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Toxicity study of organic chemicals using algal photosynthetic test
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Abstract

perform a close-system alga (Raphidocelis
subcapitata) test assessing the toxicity of
three kinds of non-polar narcotic chemicals
including chlorobenzene, chloroethane and
chlorotoluene.

The toxicity endpoint was measured
based on DO and Biomass Methods, then
using the Probit model to estimate the values
of EC50. We found the EC50 values based
on DO was more sensitive except
1,1,2,2,-tetrachl oroethane and
hexachloroethane. As for the QSAR, the R
values of two endpoints are 0.8868 ( based
on DO ) and 0.861 ( based on Biomass )
respectively, so the toxic values present good
correlation with logP values. Between
different species, we aso found high
correlation coefficient that R? values were
between 0.7 and 0.9. Therefore, the toxic
values have well sensitivity, reproducibility
and confidence by using BOD bottle test. In
addition, this method was very easy,
convenient and economic to analyze high
vaporizing organic chemicals.



Keyword: close-system agal test, non-polar
narcotic chemicals, BOD bottle, LogP, high
vaporizing organic chemicals

SR T R

MRE A MRS AR T RS
Moo @il - BIRENR LR g
F MY B AN REEF G B2
[1] o 2 & B d 30 & 300 385k 2 Bkt &
Ko PP FEREFRKY LA E B
Mo mEMRP ARETREE

- BRERGIERRTFS AT
RTAAEEF DL R FE TR
VIR R T A BLR A KA 4 £ X Dl
Fl o 2. FEiFdS A th Tt B s
BAERL R A BAT Y Y [234]2 %
& Fud Mgk 0 3 i~ Head Space 2 4t
F R R ERS L EFEE LA
74 BOD sg s BB ki 8% CO—N;
ﬁ%i%éﬁﬂﬁi’%?ﬁﬁiiﬁ
> m Head Space 7r #-p & B M H T 02
7 Head Space 1 |7 ik 384 3R R E M o
T R A2 A s By

AP BRI REN AT R AT
Ng§ﬁ,u%bﬁ%§§ﬂ@®ﬁ@&
24 5 £ (biomass) 5 BcdF 34 T 7R AL o
(1) f1* BOD sg:ig i7 &’@éﬁi EA= 3 RPN

1% F frimie BR G FEKRKLE VRS
%%%%%%ﬁﬁﬁﬁ%§o
(2) #7172 4 PE% %% v QSAR ¥ 2
iﬁﬁﬁﬁa%&ﬁ’ﬁ%ﬂw%ﬁo
Q) #rriE 2 Bk frd b iz F HRE%
WO RAR B R A F PR T .

_E \Pi‘"‘%lé
1~ 7 %HF

AT ® > B* ' 5 &% (Raphidocelis

subcapitata) - m 7 5% =+ ¥ 5 F 5§
Fied " FapL 3 Bi 5o

(Y Aoy YA

~ R R
(1) BRI R

FHtr Aol Fr g Ry
¥ 250ml/min » £ p& 53 B 645 + 10%
TEm?sto 24 + 1 °C- % % A ¥ 4B
USEM’@HHAkﬁﬁéﬁial%’
A § CARERE G 50%: f-fE 5 025 day -

N

= pERFHY kR T HEwm Y
&> IOHmw‘s;«f—*?iﬁﬂJ:f‘éo‘ gz a2
S - T HIFERPN TERLL -

(2) mupa |+ Péﬁ%;

BT MBE%HE - B 300m 2
BOD # » — ¥{ 5 #3241k 0 % 4o d b 7
¥k ﬁzm%c *FREREA ST ik

G4 o A MRk W g TOC
:E'J ‘aztk%ﬂiﬁé U.S. EPA 5 & %
EDTAeﬁ ~ BOD #g2_474ofm% 2 B 5 1.5
x10% callg/ml o £ 4c » R 452k ~ ¥ &
AF2 3Py FrEng kR - RIEE
FAF BE A AR F B R R 2411°7C
& pE s B 64.5+10% 1 EmPsta v 4 ks R
F4F 5 100rpm - >t 48 1 /| B {5 £ i) BOD
FLAF ESBMBFE c RFYIRTRK
% £ P BOD #g e 4 fn e % & o
(©)

0N 1v=bﬂ

£
T

& * Probit #5585 EC50- 2 One
samplet-test 2 Dunnett'stest :* & NOEC-

L A Ak

1. BOD bottle i3 ¥ %2 4 {7
d & 1.2 4 27 13- % ¥2 95
%215 EC50 4 %] €_2.68 mg/l (on DO )
3.34 mg/l (onbiomass): F]t 113 F Hi 4 &
5 RER B BERUR o

‘3\\-

p iy



FROLZFARRBEFZ
EC50 &% logP - &7t & 1“2 =g a3 iR
% » & M ¢ 1,2-DCE z EC50 & 3
193.38mg/l - # i* Fugfes v 7 Faga A
27 % B % HCB (EC50=0.37mg/l) - 1
log(VECS0) & %idh LogP % ¥ #hg Bl 4p b
PRt W BI(W 1) > TP 2w E R RS S
log(1/EC50)=0.8014 log P+1.6827 ; R* =
0.8868° # 4.0 E 2 FE R E 5%
gLz EC50 5 » #¢ § it 2 kzifd 2

1,2-DCE # # & 1 » # EC50 & 2 209.33
mg/l o % i Fsfcgd *? Figa L8R 7
& M & 3 ¥ HCB (EC50= 0.65mg/l) -
12 10g(L/ECSB0) & 4idh LogP & 4 g il =
Ao R R RI(R 2) > ¥ R EER RS S
log (/EC50)=0.7782 log P+1.6684 ; R* =
0.861- v 4 {4 #cdp 22 LogP & 245 4p B 44 o

C RIS #ﬁP’EP@”{ﬁﬁ
B R R E M d £ 6 BB
RP¥ fogr hp ﬁ%ﬂﬁémmﬁﬁp
e — 4~ #&.c Raphidocelis subcapitat 3+ =&
SR B AR X BB A W] G
0.898 (OnDO) 4+ 0.921 (On Biomass) -
@ 4 Mt e L Polytox #70.655 (On
DO) 4= 0.701 (OnBiomass) - *# 7 #f
@R A 5 A 073092 F 0 A
By arE | e r+g¢:}7§\ B o

LA e o LR EASIA 6.0 F
Frpt =t 3N e R subcapitat - D. magna & +
WHRAAR R AR A A §ambiguumir
C.cf. dubia sscg B > R subcapitat >
bo Hv o fEacg B W 3 4 R subcapitat »
F|AFF 7 & S ambiguum sE% Y 5 % B
g YT OEEAR Y B AR L o P AR
AT R LT AP P I P2 F PR
2. NOEC st di

% 1leg 4 2.7 1,3-DCB Z 6] » & 325
% 8L One-samplet test & 3] 7 NOEC % %

% 3.E 1A

1.40mg/l » @ Dunnett’s test i 7] NOEC
¥ % 0.70mg/l - #& Dunnett’s test ¥ 2 & fx
Az A i K e NOEC &

3. TAF R

% 7.% benzene {r 4-chlorotoluene i 7 7 =t
frw =X €47 7% - ECB0 ek & » 97 $47 B
<~ CV.iE % benzene 1173 % ¥4 & 5 3%
% 8Le10.91% > # - & 4-chlorotoluene 12
4 3 H R 55 ¥ B6.77% ; ECL0 3%
& CV.Efi+ » &+ g%_benzene 11 2 3~
&5y o 4119% > & | 5
4-chlorotoluene 4 2 4 F & 5 35 % 2hen
7.45% > H % B} EC50 % % H{4c3F § o

EO S LA L
AP T2 & BB LogP 3 4

2ARREE 0 2 PO A AR R R
TR AR o B R AP BT T T

W RPX 54075 092 2?5
FPEBEECH AR ARG > THE

PAFET AR BB CVETSE SR T A
P RERMES o 2V o RBEEKAY L
et AL A ona PE% L o FiRE
SRz BRIEE X S R
%%W@%\ﬁ%@ﬁ?m7}#4ﬁ$
Sk AT AL L - W AR R
BT E oY P kA A R }_-é,:,\;;ﬁ‘;{pg
BoRLREET RSB E BT FER
SRR Rl YU R

A Zs—i;é'}‘?e

1. Brack, W. and Rottler, H. (1994), In:
Environmental Science and Pollution
Research, 4:23-228.

2. R. Kuhn and M. Pattard (1990), In:
Water Research, 24:31-38.



3. S. Galass and M. Vighi (1981), In: #213- & ¥m2 4 78 5% 82 % Rl

Chemosphere, 10:1123-1126. Conc. Initia Find  DeltaBiomass inhibition rate

4. D.C. Her man, W.E. Inniss and C.l. (mg/l)  (cellgml)  (cells/ml) (cells/ml) On Biomass
Mayfield  (1990), In:  Aquatic  Conrol 1500000 36140000  346400.00 0.000
Toxicology, 18:87-100. 700 1500000 3166667  16666.67°* 0.765
420 1500000 3783333 2283333 0.709
) 280 1500000 9180000  76800.00°* 0.431
L 210 1500000 176766.67 161766.67°* 0225
» 140 1500000 25450000  239500.00* 0.110
070 1500000 324566.67 30956667 0.034

y=0.8014x + 1.6827
R’ =0.8868

600 T

500 ECS0= 3.34

400 F ¢ The value is over control level of control chart(between 2.31x 10° to 3.82x 10°)

300 [ % : Statistically different (P<0.05) from controls using one-tail Dunnett's test

log (1/EC50)

200 1

o | # 3.BOD bottletest 73 § % 1 £ 5 5% ¥ 82 $icdf
000 ) Based on DO
0.00 1.00 200 300 400 500 6.00
log P EC50 95% Confidence Molecular Log
Chemicals logP
(mg/l) Limit Weight ( /EC50)*
Bl Lo2is i # 4B 5 2% 5 2t logP 2 B 1
Benzene 2086 16.17 - 34.74 7811 213 3.59
Chlorobenzene 9.80 7.90 - 14.67 11256 2.84% 4.06
7.00
1,2-DCB 3.28 2.89 - 4.02 147.00 3.38% 4.65
600 F y=0.7782x + 1.6684
R2=0.861 1,3-DCB 2.68 271 - 416 147.00 3.6° 4.74
o0y 1,4- DCB 317 268 - 3.83 147.00 3522 4.67
g w0 1,2,3-TCB 115 0.69 - 4.49 181.45 4.05° 5.20
& 30r Y 1,2,4-TCB 1.19 0.99 - 156 181.45 4.022 5.18
200 ¥ 1,3,5-TCB 311 301 - 321 181.45 4.15° 4.77
100 r 1,2,3,4- TCB 0.76 0.46 - 1.59 21589 4.54° 5.45
000 ‘ ‘ ‘ ‘ ‘ 1,245 TCB 2.26 212 - 241 21589 4.63° 4.98
0.00 1.00 200 3.00 400 500 6.00
log P HCB 0.37 0.29 - 047 284.78 5.31° 5.89
1,1-DCE 4483 4331 - 46.25 98.96  1.79° 3.34

a
B 2005 b g 5§ 5 58562 82 logP 2 4p 12 1,2-DCE 193.38 170.13 - 21873 9896  1.48 27
, 111-TCE 9640 7403 - 12450 13340 249 314
#1132 % FURE RSB &R N
112-TCE  129.28 111.95 - 14919 13340 207 301

Conc. Initiall DO Final DO DeltaDO inhibition rate 11,1,2-TCE  9.00 7.38 - 10.61 167.85 3.03 4.27
(mg/l) (mg/l) (mg/l) (mg/l) OnDO 11,22-TCE 41.88 39.05 - 45.36 167.85 2.3%° 3.60
b
Control 115 748 6.33 0.000 PCE 7.22 6.02 - 873 20230 3.05 4.45
- a
700 248 283 0.35" 0.945 HCE 1.66 112 - 352 236.74 3.82 5.15
- a
420 200 267 067" 0.895 Toluene 1645 9.81 - 28.76 9214  2.73 3.75
N 4-CT 1245 959 - 1554 12658 3.33° 4.00
2.80 1.69 4.62 2.927* 0.538
2,4-DCT 4.16 381 - 461 161.03 4.24° 4.59
2.10 1.49 6.33 4.85™* 0.234
*:EC50 unit : mol/l
1.40 143 6.95 5.562% 0.128
070 136 724 5.88 0072 aCRC Chemistry Handbook ( 1996 )[9]
b:Howard PH (11991 )[10]
EC50= 2.68

c:Mark T.D. Cronin, T. Wayne Schultz (1997 )[6]
¥¢ : Thevalueis over control level of control chart (between 4.96 to 6.97)

* : Statitically different (P<0.05) from controls using one-tail Dunnett's test



# 4.BOD bottletest 12 2 4 F & % i

% 6.BOD bottle & [+ :xz%2r H ©

FARA s M

Based on Biomass - Base ON DO Base On Biomass
EC50 95% Confidence  Molecular Log i F AR5 R? EN el i R?
Chemicals logP
(mg/1) Limit Weight (VECS0 )* Raphidocelis subcapitat Y = 0.8522X +0.6340 0.898 Y =0.8494X + 05769 0.921
Fathead minnow Y =11114X -0.2827 0851 Y =1.1640X - 0.5427 0.887
Benzene 28.70 2463 - 32.98 7811 213 3.40
Chlorobenzene 11.88 697 - 2120 11256 284 398 Activated Sludge Y =0.9408X +1.2878 0.803 Y =0.9751X +1.1202 0.856
1,2-DCB 3.77 355 - 4.08 147.00 3.38% 459 Polytox Y =08364X + 15220 0.655 Y =0.8687X + 1.3577 0.701
13-DCB 334 207 - 38 14700 367 4.64 irostomum ambiguum Y =0.9002X - 0.5032 0.776 Y = 0.9035X - 0.6085 0.787
1,4- DCB 334 320 - 349 147.00 352 464 ) ) )
Ceriodaphina cf. dubia Y =0.8192X +0.3938 0.873 Y =0.8396X +0.1974 0.870
1,2,3-TCB 1.49 127 - 1.83 18145 4.05° 5.09
Methanogens Y =0.7770X +2.3458 0.769 Y =0.8029X + 2.1657 0.791
1,2,4-TCB 141 130 - 1.54 18145 4.02* 511
135 TCB 464 408 - 563 18145  415° 459 Microtox Y =0.7650X + 11758 0.855 Y =0.7542X + 1.1561 0.861
1,2,34-TCB 1.04 090 - 118 21589 4.54° 532 Daphnia magna Y =09434X +0.2253 0.816 Y =0.9395X +0.1734 0.829
1,2,45-TCB 2.71 243 - 310 21589 4.63° 4.90
HCB 0.65 059 - 0.72 284.78  5.31% 5.64
3 7 s Csow e N
1.1-DCE 47.40 4531 - 49.35 9896  1.79° 332 7.5 {0 4-% 7 F2 EAFF % By
1,2- DCE 20933 18282 - 23376 9896 148 2.67 based on DO based on Biomass
chemicals
1,1,1- TCE 12616  114.74 - 13907 13340 249° 3.02 ECso Cv. ECIF GV Ecso GV, ECIF V.
1,1,2- TCE 160.35 146.78 - 17748 13340 207° 2.92
19.23 7.50 3152 14.01
1,1,1,2- TCE 17.72 1522 - 2042 16785 3.0% 3.98
20.69 7.45 30.88 13.01
1,1,2,2- TCE 33.79 27.08 - 4595  167.85 2.39* 3.70
Benzene o o o
PCE 8.86 784 - 1013 20230 308 436 2327 1091% 9.04 27.09% 2749 9.00% 851 4119%
HCE 1.30 120 - 141 23674 3827 526 .02 815 2846 871
Toluene 20.50 16.07 - 26.28 Q14 273 3.65 1811 391 2517 4.09
4-CT 14.94 13.28 - 16.44 12658 3.33° 3.92 mean 20.86 7.21 28.70 967
2,4-DCT 5.29 396 - 7.36 161.03  4.24° 4.48 1201 701 15.40 6.19
*:EC50 unit : mol/l 12.66 6.80 14.76 6.50
unit = mo 4-chlorotoluene 9.00% 14.51% 6.77% 7.45%
aCRC Chemistry Handbook ( 1996 )[9] 1083 5.05 13.62 543
b:Howard PH ( 1991)[10] 1339 6.98 159 613
c:Mark T.D. Cronin, T. Wayne Schultz (1997 )[6] n 1245 545 1o 606
.~ . A: by Weibul model
RS ER s =
- — - - - - The unit of EC50 and EC10 is mg/l
Algae’ Fish' Bacteria®  Bacteria®  Bacteria® Microtox’ Protozoan® Cladoceran’ Cladoceran®
(R subcapitat)  (F. minnow ) (AS) (Polytox ) (Methanogens ) (V. fischeri) (5. ambiguum)  (C. cf. dubia) (D. magna)

Chemicals log(1/EC50) log(1/L.C50) log(1/EC50) log(1/EC50) log(1/EC50) log(1/EC50) log(1/LC50) log(1/EC50) log(1/1C50)
Benzene - 3.49 1.90 2.06 1.81 334 3.94 3.89 3.54
Chlorobenzene  3.95 - 2.86 251 2.62 3.86 4.69 433 426
1,2-DCB 4.82 3.94 3.48 3.04 2.99 4.38 5.64 5.35 4.83
1,3-DCB - 4.19 337 3.57 2.75 4.24 5.44 - 441
1,4-DCB 4.96 4.26 4.02 4.39 323 4.39 5.36 5.06 4.58
1,2,3-TCB 5.30 - - - 3.88 4.53 - - 5.13
1,2,4- TCB 5.11 4.78 <371 3.90 3.18 4.50 - 5.41 4.70
1,3,5- TCB - - - - 238 - - - -
1,2,3,4-TCB - - - - 4.03 - 6.81 6.22 -
1,2,4,5- TCB - - - - - 5.51 - - -
HCB - - - - - 6.32 - - -
1,1-DCE - - - - - - - - s
1,2-DCE - 285 1.85 2.16 - 243 4.14 - 2.60
1,1,1- TCE - - 231 2.51 - - - - -
1,1,2- TCE - 321 - - - - 4.62 - -
1,1,1,2- TCE - - - - - - - - -
1,12,2- TCE - 3.92 2,93 297 - 3.70 - - 3.97
PCE 4.43 - - - -

HCE 5.23 - - - 5.52 - - -
Toluene - 3.43 2.50 2.65 220 3.08 4.96 - 3.57
4-CT - - - - - 3.88 5.12 4.89 4.70
2,4-DCT - - - - - - 5.20 R

EC50 , IC50 and LC50 unit : mol /1
a: Galassi etal. (1981) [3]
b:Blumetal. (1991) [14]
c:Xuetal. (1998)[15]

d: Zhao etal. (1998 ) [16]

e : Jawecki et al. (2002 ) [17]
f:Roseetal. (1998)[18]
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