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Concern for the effects of toxic chemicals on the environment leads the search for better bioassay test organisms and test
procedures. Photobacterium phosphoreum was used successfully as a test organism, and the Iluminometer detection
technique was an effective and simple method for determining the concentration of toxic chemicals. With ECs a total of 14
chlorine substituted phenols, benzenes and ethanes were used for the experiments. The test results showed that the
toxicity to P. phosphoreum increased in the order of phenol > benzene > ethane and the toxicity also increased with the
number of chlorine substitution. Quantitative structure activity relationship (QSAR) model can be used to predict ECso to save
time and endeavor. Correlation was well established with the QSAR parameters, such as fog P, log S and solvatochromic
parameter(Vi/100, z* /Am and @ m). The QSAR modeling was used with multi-regression analysis and mono-regression
analysis. These analyses resulted in the following QSAR : log ECs) = 2.48 + 0.914 log S (n=9, R°=85.5%, RE = 0.378), log
ECso = 0.35 - 4.48 Vi/100 + 2.847* + 946 8m - 448am ( n = 14, R® = 98.2%, RE = 0.102 ), log ECs = 2.64 - 1.66
log P (n = 5, R® = 98.8%, RE = 0.16), log ECs = 3.44 - 1.09 log P (n = 9, R* = 80.8%, RE =0.207).
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s E40) 9= FALS SHEARE NTHLS W 50%
o] AAwge] AdHE FEY ECsx (estimated chemical
concentration) & T3 E|AEZ}F FgFo|th3). P. phosphoreum
& olg% SHAPAN AZTAHE A 37 Ao ol
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@ % Rew, BAR sl el SAE AT
t@). AT TAHIFEA £ Carboxymethyleellulose (CMC)=
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B A8 AL wgu QS (luminescent bacteria) Photo-
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Switzerland) 12.5 g/L, sodium chloride (Duksan Co. Ltd.,, Korea)
250 gfL, yeast nitrogen base (without amino acid) (Sigma Co.
US.A) 5.0 gl 2 glycerol (Difco Co. U.S.A) 3.0 mlLo]H 0.2
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g 222 A% Haliphatic toxicant?]
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roethane, 1,1,1-trichloroethane, 1,1,2,2.-tetrachloroethane, hexachlor-
oethane, benzene, chlorobenzene, 1,2-dichlorobenzene, 1,4-dichlor-
obenzene, 1,2 4-trichlorobenzene, phenol, 2-chlorophenol, 2,4-dich-
lorophenol, 2,4,6-trichlorophencl 3 pentachlorophenol & & 147}
A EAZAL Sigma Co. US.AdA Fhste] AL&stsich
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Figure 1. The relationship of growth curve of P. phosphoreum and

bioluminescence intensity
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Figure 2. The stability of solvent concentrations to bioluminescence
intensity (average of duplication tests)

ethyl alcohol® 162% 7+A3tHc} oo dks] 2.0~6.0%(v/v)
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CMC N3} Mo SASH| ot B
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EXFES ECs g S Mackays(16)0] A&dt g ib=H)
£ o443t BN CH, phenol®] ¢ P. phosphoreum?| &
Aol AEste FA49 olLgEHA %’E REo| o3k unionized
ECso & ol8d4 (pKa)Q‘r 3% pH & o83 tha] 274
Bt EAo o4 El*o‘?(H)?Jr o] &3}d(pKa)E Table

1ol RS, pH_ 7 239 By ol AR A3
pHE 239tk
EAEAZ HAS 1,2-dichloroethane, 1,1,1-trichloroethane, 1,1,2,2,-
tetrachloroethane, hexa-chloroethane, benzene, chlorobenzene, 1,2-
dichlorobenzene, 14-dichlorobenzene, 1,24-trichlorobenzene, phenol,
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Table 1. Henry’s Law Constants (log H), lonization Constants (pKa), and
Molecular Weights(MW) of toxicants

Toxicant logH pKa MW
1,2-Dichloroethane -1.55 - 99
1,1,1-Trichloroethane -1.09 - 133
1,1,2,2-Tetrachloroethane -1.41 - 168
Hexachloroethane -0.64 - 237
Benzene -0.65 - 78
Chlorobenzene. -0.95 - 112
1,2-Dichlorobenzene -1.14 - 147
1,4-Dichlorobenzene -0.96 - 147
1,2,4-Trichlorobenzne -1.61 - 181
Phenol -4.27 9.99 04
2-Chlorophencl -3.41 8.52 128
2 A-Dichlorophenol -3.57 7.90 163
2,4,6-Trichlorophenol -5.27 5.99 197
Pentachlorophenol -6.52 4.74 266

2-chlorophenol, 2,4-dichlorophenol, 2,4,6-trichlorophenol & penta-
chlorophenol®] 147§ =X ™3t P. phosphoreum®] W& F
H =343 Ha wAAELEo)E, XY Z  hexa-chloroe-
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log (7)% - log (54%E)9e] 4AAAE Fg 3 o Yehlia
AA A dgt B4R BECopikS Table 2¢] Ve gith
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I8 EAdo=zm Zrgsithal &gk 2182 E phenolic E4
of chlorine 287)9 Fof WEE £ EAFSEY Ho]l&3 ECy
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Figure 3. The response of bioluminescence in various concentrations of each toxicants and the relationship between log concentrations of each toxicant and
the log gamma value. The unit of toxic substances concentration is ppm. The effect of (a) hexa-chloroethane, (b) 1,24-trichlororbenzene, (c)
penta-chlorophenol.
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QSARREE 7 =Ao) zbe dWiAM<R<l octanol-water part MR 714 2% 38 log ECoid Mlasle] ANOVA
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handbookel] 4] ¢1-8-5}99.2 1, solvatochromic parameterst Tang 9 log ECsoft= 158 5= sl= 2otk
(13)) o) FafjA AL Table 3o =¥3 &}9]x, phenolic (1) Log P QSAR.
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QSARE e =g F7)4e] HAFo] ez, o]z A water pattition coefficient (log P)<} ECs#o] 37148 deldl
147) =3l tigh log P, log § ¥ solvatochromic parameters 9} A7 Jog BCso = 3.71 - 149 log P (1 = 14, R* = 56.6%, RE
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Table 2. The modified ECso of each toxicants

Korean J. Biotechnol. Bioeng., Vol. 15, No. 3

Final pH  Corrected for H ECsp mg/L Corrected for H & pKa ECs mg/L Modified ECsp log mM/L

Toxicant Measured ECsy mg/L
1,2-Dichloroethane 9659.79 8.41 4057.01
1,1,1-Trichloroethane 7582.65 8.15 1521.74
1,1,2,2-Tetrachlotoethane 1413.30 8.01 486.28
Hexachloroethane 90.37 7.96 7.39
Benzene 7312.85 9.27 610.95
Chlorobenzene 3516.14 8.56 541.12
1,2-Dichlorobenzene 861.11 8.12 189.27
1,4-Dichlorobenzene 682.20 8.11 107.05
1,2 4-Trichlorobenzene 45.73 7.98 20.76
Phenol 203.15 7.834 202.62
2-chlorophenol 3426 8.06 33.62
2,4-Dichlorophenol 37 8.13 3.67
2,4,6-Trichlorophenol 223 7.82 223
Pentachlorophenol 037 751 0.37

4057.01 1.61
1521.74 1.06
468.28 045
739 -1.51
610.95 0.90
293.75 0.42
189.27 0.11
107.05 -0.14
20.76 -0.94
202.20 033
24.96 -0.71
1.36 -2.08
0.033 -3.78
0.0006 -5.65

Table 3. Octanol-Water Partition Coefficient (Log P), Solubility (Log §) values and Solvatochromic Parameters(Vi/100, 7%, Sm, am) of toxicants

Toxicant Log P Log § Vif100 T Am gm
1,2-Dichloroethane 1.48 -1.32 0.44 0.81 0.10 0.00
1,1,1-Trichloroethane 249 -1.48 0.50 0.81 0.10 0.00
1,1,2,2-Tetrachloroethane 3.01 -1.75 0.62 0.95 0.10 0.20
Hexachloroethane 3.63 -3.68 0.79 0.27 0.10 0.00
Benzene 2.13 -1.64 0.49 0.59 0.10 0.00
Chlorobenzene. 2.84 -2.23 0.57 0.71 0.10 0.00
1,2-Dichlorobenzene 3.38 -3.20 0.67 0.80 0.03 0.00
1,4-Dichlorobenzene 3.52 -322 0.67 0.70 0.03 0.00
1,2,4-Trichlorobenzne 4.02 -3.78 0.76 0.75 0.00 0.00
Phenol 1.46 - 0.54 0.72 0.33 0.61
2-Chlorophenol 215 - 0.63 0.82 0.28 0.69
2,4-Dichlorophenol 2.67 - 0.72 0.77 0.18 0.78
2,4,6-Trichlorophenol 3.69 - 0.81 0.82 0.08 0.87
Pentachlorophenol 5.12 - 0.90 0.82 0.04 0.92

Vi : Molar volume, 7 *: Polarity - polarizability, Sm : Hydrogen bond accepior basicity, ¢m :Hydrogen bond donor acidity
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