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Translocation of Polychlorinated Biphenyls in Carrot-Soil Systems
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Abstract Polychlorinated biphenyls (PCBs) are ubiquitous environmental contaminants, found in the many

environments.

PCBs exerts various toxicological effects,

including endocrine-disrupting activity. Most

researches with these toxicants performed with soil matrix with mixtures of congeners, namely Aroclor, while
the biological activities have been tested with animals. However, studies with pure congeners are limited. In
this study, 5 congeners were synthesized and their fates (bioaccumulation, degradation, kinetics) were studied
in carrot-soil system. The soil half-lives of biphenyl, PCB-1, PCB-3, PCB-77, and PCB-126 were 20.2, 16.0,
11.6, 46.5, 198.0 days, respectively. In general, the longer half-lives were observed with the higher hydrophoicity of
PCBs. Times, required for maxium accumulation of PCBs in carrot (Tmax) were 10-20 days for most
congeners and the concentrations were 0.4-2.6 mg/kg. The concentrations of PCBs in carrot were kept as
constant after Tmax, except PCB-126. The concentration ratio between carrot and soil after 90 days of
treatment were 1.7, 8.1, 1.9, 1.8, and 5.9 for biphenyl, PCB-1, PCB-3, PCB-77, and PCB-126. Because of the
increase of biomass, the total residual amount of PCBs in carrots however, increased till the end of
experiment. The portions of PCB-126 in carrot were 1.1% of the soil residues at 90 days after planting.
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Zlo] E;Qoqq—(Chu et al., 2006;
Low et al.,, 2009; Whitfield et al., 2007). 3HH 2]& o
e} ZolA ,g_z';z_ F71=9] A 2H 029 oA
Al Zpol7} 9lom, A7Igh At wEH, FHke] g,
PCB 59 A&4 f71=¢ A Frge wou,
A 22 02 o] - WEA] o= Zlo] AT
A TH Whitfield et al., 2007). o€} 722 & sk 2%
T2 o]gio] w2 AES] Hg, 0 EYIAe AE
A5 9 olg Al ko] gy 7] oY &bzl wet

_l

A 09 Egelxe] 2B o]g-& oloh e Thekd
=4l ot 17} Ao, s Aol RS A%

3= Az 47 o)),

£ A7eldE PCB ol 2Al &, 724 54°] 4
sge] o9 AAE YA, Bl Ad F, dEA 2
A2 G2 Adelel, 23 A0 e B % 4E 3,

]

PCBY] F=H3lE A3, A9 7|7 &, PCBY] &&F/4&
S S ATl o)A EA wE HEFE
2 Ba) AR AAAAE 9] 24} 8ok
ERRTE

M= H AlS
Biphenyl E—Zr%(>98%) 9 f7]8vl= HPLCHS

Sigma-Aldrich Korea ¥ Fisher Scientific (USA)oIA] ¢
ato] ARkl 7]15} Alefow AmntEI 98 silica
gele MerckAe] A|FS A28l 21, ethyl acetate 5 T
A FE58 Svle EAR (Korea) AEFS +9Y, AFE-SEH
%At} PCB-1, PCB-3, PCB-77 2 PCB-126:2 Suzuki coupling
WHo 2 S, column chromatographyS ©]-&, A
31 (22X >99%) AHE-3FI tH(Kim et al., 2016).

PCB O|dAX 2 £ 2| ¥ =2 XYl

AP AgT EFE A% YT A9, PEFS
AN, =2 F, A= A 5E AA T, ARSI o, BEA
2 &2, 2.5%, CEC 15.6 meg/

100 go1%th. Biphenyl 2 PCBs 3589 (acetone, 20 mL)
< 3718 EFQ0kgel 7ot sl EY F $EE
biphenyl, PCB-1, PCB-3, ¥ PCB-772> 1.5 mg/kg, PCB-
1269] 7%, 0.8 mgkg® 2 XAt A EE T s,

ApF 27t Aol 48A17F xR, S/F(200 mLy
T¥ele] B 5, A8E pot (20%20%40 em)ll 713 TS, 2
A7 A APE T2 AR mUBZ (A oM
olH], opxjolE R el A Fafste], shgHe BIA 2T ESFA
g, Lol &, 3049 E?é potd 37 AAe vy, A2
ollA 0, 15, 30, 60 3 90 § A3k AFol A3}
A 717 T, SHRTE o188t BEF T2 FF2 30-40%
el 2 2dsiinh. EY AlEe A7 &, d200A 24 A7
w15k, £k the, 20°ColA BAsiSitt. 32 A Ee
SHTE AlFs, R F2E BG4S AlA T 20°C

o) Basigith. A= PCBs o AAEE 3oz &
R=g
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U3, Waring blenders ©]&3te 587 vRgt o,
sonicators ©]&-3to] 60%-7F —}—%3}“3}. FEES A
I 3 S Y 240 =& 3
< 7%, A3 F, ZIA= dichloromethane (50 mL)°ﬂ
falod, - Na,SO2 A%3 ke, 42 A7 s
ZEA}= dichloromethane (10 mL)ol| #-8-33to], olgfj<} 7+
2 column chromatographys 33l tt. 4712 &9
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gel, 0.1 g, 5% FAhsilica gel, 0.9 g, @ F<= Na,S0O,, 0.1 g)

1‘

::_8',

ol
ol
A&

of
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mass spectrometry (GC-MS)ell 9 3le] PCBs A £4 &
T3ttt

EY AEY B9, T AE(6.25 g)E acetone (150
mL)S 718+ T, sonicatorZ 60%7F 23] FE3le] A37]<]
g Al =st %%l?} P A=A ﬂxﬂ 2 2AE FYsith

ool et £ 2wl
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24707| ¥ BNE

Biphenyl ¥ PCBs #4-2 Shimadzu GC-2010/SE GC-
MSZ 3353 2H, RestekA2] Rtx-5MS (30 m, 0.25 mm
i.d., 0.25 um thickness) column ARE-3}Sth. Column -
ERAL 275 170°CE 1087 §4] §, 2°C/AEE 52
stod 290°ColA 207 FrAISACH, injector SEE
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250°C, interface 2=+ 275°CE AA 39T, Helium carrier
gast 1 mLAC 2 FA59t}. Biphenyl 2 PCBe A4

1292 total ion chromatogram (m/z 50-500)14] A5}

om, g EAL selected ion monitoring (SIM) modeZ
T3t SIM 412 913 A/ A) ion® ==, biphenyl

E

7% m/z 154 (biphenyl); PCB-1 2 PCB-3, 188/(152,

190), 292/(220/288); 2 PCB-126, 326/(254/324y% A3}

—lN_&

AstAct.

242 ST TIC 2 SIM 34 A ABE

PCB congener2| logP 8 X logKoc 0|
Biphenyl & PCBs?| logP HPLCZ ©]&-3} US-EPA

e o83t F3IATHUS-EPA, 1996).
zene, biphenyl, naphthalene, phenanthrene, anthracene
pyrene 5o AMEEFATE LogP7b ¥Elxl

=z 11
=

2uLE

AZE ben-

=]

s X

37 BE EEE

A(5mg/L, MeOH)S Eclipse XDB C-18 column (4.6 x

250 mm, 5 pm)ell FYste] o} ¢l HPLC %71

A=} [e]
O

ettt HPLCE Waters AF2] E-2695 modelZ, ©]57¢
< MeOH/water (7:3, v/v), 1 mL/min, UV/Vis &3¢

254 nm% A3 e, A7) &

T84 20uLE

EEEH ] mE-EA] 7 (retention time)yS T-5FAY
o] AojZ retention timed} A logP7ke] AP 3|H 2
(linear regression equationy T3ttt PCBs 389 (5

mg/L, MeOH)S &Y

time2 73719 A3 3|74l tj

ol
ol2h 2

z702 A3t A7 retention
Yot AN FEZL] logP

£ A2 ™, biphenyl 2 4% PCB congener®] logPE=
biphenyl, PCB-1, PCB-3, PCB-77, ¥ PCB-126°] th3}o]
747} 3.25, 3.62, 391, 491, 2 5542 AFETh EYF

A (logKoey= 73719 logPE

HlE O 2 EPI SuiteE ©|

23l & =3I THEPI Suite ver. 4.11, US EPA).

Ao 4 &

Biphenyl ¥ PCB congener 24]H

T 2 E% F biphenyl 2 PCBs®] 3]

2~0 O
TECT

71-110%

W2 Yebsken| biphenyl, PCB-1 ¥ PCB-3% $WAjo]

Table 1. Detection limits and recoveries of biphenyl (BP) and PCBs
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Conc. Recovery % (SD)?
Sample
(mg/kg) BP PCB-1 PCB-3 PCB-77 PCB-126
Carrot 0.1 71(15) 70(15) 91(12) 93(10) 110(11)
arro
0.5 91(8) 89(11) 98(5) 100(4) 100(9)
Soil 0.1 75(12) 78(19) 82(12) 95(7) 105(3)
01
0.5 88(3) 81(18) 93(12) 92(8) 99(7)
Detection limit (mg/kg) 0.05 0.05 0.05 0.01 0.01

9Standard deviation.
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Fig. 1. Time-dependent changes of concentrations of biphenyl and PCBs in soil (A) and carrot (B).

Table 2. PCB degradation kinetic parameters in soil samples

PCBs Rate r w7E7)(Y)
Biphenyl  0.0342 0.9737 202
PCB-1 0.0434 0.9737 16.0
PCB-3 0.0598 0.9424 11.6
PCB-77 0.0149 0.9060 46.5
PCB-126 0.0035 0.8227 198.0

Data from 3 replicates

T logPE HPLCHOZ 24313, EPI SuiteS ©]&
&1o] logKocZ AAH3ISATE. Biphenyl, PCB-1, PCB-3, PCB-
77, 2 PCB-1269] logKocE 7} 2.82, 3.14, 3.39, 3.78, ¥
4.16°10tt. £ Ao A8 biphenyl, PCB-1, ¥ PCB-3
o] A% W71 11.6€<] ¥ =2 logKocE 7171 PCB-
77 2 PCB-1262 46.5-198.04% Uehy} o]} 728 &
T o] lgtEe Ao YR gcloz 28T F 9leS
& F AT g FE At e =4 BEY B A
& A7 A, XA 27 2-5 W9l 9] PCB ©]/3ZA
| B F w7l 0.5-592% BE ub Jrk(Ayris and
Harrad, 1999; Doick et al., 2005a). ]9} 7+-& 2}o]HL &
4, 715 59 v 813 I, AE B nAEYY] 2

gl w} PCBs 24 3] @b 5 7] fioltt. =

ft

o

%
4 thgel PCBsE F4T
et al., 2011).

===

Biphenyl % PCB congener®| &2 A|E & SE

@< 5, biphenyl ¥ PCBs®| v EYa= @2, Al
W) 2719 W Zu)el a7, 902 A3} ¥, 0.2-2.6 mgke
TER S St e YA E JERITH(Fig. 1). T
o] s gk 15309 A &, srrt dAsHA
fFAEYSY, PCB-126 Ao A5, 90Y A7
PCBe] s=7F A&HA R Frlelint. 22y w5 W3}

Aoz ZUHATHFig. 2). AFEA F22 A7l
Hog Tl Suisof, ek A4 &
Aorien, meb i 71t 7, v &
, ¥ PCBs?] e et 7 H= WY
&

3

Pp o

N

U, g2 25l F5E PCBse] T2 Al
= Zo=Z AlZEYH. Low 52 FHS 9]
A, Al 7178 7ol mhet 27]0l= PCBse =7} k=
A 7k 98717 A3 Folle s=7F s fAE
oL S, &5 T SHke] 4 wet AEHeR
Z7FAtha skthLow et al., 2009). PCB-1269] 7%, t
congener®} Hlwale], 27|19 B & & 9 FF 571
T Sgkot, A7 Fute] wlg- wWE L' S
FRgE g Bl

g PCBs % PAHs 59 #H& &< o3/ #-d 7]
& A7 w=H g B2 X895 SRt A
FAAAZE kel Ge A ATHAyris and Harrad, 1999;
Iwata and Gunther, 1976). Liu ¥ Schnoor= hybrid poplar
o] <l Al Z, PCB congener?] ¥2] %237 = S
A8t logP7} E°= root concentration factor (RCF)7}
£ 78 Adt2 S tHLiu and Schnoor, 2008). ]9} 7+
o] MEA-FAZ FTAE vlwA 71 A A, loghs
o] A4 A AEEFATBCHE itz ow e
AP FAAAE Jelle 2102 4eA Arh(Devillers et
al,, 1996). &1} & Aol ARS-3F PCBs9] 739, o]¢} 2+
& FHeAE BEEA gsdtt. & 01, PCB-1262 T
= T &5 ddo] & BEE O, biphenyl ¥ TFE PCB
congener®] 3% logP (2 Koc)¢} PCBs F= 2 Za7ke]
A 7F YERIA] 9kTHFigs. 1-3). o]9} 7+ &) el
ARl Re sietE & 5ol FA-gF e wWiE, 3t

o

e HE U8 aging 52 ZHET 4 AtHDoick et al.,

2032 Q9 oox NN N
O

{0

N B

o

o [

)
P
2005b; Whitfield et al, 2007). EY 37 5 ogEZHLS
agingg & Tolo] B &4 v kR T, HlaA A
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0- 0

0 15 30 45 60 90 0 20 40 60 80 100
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Fig. 2. Carrot root weight (A) and total amount of biphenyl and PCBs in each carrot (B).

® BP ® BP n 0.012
12 |
O PCB- A |l o pcBa B
10|y PcB3 v PCB-3 0.010
A PCB-T7 A PCB-T7
n m PCB-126 0.008

PCB-126
@)
~ 1 0.006

0.004

0.002

Ratio of concentration (carrot/soil)

Ratio of total amount (carrot/soil)

. . . - : ‘ T 0.000
20 40 60 80 20 40 60 80
Days after treatment Days after treatment

Fig. 3. Ratio of concentrations (A) and total amount biphenyl and PCBs between carrot versus soil (B).

5814 o] &% H(bioavaibility) & &4 humin 52 Gunther, 1976). ¥ E¢ {4 2 =2sied Aol
e ESfrlE S2Eo] bioavailability7b Sold PCBs$} fAME §719 47 FoFe] 73, Bl vk 55
]
A

HEAL] aginge] A& S50l WA= Gl st A+ Witczak and Abdel-Gawad, 2012). AroclorS €% 170
o A gAoltt. o]9f 7+ aging &HE FF HET w2, 2AEE0] FoldS congenerd] logPet A

of golt}, o)o] Q= AHHAIE YERNAITE, d5- congenere] 7%,
F2-501% F47 Uehes Ao 2 YA th(Whitfield et

Biphenyl ¥ PCB congener®| &2-E27} 0|3 al,, 2007). A2 {7159 44, AEAd tg S
FZ-EY T biphenyl & PCBs®] FH= A3 = drgo g Sik(passive diffusion)l] wE Zo| A7t 7]
A&EH o2 S7IeAtHFig. 1). A2 5 90d A3 A5 <& Aol mEA 5 {19 e Ay TETE
__O’__
H]

T Stk ey g ] e 9 ot 2o EY HE 0.6-1.1 2 B IE ) th(Waliszewski et al., 2008;
o

iTies

3)
, SEHE OiEF 1.2-8.1 WoI= Edof me} Adoldt & (active transport)l] €J3te] FTE7|% sl Z0E HRITh
&2 YeERNSItE PCB-55 ©]&3 £7 Aol =, (Chu et al., 2006). ¥ oo} 7h& ol A<} 3,
EY T PCBs?| A=29] ol 93 sl H=e & AES o)8et BEY T LH9EH FEAIA FHY AT=
2 2Zd) waha] zpol7b U, duky o g R 2A o) = B w9 tk(Javorska et al, 2011; Whitfield et al., 2007;
SH|7L mob 2HZA-BEYZHY] sxH7F giEF 04-532 Zeeb et al., 2006). |5 o] W=, PCBse| 4& &
Z UEPSTHL et al,, 2011). PCB congener®] &3%&91 = AES, EA, congenerd] &4 ol W} xpo|7F YR
Aroclors ]88 oA congenerel]l Wl 0.04-0.8 W H, A8 congenerd TE A EXA oA 9] Ao FEs}
Qo] YZ-EY T PCBs s%H|7F R E S tHIwata and Al VERdTEAL sl A8 o] &3 LHE] FEAIAE
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Table 3. Kinetic parameters of PCBs accumulation in carrot
roots

Kinetic parameters®
Compound
a b i

BP 16.69 0.0161 0.6224
PCB-1 71.54 0.0083 0.8570
PCB-3 43.12 0.0040 0.8724
PCB-77 30.28 0.0135 0.9520
PCB-126 283.12 0.0031 0.8913

“Kinetic equation of total amount of PCBs in carrot root.
Total amount y (ug/kg) =a x (1 —exp ™)
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Equation 1: y=a (1 — e™) +y, (One compartment model)
Equation 2: y=a (1 —e™)+c (1-e*)+y, (Two compartment
model)
y = Concentration of contaminants in plants at specified
time
yo= Initial concentration of contaminants in plants

PCBs ¥ PAHsGS tr¢] $73 wido| EAlsle 2 9=4
o] AEZY FEL o8 compartmentZ TAE 7] equa-
tion 29} 7S multi-compartment modelS- ©]-&-3}o] 345}
= Aol Yukdo|t}, 18y 2 AFA= PCB H|2Y &
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