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ABSTRACT

Bioconcentration Factor (BCF) is known as important criteria for ecotoxicology on hazardous
chemicals. But there is no standard method for determining BCF and reported BCFs were slightly
different in accordance with authors. This study was performed with aims to determine BCFs

on BPMC and Carbaryl.

Carassius auratus(goldfish) be chosen as test organism and test period were 3-day, 5-day and
10-day. Extract solvents were n-hexane and acetonitrile. GC-ECD was used to detecting carbamates.

The obtained results were as follows :

1. It was possible to determine short term BCFs of Carbaryl or BPMC through relatively simple

procedure.

2. BCF, of Carbaryl in concentration of 1, 2, 5, 10 ppm were 0.34%0.06, 0.18% 0.02, 0.10+ 0.01,
0.06* 0.01 respectively. BCF; of Carbaryl were 0.34+ 0.05, 0.18% 0.02, 0.13% 0.01 and 0.07+
0.01, BCFyy of Carbaryl were 0.45% 0.05, 027+ 0.02, 0.16% 0.02 and 0.09+ 0.01.

BCF; of BPMC in concentration of 1, 2, 5 ppm were 4.66% 0.17, 2.64+ 0.49, 1.88+ 0.24 respec-
tively. BCF; of BPMC were 4.09%0.50, 242+ 0.37 and 1.83% 0.15.

3. BCFs of BPMC were decreased as increasing concentration. However, BPMC concentration
in fish were increased in contrast to BCF. But more concentrated BPMC was found in fish
3-day test than found concentration in fish 5-day test.

4. Same trend appeared in Carbaryl. BCFs of Carbaryl were decreased as increasing concentra-
tion and prolonging test period. But found Carbaryl concentration in fish were increased.

o

. BCFs of BPMC were higher than that of Carbaryl by 10 times, in spite of the physicochemical

properties of the two carbamates were similar to each other. Further study is recommended

to find out the reason of the difference.

Keywords : Carassius auratus, BPMC, carbaryl, BCF.
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eld ¥ GC-ECDE FAsl= 7Aook @02
trifluoroacetylationdt A &2 Carbamateg GC-
ECDZE ¥Azlz Zlolch wlste] LNEE+= Carba-
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(1) Mg H Ajek

A ES Algol A=l Carassius auratus
(goldfish), Ae] 5~6cm, 74 4~5g3 A&
5}04 10 Eo‘_} Al &) loﬂk] XJOA]
17w o] Abesigich

Carbamated| 52Fel Carbaryl(NAC, 1-Naphthyl
methyl carbamate)ﬂr BPMC(2-sec-Butylphenyl
methyl carbamate, 434} 5B 05 A3
wr Eete ALakelch

A1g-%1 2]k trifluoroacetic anhydride(JANS-

SEN), selite 545, ethylacetate, pyridine, anhydrous

T 5okl B

sodium sulfate, acetonitrile, sodium chloride, n-
hexane, ethyl ether 2.2 ®-48& 53 A]2fo]q]
T}
2 7171 W =4
#47]7]= Shimadzu GC-14A%5
)Aﬂf{ o].g}]g}, 7}\:].
. Shimadzu GC-14A
. gaschrome Q (60~80 mesh)
1.0% Silicone OV-17
Column size: Length-2 m
Diameter-1/8 inch
SUS Column
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Temperature: Injection temp.-220C
Column temp.-180C
Detector temp.-250C

Carrier gas . N,, 60 m//min

Injection volume @ 1/

Type of detector | ®*Ni-ECD

Range 110!
Current 1 0.5nAX0.1
2. Ayer

(1) 2F8Ne] 2z ¥ HaFd Ao

Carbaryl3} BPMCE ethyl acetate 10 m/of] o
10 pg/mi stz shdck o] EEgde Ay Heks
Fol| wWAsle] Hasteich

Ak AAAAL 5L 7z 005 0.10,
0.15, 020mi-& Al ol 3l ethyl acetates
7}sled xako] 0.20 mi= A 3tich o37]el pyridine
0.1 m/, trifluoroacetic anhydride 0.2m/ <2 ¥
WA gspsln Aol A 6087 WA sl of,
n-hexane : ethyl ether(45:3) 4.8 m/ & 23 &7/
Z 5ml ol 835 A oo Aok AENE
255 5mlE 23] AH3 & £ sodium sulfate
(Na,S0p= &ratdch =A% Al58d& 14
33} GColl 4l8}e] Peak™ o] 2]3le{ Carba-
rylz} BPMC9] 7341& 2H4dskedct

(2) 280l AygzxA 9 BCF A

13 A%+ F5o suieAE ARgsblar, e
%, e 717kel AgE 334 wrEsigicth A
A7 F HolE FA wuod, F71e FH-
shx] okt Mol AH&&h i ghHol 25X 25
X25cmel HE5HA Felrrg §3& oF 1579
BPMC, Carbaryl-% 10, 20, 50 % 100 mg-2 Hz}4
A A Aol 4 Aeksle] Frel W, A¥Ea 1008
yol 2k Mol shxs] il F F5olE Wsich

A& 7)7ke BPMCi 39, 5%, Carbaryl& 3%,
54, 104& 3t A 3pe]ch

0] £2) BCF#e 3948 BCF; 548 BCF, 104
£ BCFo.% viehligla, BCFe] #|AH0 192 olel
FAe ule} 4bEstglem Agge] 2712 Table
13} i

)

Carbamates concentration in fish (ug/g)
BCF= —
Carbamates concentration in water (ug/m/)

(3) F8ojo 4] Carbarylz} BPMC2 F3% %

20)
2] ek

AlE oF 20 g-& Al Aokalg F acetonitrile 30 my/,

Table 1. Condition of experimental water used for

BCF test
Parameter Range
Water Temperature(C ) 18~20
pH 6.0~7.0
Total Hardness(mg/!) 50~60
DO(mg/l) 6.0~7.0
Chloride(mg/l) 18.0~20.0

selite 545 ¢F 2g& go] m&H o2 3~5F7F kg
% selite 5455 °F 5mm TAE ¢J3 Fol o4z}
712 ojzsteich o zpabake] ZHALE- ThA] wjo]H e
7 TR 100 mi-g vhstel 313 F, acetoni-
trile 20 m/ 3 7}ste] ZH2 b o 2 oA o ahslei .
5% NaCl&% 40m/ % n-hexane 20 m/¥2 5
of ol acetonitrile F&4& 7}3le] 187 414
E£E & 522 n-hexane 20 m/ 2 thA] FE5kqich
n-hexane &g ¥3te] F/-T 40mi¥ 22 23]
HHE F 5 Na,SO, column(Wh 7 20 mm X o]
50 mm)& E3A1A stedch oAl columng n-
hexane ¢ 4m/2 Aol F o]7& 35T A 2
m/E A st FEEo 559 02miE HAA
trifluoroacetylationA| 2 GC® Z#s}gch

4) ddvo 2 ¥ A

FRoIAR S g A 100 mlE n-hexane :
ethyl ether(4:1) 50 mi¥ o2 23] #&3lw, 35
o-g F-7 Na,SO, column(¥§7d 20 mm X %] 50
mm)& $34]7 @444 ¥ n-hexane 2. % column-$
A H sl Alx e mt 58 §Hale] 35C oA 2
m/EA #d FE3A F5Y 02miE A

trifluoroacetylationA| 4} GC& &3 3stgich

1. &=z 3¢ D@

1. GCAH

FFgHol A2 Carbarylst BPMC2 GC chro-
matogram-- Fig. 1(A) 2 (B)e} #e] o5 A7h2
oF 1643} 4elsla, F8efe 2714 F5E
of ti§+ chromatogram3} A& el AR5l Alg4o
chromatogramell 41+= Carbaryl3®} BPMC#2] peak7}
vhelR] eFgkeh

Carbaryle] A&eA F-gole F&E(Fig 2(A),
Al &#<(test  water), ™A 39 (control water)2]
GCHA L T8N GCo 7o) HEEA|7F oF 15
Woll 4] L peakd ZtelE 4 vk
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Fig. 1. GC Chromatogram of Carbamates.
(A) Carbary! standard solution.
(B) BPMC standard solution.

BPMCe] AH#ollH F5olel F&E(Fig 2(B)),
A& (test water), ) FA 3 (control water)<]
GCAH2 ZF Lo Aol o] JF-ZA|7) oF
4¥olA 71 peak® 3tebd 4 glolch

2. M=ol wE BCFe| w3}

() 2717k} w2 42 BCF

Carbaryl®] 3% Aol F5o) AWo) F39=
Aol Ags, dx2A%S, BCF9 A4S Table
29} et

Carbaryl®] 557} Z7HE45 F5-of Ao 4]
FEFEE $718lE A, BCRE #rasleick BCFy7)
Fadhs ol F%5o Aol 2¥E Carbar-

) il

(uiey a0y w02y
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Fig. 2. GC Chromatogram of Carbamates.
(A) Fish extract tested with Carbaryl.
(B) Fish extract tested with BPMC.

ylo] okrr} Ao AHFsHe Carbarylel ool
AR Frtstr] welr)

Carbaryl®] 59 Al&le] Axl= Table 33 7icth
BCF;9} 42 Ao g F5oixal e S5
1= Carbaryle®] %7} #7848 %718l BCF &
astelct. 39 AglFEct 59 AT g9 F
Fol vhi F7HHE & 4 gluh

Carbaryl®] 109 A& ol A% Carbaryl?) F%7}
V5, Al 7te] Ztak R FE- oAl ol 4
o] FEHAEs Frhslal, BCF & 7438 Table
4ol A ¥ 4 9lch

BPMC9] 39 A&itoiel A1-& Table 5%
g ggol AdidiM el FEHHEE BPMCY ¥
E7} Z7hrE S7bska, BCRe HAass 2 &

elch. BPMC+ Carbaryl®] 39 A#lfel«le] &

Table 2. Concentration of Carbaryl in Fish, Test Water, Contral Water and Calculated BCF,

(Mean+ SE))
. Groups Fish Test Water Control Water BCF,
Spiked ™.
conc.(ppm) (ng/g) (pg/m/) (ng/mf)
1 0.27+0.05 0.80+ 0.01 0.93+ 0.05 0.34+ 0.06
2 0.31£0.03 1.72+ 0.07 1.89+ 0.10 0.18% 0.02
5 0.50+ 0.07 5.11=0.15 485+ 0.10 0.10+ 0.01
10 0.50+ 0.08 8.33+0.25 9.681 0.95 0.06+ 0.01

*No chemicals were found in control fish group. Each value represents Mean* SE. of 3 experiments.
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Table 3. Concentration of Carbaryl in Fish, Test Water, Control Water and Calculated BCF;

(Mean+ S.E)
Groups Fish Test Water Control Water BCF;
Spiked
conc.(ppm) (ug/g) (ng/ml) (pg/ml)
1 0.27+0.04 0.80% 0.05 0.89+ 0.05 0.34% 0.05
2 0.40+ 0.06 222+ 0.07 1.77+0.05 0.18+ 0.02
5 0.61% 0.05 471+ 0.04 491+ 0.09 0.13+ 0.01
10 0.56+ 0.07 8.00+ 0.66 943+ 047 0.07+0.01

4

*No chemicals were found in control fish group. Each value represents Meant SEE. of 3 experiments.

Table 4. Concentration of Carbaryl in Fish, Test Water, Control Water and Calculated Water BCF,,

(Mean+'S.E.)

\ Groups Fish Test Water Control Water BCF,

Spiked

conc.(ppmj\ (ug/g) (ug/m) (ug/ml)
1 0.40% 0.07 0.891 0.06 0.87+ 0.06 045+ 0.05
2 051%0.04 1.91+0.05 1.81+ 0.08 0.27% 0.02
5 0.71£0.09 457+0.12 4.63%0.11 0.16+ 0.02
10 0.84+ 0.06 9.11+0.21 899+ 0.27 0.09+ 0.01

*No chemicals were found in control fish group. Each value represents Mean+ SE. of 3 experiments.

Table 5. Concentration of BPMC in Fish, Test Water, Control Water and Calculated BCF,

(Meant S.E.)
\ Groups Fish Test Water Control Water BCF,
Spiked
conc.(ppm) (ug/g) (ug/m)) (ug/m/)
1 4.19+0.20 0.96+ 0.04 090+ 0.13 4.66+ 0.17
2 5.36+ 0.63 207+0.19 2.11+0.08 2.64+ 0.49
5 897+ 1.01 477+ 0.09 495+ 0.14 1.88+ (.24

*No chemicals were found in control fish group. Each value represents Meant SE. of 3 experiments.

Table 6. Concentration of BPMC in Fish, Test Water, Control Water and Calculated BCF;

(Meant S.E)
\Groups Fish Test Water Control Water BCF;
Spiked
conc.(ppm) (ng/g) (ug/m/) (ng/mf)
1 394+ 0.15 0.99+ 0.16 1.04+ 0.17 4.09+ 0.50
2 4.26+ 0.54 1.77+ 0.04 201+ 0.09 242+ 0.37
5 8.50+ 0.75 4.66+ 0.06 459+ 0.15 1.83*+0.15

*No chemicals were found in control fish group. Each value represents Mean+ SE. of 3 experiments.
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Table 7. TLC of the Carbamates

Carbaryl BPMC
Solvent R, Solvent R;
Ethanol-hexane (1:1) 0.93 Ethanol-Toluene (3:2) 0.72
Ethanol-DMF (1:1) 0.89 Ethyl ether 0.52
Ethanol-DMF (3:2) 0.85 Ethanol-DMF (3:2) 0.92
DMF 0.82 DMF 0.85
Ethanol-DMF-Hexane (6:3:1) 0.81 Toluene-DMF (1 :1) 0.74
Ethanol 0.74 Ethanol 0.80
Toluene 0.51
BPMCe A3Fzwet 7]7k = BCF# 5]‘“ v}#r}. %, Carbaryl-$ naphthalenexz]E, BPMC
Tig. 6l viehd A =iz} 7o) A1E 04_4 Z7)akp = sec~butylphenyual 7HA AL 9l
U P T Hanschiz °FE-e] &el 48% vld 4 ot

T otk

Oliver £'9-& %2 7]7ke] Zof2|w o] F-2] #l|ufe
sgtEo] Fasis Axy sk A7)17H10
d~20)e] 2vte Aol odHsiia skt

o] Ao A5 Aglvizte] Aejz2d FHHLr}
ghats] Zrbshe ZAE #AdE ¢ 2dderm & Oliv-
xr 59 Azt gt B 5 ek

(2) Carbamate2] %-2]35}stz 4Jxlx} BCF

Carbamate°l TLCA A& Table 7ol viepuigict

o3 7)4] B 4= 9}5-o] Carbaryl® BPMC2] Rfzlel 2]
FAYE g %‘\t el M wszsirh zEu
Ethanolell 4] #70A17] 792 Rfgkg wlashd

BPMC2} F4») thd 2728 FA=ch 540]
Z7Ve% BCF7} gtagichs v 5579 dqtehe
c+2] BPMC#) BCF7} Carbaryl®.ch 10w) o] 4} o
ofele] A#E <lglch
Carbaryl3} BPMC9] 4=&-4o) 1}2] pHy= Carba-
ryle] 0.1 uMeli 4 7.74, BPMCx= 7.76, 0.1 mMol) 4]
9] pH+i= Carbaryle} 7.81, BPMC+ 7.87¢iglch 4}
Axrb stowd BCF7} Z7dche kb 5209 o7
Axjel= wrz] BPMC2 BCF7} ¥4 &Hslgdch
Carbaryls} BPMC2] 844 nlws] R Car-
baryle] 120 mg/l(30C )o]a., BPMC7} 660 mg/l(?()
C)elel FaAe] vrow BCI‘7} ERdaiad sl S
el ".J“’J*HP Akl Aabg el Oli-
ver 528 BCFe} A=K, )ekel 43hAdel of
s A= B A o) 75 BCF7L Zobgbehar 24
&hedct ”“:‘“3..‘1&_ FAe] Ayl p8-de] Fr)Ete]
Fol Al hashe Woz ofeAduh® eiu
o] *—.4%91 Asbe ute] A4S Keoli sich
Carbaryls®} BPMCe] H#-zxp7x2& wlws] Hw
—0—CO—NH-CH;& #|9ig gtiyy] $4to]

ok E-H.z}0] Be] 88tz A1al FollA] gl Al E¥Ksteric
effect)7} Z .38 ¥hal vl 9lch™ BPMCo 4=
el 2K onformatlondl change)?} Carbaryl®¥.c}

Z 7oz «F= o]7le] BCFe| <&ks vlal
AR =4 _r_zi 5]‘;‘,

), Algge] pHW S| whE Carbarylsd
BPMCe] #-a7b54d & vl 3-8 ofej7ta] 818 &,
BCFol| odak-& & 4 sliz daiAd, S, diAbA
Soll tigt A7) etog o]Foixal Mr}h ApAdt
ol -7} wha{ o} 3 e gk

N

2 2

FH-ol(Carassius  auratus)s ©]8435to]  Carba-
mate <l Carbaryl?} BPMCe] E55A5
(BCHE *4ste] thsh e 4%g ek
1 Carassius awratus(goldfish)-& ©)&% Carbaryl®|

w713 AEFEA4 BCFy, BCF; BCFE

AlgEw 1, 2, 5 8 10ppmelld FAE + gl

o, 28gly AxE 93¢ qlsdch BPMCell

thsled= BCF;3) BCFE A&F% 1, 2, 5ppm

ol 4 &Ha -7 slddrh
2 #" A9 Carbaryl?] 72 BCH:e Hds:

1.2, 5, 10 ppmell 4] zF7F 0.34+ 0.06, 0.18= 0.02,

0.10+ 0.01, 0.06+ 0.01¢1¢13, BCFs& 382 A8

o4} k7 034+ 0.05, 0.18% 0.02, 0.13£ 001,

007+ 001019 ck 22 o e A% BCF,&

zk7k 0451 0.05, 0.271 0.02, O.l(it 0.02, 0.09+

0.01°1¢it}. BPMC2 BCF,+= A3sx 1, 2, 5

ppmell 4 Z+7h 466+ 0.17, 2.64+ 049, 188+

02409, 7+ v o 2 233 BCFs+= 4.09%

0.50, 2.42+0.37, 1.83% 0.15°1%c}.
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3 BPMCel Mt A@srs} 271ars BOF: 2
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