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Source analysis and risk assessment of PAHs in Vigna unguiculata (Linn.) Walp in different culture environ-
ments

WU Gui—fen, LONG Ming—hua", QIAO Shuang—yu, ZHAO Ti-yue, ZHANG Hui-min

(Agricultural College ,Guangxi University, Nanning 530006, China)

Abstract: We evaluated the source and risk of polycyclic aromatic hydrocarbons (PAHs) in vegetables cultivated under different pollution
conditions using Vigna unguiculata (Linn.) Walp as the study material. PAH contents were detected in Vigna unguiculata (Linn.) Walp
planted in a shed (PAH contamination residue area) and field (within 100 m of a motorway). The PAH source was analyzed by the isomer-
ism method. The ecological risk of PAH pollution in Vigna unguiculata(Linn.) Walp was evaluated using the low median method of ecolog-
ical effect and toxicity equivalent of pyrene (a) pyrene (TEQu.r). The potential human health risk was estimated by daily pollution human
exposure levels. The results showed that, of the 16 types of PAH, 13 were found in samples planted in the shed and 6 were found in those
planted in the field. The total PAH content in the shed plants was 253.94 wg - kg™, which mainly contained 2~4 rings; 3-ring PAHs ac-
counted for 64.47%. The total PAH content in the field plants was 80.60 pg-kg™', while fluorene and phenanthrene accounted for 69.69%.
The TEQs.» of dibenzo(a,h)anthracene in Vigna unguiculata(Linn.) Walp planted in the shed and field were 43.32 pg-kg™ and 10.85 pg-
kg™, respectively, which represented 89.38% and 88.57% of the total TEQg.r. The health risk factors of shed and field plants were 2.07x
10 and 6.5%107, respectively. Most PAHs in Vigna unguiculata(Linn.) Walp planted in the shed came from man—made pollution treat-
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ment, whereas for those planted in the field, PAHs were mainly derived from gas and biomass burning. Vigna unguiculata (Linn.) Walp

planted in the shed exhibited a certain extent ecological risk but those planted in the field showed no risk; however, the enrichment of benzo

(k)fluoranthene, dibenzo(a,h)anthracene and indeno(1,2,3—c,d)pyrene is a serious cause for concern.

Keywords: Vigna unguiculata(Linn.) Walp; PAHs; content; source analysis; risk assessment

Z ¥ J5 J& (Polyceyclic aromatic hydrocarbons,
PAHs) & HA B0 B0 FI B AR ) — 2 L AL 5
APEE NG BT Z A T RA . R
KA HRBL 1998 AF KRR 3 32 4™ B S AE BRI R 58 2510
FIEFUK P E AR 16 R PAHS (32 1) 9 A4
2, B B T AR D PR T DA R AT T A
TG 7K B TR o BRI I A e TRl A 7 g
iz iy DA N BAEE TRl )z N S A A ok i 22 1Y
PAHs i AFREE X AAEY) Az 748 4 N2 1 A= i fidt
77 A A R A B0, PAHSs 175 G J2 i 545 ) B 1T
e Py R PR 5 A et B [ i — | LT i =2 14 75
[) R AL e A T B SRR AT H R IR R A
AR Yz —, FRE RS S 100 250, % 0
M 40~50Ff o JEAER B0 3 AR ™ il 1Y) BT Ht 22 4 )
RO 7 B R R T AR I E A, 0 RS
BT PAHs (30 F 58 o SR M85 32K 9 PAHS 175
Lo U 55 Bl IR it SR AN ) R AR I
FEAE T RHOFSE b R 5 25 38 1 B R S 1 8

BUFEAA UL o PR, % B3R PR T A 55 10 5% S 14 N
PAHs e 5 R XURS: 05 A0 R B2

HAT, B A G TR 4 L8 R b
PAHs KR E AT AR AR B AOF 5 A B4 R 3%
B AL PAHS R U5 A0 5T ) 44 45 BE ) R A
5 W WS RE A DR A ) A A BRI T L %o
PAHs WCRE T3 AN, DS HAAR A PAHSs f) 25 R
AT [ 53 S5 A A 1 V5 e ek 5 2 ] 73 e ) AR 4
O35 B PR/ NG SR N PAHSs SR U, 130 4 H
B KN PAHs 75 YL AR I HA B 9 E T . AT
Xf L HEATPA YR H PAHs KUK PPAL 9 07 14 £ 24 R
KOS P v XURE BT (Y A LR A —fb s R 2R 5
(a) B B T 55 81024 5 7% (Toxicity equivalent of BaP,
TEQu) S B A, orp | AR 23000 A8 v fE 3
TEQu.r 123 735 R AE 1 B —HLEA ) PAHs A2 25 XU
W BB, B — 1 A A RS A VAR R
R BRPE , TG A T R AR T i AR
WAPE o T3 A1 , A e UG, DA AL TR 3 2 X 3 A 35 ) I

E1 16MBIRERBALE G

Table 1 Information of 16 analyzed polycyclic aromatic hydrocarbons

[15-16]

1) Compound 4% 3i] Abbreviations  JEAR Shape W% Rings 43T Molecular weight 7 PEEF TEF
%% Naphthalene NAP Hk 2 128.00 0.001
& Acenaphthylene ANY 5= 1 3 152.20 0.001
3F Phenanthrene PHE fm 3 178.23 0.001
% Fluorene FLU Fitki! 3 166.22 0.001
J& Acenaphthene ACE =1 3 154.21 0.001
A Anthracene ANT HLk 3 178.22 0.010
P} Fluoranthene FLT “T 4 202.25 0.001
EE Pyrene PYR 37 4 202.26 0.001
3 (a) B *Benzo(a)anthracene BaA “7" T 4 228.30 0.100
Jifi Chrysene CHR “S” Y 4 228.29 0.010
I (b) ¢ *Benzo(b) fluoranthene BbF LTI 5 252.31 0.100
H3F (k) %€ 1 Benzo (k) fluoranthene BKF “T 5 252.31 0.100
Z9f(a)#E*Benzo(a) pyrene BaP ASHLI A 2R 5 252.32 1.000
“JF(a,h) B #Dibenzo(a,h)anthracene DBA “7"m 5 278.34 1.000
EiFE(1,2,3-c,d) ¥ *Indeno(1,2,3-c,d)pyrene IPY ANHR I A 6 276.33 0.100
#It(g,h, 1) Z 28 A Benzo(g, h,i)perylene BPE ASHLIU AR 6 276.33 0.010

T NS

Note: * indicates carcinogenic compounds.
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Figure 1 The sketch map of cultivation environment
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®2 FSRAELLES PAHs B SRIE"

Table 2 Isomer ratio and the source of PAHs!"

HAE 3L Ratio type

FEAE TG Bl 5 PAHs R IE Ratio range and PAHs source

ANT/(ANT+PHE) <0.1, S5 e
FLT/(FLT+PYR) <0.4, S5 e
BaA/(BaA+CHR) <0.2, J5iiy5 Y

IPY/(IPY+BPE) <0.2, Jsiys Yy

>0.1, PR LE -
0.4~0.5, 75k ke
0.2~0.35, f1 ik be
0.2~0.5, 1k be

>0.5, =)k be
>0.35, 4= W B s e gk e
>0.5, LY RS kB

1.3.3 XU PFAL 7

(1) B8R X TR H (L 3 o 2 2 3000 XTI (B 3%
PUA: BN AR AE (Effects range low, ERL) 5 A4 25500/
HF{E (Effects range medium , ERM )/ M b5 i AKF 2517
PR R Ry O, WA A7 A 25 XU 5 A /)N
T ERL, W75 Je Wy %5 £ W) 8 35 3/ N T 10% , il b7
A= AT AR S R (R 040 s /T ERL 5 ERM Z [1], Y5
YR R e A T AR A R (R EE ) 5 K F ERML, S
Yext A= )3 EAR 3 T 50% , 28 rr AR R AR SR
Wi (). 16 F PAHs 1 9 BbF , BkF . BaP . DBA Al
IPY NAELEA ST ARG, 0 A k2% A )
PR EAE ™,

(2)TEQur 1% : BaP VE A s Ak 2 BUE Y T, 5 A0
b PAHs 2875 G AR R TEQua 152K 15 e W%
a5 A AT, £ 16 FP PAHs B4k 0 255t
(a) B8 2R 2 i, H PAHSs PR R S ok,
XA R PR, AT

TEQur=2(CXTEF;)

o CONT5 Y i N R VR s TEF TS 40 i 1Y) B¢
PR T (R 1),

TEQu.r 15 Afif 24 - 3EFRfE H AR 225 (8 (33.0 pg-
kg D HFATEEM . 24 TEQur<33.0 pg-kg ' B, W AFETE
A 25 XU 5 TEQuar=33.0 g - kg™, WU 78 A= 25 KU
(T EBREREIMEBE G LEE Y
(PAHs) & it UK 18 &2 BR A A5 v (I8 F iz br
AKX ER A AT EF)T, 1994 4, fif 2= 5] A5
Y |- 58 14 N A i BRE JXUISS: -7k 00 o £ A 2 XU DA
P RIS T BAME AR EEIA R L5 1Z BinS
FAEHE FAAE TEQua 1L IS (H, HAET, TEQuar 15
Bl vz N 3 s U U8 HR PAHs 9 A 2 XU 1T
M 6% 323 A J& F - b i —35 43, IR 32 vl A
T B8 320 H e 1 A 25 XU 1A .

(3) B A B AR AE B XU T35 i1,

AN ADE=(CXARXED)/( BWXAT) (1)
ADL= fom ADE () dt (2)

R=1—exp™"> (3)
FH : ADE (Average daily exposure) ki H 35 2 55 i,
pe kgt ds C (Concentration) iy PAHs 4 - Y4 4k i,
wg - kg AR (Absorption rate) AW I % ; ED (Continu-
ous exposure days) NS e WA, 0.5 h-d'; BW
(Balance weight) A~ YK , 50 kg; AT (Average life-
time ) N ABEFIF4r,70 a. ADL(Average daily expo-
sure for lifetime ) &7 PAHs B A B MK 4k 22 &
pg-kgs R A NHEMERE XU 5 ¢ A& 0 0 B o JiE
ES 188
1.3.4 g5l -5 2ol oA orik

Jot PR UE 5 A ) 2 IOk [10], ATy 08
b2 s R 48t 0 4 S b 20 B R RE i, I
PAHs IR & ARAE ) FLEL BT AR (PAHSs ¥R & AR AR A S
Pras FURE ) FEAT [T 5 2387, s K ~F- 24 1000
pg-kg ! PATINE 5 & AT A B AR b & Pk
TG BR 5 5 9k A5 AR FEE BT INAR 16 F PAHSs (-
¥y [l i % 61.74%~100.00% F1 69.019%~149.26% .
IR G L= HANER . AR BT A7 ]
W 3R S ot R 0 ) R A AT SE MR BRI T A
PR

Bt b 315 397K JH Excel 2013 FISPSS 18.0.

2 HRESW

2.1 KBS XHEEFHAPAHsHESEE

AbE R, B3 R A e 4 SR Y (E AT
PAHs & i 434 R DA XS 20 T S8 A0 S T3, 4%
W, 16 7 PAHs 45415075 50~5000 pg- L1 il P £k
PE R R AT K BRYE R 0.5~6.0 pg-ke™'s KANEL
AR PRI #) B PAHs AP R T RIS
KHIEL SAK N X PAHs g 253.94 pg-kg ™', K HEL T AK
N Y PAHs 4 80.60 wg-kg'o KHMIEL B A& N 16 Ff
PAHs 1) & B [ 4 0~78.44 wg-kg™, DL 2~4 FR 19 Ny
F, P33R 5 3 PAHs 9 64.47% ; K HEL G AR 16
B PAHs )% B JB L R 0~41.47 pg-kg, Hd FLU Al
PHE (5 ¥ PAHs [ 69.69%., NAP.FLU #l PHE JCig7E
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Figure 2 Species and content distribution of PAHs in the samples

pN EARSR N BY S S¥ i N B A SR N R R i E i
A BT A YA I 2 By 13 FF PAHs oY, ANY L ACE
ANT .BaA .CHR .BbF I BPE (15 H#I% , i 76 Kk H L
ERINE S o EL I N IR N B o N
PAHs, & T BKF b RMIEL S R w5 40, A iy &
RN (o RN AR N RS B e 8

J T AE TG00, 85 2~4 BRI M ARER , 5~6 3R 1
NI, MR R (K 3), KIUL SR N X PAHS
St P RHIL AR &, BRI B 22 57
M N A BT A P4 i PAHSs #5258 B0 3R A0 & 2
o T IR I AR ORI B 3R Y PAHSs 75 AR R B
SRR TR, B2 8 % 22 5 (P<0.01) .

R3 HIFFEITARE LA PAHs IRICAI R0 (g -kg™)
Table 3 Effects of cultivated environment on PAHs absorption in

different type(pg-kg™)

FedE b {IE3F PAHs FIRPAHs
. Y PAHs . L
Environment Low ring High ring
N 253.94A 183.79A 70.16A
K H 80.60B 56.36B 24.24B

VE 7] 9 oA ) 8 30 PERDA B 1225 22 5 (P<0.01) .
Note: Different letters in the same column indicate significant
difference between them(P<0.01).

x4 EIEE M PAHs E S SHAELE
Table 4 Tsomer ratio of PAHs in Vigna unguiculata(Linn.) Walp

AR PN EINGA KHELE
Ratio type Cowpea in shed Cowpea in field
ANT/(ANT+PHE) 0.079 1
FLT/(FLT+PYR) — —
BaA/(BaA+CHR) 0.2 —
IPY/(IPY+BPE) 0.058 1

B R AT

Note: “—"“indicates the value does not exist.

2.2 BEIE KK PAHs SRR T

i) o3 S A LU A A = 43 B 0 A BT L,
R I A X FLT/(FLT+PYR) AN BE FH T A A K HH BT
5 PAHs R PRHIHIBT, LEfH 3 BaA/(BaA+CHR) A BE
TR H UL PAHs R IR R W7 . AR P8 Z 7 515
R UT 5 PAHSs SR U A J5 i V5 4 5 K BT 5% PAHSs
R IRBETT Y (£ 4) .
2.3 K5 XHEELEA A PAHs 15 R K FEM
2.3.1 PAHs Az 2535007 A0 H (B XUBS: BFA

oy as R B (R 5) , Kb L B4k 9 77 7
NAP.ANY .ACE.ANT.BaA .CHR HI BPE %75 4 X
W , PHE f4 v B 35 4y e FLU (4 3 3 35 Y XU | [ s 5
% 3| BbF .BKF .DBA F1IPY 45 PAHs [ A [] T2 )i 75 3
YER . RHEELTR T 52 NAP . FLU # {75 4%, PHE rp
75 YL F BKF \DBA \IPY 34K 1 75 1 I Ah , K ke B
PAHs IWEFETS Y B4 . i FAE S ROVAR P E B
BbF \BkF ,BaP .DBA FlIPY A HY 5k 24 iV 7E 1Y
B A A RS, (H A X L A KU 7 DA 43 2, % T
fhEE RIS K . ARBF T S T P B -TE-
Quor B A XTIX 5 B 0 647 25 35 KU S5 40 14 4 47
TS LA S MR Y TEQu. {8 HC A7 22 1+ 3845 it H
WS IMBGT . 85 045 R T Gk 5
Tl B A P R X A 0 B 3 R R 0 1 R 0.12% . 1.7% .0
131.27% . 5.93%; K H 3L & 4 %] A 0. 2.13%. 0,
32.88%.1.93%. [ KHIEL GARNBE T DBAfF7E
JEE g KU A, A 4 B R R s e T e XU 5 R
UL G R NBR T DBA fA7E 8 % I BKF IPY fFE5E
TEEH A, AR 2 FAAEAE TS Y KUK o AT DL, BKF
DBA Al IPY /N 3& 7 KM BT 538 2 K H BL SR AR &
BT —EMEE, BAAE—E MR
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5 PAHs & BRR P EX R ITFH
Table 5 The result of low median risk assessment of PAHs

ecological effects

F6 1650 PAHs B TEQu. &
Table 6 The TEQg.» value of 16 PAHs
KHAULE Cowpea in shed K H UL Cowpea in field

PN ARG RIHILE Compound s TEQ/ CE TEQ/
Cowpea in shed Cowpea in field Content/pg-kg"  pg-kg”'  Content/pg-kg”’ pg-kg”
&%  ERL/  ERM/ — — - —

Compound pg-ke! pg-kg! R & AU NAP 18.06 0.180 6 0.18 0.001 8
Content/ S Content %54} ANY 776 0.077 6 ND -
pg-kg!  Level  pg-kg'  Level ' '

o " ACE 0.3 0.000 3 ND —
NAP 160 2100 18.06 B 0.18 Bl
ANY " 610 276 . \D % FLU 78.44 0.784 4 14.70 0.0147
PHE 71.17 0.7117 41.47 0.0415
ACE 240 1500 0.3 LY ND o
" ANT 6.07 0.060 7 ND —
FLU 19 540 78.44 s 1470 i
FLT D — D —
PHE 16 500 71.17 Hh 41.47 R N N
iy PY D — D —
ANT 85.3 110 6.07 Bl ND I R N N
FLT 600 5100 ND X ND T Bad 040 0.0400 AD o
PYR 665 2600 ND X ND L CHE 1.59 0.0159 AD B
, BbF 4 .04 ND —
BaA 261 1600 0.40 i ND I b 040 0.0400
, BkF . ) 7. 7
CHR 384 2800 1.59 i ND bW 568 0-5680 03 0-703.0
. BaP D — ND —
BbF — — 040  R#HE OND % ! N
. . DBA 43.32 43.32 10. 10.
BkF — — 568  EREEE 703 REE >3 >3 083 08300
Bap o o ND % D % BPE 1.20 0.0120 ND —
PY 19.57 1.9570 6.37 0.6370
DBA — — 4332 E#HE 1085 hEHE ? ?
, . PAHs 253.94 48.469 3 80.60 12.248 0
BPE 430 1600 1.0 B ND ¥ 2 PAHs > 0
PY — — 19.57 R#EE 637 REE
TR ——— - T A 25 DRSS R e JRURSS:
W ND R ARG, —" FRAAETE . TRl T R
Note: “ND” indicates undetected, “— " indicates non—existent. The 3.1 EIE:.{Z': W PAHs §E7}§’:ﬁ’$ﬁ'

same below.

2.3.2 PAHs [ TEQu.» XU P-4

MG B IR S i 15 A A5 (3R 6) , KIEL & 4K
N TEQu.» M 48.47 pg-kg'>33.0 wg- kg (FE1EA K
W), K HHEL S AR N B TEQu. J 12.25 ng - kg '<33.0
g kg ORFELEAE AR ) o M A FEL 244 P9 1)
DBA Bk 245 435 A 43.32 pg- kg ' F110.85 wg-kg ™,
FH IV (4 TEQu.r B T 24 1 51 #k 2 43 51 - 89.38% FiI
88.57% , FI Ul DBA J& 5L 5K N PAHs V5 4 i 2 XL
[587/) g8
2.3.3 B AGAR R RS PEA

HR A 9 [ FR 8 8 2 57 A 4 5 PAHs AT fet e
JAURS: BB (A 3 1~ 20 3) , #5 HE KM B o fkt B
AU B 2.07x107°>1.0x 107 ( 3 E M BHA Nyl 257
) it B XL ) 5 R FH BT S 4k B XU J3 h 6.5% 1077<
1.0x10°°,

3 iFig

A [ R B PRI A W) R N PAHS 1R J85 AR 25 K
W AT 3t DR P T8 S5 - A I 5 X8 AR AN [] 975 G R iR 18 R
FEPREE N OLELAA A PAHS RR PR HEA T AT , PP AG T

B PAHs (R U5 AT 3 RS : —J2 sl 2R
(CRGRTBRER) , RIRBEE . b SRR 12" A
) PAHs 2050 AR IAl o SRBEIRAS ] 7= A i PAHSs 45 AE fk
WA . AFEAEY O PAHS (4 2k 5 Filig 72
AR FEFF R IR P B SRR Y PAHs SR U
AR A 38 30 J5 Bl PAHSs () 7 i o DROR g SRk s
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