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Pollution Assessment and Spatial Distribution Characteristics of Heavy Metals in
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Abstract: The present paper takes the coal mining area of Longkou City as the research area. Thirty-six topsoil (0-20 ¢m) samples
were collected and the contents of 5 kinds of heavy metals were determined, including Cd, As, Ni, Pb, Cr. Geo-statistics analysis was
used to analyze the spatial distribution of heavy metals. Principal component analysis (PCA) was used to explore the pollution sources
of heavy metals and the degree of heavy metals pollution was evaluated by weighted average comprehensive pollution evaluation method.
The results showed that enrichment phenomenon was significant for the 5 kinds of heavy metals. Taking secondary standard of National
Environment Quality Standard for Soil as the background value, their exceed standard rates were 72.22% , 100% , 100% , 91. 67% ,
100% , respectively. Average contents of heavy metals in the soil samples were all over the national standard level two and were 1. 53,
11.86, 2.40, 1.31, 4.09 times of the background value. In addition, the average contents were much higher than the background
value of the topsoil in the eastern part of Shandong Province and were 9.85, 39.98, 8.85, 4.29, 12.71 times of the background
value. According to the semivariogram model, we obtained the nugget-effects of 5 kinds of heavy metals and their values were in the
order of As (0.644) >Cd (0.627) >Cr (0.538) >Ni (0.411) >Pb (0.294), all belonging to moderate spatial correlation. On the
whole, the central part of the Sangyuan Coal Mine and its surrounding areas were the most seriously polluted, while the pollution of
heavy metals in the east and west of the study area was relatively light. Principal component analysis suggested that the enrichment of
Cd, As, Ni, Cr was due to irrigation of wastewater, the discharge of industry and enterprise, and the industrial activity. Automobile
exhaust and coal combustion were the main pollution sources of Pb. The single-factor assessment of heavy metals pollution showed that

the degree of different heavy metals pollution was in the order of As > Cr > Ni > Cd > Pb. Simultaneously, comprehensive pollution
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evaluation showed that the degree of heavy metals pollution in the study area was very serious, with comprehensive pollution index

ranging from 2. 17 to 4. 66, among which, the numbers of moderate and heavy pollution samples were 10 and 26, respectively. Areas

with heavy pollution were mainly distributed in the Sangyuan Coal Mine, Beizao Coal Mine, Liuhai Coal Mine; and the areas with

moderate pollution covered Wali Coal Mine, Liangjia Coal Mine, and other regions. The results of this paper will provide data reference

and theoretical support for the study of ecological risk assessment in the study area.

Key words: Longkou City; coal mining area; soil; heavy metals; spatial distribution; pollution assessment; pollution sources
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Fig. 1 Location of study area and soil samples
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Table 3 Statistical characteristics analysis of heavy metals content in soil
o o R URAAN B e kS WER
~A/iﬁ§%%iiq ‘;§gﬁ bl LR BRI IR i wrm 0
/mg-kg /mg-kg /% VAL P1a
Cd 0.69 0. 66 0.17 ~1.40 0.45 0.07 72.22 0.37 53.44  0.963 0.75 IE#
As 355.88  364.10 245.75 ~430 30 8.90 100. 00 44.85 12.60  0.924 0.222 IE#
Ni  216.04 220.50 181.75 ~254.50 90 24. 40 100. 00 20.01 9.26  0.944 0.434 IEH
Pb  105.27  103.88 77.63 ~136.50 80 24.50 91. 67 19.31 18.34  0.936 0.335 EX
Cr 817.37 900.13 493.13 ~1006.75 200 64.30 100. 00 181. 63 22.22 0.799 0.104 IEZ

T E NSNS R T2 1 TR bk | 4%
RS Fn. ATLUE W 5 Fis Gy i is Yeis ol n]
DL PIAS 32 o TR e, 5 B HE ol 82.805% ,
VLA A O BENE S 5 P 4R T5 4L i K
WAE R, ERST 1 Bt 2R 58.255% , H Cd,
As. Ni 5 Cr £ E0 1 EABEIERMT, H As
e, BRI 4 FhEE & 8 A2 £ 1 A BE T
BR M0 Ph A 31K, ZR650 A 4 AP 42 J@ iy AH G
PES T A B3 7 AT AT HET Cd, As| Ni Fil Cr 32 AH
[Fi] 5 e U R ) B4 ] RE SR

S5 BR H X R AR IS R AR
S, T4 SR TG Y O T A e I S R A, R
AN A AT HE R B B BRI, S B i
WA R E RN T BN, O X AR TS Yk R
FEALUF WA, — 7 T 2 T XA
TR EE I A& RB SRS R
FEAE R AT IO | PR REAKCRT & JE IR B A R
K, ARZAFHEBCR MR IR 15 Y i T 7K 5 bk
SETEE KR, K& Cd, As, Ni 1 Cr 2875 /K HEE &
BB LD, RRESEELEDP AR R
R R i AR b e A K AT A A ki, 4
TR R P S T, i A AR 38t in R T 4
R SR TR R I T R A i A K T
FURBE , S A B, R FH Fe B8 A
WA B RS IR SR I TR b 0T | B
T HR T MR, AR R e K T &
HORIEAT A i, 5 8E & R e b i B AL
WFE IX s ol XA D4R B AR I . P A 3 BBk
TAERAITT S8 F A ok v 2 i FH B
R, FHEOREHR AR SA Cr, NI FEEETEN
JEoRE, A pead A rp R A g = HEA R HERREE Y
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T2 7 5, cd 7EBE I Py o B A
T R 2 1 BT 250 24.55% ,Ph KILK
B R IE R, R Ph 5 HAh 4 b 4 R A AR AT
REANE T 1A — V5 4L, A & B X Bl 22 & ik |, [
s O — N R4 BARTE 2000 4F E K O 408 Wi
T B Ph PR3 ER G R AHERR R k5% S 2 Ph 1Y
SR REZ M
®4 BELESBRELMNE

Table 4  Pearson correlation coefficient matrix of heavy metals content

Cd As Ni Pb Cr
cd 1
As 0.723** 1
Ni 0.6217  0.680*" 1
Pb 0. 100 0.121 0.477 1
Cr 0.472 0.648°* 0.594" -0.196 1

1) # #0.01 KF-BEFHC(BRE) , #0.05 KTV BEHE(UE) , B
AN 36

x5 ELEREIRHSAWER

Table 5 Principal component analysis results of heavy metal contents

JLE FHI 1 FHY 2
Cd 0. 827 -0.061
As 0. 900 -0. 106
Ni 0. 885 0.302
Pb 0.243 0.952
Cr 0.759 -0.464
FRAEfE 2.913 1.227
i %/ % 58.255 24. 550
B2/ % 58.255 82. 805

2.2.2  HEEEZ R

MR 5 Bl e G 7 RO IR A o A A I A R
A GS +9. 0 HUGETH AT X B 2E 47 2728 57t R 8K
ORI, IR ST XA R0, - ST 92 S AR/ e %
A5 T [RIPE AT s (6] AR AL, A2 5 e RS 7
o REE G, RN A AN R R EE G Jm 25 18] o
A OLIIRR L s C &St T7 2248, 3R I A AR AR
NHHEERRZIFERE ; BE1H C) + C BB RGN
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23 (6] 43 A FRAE AR S SO X B 2R . WIRIA R/ BT
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AR R, A DR G A1, R 30 I
W X IR A Ph & i 05 X 74 1 30 1 AR AL %
WA, 52 B S B B T R R A R AR X
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Table 6  Semivariogram models statistics of Heavy metal content

JE B REMEC,  HAMEC +C RERULC/(Co+C) AREHAR ARMETIME TIfRERE B
Cd BR 0. 097 0. 154 0.627 0. 965 0.013 0.412 0.396
As BRAY 1508. 492 2341.342 0. 644 0.849 0. 007 50.614 41.834
Ni 2] 173.981 423.756 0.411 1.413 0. 065 17.720 27. 665
Ph =2 93.475 318. 145 0. 294 1.169 0.083 13. 660 18. 007
Cr T 16175.561 30 052. 023 0.538 1.028 0.012 173.123 176.716

2.3 EEEIGREEEN

Jo R IX - 5 4 L s AR O 5
MO I 23 B 15 YT s AN 7 Fis 256
VS YRR A [A) 0 A AN 4 Fos. N 7 R LIE
As TG YAt , P FEA Y 8 T B A5 4y, Bl
FFTIX N As V5P FERE . HUKCOH Cr, &A%
FIRRIFREE (954, Horp 10 MREA R T EET5 4L 26 4>

FEACH RIS, Ni &AW Z 85 Y F540E
JEIER 2.02 ~2. 83, TS Y i LLE Y Ni #E 48
RN BN . Cd BE S SRR, R[]
DG YRR AN [R], Tois YA O A IR EETS g | i
15 EEETS YA N 17, 7, 3 A HXF L L 3
P 4RI R 2. Ph KRR R TRIES
Yo FEARG I 51 St E B 25N, 15 Y.

®7 REIBEESEIFEEMN

Table 7  Assessment of the heavy metals pollution in surface soil

g _ L SEREES R _ zﬁ%&rﬁ*$$%+ _ a%igg%$ﬁz§ Pl
/M ISON[E] T E Jei5 G BEEEY SR FEETE Y /mg-kg /%
cd 0.38 3. 11 1.53 9 17 7 3 0.45 73.33
As 8.19 14.33 11.86 0 0 0 36 30 100. 00
Ni 2.02 2.83 2.40 0 36 0 90 100. 00
Ph 0.97 1.71 1.32 3 33 0 0 80 93.33
Cr 2.47 5.03 4.09 0 10 26 200 100. 00
gAY 2.17 4.66 3.50 0 0 10 26

AR Z R EA T AL R 2600 5 Fp
4 L S e R, AR AT X 36 MREAR
AT YLAEBE I N 2. 17 ~ 4. 66, Th EE V5 YuRE AR hy

10 4>, RS YREA 26 A~ AT LIE i BF9E X 4
FOREAR S 32 BN R RE B A 75 Gt BEAS H B 75 e 43R
72.2% . LEAT5 YRR B S (8] o3 A R AR R X
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Fig. 3 Spatial distribution of heavy metals in soil of study area
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