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Abstraet : /In order to evaluate the potential agrloultura]. Fisks Of soil contaminated by polycyclic aromatic hydrocarbons ( PAHs) ,

Lactuca sativa L. was used as a model leaf vegetable plant to investigate the enrichment characteristics of PAHs in the different tissues
of Lactiéa sativa L, such as its underground parts ( GS) and aboveground parts ( YS), which were studied through an experiment
involving potted cultivation in PAHs contaminated soil that was taken from the agricultural soil around a coking enterprise area. The
concentrations of the different PAHs in the soil and plant tissues were analyzed using ultrasonic oscillation extraction and high-
performance liquid chromatography-mass spectrometry ( GC-MS) analysis methods. The results show that the enrichment of the total

PAHs ( Z 16PAHs ) in the YS is higher than that in the GS. The components enriched in the YS mainly consist of 3-5 ring PAHs,

and those in the GS consist of 4-6ring PAHs. The coefficients of the different PAHs enriched in the YS were higher than those of the
GS. The enrichment coefficient of anthracene ( Ant) was the largest and that of fluoranthene (Fla) was the smallest in the YS, while
the enrichment coefficient of benzene [ a ] pyre (Bap) was the largest and that of Fla was the smallest in the GS. The transfer
coefficients of the different PAHs from the GS to the YS were greater than the rate from the initial soil (SS) to the GS; the value is less
than 1 from the SS to GS. The correlations and goodness of fit were analyzed for the concentrations of PAHs in the SS, GS and YS. The

Z 16PAHs in the SS showed positive correlations with the Z 16PAHs in the YS and in GS. The goodness of fit of the correlation of
the PAHs in YS to those in the SS was the largest (R> =1.0) , while the goodness-of-fit for the correlation between the GS and SS was
lower (R* =0.71). The benzo[ a] pyrene equivalent concentration values ( Z 16PAHsBap,, ) of YS and GS were 11.8 and 12.7
times the maximum value of Bap level allowed in food. The study indicates that contaminated farmland soil would present a high health

risk when it was used to grow the plant.

Key words; polycyclic aromatic hydrocarbons (PAHs) ; Lactuca sativa L. ; accumulation; transport; contaminated soil
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10* pg-kg ™" Duan 55" 3 1074 3 45 A A e 2
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FRERAIL A BR A, IR T FE AL T Al J5] 34
PAHs V5344 3. HE B H4F, OB 7EBA B
AL AR, RBRmEYsR A AAEE 20 HE
JEIT. B (EHAA 15 ecm, 520 em) 403 1.5 kg T
+, A SER T 10 B, R A R 3 Rk,
WS AEAT R, BUERERFE. LM 2016
ET7H20 HE9 H20 H. KB ARCE  EE
25 ~30°C ., ARKGEHE, LIERIE 40% ~60% . £
60 d —RPEWCRAEDIRE S AR b 4. AEARAE
THVE TR 4°C UM ORAF 28 1, e SBARE i 0 8 B 0
AL T, PTG EHEEE(SS) , ORI 10 AE
(HS), iz T & HC/E(GS) , Hb s ie Ak
(YS).
1.2 PAHs M40 %

+HE PAHs BT EARYE Jiao 1) BRE, RP
HERIFREL 5.0 g BFBE L 100 H 5 i T4 - FEF 3 g
Jo7K Na,SO, (HEHE 120°C, T2 h)IRE; WEH: —
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e

S BE(L: 1, RBE) TRAVEF, 30°C &M, s
PRZHEHL 30 min, FHTHETCK Na,SO, FEiLUE, HE
B2 ), AIFIRIER; 7£ 40CTF, AR T;
EIEH R ERS 2 mL, 13 0.22 wm A HLAHEE
Fhi e SR, B8 T - 20°C KA 1R 17 7 I 3%
S3HT.

FLPIRE S PAHs 325077, R4 Nicola 2 110]
7 Rk, BRI BRI 5. 0 o AHPIFE S (&
i), [AEE, R I e AR KR R
i PAHs & 408 R0 i T 8. WP )5 30 mL N
Bl — G e AR (101, ARFLEL) Wik EHETE R
W AR R 2 Yk, HITJEK Na,SO, (AT
BT 1€, A IFIER; A 50 mL A 4lK 78R
G, EENE, REAVM, EEWR; KBAEL
A 2. 5% 9 KOH 2 BE#HE 50 mL, 80%€7K i 4
PEFEAL 2 min, SRIGHIA 2% i Na,SOzKIEH# 50
ml, 5], WEANIE, (AT, R T
KM Rk ¢ AT HLAT REAERE , TS ST
BEil A I I AR VE R KD e i i R
. O EST BERE 202, mL, 3 0. 22 pm A LA
TS A 0 PE, - 20°C A AP FE (LA
nr. S . . 325
L3 B SR Ty 2

Sk A M A 355k B Y ( GC-MS,
QP2010Ultra) , HP-5MS £ 404K 30 m x 0.25 mm
H & x 0.25 pm J& [ ( Shimadzu enterprise
management ( China) Co. Ltd. ) KIll#E & PAHs. &
SNBSS, B E 1.2 mLemin ™', PEREIR
BT pL, Aokt FHERRF  EZIGEE 50°C
(545 1 min) , PA20°C +min "' FHE % 200°C , {545 1
min; A 6 °C-min~' i = 260°C I £ +F 1 min;
20°C -min "' FHE ZE 290°C , £#FF 10 min.

ASTR)ZE A3 P P R 00 30 2 o B s R T 2 A
BT RIS 16 Ff PAHs 19345 B AT )
BTFHEE (1), REY55 0 E 2R HIMRE 16
Fh PAHs RS FrFE (4% 99.9% ), 0.01,0.1, 0.5,
1.0.5.0,10.0, 50 pg-kg ' (R AccuStandard 2
) DA TR R /IN S B 0 TR HAE 5. 16 F
PAHs BRI HAE 87% ~108% . K3 NEE A
FrifE2E.

1.4 Hdmnaba

ARLIGEEIR R A Orgion 8.5 YEK], H Microsoft

Excel 2007 DA}z SPSS 16. 0 #F47 %5 ¥ &b 3801 55 3+

AT
RHARRU(BE) = +3 PAHs &
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Table 1  Basic information of the 16 priority controlled species of polycyclic aromatic hydrocarbons ( PAHs)

HAFE YL AR ] R TEF (BUmE) WA
P Naphthalene Nap 0.001(2B) 2

& K Acenaphthylene Acel 0.001(—) 3

bicA Acenaphthene Ace 0.001(—) 3

il Fluorene Flu 0.001(—) 3

/3 Phenanthrene Phe 0.001(—) 3

h:y Anthracene Ant 0.01(—) 3

IS Pyrene Pyr 0.001(—) 4
PR Fluoranthene Fla 0.001(—) 4
KIH[a] & Benz[ a ] anthracene Baa 0.1(B) 4

¥} Chrysene Chr 0.01(2B) 4
R[] E Benzo[ k | fluoranthene Bkf 0.1(2B) 5
AH[ bR Benzo[ b ] fluoranthene Bbf 0.1(2B) 5
HKIF[alit Benzo[ a] pyrene Bap 1(B) 5
T Hf[a,h ] Dibenz[ a,h ] anthracene Daa -1 (B) P 5
EiAIR[1,2,3- (‘d} e Indeno[ 1,2,3-cd ] pyrene Ind ’ 0. 1(2B) fii - = " .6 2
HIf[g,h,ildk Benzo[ g,h,i] pyrene Bghip . 0.01(—) : S 6

1)B C il 52 5A1IE%XT)\E~75§5I BRI ; 2B C BIE WX S A SRR T, X AT A \ﬁﬁﬁfﬁﬁﬂ, {%ﬁﬁi@xﬁ% — i’%f}?ﬁ%‘ (R

Y B

*’%%é&tﬁ %%/T{Haimﬁ,kPA'H“s' "#5

fﬁﬂi@ﬁ. [ & 1
'_ {th%miﬂziiﬁ PAHS H :‘Z-‘"“"
%ﬁz/%@[(TF) T2 SEH R # PAHS E '
o BN {03¥
%?%i‘ﬁ(ﬁﬂ” PAHs Hﬂi&?iﬁﬁa"ﬂ? & /ﬁ’lﬁﬂﬂ
iﬂzJ:iﬁhﬁ’J Ji, HAEBE S, F/R PAHs U\*Ejfi%
L@Ji&ilﬁuﬁ’ﬂ BB
1.5 XU
HR A5 Nisbet 251 $2 H1 8 Bap 2580 25 1k R 0%
PEAL V22 38 & 5 PAHs WOV TR B0 KBS, S 8 h
AN[F]ZE#AY PAHs 1) Bap %&iﬂqg‘(Bapeq)ﬁﬁ?ﬁ(L’»)
A

Bap,, = C, x TEF, (3)
Krp, € B EZ PR~ PAHs (i) B9 & &
(pg-kg™), TEF, & i MOS0 E R 5, 16 Fh PAHSs
i TEF {E L2 1.
T 22 S AT A E B0 KU 2 44 PAH 1Y Bap 55
RO ERY BRI > 16PAHsBap,, ). A PAHs B
Bap SRR IETTE A

16
> 16PAHsBap,, = > Bap, (4)
i=1

2 HRELSWH
2.1 ZRHREE
e 2 AT, I SEH 34 PAHs 1) B &

(YS, > 16PAHs , 0.446 x 10’ pg-kg ™" ) KT Hu T

AT IERIE 2 0 sl B e £ 12

I

5 (GS, 0092 x, 10 ngkgt ), Ho, mﬁ¥i
PAHs (AL =4, HMWPAHs) 2 g GS9 2. 05
£, 155/\?5{?}\}15 (AH<3, LMWPAHSs) it
GS 1193. 22 fi; EORHE PAHS (S BPAHs) i Gs
<1 1,90 5. [RIEF AT N, [A] == ZH 406 AN [A] 25 5 PAHS
&AL R ZES:, W YS i — PAHs (15 &
7£7.18( Ant) ~59.0(Baa) pg-kg ' ZI]; GS AY& i
7£1.39(Fla) ~63.7(Bap) pg-kg ' Z[H].

HE 1 (a) TN, GS FPoARD & & (i 00
7 B9 & Bap (31.2%). Baa (7.60% ). Bghip
(7.41% ), YS )& Baa(13.2% ) . Bap (13.2% ) fll
Ind (12.0%); SS o #1 X &% & % & 19 & Bap
(19.3%) . Ind(12.5%) . Baa(10.8% ) ; HS "%
142 Bap(17.0% ) . Daa(13.7% ) , Baa(12. 7% ). #
5 GS FYS HyAHXT Al 43k 2 28, GS KT
YS, £ #5 Daa (GS 5.75% , YS 4.09% ). Bbf ( GS
4.96% , YS3.47% ) . Bap(GS 33.2% , YS 13.2%) .
Bkf(GS 4.90% , YS 3.86% ) ; GS &/NT YS, f3fk
Nap(GS 2.78% , YS 2.94% ) . Acel (GS 2.80% , YS
3.47%) . Ace (GS 7.30% , YS 10.7%) . Ant ( GS
1.33%, YS 1.61% ) . Flu(GS 6.83% , YS 10.9%) .
Phe (GS 2.56% , YS 2.94% ) . Fla(GS 0.73% , YS
1.7%) . Pye (GS 1.04% , YS 2.33%). Chr ( GS
4.73% , YS 5.64% ) . Baa(GS 7.60% , YS 13.2% ) .
Ind(GS 7.41% , YS 12.0% ) . Bghip(GS 6.13% , YS
7.98%).
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£2 AEAHRFESRFTRNEE pg-ke™!
Table 2 Contents of the polycyclic aromatic hydrocarbons in the different samples/pg-kg ™!
B3| WIHRET +BE (SS) W B (HS) TR (GS) Hb 185 (YS)
Nap 205 14.5 5.34 13.1
Acel 203 21.0 5.38 15.4
Ace 596 34.1 14.0 47.8
Flu 539 27.5 13.1 48.5
Phe 358 35.2 4.92 13.1
Ant 63.8 5.82 2.56 7.18
Pyr 156 15.4 2.00 10. 4
Fla 154 17.5 1.39 7.94
Baa 788 68.0 14.6 59.0
Chr 310 23.4 9.08 25.1
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