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Pollution Characteristics and Source Analysis of Polycyclic Aromatic

Hydrocarbons in Agricultural Soils from Shandong

GE Wei', CHENG Qi-qi*, CHAI Chao’*, ZENG Lu-sheng’, WU Juan®, CHEN Qing-hua®, ZHU Xiang-wei’,
MA Dong’

(1. College of Life Science, Qingdao Agricultural University, Qingdao 266109, China; 2. College of Resources and Environment,
Qingdao Agricultural University, Qingdao 266109, China)

Abstract: Polycyclic aromatic hydrocarbons ( PAHs ) are ubiquitous environmental contaminants that originate mainly from
anthropogenic sources. PAHs have elicited much concern because they exhibit strong toxic, carcinogenic, and mutagenic properties.
Agricultural soil is at risk of PAH contamination mainly caused by atmospheric depositions, wastewater irrigation, or organic substances
and biowaste applied as fertilizers. The surface agricultural soils were collected from Shandong in July 2015, and measured for 16 US
EPA priority PAHs using high performance liquid chromatography with UV and fluorescence detector. The content and composition of
PAHs were analyzed. The differences of PAHs between soils from the field for growing crops and from vegetable greenhouses, and

between soils from point sources and from non-point sources were compared. The sources of PAHs were determined with methods of

ratio between PAHs and positive matrix factorization (PMF) , and the risks of PAHs were assessed. The results showed that the total
content of 16 PAHs ( Z 16PAHs ) ranged from 111.5 ng-g~"' to 2 744. 1 ng-g~", with the mean of 556. 3 ng-g~"'. The content of 3-

ring PAHs was relatively high, with the mean of 201. 5 ng+g ™" ; while the contents of 2-ring and 6-ring PAHs were relatively low, with

"and 43.4 ng-g~", respectively. According to the contamination classification in Poland, 71% of the samples

the mean of 39. 3 ng-g~
in Shangdong were weakly contaminated. Compared with other areas in China, the content of PAHs in the agricultural soils in Shandong

was in the middle range. Acenaphthene, fluorine, and fluoranthene were the major PAH compounds, accounting for more than 10% of
the total PAHs; while the contribution of indeno (1,2,3-cd) pyrene was low. The content of Z 16PAHs and contribution of 7

carcinogenic PAHs were significantly higher in soils polluted by point sources than those in soils from non-point sources. Moreover, the
contribution of PAHs with 2-3 rings was significantly higher in soils from non-point sources, while the contribution of PAHs with 4-6
rings was significantly higher in soils polluted by point sources. There was no significant difference in soils from vegetable greenhouses
and from adjacent field soils, and the contribution of PAHs with 3-4 rings was high. The PAH isomer pair ratios of Ant/( Ant + Phe) ,
Flu/(Flu + Pyr) , BaA/(BaA + Chr) , and InP/(InP + BP) were utilized as molecular indices to elucidate the possible PAH sources,
and the results suggested that the PAHs in the soils were mainly from combustion. To quantitatively assess the contribution of various
sources to PAH contamination, PMF was used to analyze the sources. The sources of PAHs were combustion of coal biomass, oil
combustion from traffic, coking, and petroleum pollution, with contribution of 42. 7% , 19.3% , 22.8% and 15.2% , respectively.
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Toxic equivalency factors were used to evaluate PAH contamination in the soils, and the carcinogenicity of other PAHs relative to BaP

was quantified to estimate the BaP-equivalent concentration (TEQ, ). The TEQ, ,of 16 PAHs ( z 16TEQ,,, ) in soils from non-

point sources and vegetable greenhouses was 31. 69 and 44. 47 ng-g ™'

, respectively, which were below the safe value in Canadian soil

quality guidelines. However, the Z 16TEQ,,, in some field soils from point sources exceeded the safe value, indicating that there were

potential risks in the soils from point sources in Shandong.

Key words : polycyclic aromatic hydrocarbons( PAHs) ; source analysis; risk; soil; Shandong
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Fig. 1 Geographic location of sampling sites of agricultural soils from Shandong
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Table 1  Content and detectable ratio of individual and total PAHs in agricultural soils from Shandong province

" Fht/ng-g”! i

o T N R B i i
Nap 2 ND 289.7 39.3 23.9 98
Acy 3 0.4 129.3 36.5 26.4 94
Ace 3 ND 214.6 53.0 37.3 95
Fl 3 ND 216. 1 44. 4 27.8 92
Phe 3 ND 232.4 40.0 31.5 99
Ant 3 0.4 409.8 27.6 10.5 100
Flu 4 0.1 417.8 56.5 39.1 99
Pyr 4 ND 358.6 38.2 22.0 95
BaA 4 ND 523.6 37.7 10.3 90
Chr 4 ND 418.3 31.3 17.4 92
BbF 5 ND 168. 1 20.1 13.6 91
BkF 5 ND 377.2 27.2 5.4 95
BaP 5 ND 396.2 25.5 8.8 98
DBA 5 ND 480.3 36.8 2.8 78
InP 6 0.1 213.9 11.0 4.1 90
BP 6 ND 471.3 32.5 7.9 77
2 ¥ PAHs ND 289.7 39.3 23.9 98
3 ¥ PAHs 41.7 604.2 201.5 175.1 100
4 35 PAHs 1.9 1419.7 163.7 109. 1 100
5 ¥F PAHs 3.9 839.7 109.7 41.1 100
6 ¥ PAHs 0.1 480.0 43.4 11.3 100
Z 16PAHs 111.5 2744. 1 556.3 383.1 100
Z7CPAHS 11.1 1416.2 189.7 78.7 100
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Fig. 2 Relative contributions of individual PAH compounds to total PAHs
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B X R JE P PAHs (90Tt & 3,2 S A1 6 B
PAHs B4 LA, 200 7% F199% ). FJE 3 i 1X
oA, A5 R8I - R [H -3 v 2 3K PAHSs (9 L
53 53M 7. 6% 1 8.3% ,6 ¥ PAHs Y L4523 51
7.8% F 11. 7% ' R, ABFSE 2 R PAHs A L
1] 5 J) 340 b DX R R AR DL HE 3, 6 3
PAHs LLAIREAR T & X
2.2 A[ARJE - 8Erh PAHs B9 LLER
ANFR R B A 1458 PAHSs 5 12 FZH B L 1A
3, AR SRS Y RN SR TS Y oK 3 ) 2 36 PAHS
SREALEER(P>0.05) ,H3 ~6 L2 HIHE
V5 R B3 T AR S TG YK (P <0.05) , 5
WRIG YK A D> 16PAHs ik 2035.3 ng-g ', It
1> TePAHs (5 53% , ik £ TS Yok H 735 4
HHA 421.9 ng-g'  Hh D 7cPAHs (5 24% ,
B PG g D 16PAHSs H17 FHEUE PAHS [ 1
¥ 2 T AR SIS Y KB (P <0.05) . X0 [E
RIZ MR R ENE Y IR R 14 PAHS
I R ) A R, FR R SR RN s RS G
> 16PAHs S it it AL {53 5 317.3 ngeg ™' Fil
1812.9 ng-g ™' . M F, 11282 IR A IR TS Y
K H -4 PAHSs W5 14 P 35 8 i, TS

KH 54 EN- 5 mkih.

AR b, AR ST YR I Nap, Acy,
Ace ., F1 S50 LB 348 109% , FIIE 2 ~ 3 25 PAHs
) L A7 8 2 1 T S UR TS Y KT (P < 0.05) , T a5 U
V5 YLK M 43 DBA | BaA . BKF 509 Ll , R
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Fig. 3 Content and composition of PAHs in general field soils

and field soils polluted by point sources
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~5 ¥ PAHs W AH R ZE 25 (P >0.05), fIr LA
> 16PAHs il > 7cPAHs Wik A B EE R (P >
0.05) , 3 3 B S} A 118 388 324 - A B AR R A £ 458
o PAHs (9B R RS, AEA R B, ¥R 3 ~ 4 B
PAHs B L lde e, BB A B EZH (P >0.05).
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SRR PAHs. i HL, B4 #F 5T & B, AR v s
Kt ZFa ALY ey, Horh R LG HUIE Y PAHS
MEEIE 138 ngeg ' UYL RIS, L AR A A FH T A
K Pl K EE o5 A B BB T L AR A B M R K
i, % B PAHs, Hr 10 Fl' PAHs A5 (0 B3k 172
g L7 BRSO A i A v B i R A 4 TR
JKORIREASE FH 2 25 2 T R PRI, B G RE A5 43
PSR SRR A9 PAHS, {H 5 At > U b 7T BE 5 54
PAHs S 5K H %A B EER. BRR
SR I A A R T PAHSs B9FE R i HOR
WA LT & A, T LA A AR it &
) B A RE i, 308 T I YR % PAHSs RRE T (H
AT R X S 1 ] B Z R A AR PAHS' | 3%
A RESCH H43 b 2 3R PAHSs 197 & RIZH Y 3
TR H IR A,

B 38 %
700
(a) 45 Hit
600
500 w— Al
T = kH
5 400
& 300 b
200
100
0
Y =3 =3 ey i~y T =
- 2] =+ Wi b= - -
=9 (=™
= 2
A
70
(b) 4Lk
60
50 F
e 40 r
= 30 F

20 F

0k ﬂ-‘ “L
0 -

2R 3K 4B SHR 6K

PAHs
B4 KHRFIKABBL X H L5 PAHs &AM

Fig. 4 Content and composition of PAHs in soil from vegetable

greenhouses and field soil close to vegetable greenhouses

2.3  PAHs RRIESAAT

ANIA] PAHs 22 8] ) L {E R 08 Sz i ok U5, Ant/
(Ant + Phe) | Flu/(Flu + Pyr) ., BaA/(BaA + Chr) |
InP/ (InP + BP) &5 LU A Br E BRI LD AR 48 A T 4 48
PSSME WL 3R 2. LR A A B - B8 X 4 Ff PAHSs
FOAE A 2408 4351 4 0. 35, 0.60 . 0. 42 F10. 40, %t
FERRVEAE T %0, Flu/ ( Flu + Pyr) . BaA/( BaA + Chr)
S PAHSs SR U5 0 A ) 5T AU R BR B, InP/ (InP +
BP ) WA UE A A A SRR , Ant/ (Ant + Phe ) JZ Bt

#£2 WHEEKHELTE PAHs EALEMEFEHE

Table 2 Ratio between PAHs and source identification in agricultural soils from Shandong province

iH Ant/ ( Ant + Phe) Flu/ ( Flu + Pyr) BaA/( BaA + Chr) InP/(InP + BP)
FrifEfE <0.1 VAR <0.4  HiHE <0.2  AHHE <0.2  AiliE
>0. 1 REIR 0.4 ~0.5 AiMARERIR 0.2 ~0.35 AR 0.2~0.5 AilEREIR
>0.5 YRR bR >0.35 AR BIR >0.5  AEYBRIEIE
SEAA 0.35 FRBER 0.60 Ay FE AR IR 0.42 AW EERREE 0.40 Al

S TE R RETR R BV 4 P (E S R 1l 2R
B A HE ) PAHs EEE [ TBRES.
K H PMF5. 0 AR XT 1 A< 48 4 HH 13 PAHs 2%

AT T, B2 WIs AT, L 4 DNRTBF, K
280 PAHs BURFRIEIT 1, 8K, AL A 45 B4
4 NMHETF RS MBI EIE T ARG R, 61
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FHFIE FL, Ace, BaP HH AR (& 5) , 5%
B FL S A HE R AR A AL & | TR At o e s 2
PR KA Ace! ™ HTTAS 1 FE TR A R 4R
HEf. %52 EFFTE DBA, Ant, InP F EAK M
Zfr, DBA Al InP 2 A iR B HE ) 2L B W,
i H Ant 1 ATSEALHEROCE A K A 2 &
B2 5 HLh 4 R A HECE X RERSS IR, 563
F[HF BbF, BKF, BP, Phe, Chr, Flu, BaA  Pyr %%
HAB G, Phe , Flu, BaA | Pyr EBERIABEN)
RFAA WP BbF ., BKF FI Chr 251 FlE 5 9% e
FSCTRAE R AT BIF 9 & BRAE ) STk o8 T B e A
Flu, Pyr'™'  RIIEERS 3 32 DR 71 F BRI A0 A 40 498
e, DU ER F7E Nap A1 Acy b EAG 85 B9 254,
AR, K PMF A5 0 45 21 (1) o U5 BT ik R AR
RS TR HRE R ZE W R e o 42. 7% , o £ HE il o5
22. 8% , 283 A AR BE 1 19. 3% , AT B
1 15.2%.

XoF IR M X 3R 2 5 PAHs BB &
P, AL ML X e PAHs B9 & o — s TR,
AIRE S0 & e e | TP TP A R G
ZP0 AR W Tl & 1k, Tk 7= {8 B Toll 3%
TIE R P A48 B = A, 3 Tl &k Rl AL 46 A
fe. sy A . ESEIHER BRI
4 2015 AEREVRIN el 35363 J M (ARaESE) | E
BLLLEE e Sk A, N R 80% , L A SR e
14.99% 0 DRI 03k it A9 488 e HE Al 2 3 i 1X
PAHs V5 Y YT ZOR TR, 12348 VY A0 I A 3 2 3.
B35 A 2R P S b, 2 AF 1 A T TR A T R
Xof - HERRBE 1 BT e, PR SR ST A AR AR
AP AL T BERGA PAHSs BRI, AN RS IR [E 2 4F
HIELAS 1k A A ) 75 7T 8 K AE B8, (ELRS 1 5% b ) 4%
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Fig. 5 Source profiles obtained from PMF model

2.4 PAHs 0y XS
A S RS R RS S K -3 16 Fh PAHs

B TEQu, (O 16TEQy, ) ¥ {4 43 51k 40.02

ng-g ' F140.63 ng-g”' (K3),HERARELES
(P >0.05), H &S U359 KRH+ PP

D 16TEQy,, Fiik 427.61 ng-g ™', & m TR AR
15K I FIBE 3 KA (P <0.05). 7 RhEE PAHs
() TEQyp ( X 7¢TEQu) 7E > 16TEQy,, Hi Huf3il )
Ik 95% , R W B E XK 2ok B T 7 M EUR
PAHs, H P DTk A5 1 )& BaP F1 DBA. ZEfIE R
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TR R AR, R D 16TEQ,,, %4
5 600 ng-g™', B SFAEML LER
D 16TEQy,, FELA 3 M REGATITAE . MRk iZ%bx
i, AR 48 Al SRS G R LR 3 B e b iy

SI6TEQ,, ¥ o4 # 4%, fH & W15 Je 1 1 4
SI6TEQ,, 7 BL 3 % 2 %05 F- ¥ i 41 282. 83

ng-g ™' HHAT 90% BYRFE S T, i
SRS YR T A TR A XU

#£3 WHRAKHELEDPAHs HEMHYESE TEQ,,,/ng ¢!
Table 3 TEQy,, of PAHs in the agricultural soils from Shandong province/ng-g ~!

PAHS TEFs e SRS Yok H A e FURTS YK H B g
F¥E i s 2 YA i i 22 SH(H i f 22

Nap 0. 001 0.05 0. 06 0.05 0. 02 0.01 0.01
Acy 0. 001 0.04 0.03 0.08 0. 00 0.01 0. 02
Ace 0. 001 0.05 0.05 0.04 0. 02 0.05 0.05
Fl 0. 001 0.05 0.04 0.01 0.02 0.04 0.04
Phe 0. 001 0.03 0.03 0.05 0.07 0. 06 0.03
Ant 0.01 0.12 0.20 1.74 1.20 0.21 0.22
Flu 0. 001 0.05 0.05 0.18 0.13 0.04 0. 02
Pyr 0. 001 0.02 0. 02 0.17 0.12 0.04 0.02
BaA 0.1 1.34 2.43 29.63 14. 66 1.44 1.27
Chr 0.01 0.23 0. 49 1.17 1.03 0.22 0.21
BbF 0.1 1.53 1.64 5.29 3.29 1.82 1.63
BKF 0.1 1.02 2.39 20.29 13. 00 1.20 1.64
BaP 1 21.23 28.01 52.64 121. 19 24. 96 33.99
DBA 1 13.66 35.45 308. 54 130.93 8.94 21.54
InP 0.1 0.44 0.57 5.81 6.88 1.32 2.24
BP 0.01 0.16 0.45 1.92 1.58 0.28 0.45
S6TEQ 40.02 50.50 427.61 140.97 40.63 46.04
> TeTEQyp 39.45 50.03 423.36 141.24 39.89 45.94
3 & SRS YLK 3G 3 o R A A, A I TE XL

(1) U4 4K H 3 PAHs #6 H R85 71%
ORER T R ARBEV5 Y Ace. FI, Flu #9737 b 9
1=, InP A2 LU, 5 Py HoAth b X 9 ¢ HE 4
8 PAHs V5 AR L, LR AR b T rh 835K

(2) MG R D> 16PAHs A1 7 i 5
PAHs 9 L5135 1 3 i T lE SR 5 g R T AR A8
V5K H 2 ~3 ¥ PAHSs (1 FL B &, 1 U5 Y K
M 4 ~6 R PAHs 8. 55 3 K MIRIRIT (4 K
THEAHLE  PAHs HRIEA BE LR, HEE3 ~4 3
PAHs (1) L f138 5.

(3) Ant/( Ant + Phe) | Flu/(Flu + Pyr) , BaA/
(BaA + Chr) | InP/(InP + BP) % 4 Fh {8 24 )2 ke i
INZRA8 4 M+ 38 T i PAHs 8ok 3 TR B2 5.
PMFS5. 0 £ 73R W] PAHs SRR 5T Hk R BRI A AR
YITIRE 7 42. 7% IR EEHERL & 22. 8% , 2838 = A=
AT BREE 5 19. 3% , AR5 55 15.2% .

(4) B 5T 5 e K B ER 32 KMt
> 16TEQ,,, AR i K + HEFR BT i & b ofi, {2

iy, FLXURS: 20k | T30 PAHSs, Hirh STlR B

(172 BaP il DBA.
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