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Contamination and sourcing of PAHs in farmlands around different industrial areas

LIU Yue—xian', XIE Xiao—fan', DU Zhi—wei', QIU Hui', ZHANG Rui-li', ZHANG Meng™*, WANG Wei*

(1.College of Resources and Environment, University of the Chinese Academy of Sciences, Beijing 100049, China; 2.School of Chemical
and Environmental Engineering, China University of Mining and Technology, Beijing, Beijing 100084, China; 3.State Key Laboratory of
Water Resources Protection and Utilization in Coal Mining, Beijing 102211, China; 4. Agro—Environmental Protection Institute, Ministry of
Agriculture and Rural Affairs, Tianjin 300191, China)

Abstract: Understanding the distribution characteristics, pollution level, and source is important to prevent pollution and utilize the
farmlands around industrialized areas. In this study, we collected 89 soil samples from farmlands around oil mining area in Yellow River
Delta and 148 samples from farmlands around southwestern lead-zinc smelting area. The composition and contents of 16 polycyclic
aromatic hydrocarbons (PAHs) precedence—controlled by the EPA were analyzed by gas chromatography—mass spectrometery. The sources
of PAHs in these two areas were modelled with the principal component analysis and positive matrix factorization. The results showed that
the average Y PAH content was 149.8 pg- kg™ in farmlands around oil mining area and 267.6 pg- kg™ in farmlands around southwestern
lead—zinc smelting area, dominated by 4~6-ring PAHs.The sources of PAHs included gasoline combustion (24.1%), diesel combustion
(6.2%), biomass combustion and oil source (60.7%), and coal combustion (9.1%) in farmlands around oil mining area, and biomass
combustion and oil source (31.6%), diesel combustion (28.3% ), and coal combustion (40.1%) in southwestern lead—zinc smelting area.
The sources of PAHs were related to the energy consumption in the local area.

Keywords : farmlands; polycyclic aromatic hydrocarbons (PAHs); sourcing
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Figure 1 Map of the sampling sites in farmlands
0.25 pum) A1 B AL s AP VERE , PERERFR 1w, K (2) P :
VAFAIIESR 5 min; HERE LTIRLEE | 2 IR0 RE LA S A A 2k 0 22 e\ 2)
T2 134 280 C, WP il THR AR T 0] b I 40 CRAEF A\ w

1 min, 2R )5 4% 30 °C - min ' FFE 2| 150 °C, F-LL 10 °C -
min” FHEZ] 290 °C, 1445 20 min,

- HERE h PAHS T3 (QA/QC) 2 WL STH#ik[ 23]
124 S A— TR 28 11 AT DA B AR mSCRE &
fdi FH] p—Terphenyl—d 14 YE48 7551 (FMREE ) I 43 AE
fi FP 16 F PAHs (9 bR IR (547 o ], 75 21
AR IR R 90.9%0~115.9%

L4 RS AE

fifi F ArcGIS 10.6 #F 17 R AF A 22 B 5 £l F SPSS
24.0 AT IR BT 32 B 40 43 TR, I S R R TR T
I3 MR EPA PMF 5.0 #51%1

PMF 2 3¢ [ PR (R 37 B 42 1 F TR IR 43 L 1
Z AR 2 P PMF [ H bR e JE T 41 E i oK
i PR AR BTk, WA (D) FoR  H R A p,
JE A BTER S L FEAS TR R g

Xy = i( g X fiy) +ej (1)

L A AR REAR BRI 22 R B g TR AR
AFEA S B AR TR 5 £, 40 28 kIR R
5 A PAH 9 1 5 p R T5 R T B 85 i 5 e AR BE AL
R,

i 3 PMF 578 35 45 K 57 ik 43 A 1] 3% A 7R
¥ B AR R Q 5 BT FEAS IO BE LI 22 ey f/IME , U0

AP S5 L REAS R A PAH AN SE 8, T
CMNCWIF

W e<MDL ,u; = 5/6 X MDL (3)
B wy =Veo x e x MDL? (4)

o AURARHEM 22 5 ¢ {UR PAH 135 1 MDL )5
IR BRI,

2 HERE5HMH

2.1 AEMRKRETEPAHs EEREM S AM LB

F 1 R AT R X AR R R X HERE S 16
Bl PAHs & 1E 00 o HYEEIR HRIX 16 Bl PAHSs B 75 it
(SPAHs, DL Tt it , IR V- 4 {H (447.3 pg -
kg T A MR IX (149.8 wg- k) s [AlFE , #3588 1A
P IX 16 P L PAHs BUA IR 54 85 T i F R
X PAHs FLAR B 1 2%, |35 PAHs LK o
100% 145 7, Bl Nap . Phe . Ant . Flu, Fla . Pyr #l Chr.
Trapido™ ¥ A 52 N2 8 TP 14 0lk - 458 h PAHSs 1)
ANCAEAE 100 pg-keg™, LA AR XA
65.1% W RAE SSAFAETT Y2 BV ERHR R XA 52.0% 1R
FERAETETT Y

H 2 0] DLE H A X 35 2~3 2R PAHSs He il i
W, AT TR X A A3 (8] 2a) K 14.29~95.5% , -
18 39.2% , H5BEIG B X A B 1458 (1] 2b) 2 3.3%~



2542 RUFERFER R B
1 ARKERATEPAH FE
Table 1 Concentrations of 16 PAHs in agricultural soils of study area
A1 MFFR X 0il mining area SRR X Lead and zine smelting area
VIR # it firfi it it it riif it
Contaminants Range of values/ Average value/  Medium value/  Detectable  Range of values/ Average value/  Medium value/  Detectable
(pg-kg™) (pg-ke™) (pg-kg™) rate/% (pg-keg™) (pg-kg™) (pg-kg") rate/%
Nap 2.5~229.3 23.6+35.5 11.6 100 0.5~452.0 36.3+81.9 10.1 100
Acy ND~21.8 0.4+2.4 ND 2.4 ND~50.3 1.1+4.2 0.5 99.3
Ace ND~10.4 0.2+1.1 ND 1.2 ND~73.7 1.7£6.4 0.4 91.8
Flu ND~22.5 7.1+4.0 6.4 97.6 0.2~591.3 11.2+49.1 3.5 100
Phe 4.6~103.0 20.6+15.3 16.2 100 1.4~2 750.0 65.2+231.7 22.8 100
Ant 0.4~38.3 3.5+4.2 2.9 100 0.1~239.8 3.9+19.8 1 100
Fla 3.2~103.3 12.5+11.5 10 100 1.6~2 798.0 44.0+230.3 16.2 100
Pyr 2.6~216.3 15.6+£23.2 11.6 100 0.2~2 487.0 33.9+204.9 9.4 100
BaA ND~117.5 9.9+12.8 9.1 95.2 ND~1512.0 15.2+124.9 1.9 99.3
Chr ND~227.1 12.7+25.2 7.5 100 0.3~2 353.0 45.8+198.0 12 100
BbF ND~142.5 15.6+16.4 12.8 95.2 ND~2 793.0 41.3+232.4 7.1 96.6
BkF ND~14.3 3.5+3.2 5.4 67.5 ND~720.6 9.8+59.4 22 99.3
BaP ND~124.1 13.2+14.1 12 97.6 ND~2 581.0 52.1+226.4 9.6 99.3
ledP ND~100.6 5.1+12.9 ND 229 ND~3 706.0 80.3+461.9 6.7 93.2
DahA ND~20.7 0.6+3.0 ND 24 ND~1397.0 18.5+123.7 0.1 72.1
BghiP ND~120.5 5.7+15.0 ND 26.5 ND~2 692.0 38.6+£240.3 1 89.8
316PAH 31.5~1399.0 149.8+153.1 119.4 — 8.8~26 847.0 447.3+2227.0 107.3 —
2~3 ¥ PAHs 9.8~242.7 55.4+43.2 38.4 — 3.1~3 807.0 119.4+340.1 40.1 —
4~63FPAHs  11.9~1173.0 94.4+128.6 70.1 — 3.6~23 041.0 327.9+1911.0 60.4 —
a FTIIFR X AN b. A X 0 /N0

0 25 50
2~3%

0 25 50 75 100
2~3 I

2 AEMERELERSIRFTEEREN

Figure 2 Structural composition of PAHs in farmland soil around different area
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pg kg, B4 TR B HMW PAHs (4~6 31 ) 193 &
4 327.9 wg-kg! ,LMW/HMW PAHs i HC(E 2 0.36
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Table 2 Source analysis of PAHs in farmland soil based on PCA

o R HEHRAR K
e Oil mining area Lead and zinc smelting area
Contaminants
PC1 pPC2 PC1 pPC2
Nap 0.081 -0.551 0.162 0.984
Acy 0.974 -0.115 0.992 0.039
Ace 0.961 -0.104 0.952 0.127
Flu 0.675 0.399 0.992 0.050
Phe 0.893 0.234 0.983 0.113
Ant 0.990 0.005 0.995 0.011
Fla 0.987 0.044 0.995 -0.008
Pyr 0.992 -0.021 0.996 -0.014
BaA 0.987 0.021 0.995 -0.065
Chr 0.990 -0.063 0.992 -0.001
BbF 0.992 0.046 0.998 -0.034
BkF -0.105 0.848 0.997 -0.048
BaP 0.986 0.024 0.961 -0.056
ledP 0.965 -0.039 0.994 -0.082
DahA 0.932 -0.129 0.984 -0.101
BghiP 0.976 -0.031 0.988 -0.088
)i %1% 79.6 8.1 91.6 6.5
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Figure 3 Cluster analysis of PAHs content in farmland soil around different area
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Table 3 Source analysis of PAHs in farmland soil based on PMF

T A TR X 0il mining area HYEEHB X Lead and zinc smelting area
R i Hel iR 4L P iR
Composition Source Rate of contribution/% Composition Source Rate of contribution/%

Factor 1 TedP I BghiP A HE IR — 24.1 Ace NaP AWy SR e AN AT il 5 31.6

Factor 2 BkF AR HERCIR—24E 6.2 TedP . DahA 1 BghiP ¥ LA S E ke 28.3

Factor 3 Nap.Ace.Phe Flu. 1RG0 AL 7 60.7 BkF . BbF ,Chr . Pyr Fl Ant JRIRIRE 40.1

Fla Chr 1 Pyr
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