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Distribution Characteristics and Sources of Polycyclic Aromatic Hydrocarbons in Surface Soil
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Abstract: The concentration and composition of 16 polycyclic aromatic hydrocarbons(PAHs ) on the US EPA priority pollutant list in surface
soil of Nanchong were determined by gas chromatography(GC). The source of PAHs contamination in surface soil was also diagnosed by us—
ing PAH isomer ratios. The results showed that the concentration of PAHs in all soil samples from ten different function area were between 9.1
and 2 269.1 pg-kg™, and the pollution in industrial area was more serious than that of in agricultural and residential zones. In industrial area,
the rule of PAHs content in soil was four—ring>two—ring >three—ring >five—ring >six—ring, while in agricultural and residential zones it was
two—ring >three—ring >five—ring >four—ring >six—ring. Compared PAHs contents in soils with other regions reported, the degree of PAHs pol—
lution in the areas was at medium level. Coal and wood and fossil fuels combustion were the dominant sources of PAHs in the areas, and ben—
zo(a) anthracene and phenanthrene were major PAHs pollutants.
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] ) o AS20500A R 7 T VAR (_LIEHTRHE 5 k4
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16  PAHs #5af ( HHEE/ERE ) ) : 25 (Naph) | JiE
(Acel), —EJ& (Acen ). j (Fluo) . FE (PhA ) . & (An).
R (FIA). 2 (Py). )i (Chry) 283 (a) B (BaA ) . AR
(b) %¢ & (BbF)., & I (k) % # (BKF) . 2K 3f (a) B8
(BaP).8i(1,2,3—cd) (In123—cdP)., —# 3 (a,h) &
(DahA) 2R3 (g,h,i)3E(BghiP) , ¥ FE ¥k 200 mg-
L7, DA EAEFIATF3EE Supeleo AF] o

ToKBREREE RE B A TCK B BR B Sk 43 Bt , W F
KRR ER . P AP L IE 2 4
ket W F BRI AL TR A R A K 3
WK SE5 R RBEAER B A D va vk B 150 °C
T4
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1.3.1 -8 S oRAR

BT H R Z T PAHs Y20 f L, fE RS 78
WX AT RBIESE 10 A LHERME S, AIFE T
(P75 ELE) Al X FIRTHT R RIX, £ R 54
FEHLANZR 1 FiR, 2007 4 7—9 ATEAREER R 0~
30 cm RJZ T, 78 10 mx10 m BFEFEINREE 5 M
BHB—NREEY , LIRS SIR G LA
BT AT 4~5 d, 8788, 1 80 HFf, I F-20C
AT EIRERN, S
1.3.2 TIEH MR L

FEWFREL 5.0 g THHESAES, B INAL 2.0 g oK

R 1 RENARNERHERRFER

Table 1 Characteristics of the different soil sampling sites
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Na,50,(400 CTF HiALHE 4 h), FBHINA 2.12 ng B
(W), IBEH5, IR EI R ICRPERE T,
ZEEEE 100 mL BYRCRH, B NEIAIEC LR
BER(VIV=1:1), B3R 60 C, K ILILH 24 h, KL
WAEHERE R LA LRAEEY 2 mL, /7] 10 mL 1EC
e BB 50 mL XSO, HRKFEERZ 1
mL, 52T, ¥ 1 mL R bR ke 5
AR AT, B8 5 min, A 15 mL IE2 5853 3 1K
YRS, HE—2 DL 5 L IE O b/ A R ke (VIv=
T3)IRA WM RE R oA , VERBUA 50 mL ¥R 48R
Wt , AR AR EERZE 5 mL, RIR (4 TR
e Mo
1.4 S3HvilEFA R E 1§l

B R O T WAL, IR E 280 °C; 3
S 99.999% B 4w S, HHRE 20 mL min', 1PE
60 CA34F 1 min, L 15 °Comin? FHF] 260 C{EHF 1
min, FPL 1 °Cemin? F}#] 270 C/£ 8 1 min, FGELL
2.5 °C+min~ F&] 300 C{£ 8 3 min; FXKIGE TG
W25 (FID )JREF 320 °C. #FkEE 1 pl,
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Z5 S HT BRI ERAE 0.002 7~0.003 4 pg kg,
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MARFEZHREIX S 13 #p PAHs g 1. 76
B1 [ ) -t S AR T 13 B PAHs, X7
RE SR E “REIR”, X BARH BrZ A
HERTE M T LB A 2K, it PAHs Fp2SE /12
B3, ZhRE X HIEAE MR 7 FP PAHs g4 . A1.A2
1 AS BHE T BERE S 2946 HY 10 7 PAHs; B2 & C1.C2
AR ShRE X AR E T BE o0k E 12.8 F1 9
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i i o PAHs 7 10 AR [RIZHREIX -3 AYUR 22 R 3L
K,AS -8 PAHs W& EES, 535 2269.1
pg-kg BARAYE C1 (L 38, PAHs fF3 & 21X
9.1 pg-kg”, BARERSHER.) RMFFEMAER
ZHER S ARG SR T PAHs B9 E 4046 {5 AS,
A2 FT A3 BT -4 v PAHSs Yk B A Sl F o 13
PG THEE TTIXAY C1 # C2 3 PAHs P& &
FHIN B 10 MASFIZI AR X B 38 PAHSs BAG H
B MBS B FE N AS>A3>A2>A4>A1>B1>B3>B2>

C2>Cl, 35 TAEX 5 AR E , i i X s
YU R R PRRAY) &, X P25 R 5 Wilcke W 55
IRTFFE—3E, A5 Btir 48 PAHs W T A T
AP IX 5 YL 3, AT REIR L2 K E A A ARNS K b3
ARG C2 A1 C1 Bab misB i L X, 28 Tl
YR, LG {0 C2 /KRS H - PAHs BWE =T
Cl, JFHTTRERT5 K IEME MR, TFoTRIA . L3S
PAHs B3R B3 A Tolk X >b K AUR RIX ;A5 X 5
N -4 PAHSs 5% 8 BH .32 21 E i 15 YRR 2
AREIZHREIX 3 b PATs B9H BN E , A RIFREL
() PAHs B2 R AR, B 1 EBR, 78 Tk XA
B+ m A PAHs & & BB R & TR
AR R Ak X R KRR G (AS) - ik
i PAHs 1 B/ THAMIARE A TR EGE, Tk
18 (A1.A2.A3 F1 A4) HEHM PAHs & BHH,
Al BYEFF PAHs JL3F 5 PAHs BB/ 40.1%  JUFRAY
PAHs 7 A2.A3 F1 A4 #4535 PAHs & B ¥
90.6% .77.3%F1 42.9% ., 1% PAHs {3 EK 5, PAHs
(8 B A IR B LU 3R> — 31> = 31> RS A H IR
AR, , o PUBR R 3R PAHs MR ER S, —H =
A i PAHs U B 19 8 43 te 43 3k 68.1% (A1),
93.0%(A2).85.1%(A3)F1 70.4%(A4), A2 fHiE 3
i BaA BRI E &5 PAHs SR 88.3%, PO
PAHs ¥RIE Y 98.0%, X5 4 MIIREXJAEA KR H

2 FEDhBERRE LS PAHs IREDHIE(ng-ke™)
Table 2 Concentration of the individual PAHs in the different soil sites(pug-kg™)

Comp. Al A2 A3 A4 A5 B1 B2 B3 Cl1 C2
Naph 3.6+1.6 3.9+1.0 1.8+£0.8 6.6+1.2 ND 7318  83+23  6.6x2.0 ND 0.8+0.6
Acel 29.5+5.7 4.6x2.1 12.242.3 19.6+6.3 14.5£2.4 3.8+1.1 0.6£0.1 42423 1.4+0.7 1.1+0.7
Acen ND 16.5+6.8 56.9+9.6 97.9+9.2 1331.4+32.3 28.8+9.0 1.7+0.6  2.620.9 1.5£0.6  2.9+1.3
Fluo 139.8+31.2 5.6x1.2 41.616.4 59.2+5.7 35.8+10.4 1.1£0.3 1.2+£06  7.1£1.8 1.5£04  4.4+£2.1
PhA 96.9+21.3 14.6+£5.4 123.9+31.2 19.4£10.5 147.7+24.4 15£05  64+24  7.1+£2.1 0.7+0.4 1.8x1.0
An 3.0+1.3 54.4+6.2 11.2£1.2 68.3+8.6 41.0+10.0 17405 6.0+£26  26+1.0 28+1.0 1.3x0.9
FlA 5.0£2.1 10.1+3.3 64.7+7.2 18.66.1 11.3+3.8 0.6£02  2.1x0.9 ND 0.420.1 0.4+£0.2
Py 54.8+8.8 ND 67.126.1 103.3+23.2 96.8+8.6 1.6+0.8 1.5£0.8 ND 0.20.1 0.3£0.3
BaA 76.3£7.9 1120.5£69.9 1 025.9+£98.5 173.1+32.1 559.3+39.5 5.6£12  0.610.1 ND ND ND
Chry ND ND 15.7£7.2 9.8+2.1 29.1+12.6 4.8+1.8 ND ND ND ND
BbF 116.8+31.7 22.4+11.0 6.7+1.1 ND ND ND ND ND ND ND
BkF ND ND ND ND ND ND ND ND ND ND
BaP ND ND 12.1+5.2 8.7+£0.9 2.2+0.2 ND ND ND ND ND
In(1,2,3-cd)P ND ND ND 21.9+6.4 ND 79+24  0.7x02 114433 ND ND
D(a,h)A ND ND 2.2+0.8 61.0+10.6 ND 72424  62+13 ND ND 1.0£04
B(g,h.,i)P 91.8+12.3 9.3+3.3 ND ND ND 3.0+1.1 3.1+14 ND 0.6+0.3 ND

> PAHs

617.5+123.9

1261.9+1102 1442.0£287.8 667.4+122.9 2 269.1+114.2 74.9+23.1

38.4+13.3 41.6x134

9.1£3.6

14.0+£7.5
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Figure 1 Percentages of different rings PAHs

Tl AR Bl R T e 3 o S T G A K
PR EE T 5 SCRRPHRE AR

RS RX 3% (B1,B2.B3.C1 f1C2),
S EMANEEEIFE PAHs, {R3FH) PAHs 7E4
M TIEE X L& & 5 H PAHs REMNE LI
LR : 308 PAHs 7ER R B S RE X - B |5 L
PAHs & B HE 2 42 54.7%(B1).31.2%(B2)
49.39%(B3).48.4%(C1)F1 65.7%(C2), =¥ Ay PAHs
B o BE 43 b4 ) =2 38.4% (B2).42.8% (C1) 1
25.0%(C2), #% PAHs BY3RER 4, PAHs &8 A
FEE- 00 e St 7 S 7 S EZ S N [T 552 /A 28
W IAHI =3 PAHs BIRER R, —F Z Ml PAHs
B E WA 3 43 B h 59.8% (B1).69.6% (B2) .
71.6%(B3) 2 91.2%(C1), FJREHX 5 NEHREIX FE
= JE AR RATE S, A I RE XA E i X,
BAK, BB TEFE R B AR RS K.
2.2 1% PAHs 5E RS0k RE IR Ee 4387

H 2% 3 v] 0, S5 E AN SCERIRE AR EL , E 1 58

%3 HAEMARRE T PAHs RBHIF L 24T (pg kg )
Table 3 Comparison of PAHs in soils with other regions
reported( pg-kg™)

5 X3, W e kg BH IR
s E Y IR Tk X 3 390~5 650 [11]
Fl TR ND~2 790 [12]
filisk Tolk IX 372.6~1 256.9 [13]
AR 467~5 470 [14]
JEETRE X FAeHT 1 347~3 884 [15]
KEMX 199~5 190 [16]
I VU RR X 546~1 400 [17]
R R IG I X 168~595 [18]
FRE AT 0.83~14.41 [19]

t PAHs B2 S, APFRAITA Tk 135 PAHs
S B R TR E YN Tl A B AR
IR T —— bR R X 3R 172, %
TS T (AT EARZRET k R ek
TakX, 5 raEiimX 3 PAHs & BAHY,
AR A R FERIX 3 PAHs FH & &
ST RS B TRy DX SR S R A X 13 2 ]
SYLRR EA T B . #R 4 Maliszewska—Kordybach!™”
P H B BARIE , 13BN 4 DR TE T (<200 pg-
kg™) B2 1544 (200~600 pg-kg™)  H 5 L (600~
1000 g kg™ ) FAEE 5 4 (>1 000 ng-kg™), M A TH X
(9 3 PAHs §975 Jufe B 5 — S SCRk A 1R 18 (AR
I, Ab &S JokoF, BB S A LIRS Y R
B Ik —i5 0, LiETix E AR B AR, T
b DIAR IR BRAC KRR, F B AR TR AR BRI, R At
KR BB BRI AT EOR , SR s R A AR

S 2% Aannokkee Xf 138 10 i PAHs JG B
PN AR E, TP B — PAHs &5 BT HERS) T
4, WLUUE N, AT ARIEEXIX 10 fi 258555
e, BAr i H A BaA Fil PhA, 5357 3 4
2 ANIRER AR, BRKHEARMEECEF] 55.0 A1
2.0; FLR 2 An Fl FIA, 7€ 2 DI RE XA X8 AR , %
FHEFFRRERGEF] 3.7 1 0.4; Naph BaP #1 Inl,2,3—cdP
FEFTA T RE X # A B hr ; BKF 7L BT 2 RE X #P
BAKH,
2.3 tiEch PAHs BYRBES 4T

HETE A A DHISEHGE T PAHs {5 YL AT,
[F] 43 SR L RAE T 8 2 I 5 R s IR s, 2
—FE B2 L E O FEA R B 2R 1 2
H, @4 S R [E B AR B MR B . An/(An+PhA)
1 FIA/(FIA+Py R 2% NI
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Table 4 Pollution assessment of 10 PAHs in different

surface soils of Nanchong

& faft/ng kg BIRECREES BORKERGHE
Naph 15 ToHAR —
PhA 50 A1 A3 A5 2.0

An 50 A2 A4 37

FIA 15 A3 A4 0.4

BaA 20 Al,A2 A3 A4 A5 55.0

Chry 20 A5 0.5

BkF 25 ND —

BaP 25 ToHAR —
In(1,2,3-cd)P 25 Wit —
B(g,h,i)P 20 Al 3.6

WERES P An/(An+PhA )<0.1, T3 PAHs
FERET A M PAHs BT5 5y R T An/
(An+PhA )>0.1 N2S7#RET5 PAHSs ({75 4L F1A/
(FIA+Py)<0.4 3t B 2 B0 700 {1 R PAHs V5 5% 5 F1A/
(F1A+Py)>0.5 U PAHs TEORIEFEAWY) A4
M B R 58 2 R 52 ,0.4 <FIA/(FIA +Py) <0.5 U B
PAHs 22 MM AR W B ™, B 22
A [ES%#E 5 b PAHs 89 An/(An+PhA) I FIA/
(FIA+Py )53 T~ HL2R B . 10 MAFIRAE 25 138 H PAHs
B An/(An+PhA) HFR 0.03~0.80, FHMEN 0.47,
FIA/(F1A+Py) lL3k 0.08~0.90, 3448 K 0.49, #Ef5
MAEE PRI B VLR, 48RRI R AR BT
(Pyrogenic ) RIRFAE , 6140, A4 FIAR SR BeFn b R
BRI AR ) B, BEIH, AR TT R IR
T3 PAHs V5 YR IE LU BRI N £

Petrogenic Pyrogenic T‘é
[ g
09 . a N F§
081 > g
20.7_— e - A § g
+ 0.6 r - L | ] ] = g
Il Rl e e T = ©
= L ‘ [ ] 2 g
~— =]
BT R g T £ 8
=03 ] -
02} . l £ 8
“r u [
r n
0.1 [ g
0.0 1 1 1 1 1 1 1 1 QQ,-‘)
00 01 02 03 04 05 06 07 08 09 10
An/(An+PhA)

2 RETEH PAHs B An/( An+PhA )F0 FIA/(FIA+Py ) 9F
Lk Z E (Pyrogenic : BA1E TR ; Petrogenic: TiMiR)
Figure 2 PAHs ross plots for the ratios of Al/(An+PhA) vs. FIA/
(F1A+Py ) in the surface soil in Nanchong
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