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Contamination and risk-assessment of PAHs
in agricultural soil from-wastewater irrigated area

LIU Geng'™ NIU Jinjie' WANG Ling' ZHAO Long’

(1. Research Center for Scientific Development/in Fenhe River Valley, Taiyuan Normal University, Jinzhong, 030619, China;
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Abstract ; Agricultural irrigation with wastewater contaminated with polycyclic aromatic hydrocarbons
(PAHs) can cause serious:soil pollution. A total of 35 soil samples were collected from Licheng
wastewater irrigated areas of Shanxi province, and a comprehensive study was conducted to
characterize the:P AH concentration , composition , as well as the pollution pattern and risk. The results
showed that the total concentrations of 16 priority PAHs ranged from 16.03 to 1320.95 ng-g™", with
the average concentration of 226.74 ng-g™'. The PAHs with four to six rings represented more than
61% of the total PAHs. Forty percent of the soil samples were contaminated with PAHs,and 2.9% of
the soil samples were in the heavily contaminated category,2.9% of the soil samples were in the
moderately contaminated category,and 34.3% of the soil samples were in the slightly contaminated
category. The assessment results suggest potential carcinogenic risk of soils to humans , thus some risk

control measures should be developed for the safety of the environmental and human health.
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Z IS — I AT AE T4 R IR T A HLIS Je 5 2305 R TS e A R BRI
“ SECROE, FA R KA RIOR SIS B B A i AR 5 R T P R PR M A 1) B R
I BRI Y T EORIR T A AR R (R I KR ) RN 1 4% s e HE T 20
(B PIRRE Bk SEm SRR AN e e ihbe ) P Y 23007 il TR DR S i B A 3 3 p e+
HEA LB E I, 130 T 2 3805 J e T (R AF 0 0R ) L3 i Z IR0 R 5 e e 1
SR e AR AR T RN RIS ST o A A — R G A3 A2 A A i R )l e AN (] ) B e i A, % ol
PR RGN R T KUK DR [ P A0 X O s R Tk X
AN SR 5 AEANIE S SRR TS YR T T WY, RGHE R T 1L
ITF SRR YR AL 23 6] A R SRR LA™ Az 1 PRBE R RRE KUK

e 7 0 DXy Tt DR I B 20 R IIT A6 |, 7T b D7 22 Rl 2 0T 6 (R 3k i A 395 75 7K
il Tl K AT A THFERE. F A I BERE A5 K b B A R S5 15 R A b A — LB U LR 24
ZIMTFIREA TG Y2 K AR 2 AL AL BRIR AR 1 V5 K RE AR IS 45 2SR DR TE LTS 44
E Vi & LU Vil R SEF O ERETSL7/b i Bo R (27 W RN RS e PNe S = NS L =R SR TP S
X IEE CAR R TS Qe T e TR GBI TY, B I R 22 BT 0 T IR o T 4 0 e i AT 4y
WPt %k 2 I R A BTG Y B AR X 5/ 1L 7 A e 5 4 e e A R Ay, M T R ELRE R
BD B NI IR HARAE T AR Al A2 | BRTFAS DXk (e Mt T koK BT 1, 2K
JUR 21 A A A A DX IO 8 1 95 7K A FHBE TR AN ] 95 98 DX T L BB A Db i ey 0 R 5 B T
SO R FE A T 38 Py Qe ) 15 Aol BRI B AR BB f 3 AR A ). 1L 4 B T i X
S5 /K E R 24T, X DX T R 807 2 1 IS g%, R AT e 75 B Rl B XU A

A FE LIZT 5 XA B A B S0 G, 2R gt s XA P A T 4 3 rh 22 3055 )t 79 et 2 BB A
W, LA A2 DX 3 T 4 S S TR e/ P S R S IR .

1 MBS (Materials and ‘methods)

1.1 WS XA

205 HE DA T LU P 2 B IR L, R 5T S AT RS S A TR, WS KOk H T A TR R K
T E K, O A I 20 SRR S0, BRI AR Y 1.3x10° hm? , V5 HEMEY) F 50 AR, HRTIZIS HEIX
ABAEEAT 5 7K HE R 1 DX 3800 1 3 780 I ey R i 1 28 UM, AP 3T 2 10.2 C L, P BR K i
528 mm, JCFFH 180 d ZEAT. X X L HER M LIS £ s fa) £ o0 B, IS X N A PLE T8 & &
2.02 mg kg™, pHAE T-HHEZ Jy 8.37 , w55 B
1.2 FEACREE

HRHE I 5 DX b T A B HE 355 Y0 38 R0 2 T 0 A 17 D0, 6 DR A3 e R0 BT AT s A 25 G g il 1, T
2014 4F 7 ATEIZTSHEX N REFRZ (0—20 om) A& [H - HERE M 35 A BE SR an & 1 BT SRR A 4%
TR TIAGE I 28  FE T — R 100 m*YEFINEL S 1 R)2 HAETIR G FER S 1T AR R 45
FeWy 2Bt AR OB Y 0.5 kg TIEAE SO IFHEAT 25 35, BO7E 3 A IR VK DRIRAE 9, 7E 4 C 551
B R SR AR SE R R 3T 238 B S % N A T AR AT
1.3 FES BT

AWFFEXS 5 HE X A FH 3 rf USEPA IR 16 F Z A5 13475001 , 04628 (Nap) JEM (Acy) JE
(Ace) Zi(Fle) FE(Phe) (B (Ant) Z¢B(Fla) (BE (Pyr) I (a) # (Baa) Jil (Chr) AJf(b) ZE
(Bbf) KJF (k) ZCE(BkE) I (a) B (Bap) (B (1,2,3-cd) ¥ (Inp) , —HIf(a,h) & (Daa) AIf
(g,h,i)d6(Bep) , 5 H4E 5 5 AR R, 23 2305085 B TR T 4B i o ORI Ao & 42 )
Z 8 USEPA 8270d F1 8272 J7 kAT ™™ FREL 10 g 3RS A 10 g TKBRREN(1/1,V/V) A
FARPIZ AT, RHZ 20 mL IEC KM A F LIRS (11, v/ V) 1E RG], dg-NAP d,, ACE
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d;,-ANT d,,-CHR il d,,-Perelyne TEFEHL PAHs HifE AU i , A HURCR R AN e 4 ,ﬁiﬁﬁ 30 mL 1E
CREFI e (2/1, V/ V) BEA TR B A O A e e 28 R A h vk 45 3 2 mLL, IR 46 R B Rk A b, O
Wk 3] 1 mL 55 R 43 A7 A AS0OM 8 3% - 51 135 0 M 75 [ 6890N GC, 5975B mass spectrometric detector
(MSD) , Agilent, Santa Clara, CA, USA 1" & JH] HP-5MS £ 40454 (30 m, 0.25 mm inner diameter X
0.25 mm film thickness, Agilent) X TG Z 35 AT I0 E | 76 L3R Ty 70 2 i F2 7, 16 PAHs 19 18R51
TEAHH SBT3 A vh 58 B, 22T 16 i PAHs AR MERE & 1) FR 58 2 % 1 ME (Supelco Co, Sigma-Aldrich
Corporation , St Louis, MO, USA ) (B 117 52 5 0B A8 2 1 A o 7™ A $AUE 7 o it ORE R 77, SR AR i 1
ATy 25 SR AR TR [l oS 8625 J7 AT I i 42 ], A FH I A 348 7 20 M B S S B0 U e PP AR
BRI 43 BT R SO S XTI 25 SR ) S e Al T b3k ik B A RS 10—15 ng- g7, ISR il oy
95%—105% , [F) IR AR XAl 22 AR T 11%.
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Fig.1 Study area and soil sampling sites

2 5 5118 (Results and discussion)

2.1 IEHEXAR H e 2 55 IR SR

TG HE XA 1 L6 LT 2 30 05 IR B O i ORI RS DA R B S AR 1 R BR T Inp
KA AN, HE 15 Rk ZER TR 8G K .16 R 2305518 B & BV A 16.03—1320.95 ng-¢ ™', F-
{5 226.74 dg- g <7 Fh 2 Z 5512 SR K 2.08—551 ng-g™" |, SEHIHE N 76.65 ng-g ' M 16 Fh R
IR RS T AR R S (I 25 VU R R, 295 R T A 22 80K, U0 Acy \Fla Bbf Bap %5 BAIR & it
P ZE R, FnT5 Y rE s [ o A b HAT — 2 PR S PR R AE . DOR [RIRE A8 2 9005 08 B B B 1) 0 A B
KF, BT RES E RE  32 BE A0 AE H B B U X, AT B DR Oy SR SR S K T
Jei , BB M FAGE 1), V5 K ) R B, RS e e T e EcE IR AL BN, S D 205
o R AR TS VE DX BRI A Tl Al 5505 YA A, 37 AR R IR Y R4 3 A T Rl R el ol e S LA
2 5§ 3 ()28 S A K i R AE AT 9 D3O T B V5 HE XCRBE T 6 A 3R SSVE ) IR, 3 & B0 6 A~
FET5HE XA H L 2 A5 I SR P X (EH 98.6 ng- g™ IEAR T 15 X N I AE R 2 R 05 IR B i
YIE, 7] LA 15 K BE S = A X3 N 23R8 55 15 Ye i) = 2 LA

] H BT E e TG X AR H HIE AR & ok A 5 X R 2 L R 2 5 R o
KZLZAE 50 ng-g ' LIF ,i#8id 100 ng-g ' A9 HA Fla 1 Phym: JAC AR AR TG E X 3 Z I8 T5 I8 Nap 11
BRI, 428 ng- g HUE UK S B IITE 50 ng- g DL TR S ARHFSE thoORE AT BRAK 2 A 05 IR B
RPN TG DA T 3 2 PR 05 R i G KT iR R T /NS V5 X b 2305 IR S T BIE R
6969.35 ng-g ' T TAHISY B F-AME 226.74 ng-g™", AT LI Y FEBEAE B DL K 5 7K R YA ) 45
R, 2 FEORRNGRE X AR H 582 2107 18T Yo i BN R). [W] Ll S 48 o LB DI T - S 2 A 5 i e
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O HOR T, A WF 5 b L 2 30 07 I - 2 & i 226,74 ng - g, & T M T AR b S P 2 Y
202 ng-g P AR T I PG R AR AR A R L2 IR IR T3 i 691 ng- gt X L EGHT 2 05 R
A ERHEE B AT R T L3 T 2 ) 2R 05 Fe 5 Yy | NS A 80 P15 M A R G ol G 7 A
C il BTN R IIWN N 232 FRN

F1 GHEKKH IR E S
Table 1 Concentrations of 16 PAHs in agricultural soils

e S b S S bRtk it
Pollutants Avomatls ring Mlnlmlirln/ MaXIml_lrln/ Mean_/l Standard de_\;latlon/ Medla_nl/
(ng-g™) (ng-g™) (ng-g™) (ng-g™") (ng-g™)
Nap 2 N.D. 289.50 37.65 63.25 8.20
Ace 3 N.D. 62.30 6.50 15.74 —
Acy 3 N.D. 340.00 21.37 67.98 —
Fle 3 N.D. 37.80 7.57 8.50 3.50
Phe 3 N.D. 8.30 1.91 2.57 0.40
Ant 3 N.D. 142.80 14.99 26.97 3.00
Fla 4 N.D. 246.20 44.53 58.98 16.90
Pyr 4 N.D. 73.00 8.99 14.77 2.90
Baa 4 N.D. 55.10 11.10 12.59 5.50
Chr 4 N.D. 112.20 11.67 21.86 3.50
Bbf 5 N.D. 209.60 1517 41.36 0.70
Bkf 5 N.D. 91.80 15.60 24.09 4.50
Bap 5 N.D. 117.00 18.09 27.19 6.50
Inp 6 N.D. £ — — —
Daa 5 N.D. 31.00 5.07 7.43 1.60
Bgp 6 N.D. 46.20 6.53 13.07 —
2-ring N.D. 289.50 37.65 63.25 8.20
3-ring 0.50 526.71 52.34 100.46 28.80
4-ring 121 368.33 76.30 93.09 34.08
5-ring N.D. 383.71 53.91 83.35 16.37
6-ring N.D. 46.25 6.54 13.09 —
Y PAH,, 16.03 1320.95 226.74 267.39 118.49
Y PAH, 2.08 551.00 76.65 115.39 22.70

HND. Rty Y PAH, « 16 M IR BE R, Y PAH,, « 7 MEUR L 35548 & it (Baa, Chr, Bbf, Bkf, Bap, Daa, and Inp).
DA T8 BRI AR [
N.D.: not detected; 2 PAH{, : total concentrations of 16 PAH; Z PAH,, : concentrations of 7 carcinogenic PAHs ( Baa, Chr, Bbf, Bkf,

Bap,Daa,and Inp). The same abbreviation in the following text.

2.2 TSHEXAR H A 2 3805 R U 2 R

35 ANV5HE XA 3R S PR R R Z 5 & it 5 B2 I 5 I8 B i i L An 18] 2a BT, Fla
o RIS W LB, O 19.65% , HOR & Nap (16.61%) | Acy (9.43%) . Bap (7.98%) | Bkf
(6.87%) .Bbf(6.69%) .Ant(6.61%) , H& BRI 55 18 5 & 7 AR B 2 10 HL B AIR. A [ IR B 22 3155
JE i b RIS B BN 2b BN, nT DAV 345 IE R 2 ISR S m P Or iR
IR 23% 34% 1 24% , LR 2 BR S ME R 16% ,6 5 RS T L TRAR, N 3%.— Sk FE TR
FEAE T I 2 R 05 I8 E R DL S SRR 3 AEARTF S T 4—6 IS i B R 61% ,2—3 A i
A7 A ST I 39% , 3302 MR 2 3005 e AR #5  PEARRAIE , T e 34 22 B 05 S 7 1 S AL ST i) e R4
™, BEfE RBE R 1Y .
2.3 ISR H 5 207 RS YT

H AG7E IR E A%t 38 22 3805 12 75 G P i oK ) € 52— b 1fE. Maliszewska-Kordybach 7E 1996 4F
PE A I Z 5 R VAN ik R TR RLE Z 05 IR > 1000 ng- g N EE TS Y, £E 600—
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1000 ng- g™ Z A A HEETG YL 7 200—600 ng- g~ AR EETG YL, < 200 ng-g A ARZHTG YL Fi BRI 1k
TR FRUE, A5 35 A HAAE S A 1 AN HESUE T/ BT 4, & ik 132095 ng-g ™', 1 MESUE T
15 Y% ErEoh 871.36 ng-g™" FEEE AN PR TS Yl 0 i AR SBON LU 2.9% 12 SRR TRIETS
Yo, 534.3% , Hax 21 MRS AR Z NG Y, BAOKRTE 215 0E XA 560 5052 B Z 3055 95805 e 1) He Aol
H 40%.

" 25.00 (a) (b) 10,

jas] 37

£ ,
= 20.00 B8 2-ring
é % 24% B 3-ring
5 & 1500 H :

s — 23] 4-ring
o 8

S Y 5-ring
£z 1000 s rf"é
32 M 6-ring
£ 5.00H

3 23%

(=}

Nap Ace Acy Fle Phe Ant Fla Pyr Baa Chr Bbf Bkf Bap Inp Daa Bgp

PAHs 34%

B2 AEHE(a) RARIRE(b) ZEHTTE G R AT S &I
Fig.2 Contribution of the different PAHs to the total PAHs (a) and the contribution of
PAHs with different ring numbers to the total PAHs (b)

R B RE S AR T FIEHY , Annokkée 781990 4EHE T 10 FAK 2R IF R A RN
ﬁ‘/ﬁ{ﬁ“ﬂ ,fm% Nap ,Phe ,Ant Fla Chr Baa Bkf Bap  Daa il Bep HIFREIE 5351~ 15.50.50,15.,20.20
25.25.25 .20 ng-g ™" R BZITHARHE(E , A BFSE 35 AT H3ERE S rh 34 10 Fhep ik 2 3105 1815 Yul
PR 3 FiR, B Phe A£AFE SRS, HAy ORISR A AR R B (R 55 AR B B AR R B
SR Fla, #5 LR 51.4% , oA Nap . Bap \Bkf . Bgp Baa 1 Chr, FE AR R4 514 42.9% 28.6% |
20% 17.1% 14.3%H1 11.4% , Ant F1 Daa 5075 YRR N 5.7% , 15 J0F 0 e 25 R 3R 05 X
A T e B 72 2R R R B B 2T fe g .

60

The rate of samples exceed the
standard level/%

Nap Phe Ant Fla Chr Baa Bkf Bap Daa Bgp
PAHs

3 10 FEIRIT RIS R4
Fig.3 Pollution assessment of 10 PAHs in soils

2.4 T5HEDA T b ZERTT I A e KBS A

16 il USEPA fLiE 2 3805 ke rh 7 FHA BUEE, N IR 2357 & Rk A il LA H %75 3 X
AR RO Z 255, A SCR R SN 7 (TEF) 8975 36K A R R A T Bap A9 6351k
HEYRE (TTEC) , WA [R) SR 2 8 DL R R 5 A0 20 XURS: . A B0 PRk 1 22 3057 R B R HAT A A
53 F- S5 KA ANAR IR A B0 OB LB, DG Nisbet S57E 1993 48 HH R Y PP I O™ i ik A
Bum s B MERE RO 200 Bap NS B X R, HE T REVESCIR T3 R [F] SRR 22 PR 05 R AN T Bap
FOEETE 2 8 1, SR PSR B 5 B S 3 P 2 B DA AR, 15 1 45 2 3R D7 LA S 5 B i B
W, HETZ AT ) 2 N T 138 23007 I S0 WU PPN A58 h AN [ AR 22 3R 05 I g 1 > o TR 7
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DA G TR Y R E ST e bR ik 2 FioR, 255 R B R AR S B L N.D.—
143.620 ng-g™', F-¥{E K 27.804 ng- ¢, 7 FBUEHZ A TR FEE Y EWREWHE N N.D.—
143.157 ng-g ', FYIMH K 27.460 ng-g ' AT LI Y, 7 FHEURE T 2 3055 BAEA DR SE X4 -3 rp 2 g
S FOR PE A, A TR R Y R Y 99%. AS BIF 5T P £ BR 05 A A 0 7 R Y R R R O 4
(27.804 ng-g™") B T R & B A Y B (12 ng-g) M KT M7 A H 4 35
(34 ng-g™ )0l 7 B A AL L M B sk b M (44,6 ng - g7 )M DL K VR W TS BE X+
(52.31 ng-g ") "7 BRI LATE H 75 THE XA FH A e A AR (R O HA VR A S0 KU

K2 DB ZIHOFRREE S RIRIE (ng-g ™)

Table 2 Bap,, concentrations of PAHs in agricultural soils (ng-g™")

ESIS 5 ENCIEZS RS T R/MH EIN ;] HfH H i
PAHs Aromatic ring TEF Minimum Maximum Mean Medina
Nap 2 0.001 N.D. 0.290 0.038 0.008
Ace 3 0.001 N.D. 0.062 0.006 —
Acy 3 0.001 N.D. 0.340 0.021 —
Fle 3 0.001 N.D. 0.038 0.008 0.004
Phe 3 0.001 N.D. 0.008 0.002 —
Ant 3 0.01 N.D. 1.430 0.150 0.030
Fla 4 0.001 N.D. 0.246 0.045 0.017
Pyr 4 0.001 N.D. 0.073 0.009 0.003
Baa 4 0.1 N.D. 5.511 1.109 0.548
Chr 4 0.01 N.D. 1.122 0.117 0.035
Bbf 5 0.1 N.D. 20.962 1.517 0.065
Bkf 5 0.1 N.D. 9.175 1.558 0.446
Bap 5 1 N.D. 117.000 18.094 6.500
Daa 5 1 N.D. 31.000 5.071 1.600
Inp 6 0.1 N.D. — — —
Bgp 6 0:01 N.D. 0.462 0.065 —
2 PAH, — — N.D. 143.620 27.804 10.660
Y PAH,, — — N.D. 143.157 27.460 9.820

3 %4512 ( Conclusion)

(1) ASBFFE A 1 PE 2 BT X O T G2 8 ek o A i XA T 2 1 23455 4 1 e e 1 A
FEAE, BRI + 3T A2 2 Z2 3005 0 15 U, S E T HE X R IR 557 0 75 QOKCF M LB T LR
ARG 9 DXl T PR R AT BR K 75 K R IEAS [R) , S B[R] 75 HE XK T L S22 3R 07 ) 15 Qe A ).

(2) ARBFEIX 16 B LR I5 I S 1 R 16.03—1320.95 ng-g™' , “F-II{EH 226.74 ng-g™' ,4—6 Ff
FRZIRIFIE N FEIRY , o S LY 61%. TG PP &5 SRR, 40% RIRE R L2 B Z IR0 15
¢, Nap Bap ,Bgp S F AR AR A0

(3) AP e AU DF A 225 2R S s 2 DX Jalofe T 398 2 LA 9 7 1) B30 XU, 0 22 30 55 e i 3 A iy
AR R DX, T 2SI PR BRI DR A, 3B S 7 A B B 1) P S5 XU A A B A
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