As AR R34 KB ORBE I P T O BRACVE TR 7, 455 OB SHE R BRI SR, "Ll
HIBriZ R As HEBGERD, JLA R oA 1 282 H IR APE N . 5=, #&JE Cd Al Cu
FE A BB A SR T BRSO, ARSI A 52 £ AP RS AR 2 R, Ui B L N AR A
B IR A R e YR T AR T AN A 52 AR R AR R v e A AR T R T
&. BN, HE® Cr fENER AT BN, FEANE A 52 LIRS B ECK,
RN Cr BT MR T, B SRAEARY A P2 I A I ), DRI A 308 ) 245 ) 43 A 32
FENPLE AN, ARSI A3 18] o3 A1 ) 52 PG BN S B BORIUAN A BT, R
Pb. Hg. Ni f1 Zn ££ A 70 2 BAVE FSEMEOR, RSN A 52 427 T2 masok . i
WA BB AP A2 Py Hgy Ni Al Zn SR ., FAE 3 i) 0413 52 51 - AL 1 R
SONE, T A7 B < R ) 2 A1 DU 52 B AR e T B ) BT R CC B T TR 7

%2 SUTHASNRIEET AR

Table 2 Comparison of the strongest factor inside and outside the coking plant

SR AT e LD

BRESHEF qfE BRISNE T qfE
As SRR 0.776 AR S 0.498
Cd i 0.835 Bl 0.422
Cr Bl 0.689 R 0.442
Cu i 0.923 e 0.489
Hg A 25 0.488 Kt 0.309
Ni SRR 0.725 JEEE 0.335
Pb EREE 0.905 Bl 0.435
Zn EREE 0.849 fin 0.475

2.3 AR o M

R Xk SR Bl A 5 BEAT 28 L Ji R A2 FLARI 45 R 5 b 3 e rhoxh R P 8 B b o B < 2 1)
AR g GEHE, SRR 3 4R R EERHRY], B A ESRE =R
AT A HAXEN R T (B = T AN A ELAKEN R 1 o {6, BERARRAL) Pu iR i < s 1 2 [ 9 A 52 2]
BRA A 5 A ELA0 SR, A il < R ) 22 8] 2 A1 ] E 52 B HL RS G K2 o

MRYEER 3 k) WIS R AT, BR 7 Hg. Ni A1 Zn BIAh, HARE )RR EH T
XY I8 R G PR AN SR TR T RIS L, SRR AR 2R T Hg. Ni A1 Zn
ARG E A, B PR BB AR . X T EE)® As. Cu Ml Pb, HAZFIHK
SEAE FLIR TRt Sy it P L BOR 3 A MUB 5 6, U AR R AT PN ) 40 A 2 A2 B ik e
PR AN A BRI 28 SR TSRS . X T E & Jm@ Cd A1 Cr, 32 3 i 22 B K5 Ny fE A
A, UL AR FRAL ) A AR IR A T 52 B R AP R RERE R AR 2B TR K A A OB B 41 P )
9z

MRIEZR 3 FEAL) AR A SR AT RN, B < foc 9 A8 T IR X 489 9 Gl IR AN S B A A
JRIA TR E, HSNEETRAAEER. B M EER As 2P iR5R S BN 13 vk
WA R, Cd 32 2 s 2 TR0 MR A U, Cr 323 B s 58 LI 10 Jy A R 4
RE, W As. Cd M Cr 7fEFEAL ) AR S 18] Al £ 252 3] 1 AR ARG AR IR AU A R 5
PAR 3R 7 & BN R A AU R B SRS . R Pb 32 3 B s 52 HL 10 B A
PUL, Zn 32 2o A8 R T X ONMZRAE AL, LRI Pb A Zn FERR AR AES A0 25 18] 7341 Bk
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TSR HUFRTHA LRI SRS AL, 3873 5 52 IRk Ge R P K Pb HEBOR R ARG i 2
H Zn HERF SR B 2 o B 43 & Cus Hg AT Ni 52 21 5 3 58 B R0 g FE AL T 20 A0 358 i
VLR ELAEERAL ) AR 2 TR Al 2 B2 B 1 AR AL T2 P R ORI 2 A 1 R T R
THAR VTR M, [ I IR 52 A 38 Bt (R B sh 4 B 0

%3 BELBNRERIEATNA

Table 3 Strongest interaction factor of heavy metals

= L AN bl ARD

R REHRTFH XHEW /] RERETFN XHYW S
As WO N A BB 0.953 BP0 a2 0.813
cd £ nH % m 0.978 BoEN A A E 0.872
Cr £ nH % m 0.973 BN 4 A s 0.903
Cu WO N A LR 0.996 HAHE N R 0.998
Hg HRBN N LR 0.987 N R 0.974
Ni 4 A N L 0.982 W E N R 0.904
Pb woFE N A LB 0.989 W om0 A PR 0.989
Zn TRERAS N +3EFi L 0.985 % n A LR 0.995

2.4 FEPFEALI b R J 10 - 3 7

AR PA_E X BRI A5 S5 R 2 Bt 18, 787 BRIt A AR Eh I8 A7 72— S I ZE 5
DRI B 0 A A7 1t P S PR 5 eI, I 24 BN AR AL Y SRR R L B VA B L B R
FENMRE AT AT R RORHE RIS s BRI A 1 IR IR 75 Y, I 2455 HEX
P R AR AR S R AR ) OA AT R R BEE AR A . B4k, B RNE AN 4
2R LA S B AL PR, T A 0 R A R, S < AT RS .

3 e

(1) RYE PR IRSN IR 745 50, fEfb) P E 4B 5 1) 0 A - 2 AL RS ) T2
IRBN 5, 52 SRS ) 2R A 3 b S B 0 AR 52 BB g e

(2) IRYFANHFIESNIE 72550, b FM 48 25 18] 40 A 8 252 AU HEUR S W £
IR TR IRsh R, H 52 3 A < T 2R 398 o S B A o 1) 38 B9 B ) B it o

(3) IRBNEEFA AL RIS R 7 q fE & T AN IS+ q (i, 7w T XTH
A0S - 498 4 S A3 A ST 04 25 S B R B AN ) I 2 R, X T I3RS e (0 v A IO A X PR
BEAAERSE .
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