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Abstract gasoline, kerosene and diesel treatment. Germination and
radicle growth inhibition of green perilla by kerosene and
BACKGROUND: Total petroleum hydrocarbons (TPH), diesel were the highest, the percent inhibition at the 500

which are main materials of soil contamination by oil, are a mg/L were 100 and 98.6%, 100 and 88.2%, respectively.
term used for any mixture of hydrocarbons. Korea Ministry 50% inhibition of germination in green perilla by kerosene
of Environment established the maximum permissible level and diesel were 39.96 and 29.87 mg/L, and 50% inhibition
of TPH in farmland by 500 mg/kg, and reported that the of radicle growth were 52.76 and 177.96 mg/L,
TPH level of soil in 266 installation such as gas station, respectively.

transport company, and military unit ranged from 1,356 to Conclusion(s): These results suggest the possibility that the
55,117 mg/kg and were much higher than the maximum maximum permissible level of TPH might to be established
permissible level in 2011. general level with exception by crops.

METHODS AND RESULTS: To determine the effect of

TPH on crops, we investigated the effect of gasoline, Key words: Germination, Maximum permissible level,

kerosene, and diesel on the germination and radicle growth Radicle growth, Total petroleum hydrocarbons
of mainly consumed crops. The germination rates of control
in investigated all crops ranged from 80.0-100%. The

germination and radicle growth in majority of investigated N 2
crops were not inhibited even at 2,500 mg/L. However,
germination in onion, leek, and green perilla and radicle B> 5% Tus, dVE, 5 5 oheket 2d = 9

growth in leek, rape, tomato, and green perilla were 3 24y <y
significantly inhibited by increasing concentrations of STHCo-C13) Y AH(Cio-Cos) Z T2 F 31, o5 T3
sfo] AfAREEEFA(TPH, total petroleum hydrocarbons)
E skl olvk TPHE AAlEe] ARSS7Ee} Akl 5ol
ofsf EFellA 7Hd HA XS%L T e 2 9EAE(Samanta
et al, 2002), &, MIAE B FHFEE] H40] g A
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o2 A <QtiMendoza, 1998; Andereoni et al,
2004). o] Wl TPHE AES, 1, 4+, WACH, &
T, 9F SO I BEQF 2PHE st VIS0 E 3t
i glom, AE F AT Al = A (Ce-Cao) B
AW MRS AxrtES R FHAS nwste] TPHE Y%
°

SeuE A5 ESIAERANS 19960 Al sto]
TPHE el o8t Eged 4d=oz il
2002 EE AT Al - A A 1

| =y [e]

TPHO| E¢edvel7led EdedtidZeEs 22 500
2 2,000 mg/ kgl Tr7dstal ITHKME, 2009).

o] 5= SAEGLAWSHE i dAE dst gl
AR} HaAolM 4, 2534 B 2R S
266 /M4 ESF TPH 295<7°] 1,356 to 55,117 mg/kgS.
2 B ES A 2Hl8SS Hasely, 84
SAATNN deHAgow XHE 2470 3 T A=
AA) - o] - 27 5 A9 410 32 wEAEAAAY 343
oA Fil 3,286.51 mg/kgs] TPH 2. AAHIE Halsk3l
CHKME, 2011, 2012).

T A ARsteled T 7449 TPHE @
Aol 1,179.3-6,3549 mg/kgel WHE it 2,676.6
mg/kgolal(Li et al, 2012), <55} Lol 3loj41¢] TPH
of ofgh ol W {4 50% Al 7} 3.049) 2.86%,
1.117} 1.64%% B3 v} 9O HTang et al, 2011), TPH
of ot St A E T F8A o vig B
SFAEG} ol Foll whE F=e] e wWol ¢
A QA ¥k whebA B AgtelAE s oA AjEE H
s 13 7] vhaH] ZEg dAste] TPH s&e o 2=
o] ol 9l {8l 71AE ¥ BrkskaAtk st

Mz R 2E

A= 3 AISf

Aol ARE BRI AR Y Glycine max L.), 78
(Phaseolus vulgaris L.), W3 Brassica campestris L.),
+3(Brassica napus 1.), ’35(Lactuca sativa L.), -
(Raphanus sativus L.), S{Allium fistulosum L.), 3}
(Allium cepa L.), B 2Z2)(Brassica oleracea var. italica),
SM(Perilla frutescens var. japonica (Hassk.) Hara), =7}
¥(Lycopersicon esculentum Mill.) 2 3154 Capsicum
annuum L) $AE ) TFso 25 Fjsle] AR89,
W(Oryza sativa L.) S 5E57% 92225 d3FH
S T wol ARgSISITh B, S 2 AR Y A

fraeld Frufete] ARGSISiTh mEgh Sy, S B AT
5145 9]¢ Tween 207 80 ¥ polyethylene glycol (PEG)
,000-> Junsei (Tokyo, Japan)Z=*-E] Fuljate] ARE-3ISIT

mﬂjwﬂ

HHEEH H SKEXAZE M

2
A7) sl 70 T4 50 He L, o 2 A
mg/L &9 3, 6, 9, 12 9 24 ARF AT § F5
Petri dishell &4 S5 10 mLE 718k, &27] (23+27C,
relative humidity 60%, dark condition)ol|%] *Zo}A| 7Tt
ofe] 7l Aol & 1w Zol7k 1 mm o3l ZE ot

St Ao 7 7HEEte] oS ARSI EKShin ef al, 2010).

wolg I FRIUE AL

Wolg2t 50 W 7] ey, A 2 S (0, 50,
100, 500 %! 2,500 mg/L 10% PEG-I) e 6 A
o 5 FAAARE AW W FUSHA otAlZl & BolEs
FARSISIEE  oleh tEe] Aepd FTAS fi HolE
Vernier Caliper® S73sto] tz7" tju] ¥i&& (%)= o
EFTE (Shin et al, 2010). & Aol AR #=2] Wole
= 9 Wold4 Table 10 VERICE

Table 1. The most commonly consumed crops used in
this study

Germinati Germinat Germinati

Crops on temp. ion time on rate
(C)  (days) (%)
. O. sativa 7 100.0+0.0
Glr:g“;fnaezd G. max 23+2 3 990417
P. vulgaris 3 95.0+5.0
B. campestris 3 96.7+2.3
B. napus 2 90.7+4.6
L. sativa 4 80.0+0.0
R. sativus 2 92.7+3.1
Vegetable A. fistulosum 9342 5 88.0+4.0
A. cepa 5 90.7+4.6
B. oleracea 3 80.0+4.0
P. frutescens 4 94.7+4.6
L. esculentum 3 86.7+6.1
C. annuum 12 93.3+6.1

The data represent the mean values +SD of three
replicates.

olo[e &AM

TE AlgoA dojxl Ayp= SPSS 12.0K (IBM Korea,
Seoul, Korea)E ©l&sto] 3y, & 2 AfF Azl+¢
=7 Ak AEE AEE 95% ol Dunnett 7
dow Arsioity =gk Sy, S 2 AAre ot 50%
A3l ¥5(50% inhibition of germination, Gls))E T3]
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9l3te] log-logistic models AHE-5Fo] SPSS Probit 415
A8

i

mY
g

I}

MeleE H4E

Seuet $R5 = BEFLAT AN s A
§ TPHS| E9ke99-87]55 500 mg/kg® A4t 3l

e & @ 13 ) eul el e) dolsh
DAY R IR, SH 2 AR 9T BskA ol

J|#o® FE 1/10-5 HHoﬂ
mg/L& AdeEs A3l

]E

50, 100, 500, 2,500

AT L ARIAIZ Y
L G 0 ARE T AEE s

2,500 mg/L°] ¥%% Tween 207 80 3 PEG 6,000 1,
5% 10% g2 747} 31481tk Tween 203} 80, PEG
6,000 13 5% &N ATolx] ARE HisEd
2500 mg/L 78 i, o 9 AE Z3HAIIA X

31, Tween 203} 802] 10% &ol& Zapalol= 43] A

6H6P71L‘r FAE PR weba FApiol] §Fo] gla
23}%7} %458 PEG 6,000 10% S8 3laamz 1ok

& 1% FAARES AR S18l 10% PEG 6,000
AREEte] 2,500 mg/L o= A4stal, 747t o] 5
7N FAE 324 ARE E7E AT U Petri dish® &7 4
4 F dokEs ARSI BTl 10% PEG 6,00007 3
A7 TR AR Al E’r?&é}ﬂl 97.3-98.0%°] 47
g lobg-5 Wit 3h, I, S 2 Al ZWGP F
A= ZA 3 AR 96% ol Holrh AR E AL, FHAA
k] Zste] whE Aol {ISItK(Table 2). ©] Q‘L]'ETH ks
ofgl A AsiAdE St T4 FANNDE AR
A3k

¢

rr

¢

TPHOI| 2fet Hotet [ZAME Xsh
B Aol AREE than] 13 A= il 10% PEG
6,000 §-HolA 2= 3t i}cﬂt Ao} 80.0-100.0% =
o] =2 wolgg YeRILh HiF, F, T, EvkE, Ei%
2], 7T, dilE, A, 5 9 Y] WolE8 Bkt
2712 5 i %EOJ 2,500 mg/L FaolME I, S0
2 AfrAe BF g2Tel @A Aolg vEhA] 9k,
2,500 mg/L =9 (A, 7, ErkE 9 i), &
A, T, ) @ A A ) ol R 15.8-47.1%

=

c\:z‘sl_,x o] 3t Fukh

=0 [oNS)
=TT, oTI’m %]

AR

o) ol e A%

o7} A3 = U tHTable 3).

Table 2. Germination changes of Perilla frutescens var. japonica (Hassk.) Hara by immersion times in 2,500 mg/L
gasoline, kerosene, and diesel solution

Time (hr) Control Gasoline Kerosene Diesel
0 98.0+2.0 98.0+2.0 98.0+2.0 98.0+2.0
3 97.3£1.2 4.0+0.0° 1.3x1.2" 0.7+1.2°
6 97.3+2.3 2.7+1.2° 0.7+1.2° 2.0+2.0°
9 97.3+1.2 2.0+0.0° 0.7+1.2° 0.7+1.2°
12 98.0+2.0 1.3+1.2° 0.7+1.2° 0.7+1.2°
24 97.3+1.2 0.7+1.0° 1.3+1.2° 0.0+0.0

The data represent the mean values +SD of three replicates.
* Significantly different from non-immersed control (/<0.05).

Table 3. Germination and radicle growth inhibition by gasoline, kerosene, and diesel

Gasoline (mg/L)

Kerosene (mg/L)

Diesel (mg/L)

Crop 50 100 500 2,500 50 100 500 2,500 50 100 500 2,500
O. sativa 973 98.7 1000 987 1000 973 987 973 1000 98.7 973 973

G. max 101.0 990 990 990 990 980 990 990 99.0 101.0 100.0 100.0

P. vulgaris 877 965 982 895 1000 965 947 947 930 895 93.0 947
B. campestris 993 986 972 952 952 986 966 959 972 972 972 100.0
Germination B. napus 976 980 964 842 912 1029 985 882 868 779 779 529
L. sativa 103.3 100.0 950 817 1033 1050 101.7 950 1083 106.7 95.0 100.0

R. sativus 1014 100.0 986 842 1022 986 942 871 993 993 100.0 100.0

B. oleracea 103.3 1083 100.0 917 1033 1100 106.7 101.7 1150 933 1083 110.0

L. esculentum 1015 969 977 831 1046 1031 954 107.7 985 1092 101.5 103.1

C. annuum 97.1 1014 957 1000 98.6 1000 90.0 1014 1043 1014 886 97.1
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O. sativa 986 98.6 1014 1020 993 973 912 878 1041 1054 106.1 100.0
G. max 800 963 970 1012 994 933 982 1006 970 927 970 100.0
P. vulgaris 903 903 885 894 956 982 814 858 938 1027 920 947
B. campestris 937 944 944 887 937 944 944 887 986 1014 951 951
Radicle growth L. sativa 83.8 829 800 724 848 867 838 695 971 933 819 648
R. sativus 1025 992 1025 831 1025 1068 96.6 915 101.7 975 983 847
A. cepa 947 1013 934 842 947 1013 934 842 987 1000 96.1 86.8
B. oleracea 100.8 868 8.3 860 984 93.0 868 822 907 946 922 853
C. annuum 1034 977 989 989 1000 943 977 977 1000 977 885 8§74
The data represent % of the control.
& G¥hs TPHO| EYR9-52171ER] 500 mg/L OGawline GKerosene MDied N
FHE woprt AsEla, sel Sk o] 7189 1/100] ol - 1
adsh= 50 mg/L F4H oyt AslE Sltk(Fig. 1). ©l 2 L
52 APrt S7H) wel dolAsEE el T, Pow e -
3¢ 7% 500 mg/L A-HA2lelA 36.8% A= SItHFig. £ . .
1). 3¢t S/ 27 50 mg/L S, SHet AAelelA
HE] oyl @A38] AdE o] 500 mg/Le] Tk AHAHE g
oA ztzt tizT oiv)] 62.13F 57.6%, 1003+ 98.6% 315 2
3L, 71 AEE vE 706l o A4 JeRdti(Fig. 1).
w3 S0 4-5 Aol Tofsto] f<2o] 13 mm o A8t ’ 10 s 2500
Ak ek AR E Qs HokehA] ok FAR= 15 Yol Concentration (mg/L)
Aulstolw wolalx] okgky wholA |7} 71 A E SR - OGasline OKerosene W Diesd B
HE AT Wol 50% Adl s ek Aol 7 _w
7} 39.967} 29.87 mg/L oItk ; ) 1
S, o B A el o fr e o] At =
9 sda BEded-u7IEe] 5 1 w522l 2,500 mg/L P "
N ohe] S Aste)A) SkskaTable 3), o, £, P -
Enfe 9 Sl qnt dAs] Al A= TPHE & 3 *
oF9.91917]%9l 500 mg/L FE G20l A, .
1, EnpE 9 S0 o] 718 1/100] @8k 50 mg/L . ll
ME F2Ao] A= AKFg. 2). A Adlle> * - (mgj:’) =
A swrt S71el wet kst AEAE F A
500 mg/L 5o} AfA= M 22 25,63 31.7% A8l . Peiine Srome mhied ¢
SItiFig. 2). 349} S70= 247 50 mg/L 5542, ErkE I ’ T
5 £F 0, 56 2 ARAelN aAs] 4 £ .
o] AN H L, 500 mg/L oA e} EnpE kg, 5 s
2 AgAeelN 242 iz o) 312, 453 2 53.1% PR
S} 42,6, 42.6 9 404%, 5705 Sfreb AfrAElelx 44 E o
1007} 882%7 A3N=SICKFig. 2). Tk Fgo] 7H s L
AR SRR AER FAY 50% Ad) e S ) h s .
s} AfA2lolA 27t 5287} 178.0 mg/L ©|SIL. o LLL = -

ool TPHol 2% opAjalje} AN = S+
Hof| o] o} 9§ 50% A3l = 3.0k 2.9%, 1.1
% 1.6%°N vl3ll AA3] LUt Tang et al, 2011). o]t
atol= AT 2 T 13 | A ok, el &gt
S5 5 62 7| FA WolE(Sharonova and Breus,
2012) 2 Aol gt A4l 5 25 /N FAF HolE(Adam

100

500

Concentration (mg/L)

2500

Fig. 1. Germination inhibition by gasoline, kerosene,
and diesel in Allium cepa L. (A), Allium fistulosum
L. (B), and Perilla frutescens var. japonica (Hassk.)
Hara (C). Vertical bars #SD of the means.
*Significantly different from control (P<0.05)
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Fig. 2. The inhibition of radicle growth by gasoline, kerosene, and diesel in Alljum fistulosum L. (A),
Brassica napus L. (B), Lycopersicon esculentum Mill. (C), and Perilla frutescens var. japonica (Hassk.) Hara
(D). Vertical bars +SD of the means. *Significantly different from control (P<0.05).

and Duncan, 2002)2] Z}o]7} AAFE HeoA TPHe tf
st 25l A Afelell 711k Ao w Alg ¥k

ool A= HE AFolA ol f87e] TPH
9] EASHIIE olste] selA dAs] AdES et
vtk 3 TPHE 2adofsl 2878l gt ke 2=
it t23, 59 AEAE iR g@igvr g
TPHE 38 s ArAelelx Asfd=rt o 24 v
Epsteh whebA ool sk A Afole] Rl i I A
EQklA ] TPH kel W& A=45 B7F 5 5719
77} FeiEofof & Zlojh
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