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BRI EEREEINAE b T, P Ea AN B E R UM

KB PAHs; 388 530 R B8 TS 4L

HESHES X835  XEMFERG:A  XEHS:1672-2043(2012)10-1913-07

Characteristics of PAHs Contamination in Soil and Vegetable in Typical City Outskirt of Anhui Province, China
GAO Hong—jian, WEI Jun-ling, MA Jing—jing, ZHENG Bin

(School of Resources and Environment, Anhui Agricultural University, Hefei 230036, China )

Abstract: Residual levels of polyaromatic hydrocarbons(PAHs) in 38 vegetable soils, as well as bioaccumulation of PAHs from soils to dif—
ferent vegetables in Hefei, Wuhu and Bozhou cities of Anhui Province were investigated by using accelerated solvent extraction and high per—
formance liquid chromatography methods. Results revealed that the levels of total 15 PAHs(except Nap) in surface soils(0~20 cm) collected
from different vegetable bases were ranged from 58.2 pg-kg™ to 437.8 pg-kg™, and the amounts of three and four rings PAHs were more than
70% of the total PAHs tested in soils. The contents of 15 PAHs in carrot, spinach and eggplant were ranged from 23.4 pg-kg™ to 209.1 pg-
kg™ with the mean level of 120.7 wg+kg™. The quantities of low molecular PAHs( three and four rings) were higher than the high molecular
PAHs(five and six rings) detected in vegetables, and three and four rings PAHs were between 92.8% and 94.4% of the total PAHs detected
in vegetables. Eight carcinogen PAHs contents were ranged from 11.5 pg-kg™ to 17.4 pg-kg™, occupying 9.80% to 13.8% of total PAHs test—
ed in vegetables. The contents of BaP in vegetables were lower than the Chinese standard limits of 5 pg kg™ in food. The bioaccumulation
factors(BAFs) of 15 PAHs in different vegetables were ranged from 0.10 to 9.20, and the highest BAFs of PAHs in vegetables were ten times
higher than the lowest one. The BAFs of PAHs in vegetable were in the order of: carrot>spinach>eggplant. The highest BAFs in vegetable
were Fle, which was 9.20, 7.07 and 5.48 in carrot, spinach and eggplant respectively. Results from this study provided invaluable data for
judging soil quality and vegetable safety in Anhui Province of China.
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IR R, PAHs BAEAR MR, AT\ 135
Hh AR AR AR U A Bl i R SRR 2
FrEE AR IR SETEREY IR A TERS FIAR R | HE T 18
i R E NIRRT,

Brae R NI B A B A AR o), F R A H
FRGEIE 0.26 kg, NFIHEIH PR BRSE 117~123 ke, B3R
BRIFR BB AR, BN PAHs i)
RS RIFEA R, G B PAHs %
BILATH T E &, R EREE MG 8]
PR PAHSs YR BEK P 2R BT A, BRI =
SN R B SF L IX A Bk T PAHSs 5k B B8O I
i, WARSEM R 16 Ff PAHs B-F-35 8 656.3
pg kg RAETT 5 S H PAHs 9 F-3 & &4 183.0
pg kg 09 RIEFFEBSE e % MAN PAHs 1955
BB E4r5M 850.0.640.0.340.0 pg kg™, BFFR A
N PAHs BFRBEKF, -3 RS+ PAHs K
W iz 55 B AR MU, W TR+ 38 PAHS [ B34
P &4 /DR SE RN PAHSs & &, (R BRGE SRR &
BAREERL

AL LB A HE T A2 M T R 1 SR 3
HiSA XS4, BT PAHs 75 L SEFNHE SR A A 5% B8 K
-, Jr 4T -3 PAHs TEEE AN 19 B R A, O 3
PR BTN GRS 2 A P SRR AR Y

1 #BE57FE

L1 4R 55

TNEEHIZEBUL (ASE300 Y, EEELAF),
Waters 2695 ERRAHEIEY , 2475 ZERMES , 2707
H shitkess , PAHs & F43 B4 Supelcosil LC-PAH(250
mmx4.6 mmx5 pm, 3€[F Supelco /A F] ), RE-3000 #Y
TeFEZE KA ( FIEERAT] ).

[ EPA 16 f' PAHs #5#¥ : 25 (Nap) . J& (Ace) |
JEM (Acy) % (Fle) JE(Phe ) . (Ant) ZE B (Flu) &
(Pyr). % 3f (a) B (BaA). Jifi (Chr). % 3% (b) 7% &
(BbF) A3 (k)52 B (BKF) 3 (a) B8 (BaP) . —HJf:
(a,h) B (DaA) EiJ£(1,2,3-c,d) & (InP) FIEFH (g,

h,1)26 (BgP ) B 36 [ Supelco AH], 1ET4E . NEASF
B USRI TR GER G R st , W A [ 254 F 4k
HRANERAF . FEE. LI BWRE RSN ik
afi W F £ 5 Tedia A F o

12 TEMBEERNRESHRESE

2010 4 10 A & 11 A4 5IMZBAE A il
MM AL 10 km FEREIAY 15,11 N1 12 S HAE
B SR AL 38 MRE S HEAT I AR SR A i R S
B SRR T R 2 R TR 434, B m B 12/
X3k, M RERBEAERESE. EBIHER
M, 13 (0~20 om) FIEE SEHF 3% B “S” RUR AL VA
17,57 BIREE 5 M S H SRR RIRE EN—1
REFR (Y 1.0kg) . HEHRENBRXNTGER
i 1 mm 7, FIEFARTE M RS S it Jr ik
ST (& 1),

BRI BT POPs KI5 e AR R E&E
REJTREHEE NS E A I A0, IS 2 IR
PR A AT . FEAAETH A A BISR SE B A
i B NHUR 3 AN R 3 MR RN 3 TE
JEW T RN A AR AR BRI i . B DR 2 4 %
et 3 ANFIAEFERA 2 A =N T E 0 4 Bk B
SRR S DEAR 2 A SR 3 AN R R A 2
Mo BRERSETER BRI HIREE 5 MR, DI04k
REZy 1.0 kg(BF ) A B 42, P B2 A 7K
P BB izt R MR B RK ZEB K vhig
BhoRFE MR TIEMRY S, R4 TREAK S,
TE 4 CTRAE. Bl—E B RHTFBESERE M TE 105 “CHE
T 2 h,SRJG7E 60 CHLTZEIEE, AT THE gk SF
HI R E KR
1.3 TEEfERSESH PAHs RS S F %

B 5.0 g H3ERES AN 4.0 g BEEE L FERARH IR
S JaHR 3] 33 mL ZEH0H , BUHTEF RS  1.0~2.0 g
AR, A — %€ & B A BRPEFES , A 5.0~6.0
sHEELRMRYE, HBE 33 mL EERH T,
ASE300 fHRBGRA R $REUEFI AR ER/E S B (V/
V,1:1), 48 120 °C, 5 /7 10 MPa, Fii#k 5 min, FA4R

1 Gt T IREA MR

Table 1 Physical and chemical properties of the tested soils

Rk R B/ AHLB/ £ BB A/ FhL/ % BRI % R/ %
X35, 257 cm pH g-kg?! g ket mg kg mg-kg™ <0.002 mm  0.002~0.02 mm  >0.02 mm
A it 0~20 6.55 20.72 2.04 108.67 186.52 35.6 38.1 26.3
FE i 0~20 5.81 22.13 2.14 98.30 179.40 38.7 40.8 20.5
ZH M+ 0~20 8.05 18.13 191 87.86 157.69 214 18.6 60.0
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B 5 min, B3 2K, BHIMERIAFN 60%2E Bt {4
LN, IRH 60 s, SRS i ZE IS RS , R IR R AL
B EBREEN, DL SE P A & AR RS R
T ZEEEEHRGE , KB BE 75 & (40 C) k4
F ) 2 mL, 3| [E AHZEBUF: (Solid phase extraction,
SPE) #1145k, 5 mL FYREIFEZERUEANZEAS 05 ¢
ALOs+1.5 g 355 BEE+, SER 5 mL A yMERYE SPE
K, F WG, B PAHs SEBUR 455 2] SPE 1,
Fi 20 mL kA — S B GE IR A W (RFR B 9:1)3k
Yk, BT . IRUEIR TR IERE 28 AN (40 CHWRGE =
4 1mL, ZN, kKT, FHLEBRBERZE 1.0mL, 1T
0.45 pm AHLIERE)T , FIGAR IS T40HT

1.4 PAHs 995 %

PAHs 43HT i EI5 40 WAk ZRERIK 76
0~5 min I, ZIEFIZK R FR S o 50% ; 7 5~20 min
W, IR Z 3 = 2 100% , f-+F 8 min; 7E 28~
32 min N, ZHERFRREAE R 50% , 13455 10 min, HiE
30 °C, Fii# 1.5 mL-min™, $EFE & 20 pL, Bk KA
% &t 3K 28 255/380 nm ., 260/340 nm F1 294/430 nm
34NEIE . SMREER T, 15 Fl PAHs(BRZESF)TE
MBI GiF) AR BRI, 3 IREE
() -3 [l A 80.2%~112.5% 2 [6] , A8 5 A ¥ AE

4.6%~9.7%2 8] , ¥3/NTF 10% , W] L35 JE B i 4o B il
1.5 #imAIES %

+3EF ) PAHs HEUXTEEFRR(ng-kg?),
BRRRN PAHs & B LABEAENNE , SRS ARIE SR &
KEHE R TERR (g kg') o SEREIE A Microsoft
Excel 2003 F1 SPSS 13.0 247407

2 HR5iTiE

2.1 BR3EHh 1% PAHs & E45E

2 fis, ZRA IR FEM A2 M &l g 3
FE 32 b B s PAHs (98 B4 BIERKHE (n.d.) )
96.5 ng kg () Z[A], FHEPIE ZEE B AIRIF[b]2
BER B R Z 5331k 145.9,131.3 1 93.9 pg-kg™,
i 3R PAHs 52 B8 BB Y 58.6%,56.7%F1 55.2% ;
T 25 A K5 [a, h]ER & 28K A 1B ez
M BEH +4H 15 Fh PAHs( X PAHs) (5% B8 & 2 il
4y BIZE 92.9~435.6.94.6~437.8 ng-kg Fl 58.2~270.3
pg kg Z A, (ES AR 248.8.231.5 A1 1702 pg-kg™,
AR TN T 3 el b (664.7 g -kg ™)™ AT H T Nk
TAkIX (14353 pg-kg™) O N T4 (422 pg-kg™)
R 13 16 FF PAHs (918 B, 55

R 2 Bk EI|E PAHs & E(pg-kg?)
Table 2 Contents of PAHs in the soils of selected vegetable base(wg-kg™)

Ve () ARE(15) JEi(11) ZIM(12)
JiE ¥iE ¥E i ¥E
7 (Ace) 0.50~2.50 1.22 0.26~2.14 1.35 0.31~1.89 1.06
—57E (Acy) 3.55~20.30 10.30 2.40~16.50 9.86 1.92~13.60 7.61
% (Fle) 1.30~5.30 261 0.98~4.26 2.17 1.02~3.23 1.84
3E(Phe) 26.30~96.50 59.40 20.80~86.40 61.40 12.80~56.40 4530
B (Ant) 1.20~18.70 9.86 0.90~15.70 8.64 1.12~12.50 6.51
B8 (Flu) 21.60~75.20 4230 18.70~71.60 30.80 13.60~26.70 18.60
(Pye) 15.90~36.40 25.60 12.10~33.60 22.60 9.86~28.40 17.50
(el (BaA) 1.80~10.10 7.92 1.56~15.60 8.73 1.16~6.54 4.18
7 (Chr) 10.80~38.70 21.80 14.80~41.10 22.10 10.80~23.70 17.20
FIHbIFEE (BbF) 5.20~29.10 18.60 4.62~31.60 16.50 3.46~28.10 12.50
H K] (BKF) n.d.~17.60 8.65 1n.d~20.50 9.12 n.d~16.30 6.14
%3 [a]tE (BaP) 1n.d~20.60 7.60 1.d~19.60 8.24 n.d~15.20 537
T H3F(a, h]# (DaA) n.d~5.40 2.63 1.d~5.80 3.05 n.d~4.12 2.19
BiFE[123-cd#E(InP)  1.21~28.40 13.60 15.80~32.60 14.20 0.86~18.70 9.45
#3Hg,h,iEE(BgP)  2.55~35.80 16.70 1.64~40.80 12.70 1.27~34.90 15.70
3. PAHs 92.90~435.60 248.80 94.60~437.80 231.50 58.20~270.30 170.20

7E : Ace(acenaphthene ) ; Acy(acenaphthylene ) ; Flu(Fluorene); Phe(phenanthrene); Ant(anthracene); Fla(fluoranthene); Pyr(pyrene); BaA[benzo
(a)anthracene]; Chr(chrysene); BbF[benzo(b)fluoranthene]; BkF[benzo (k )fluoranthene]; BaP[benzo(a)pyrene]; InP[indeno(1,2,3-cd)pyrene]; DaA
[dibenzo(a, h)anthracene]; BgP[benzo(g,hi)perylene], X, PAHs 4 15 # PAHs & &5, FEF,
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Sfth -3 16 4 PAHs & & (233.0 pg-kg™)
AH 2400 32 B8 Maliszewska—Kordybach"%} +- 3% PAHs
TBYLIBBLRIR bR e, A RE RIS T 57 S 2 1 3
PAHs Ri2iis gy, M s e - o oi5 4L

AHE. FEWIFZIN A5 Sk + 3 =3 PAHs
B &R 83.4.83.4 pg-kg F1 62.3 png-kg, 735l
i PAHs 5R 3.5 811 33.5%.36.0%F1 36.4%; P4¥F PAHs
S oA 97.6.84.2 pg kg™ Al 57.5 pg-kg”, o
5 PAHs 5888 M E 1 39.2%.36.4%F1 33.6%; T H
IFI7S R PAHs 5 & Z FI4Y 5 PAHs 5% B B & 1Y
27.3%.27.5%F1 30.0%( & 1) X5 K RHF A5
g3 B3 PY3F PAHs &8 5 16 ff PAHs
B 40% L4 , KAFSH PAHs & 281K,

120

O &8
100 | Epe
T =M
E 80 |
@ 60 F
E 40t
07 =5 TS F =3
100 V=% Bmx OHF [OR<HF
(I [T [l
. 8of
&
ﬁ 60f
i
ﬂ;f 40t
S/

0

o
=

B 1 B3kt + e RERE PAHs & BRRESH
Figure 1 Contents and percents of PAHs with different rings in

vegetable soils

2.2 BR3Erh PAHs B

AHE. FEWIAZIMN E DB 15 F PAHs 97
B7E 23.4~209.1 ng kg Z 8], HMEN 120.7 pg kg™
(R 3). RTARZENERE(26.4~3748 ng-kg™) JIFETT
TAkXBEZHE (74.0~334.0 ng-kg™)U FIHEYI T R 3K
(67.7~7 137.0 pg-kg™) ¥ 16 F PAHs )& & i B0,
{HEFHEYAN PAHs 95 5{E(10~20 pg-kg™)o iX
RPGHE SEWFZIN F DA b SRR SR

353 PAHs ARIFRERTE5YY, 15 # PAHs ZE59 %
b SR T AN B9 S R4 B TE 50.8~200.1,
46.1~162.8 pg-kg™ il 23.4~1453 png-kg' ZJH], ¥
RIAAE b (146.9 pg-kg™)>W3e(117.6 pg-kg™)>
HiF(97.7 pg-kg), Hik B E 2R KF(P<0.05), X
—EERETIMAE .0 (315.0 pg-kg™ ) FIAEZR(166.0
pg kg™ ) PAHs H)5% B &,
=3 PAHs fE8A % b EEEMAI FARNNEER
A5k 96.8.77.9 pg kg™ Fl 63.0 pg-kg, A&
PAHs BB ER 65.9%.66.2%F1 64.5%(K 2); U
PAHs 7E¥HE b . WSRFMF RN EEES N
40.5.33.1 pg-kg™ 1 27.7 pg-kg™, 505 5 PAHs 54
BB 27.6%.28.2%%1 28.3% (I 2); HIAHFNKH
PAHs 7ESA® b . BESEAIFIANMBREEZ AL &
PAHs B4 REH 6.5%.5.6%H 7.2%, X5k K%
R ST 5 SR — B, BRI FIS IR PAHs TEBR IR N
B S BB, T =3 FIUIA PAHs EBR AN & &
B IXATRER R 13 5+ & PAHSs IR 4T
& PAHs BB ENAEYA S, 5 THHEYR R R
s k412 PAHs WS4 F & PAHs A R AKE
PR KM, 5 g 25 R, AR A Y R o
F& PAHs FyW I E ISR B B RO,
A8 . FE i A= M = Hb FT SE 14 208 A9 PAHS
( ¥ BaA+Chr+BbF+BkF+BaP+DaA+BgP+InP) 7E#H %
b, WS FIRNBEY & &S5 174,115
pg kg F113.5 pg-kg?, M LB PAHs BAEL
1Y 11.8%.9.80%#1 13.8%, H.AFUEHEHRK BaP
TS b, EESERARF RN & &8 08 2.03,
1.69 pg-kg™ Al 1.73 pg-kg™, 75 L3+ PAHs &
BH 1.40%.1.44%F0 1.78%, X—25FAETFIMFET#
3 770 pg-kg™ B EEYN, WAL TR BT PG
FIFGHS BaP P EE(7.9 ng-kg")¥, ZHEMT
15 Y Y BR B AR ME (GB 2762—2005 )P, £ 71 BaP /Y
TEARET 5 pg-kg, AL GEW A2 HIX 51 B
M. BEEEARFARN BaP B & EWERTEZ & &
HhE Y R AR, B2 XU
2.3 PAHs ZEARREIFRFEA M HY E E4FE
H £ & B (Bioaccumulation factors, BAF) 254
YhEMYRESES TEDPZY R ERZ L, HRAE
TIE-HEYER TV RS TR, BRETEY)
W g v BE R B R O B BRI R ) KNI PE MY
Tebn , B R B0 , REEYIRICRE T BReR >, LIEH
B MYUR SRR TR AR N PAHs B E &
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Table 3 Residual levels of PAHs in vegetables(pg-kg™)
R RN W) #F(7)
Y HE E{i) Sl Y HfE
& (Ace) 1.16~6.38 3.26+0.68 0.56~2.35 1.26+0.57 0.21~2.10 0.95+0.32
Z&JE(Acy) 4.67~16.50 12.50+2.31 3.24~10.60 8.52+3.15 1.97~7.26 5.64+1.84
2j(Fle) 6.72~30.20 20.30+5.16 7.23~19.70 15.60+6.72 1.28~20.30 12.10+4.61
JE(Phe) 20.60~63.20 52.10+10.20 18.80~55.90 45.70+15.40 10.60~51.00 39.20+10.90
B (Ant) 4.21~15.30 8.59+2.16 4.36~8.67 6.83+0.73 1.33~9.26 5.14+£2.19
B (Flu) 7.04~21.10 15.60+4.23 4.69~20.20 12.60+3.17 2.77~11.30 8.73+£2.65
B (Pye) 6.08~30.20 18.20+1.37 5.26~21.10 15.60+1.96 4.35~16.10 12.50+3.73
I [a] B (BaA) n.d~9.36 4.61+1.25 1.35~5.67 3.21+1.22 0.76~8.15 4.12+1.94
J& (Chr) 0.10~3.45 2.04+0.93 0.57~3.28 1.65+0.75 n.d~5.23 2.32+0.82
I [b]PE B (BbF) n.d~2.28 0.56+0.14 n.d ~0.65 0.38+0.21 n.d~1.91 0.25:0.11
HFHK]PEE (BKF) n.d~3.02 0.700.23 nd ~1.02 0.46:0.18 n.d~1.87 0.45:0.24
K If[a]dE (BaP) 0.05~2.11 2.03+0.64 0.06~4.07 1.69+0.41 0.11~2.26 1.73+0.67
It [a,h]E (DaA) n.d~2.81 0.95+0.44 nd ~2.15 0.68+0.39 nd ~2.37 0.82+0.26
B F[123-cd]gE (InP) 0.21~5.16 4.12+1.39 n.d~4.31 2.31+0.67 n.d~4.12 2.93+0.81
#3fg,h, it (BgP) n.d~3.03 1.34+0.47 n.d~3.09 1.07+0.35 n.d~2.04 0.86+0.22
> PAHs 50.80~209.10 146.90 46.10~162.80 117.60 23.40~145.30 97.70
A= BENHF OIF OARH
1201 1001
O b
100 O g3 8ok
;bﬂ 80 AT g 77777 7777
E R 60 o7 77 7707
B 60 I 7 7 7
& xN B =
T 40 = 7. 77 7.
= A~ 7. 77 7.
7 w0 7 7 7
=% mw wm A 1% e i F

B 2 HERAERE PAHs HEERRENE

Figure 2 Contents and percents of PAHs with different rings in vegetables

543 PAHs P& B M HVETHE B £ R BT H,
ARIZEA] PAHs 7ESAE D (BRI E £ RS
1E 0.10~9.20 &), #2355 10 5L F(E 3), XAfE
NS T2 PAHs (19 IEFEE//K 43 Be 2 50 (1eK..,)
AN KR FRIE R, Gy R R, B AR R BRI
70T & PAHs B IE=FEE/K 53 B Z (g K. K, 7K
HS AR FE /N, ME LA AR R, B 4 R BUIR Tao S5
FIBFGRIESE , B3R T & PAHs(GE B ) ST B R
L ERRIRN A BB EEE

AN[F PAHs 7EBE SRR NI B B R BRI E
N>TESESTHH T, HoP Fle Ace Acy Fl Ant ZEH]E MA
WIEERBEE S TR (P<0.05) FiiiF (P<
0.05), H4x PAHs 7E89 8 b SR FIR N K =4

RECRIABEZERKF(P>0.05), Fle TEEZIEMNEY
BERBGRS, EHE . SRR ERNS A
9.20.7.07 #15.48, 700 Fle 5 T X 3 MEERNE
£2. Ace.Acy Fl Ant TEE MANMBEERE KT
1.0, Ace TEWSRIA N E L REORT 1.0, H4 PAHs
S b RN EE RN T 1.0,
53Rk PAHs EEE MR ER 3

&g

(1) 22858 BRI T Rl B e+ 3 rh A FPPA Hs
B & B7E nd (CR¥H )~96.5 ng-kg™ Z I, 15 b
PAHs(BRZE4M ) 5R B8 By 58.2~437.8 pg kg™, =
M FIPUFS PAHs &8 5 PAHs SR EER 70%L L.

3
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Figure 3 Bioaccumulation factors of PAHs in vegetables

(2) B8 AR T A A b JESE s+ 7T
B4 15 Ff PAHs 19 & E7E 23.4~209.1 pg-kg? Z
B, 3B K 120.7 pg kg™, ZIFFMPUIS PAHs & BE3%
o PAHs &4 BB 93.5%.94.4%%1 92.8%, 8 FirA]
BEMERUE PAHs S ETE 11.5~17.4 pg-kg™ Z[H], 737
hiE Sk PAHs R B BB/ 9.80%~13.8% ,BaP & &
TE 1.69~2.03 pg kg™ Z 8] & F EZX &M 55
) R b

(3)15 # PAHs TEBRSER N A9 5 5 REULE 0.10~
9.20 Z ], #k ik 10 52U L &5 F& PAHs 72538
RN EERFEKTH S F & PAHs, 15 # PAHs
1E 3 MR I E 8 RBCERIUNEAE D> B>
TS K2 TEa e R N E 5 R B0
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