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Concentrations, distributions, and source of polycyclic aromatic
hydrocarbons in soil of Luling Coal Mine in Huaibei

LIU Jingjing, WANG Ruwei, LIU Guijian, ZHANG Jiamei

( CAS Key Laboratory of Crust-Mantle Materials and Environment , School of Earth and Space Sciences .
Uniwversity of Science and Technology of China, He fei 230026, China)

Abstract; 17 representative soil samples and 1 coal slack sample were collected in the surroundings of
Luling Coal Mine in Huaibei Province, China. The concentrations of polycyclic aromatic hydrocarbons
(PAHs) in the collected samples were detemined by gas chromatography equipped with a mass
spectrometry detector (GC-MS). The distribution and transportation behavior of PAHs were analyzed and
the environmental impact of the PAHs in the soil of the coal mine was further evaluated. The results
showed that the concentrations of 28 PAHs in the collected soil samples ranged from 0. 35 to 6. 21 pg/g,
with an average concentration of 1. 69 pg/g, among which 16 PAHs are USEPA priority PAHs. The total
contents of these 16 PAHs ranged from 0. 23 to 3. 53 pg/g, with the average contents being 1. 00 pg/g.
Compared with the relevant standards of organic pollutants in the soil, these typical regions were
moderately or highly polluted according to the concentrations of >31sPAHs. It was further discovered that
the sources of PAHs were gob piles and combustion of biomass. A toxicity assessment indicates that the
environmental risks for PAHs are mainly BghiP whoseTEQ accounts for 60. 68% of the total value.
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PAHs 8 N AR 22058 5 1 O T A, — 4k
WFFE R 2 L RIE AR Z 3] T PAHS
(755, 13EJE PAHSs 765058 b (¥ £ 47 2 Al v
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PAHs I & & 70 A R A I 8 5% AL R Ak, LA K&
PAHs YA T 5 IR AT g Z [ Y 56 2R, BR b
I PAHs 095200, KRS PEA 55 J5 T 1) T
SR X BT 4 38 R PAHSs 15 39 IR 00 7 5% 18 5 /D
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1 AR
1.1 HRHXRE

PO HT XA T B AL FRME DL, B XS A
TEPI, AR R SR I 17 A IR, 1 AT A A
sitr. A R SRR UL 1 AR 1.

R1 RESER
Tab.1 Description of samples

sample No. description
T1 " AT A HE AL A AR
T2 AT AHE 50 m AbZR)Z + 4R
T3 FEATATHE 100 m Ab3%)2 T IERE
T4 FEATAHE 150 m Ab3)2 ke
TS FERTF A HE 200 m Ab3E)2 - I1ERE
T6 FERF A HE 250 m 4b3e)J2 L HERE
T7 FEATAHE 300 m Ab3R )2 HHeke
T8 FERT A HE 350 m Ab3e)2 L HERE
K1 X E R X 3R E L
K2 WX R R X R 2 e
K3 X R X 2 R
K4 WX JE R X R 2 4R
C6 WX AR R R
Pl WX F IR 0~20 om H3ERE
P2 WX S 20~40 em +IERE
P3 B X ISR 40~60 cm +HERE
P4 WX 3 S 60~80 em + 3Rk
P5 X HE SR 80~100 em tIEFE

(a) TR N
o
A%

. h<2'=

0 10 km
(b} SIS AT
1 AT XEHAST

Fig. 1 The location of the sample sites in Luling Coal Mine

1.2 PAHs BIREX . gt 5
1.2.1 PAHs #9351k

720 QT W = T s 8 B N M 3 £ B2 5
PR Rk 120 Hf, FREX-EERES 20 ¢ THES
SR AR L P A R AR R N L 7E 250 mL #°F
JERBSRHMA 200 mL — S bE. 2 g IH1LIF BT RRAY
Wi b AR K S i S R AR EL 24 h, IR E R GITE
40 °C  PEPORAETE R 78 AL LW 4R S 1 mL J5 A
10 mL 1F O be L Bl Ak S e 45 2 <<2 mL, 2R )5
RS/ SAAER (2 2 DJEHE JZITENAE A 1 em,
K HIE OBt , AR 2 FARKCOH RIS 12 em,
FALER 6 cm, JC/KBREREN 1 em, ] 70 mL —&H
Bt/ IECKE(3 « DIRPEH PAHs.
1.2.2 PAHs #m &

FH GC-MS Xkt i E 47 000 . 00 2 B 2, 33 A
9 TRV-5-MS(30 m * 0. 25 mm % 0. 25 mm) B4
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Tab.2 The average and total contents of PAH in soils

T1 T2 T3 T4 TS5 T6 T7 T8 K1 YA/ (g e gD
SosPAHs/(ug = g ) 2.39 2.42 4. 25 1.25 1.6 1.19 0. 95 0.75 0. 31 1. 69
SisPAHs/(ug = g ) 1. 45 1.92 2.85 0. 89 1.12 0. 84 0.76 0. 55 0.4 1
S7TPAHs/(pg+ g 1) 3.84 4. 34 7.1 2.14 2.72 2.03 1.71 1.3 0.71 0. 44

K2 K3 K4 C6 P1 P2 P3 P4 P5
SosPAHs/(ug = g 1) 0.73 1.22 0.76 6.21 0. 84 0.73 0. 49 0. 35 0. 37
SisPAHs/(ug s g D) 0. 44 0. 57 0.55 3.53 0. 64 0. 57 0. 35 0.23 0. 26
S7TPAHs/(pg + g—1) 1.17 1.79 1. 31 9.74 1. 69 1.3 0. 84 0.58 0.63

HEL RS 2l He(<299. 999 %0) , SRHIA ATk
P 1.0 mL « min ', FHERFRT . PIIR IR 60 °C L 1H
i 5 min, BA10 °C « min ' A3 TF 5180 °C, LA
5°C « min 'YEERTFF280 CIARF 15 min. 0
#72X EL B PR 70 eV. MR A (SIMD
L EW
L.2.3 el

[ S 23 A 0 >R FH 6 JBT T Jr e ff o, 2 BB
A A 2-fluoro-1, 1-biphenyl. p-terbenyl-d14 #
dibenzo(a, h) anthracene-d,, /E 8 Z 7 5 & B AR
T DA IEAE b A 3L R AN S BT B R 152 22, R A 7 o i
% Hil. 2-fluoro-1, 1-biphenyl, p-terbenyl-d14,
dibenzo (a, h) anthracene-d14 1 [F] Uit & 43 5] J&
57%, T4 M 82%%.

2 HREHH

2.1 TiE#HSZD PAHs B 2B SEIEM

M X A ARG T F) 28 P PAHs. S5
(T HE) 2 PAHs M 0.35 pg/g 8 6. 21 pg/g. F
BIE 1. 69 pg/g. Horh 16 2 USEPA ML 4%
PAHs, 8 & i (T H) 2, PAHs M 0.23 pg/g #
3.53 pg/g Z A, F¥EHK 1.00 pg/g. iX 16 Ff
PAHs B M 4% 7 #3008 £ PAHs (BaA, BbF,
BKF, BaP, IedP, DahA, BghiP), H & & (F &) M
0.062 pg/g N 1.59 pg/g. FIIMEZ 0. 44 pg/g. %
MEME RSO T 2. T AHEY X L5
PAHs M4RIEED 05 E N IMT 2 55T H il iy
A ] X B8, 435 PAHs B35 A5 0T L, e s
X T3Erh PAHs & 52805 1Y, andb st i % = b
i X 0. 045 9~0. 388 pg/g, F-¥IMEH0.124 9 pg/
g5 5 [ Buan & [ 0. 041 ~0.336 pg/g. FHMH
0.171 pg/g"™ FIRHEHE Tl X K2 -3 0. 818 +
0.796 pg/g".

T3 PAHs 195 i R 240 5 HORIEA %
IR o . A 0 58 A O™ 88 v il B g 91
PAHs {uFE K 0. 001~0. 01 pg/g, HFE K AHY)
AR A AR IR K. P4 X - 43 PAHs B & i
WL T AARE, xS P IR E Z B AR R
S,

1T ] i AR i - 48 22 B 07 R Y FR VR IR
ARSI b AT [a Ry s A& 0 3
pg/g" . fH Maliszewska-Kordybach"'* 8§ £ % 16 Ff
et PAHSs il 1 LA HLIS L popRifE (3 3). 4
I IR EIX 17 A LSRR R A 9 R 0. 2<<X
PAHs < 0.6, JB B 5 44 4 D H W 0.6 <
2PAHs/(pg » g D<<1.JEFTHEGY 4 MES 2
PAHs/(pg + g H>1,J8 THEEEG Y.

®3 LiEP PAHs [T LERAEN
Tab.3 Pollution standards of PAHs in soil
REZT5Ye RIS Ye hEETS Y AT

<0. 2

251
Zlgp/\HS/(p.g eg

0.2~0.6 0.6~1 >1

2.2 t1Erh PAHs B4 45T

K 2 /] LLE 1 PAHs 78 %2 5P 40 1
T PR R 3E C6 12 B f e X DA B PRI T4
Kz ikt dEA £ R PAHs 308 T1 M

4

"en 3t _

EI.I

2

4

2, H

: )

=

0 I
TIT2TIT4 T5T6 TT TR Co K1 K2 K3 K4

5P
B2 PAHs EAIRT R tEHHSESHIERE
Fig. 2 Histograms showing the concentrations
of total PAHs in Luling Coal Mine soil
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Keize sy A, He PAHs 728 1k 52 PG ik /N (1) 34, 31X
AIAEJE T PAHs 52 80T £ ki FN AT % 15 2 52
M) 385 B 1Y) 5 K1~ K4 S B4 X TR DX ) e 1) A 3
X ke, S AN, (0 SRR B A A MR Y TS
(1) HERE b PAHs & AT IE B0 by 5y,
Ui PAHs 7£ B3 /KB R B I AN, i A o
X —E U I B 3 PAHSs & 84 —E 15T
R AEHT A A HE O S £ 458 b PAHSs 14—k .
P1~P5 J& 0~100 em By 45 mEAE S PAHs 197
HAETE T MY P1~P5 RREGEHE - 3, FE R
RO TR 2 3 PAHs &3 )2 13 % PAHs
KW PR AR X A S A ST 4 R
— 2.

PAHsE &/ (up-g™)
0.2 0.3 0.4 0.5 0.6 0.7 0.8

40 /

o =

P1~P3{cm

S0 =

100k -

B3 PAHsEART XIEAHSEEESHBER
Fig.3 Vertical distribution of total PAHs

in Luling Coal Mine soil

M PAHs BFZE53 1k E , 58 PAHs DL
WOVUFR N (- 4, IR B 24. 4%, BR %S
DIAR, iR A0 45 2-F 628 1-H JE 28R 3L 2, 6-— H]
FEZERN 2,3, 5-=HILZE, =25 880 18. 1%,
HrhIER T A A 2-H 3E3E - TR 2,6-—H
B, DA R Lo B R 2 AR 25 2
R 24. 2% I BAEFTA 8RR S P T O B 3T
433, AW DU ER PAHs & EREE 2. TR
¥ PAHsPIAN I8 R IF () BE L JE. 9. 10- RSB

T
Ld

N

PAHI ¥

H 1| A I

ANl i AN AN
b 1 : E H 3 £ H
S E p: H i E H
HH LI i1l H

b

gL
0 i 7 T

P1 P2 P3 P4 PS T1 T2 T5 T4 TST6 T7 TS KIK2K3K4 C6
FAT A
B4 AREIFE PAHs §2EHE DL
Fig. 4 Percentage of >, PAHs in the soil of Luling Coal Mine

2y B 23, 9%, ANERR G ER SR L ¥ PAHS,
2y B 9. 3%.
2.3 PAHs RiES#

W5 PAHs RIE M 0BT AR Z 8 UL
A AL FREL A Ee E R k. il R 2 1
JE LD R IR PAHs HAT A TR A6 28 5 4
fE5 PAHs LA, AT RIAR S AS [F] 146 A 9 40 3 4
TEFAHSCS BRI FREE A BT P 1) PAHs R IE.

— RN AR Ty A 178 79 PAHs
Kk, B/ (B 36 (An/178) IHE/NT 0. 10,18
WA AR A WIE, KT 0.10 WA R BB TIR K
FUU TR A AR, & 8 An/178 U
/N S BT DAAEAE AN B ol FH 2 L AR, -5 At LU AR AH
SEA T AR SR = LB R F Bz
X 3 PAHSs RV . ansk 4 fral.

i B SCh ST &3 T1~T8 #E5hH PAHs
(1) e i v 114 DL R 2 32 B8 A 4 X — a5 U ) 2 ),
XFHAS 10 A RS S L T (B 5) L R BT A
S AR T H 90 % L E SR TR T4
Fi R TR R R AR SR b U L 136 BH 1% - 1A A7 3] A=
VIR BB 5 Y. T8 28 A e IR 22 b R R
BRIE . IF HAE RS iy # vh SR a8 0 B <CHR A
A A3 % X PAHs 2 50 w5 1 J5L AL
2.4 SHHETFM

Sy T B A B A PAH s A8 B O B 8 A

£ 4 PAHs HIRIRISRY B IS WL

Tab.4 PAHs source indicators and their respective diagnostic ratios

LEfE HAES X DI CRER D ™ SRR BRI AR
1P/276 IedP/ (IedP+BghiP) <0.20 0. 20~0. 50 >0. 50 0. 14~0. 46
BaA/228 BaA/( BaA+Chr) <0.20 0. 20~0. 35 >0.35 0. 2~0. 83
F1/202 FI/(FI+Pyn <0.40 0. 40~0. 50 =0. 50 0.4~0.65
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1.00

0 0.25 0.50 0.75 1.00
276
B 5 1P/276. BaA/228 #0 F1/202 [LE=fE
Fig. 5 PAHSs triangular plot for the ratio of IP/276
and BaA/228 and F1/202

it 3 PR S ) L A 2 320 3 R R — o 1 24
AR TR B T (TER) Sk Hok AT 4k, A5
HR AT [a B R S 7o 1,48 A PAHSs
FRIE[a EE X ARA 1 3 HEA T g AR A 3L A8 T i
S AR S N7, ARG 445 PAHSs O HE A
T () M TR Y 2 A, e Jm 045 R BUE S
., B I EUE SRS S R (TEQ)  HARFIR .
TEQ = > (e X TEF).

M#E US-EPA 14 PAHs 19 TEF {8, £ PAHs
HEYIN TEQ H4 T3 5.

x5 7% PAHs BUEYM TEQ &
Tab.5 TEQ value of seven kinds of PAHs

PAHs TEFs TEQ Hal

HILa] B 0.1 0. 006 5.13%

Jif 0.01 0. 001 0.85%

FI[b P 0.1 0.014 11.97%

Ik 0.1 0. 003 2.56%

#HIt[a]ltE 1 0.071 60. 68%

Eigf[1,2,3-c.dJiE 0.1 0. 003 2.56%

TR [a. h]E 1 0.019 16. 24%
Total 2.433 0.117

MFE 5 AT LLE X R X 4 175 G Bk
KRB I [aliE 60.68%, HkE %I [a, h]
16, 24%.

3 Zig

XL IR X 18 N FESL ) PAHSs Y
MRAS . 16 Py PAHs, B E=M 0. 23 pg/g
3.53 pg/g Z [0, FIMHA 1. 00 png/g. PAHs 7E i
A )5 FEAKE 5 1) MR 57 ) B — A2 () iE
he 1 I H AR5 5 R E 4R, 2

W IX 3 PAHSs MR IEA AT A 038 5, BT
F A BRI N h SR 16 sh s SR i AL 8 42 R <
MG d E R X089 X 4 5875 4o or ki K
SRR I ]t . H TEQ ik 60. 68 %.
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