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Using a closed-system algal test to study the structure-activity relationships
of halogen-substituted aliphatic esters

Student : Xuan- Fang Hong Advisor : Dr.Chung-Yuan Chen

Institute of Environmental Engineering
National Chiao Tung University

Abstract

This study presents the toxicity data of various halogen-substituted aliphatic
esters to Pseudokirchneriella subcapitata. using a closed algal toxicity testing
technique with no headspace. Three different response endpoints, i.e., final yield,
growth rate, and the dissolved oxygen production were used to evaluate the toxicity
of halogen-substituted aliphatic esters. We also use abiotic thiol reactivity (RCs) to
establish the QSAR models.

Halogen- substituted aliphatic esters toxicity mechanism are classified as
electrophiles which are for a subgroup of the Sy2 mechanistic domain. Between
a-halo-carbonyl-containing compounds the order of reactivity is I>Br>CI>F; but
the toxicity of ethyl fluoroacetate (NO.1) is relatively high. The toxicity mechanism
of ethyl fluoroacetate (NO.1) could be the inhibition of the Krebs cycle.
Ethyl-2,3-di-bromopropionate(NO.14) with two halogens connect with two carbons
which make the effect of the carbonyl group separated into a less pronounced
overall electrophilicity as compared to ethyl bromoacetate(NO.3).
Multi-halogenation at a single-carbon center (halogenated carbon) may sterically
hinder their electrophilic reactivity which makes them less toxic than the chemical
with only single bromine.

The quantitative structure-activity relationship of halogen-substituted aliphatic
esters toxicity with reactivity respect two outliers- Methyl 3-bromopropionate
(NO.6) and ethyl tribromoacetate (NO.13). Methyl 3-bromopropionate (NO.6) has
relatively high reactivity but low toxicity which seems more like nonpolar narcosis.
The steric hindrance of ethyl tribromoacetate (NO.13) could not be presented by
the ideal test which using pure glutathione to represent the target in vivo (RCsp).

Keywords: Structure—activity relationships; Halogenated carbonyl chemicals;
Abiotic thiol reactivity; Algae; Raphidocelis subcapitata
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NO. Chemical CAS no. -4 AR Log Kow A fER(mg/) | ## R(pa) | #*2-(°C)
1 Ethyl fluoroacetate 459-72-3 O=C(OCC)CF 106.0 0.80 19832 2090 83.34
2 Ethyl chloroacetate 105-39-5 O=C(OCC)CcClI 1225 0.94 15470 696.0 141.2
3 Ethyl bromoacetate 105-36-2 O=C(O0CC)CBr 167.0 1.21 7022.0 224.0 153.7
4 Ethyl iodoacetate 623-48-3 O=C(OCC)ClI 214.0 1.62 1523.0 135.0 184.7
5 Methyl bromoacetate 96-32-2 O=C(OC)CBr 152.9 0.72 17990 1220 131.3
6 Methyl 3-bromopropionate 3395-91-3 O=C(OC)CCBr 167.0 1.21 5910.0 450.0 135.7
7 Methyl 2-bromopropionate 5445-17-0 0O=C(O0C)C(Br)C 167.0 1.13 6829.0 835.0 140.3
8 Ethyl-2-bromopropionate 535-11-5 O=C(0OCC)C(Br)C 181.0 1.63 2228.0 335.0 162.3
9 Methyl 2-bromobutyrate 3196-15-4 0O=C(0C)C(Br)CC 181.0 1.63 6394.0 229.0 162.3
10 Ethyl-2-di-bromoisobutyrate 600-00-0 O=C(OCC)C(Br)(C)C 195.0 2.08 2938.0 291.0 175.1
11 tert-Butyl bromoacetate 5292-43-3 0=C(OC(C)(C)C)CBr 195.0 2.08 2938.0 1.220 175.1
12 Ethyl dibromoacetate 617-33-4 O=C(0CC)C(Br)Br 245.9 1.48 1364.0 64.80 208.3
13 Ethyl tribromoacetate 599-99-5 BrC(Br)(Br)C(=0)OCC 324.8 2.49 521.00 6.810 260.2
14 Ethyl-2,3-di-bromopropionate 3674-13-3 0=C(OCC)C(Br)CBr 259.9 1.97 1507.0 23.10 227.4
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FRPAZFAILEFANLA LT PRFIARFIE X FLART TR

Bl 231 fEAIBEPBEAF B (Sy2)
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http://zh.wikipedia.org/wiki/%E9%9B%BB%E8%8D%B7%E5%AF%86%E5%BA%A6
http://zh.wikipedia.org/wiki/%E7%B2%92%E5%AD%90

ITRARFAPHPM ZRPERE E N S 8 F 2 BT
A LS FHRPBANE R o Nu A £ 4 f*’éf’?' Cl % & 33 8 -
Bt R T B F RESFRERGI DL RPGER 285482 A
PR AP R B F o kst RS 31'27%\ PR BRI gEeF
B REHsisipd A@pd > 2K K B[8] -
SN2 BmE o ER BE R OERAPM
AR A NU e & 4 [RX] = r=K[RX][Nu] (2.1)
PR T AR R DS ] A RBEASERT 2ot Y w R T
F e AR 2 B ® F1E[19] -
rAXF Y o k4 Pk (GSH, glutathione) (B 2.3.2) T35 - i+ &
FRSEc-* R 2 P ESFFE2HMY R ORT R & -

SH
@) 0 O
H
N\)I\
Ho)‘\(\)‘\m OH
NH, o)
W 2.3.2 ghmet] pao it 8 B4
2wk "x(GSH, glutathione ) % #5954 ( Glutamate )~ 2 # 3z ( Cysteine )
fr4 "=t (Glycine) #1ke = 2. = #5 (Tripeptide) > 5 A>T E 12 4 $ 2 ‘wmPe
$0 0 Rmre h RR BB eigf B F duF 2 paesfzd %8 i o GSH
P2 Lwkpt B3 Frnfgh (Thiol group > -SH Z iyt ida) > ¢ 2037
By g (rhdstfmi) 24 S\2 PRt r i (L2 45) i
@ B~ 1% d% [20-22] -
Fp kSR R s e {1 (£ 4 s 4Rs ok (GSH) 2
L& ik B (RCs, 50% Reactivity Concentration) * g it &% B~ % fig #8
Har A et A2 APF o BALEY T Fine

v T=
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http://upload.wikimedia.org/wikipedia/commons/7/7e/Glutathione-skeletal.png

233 % ft2 A B A a2 QSAR

% McFarland (1970) > * & B I S &35 04 F e 4 4 p
32 - Skt o ¥ swzrﬁmﬁ!t%?’% AT AT

log (toxicity) — 1 = A (log uptake) + B (log interaction) + C (2.2)

LB % V¥ 2 i 5 ahu toxicokinetic +toxicodynamic k % 5%

Toxicokinetic * kfgit E g 4 chd > FlE 2 (7% % 2 (7 5 3%
FEAEECRUE EFAERES St P

Toxicodynamic #* kfp it it &2 4 L F B> i2dm A Rwe 44 2 4
Ll ;@[23] o

Flat o Ak B S g AT A 2 2 ke gkt Sl (Log Kow) G
TOX|cok|net|c s i A pr gk (GSH) 2o F frd]k B (RCsg, 50%
Reactivity Concentration ) % . & #+ % #c (E_umo, Energy of the Lowest
Unoccupied Molecular Orbital ) i % Toxicokinetic » % 2. & [ F4liE (7
i §7[1,2][5-8][5-8][5-8] -
TR AR F P2 M 2 pE(1241) ¢ 7R SRR 2

$oit Sl > T 4 2 RCso i v & $ B fmk 4 5 (GSH, glutathione ) 2
kR 3 IGCs i - H 4 B it L £y (Tetrahymena pyriformis ) 2 ECs ©
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% 2.3.1 dF P AT Ap M 2 frdcdy

. RCs 1GCs
NO Chemical CAS no. ELumo His 2 )]gie
(mM) (mM)
1 Ethyl fluoroacetate 459-72-3 NR? >2.5°
Daphnia magna (48h):
. . ECs: 1.6 mg/l
2 Ethyl chloroacetate 105-39-5 3.06 0.088 T
Echerichia coli(12h):
ECs: 107 mg/l
3 Ethyl bromoacetate 105-36-2 0.086° 0.002°
4 Ethyl iodoacetate 623-48-3 0.029° 0.001°
5 Methyl bromoacetate 96-32-2 0.067° 0.011°
6 Methyl 3-bromopropionate | 3395-91-3 8.626° 0.094°
7 Methyl 2-bromopropionate | 5445-17-0 1.500° 0.066°
Ethyl- , | Vibro fisheri (micro tox)
8 . 535-11-5 1.700° 0.088° -0.10248 .
2-bromopropionate 15min  ECsp :28.7mg/I
12 6,005 Vibro fisheri (micro tox)
9 Methyl 2-bromobutyrate 3196-15-4 - . 15min ECy - 21.8mg/!
Ethyl- L b ) , | Vibro fisheri (micro tox)
10 . : 600-00-0 ND 0.708 0.10730 .
2-di-bromoisobutyrate 15min  ECsp :10mg/I
11 tert-Butyl bromoacetate | 5292-43-3 0.085° 0.004°
12 Ethyl dibromoacetate 617-33-4 ND ND
13 Ethyl tribromoacetate 599-99-5 ND ND
Ethyl- b b
14 _ _ 3674-13-3 ND 0.006 -0.52745
2,3-di-bromopropionate

Data from Schltz TW. et al., 2007[1]. ;® : Data from DeWeese AD et al., 2001[2].
Data from Roberts WD. et al., 2010[41]. ; ND : no data

H 4 v‘}l?egl Toolbox V1.1 25 @ 17
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2 1§’% ¢l &z g2 B (Tetrahymena pyriformis ) 2. & 4 g fode
fu %:Qgtw«ﬁ'%j'u—r N3 oT NP 2 R2 L% K h pder F 42 e i~
Rpred SRRl A S SHEBERL CF &R EY OV RN 2 A
BE

\\\ﬁr

L 1% CEF RGP B R 2T F 2 R

Log (1/1GCs0)=0.34 Log Kow -0.84 E, ywo-0.04 (2.3)
n=16, R?=0.848, S= 0.26, F= 33

2. BT M SR Rz X F RIER

Log (1/1GCs)=0.848 Log (1/RCs)+1.40 (2.4)
n=19, R?=0.926, Ryeq” = 0.905, S= 0.25, F= 33

PR A T R F i B R L 2 v i o
[1,2,8,19]41> it £ 4 chd (45 oG 0 T FH 2 SR

o dpivchiHEs o FaA S AL LAk B Rt o PIEY A 1
¢h5g 53 € F12r 7 f R (Electronegativity) & » + > @ % & 1£:1> Br>Cl
>F codgd o

o dpiBE 0 dF TR mﬁP»iﬁéﬁrﬂiﬁ’mﬂi
Bf i fem SE P [ ehidi g

CH,

CH CH, ./
3 0‘/ ©
0— O—=

0—/ ,
) _i > ) > Br
O— Br
H;C
Br HC ’ CH,

. #BU/“”J’T#\’?#Bpﬁﬁ%#ﬁ——iéﬁﬁ—ﬂﬂ?l” SRt o RIFEY S

1658 33 € 5
O—CH;

Br Br
15



2.4 FAEF MRSk
2417 T %2 A %
AR P ik * 27 F &% (Pseudokirchneriella subcapitata) » 5 - & ¥

wre s S HEME A S 3 B2 % E (Chlorophceae) » — 4k 'w¥e 8 Fi
% 40-60 pm® > 4e[§]2.4.14757 [25] -

10 pm

NIES-35 Pseudokirchneriella subcapitata

B 2447 ¥ ez Bl [25]

£ Al T EMA 9 L 45 um®s £ £ 10~20 pglcells 5 4k B v Fig
TR E L A ) TR HBRRY PEFE oRAYNE - F
BRAAEPEAFTUAELE CEFE R L%r}i—ﬁ%?m/&;%é;ﬁﬂ
ﬂrf*rz%h’ HPA IR B e rpsk kAR [26] o g7 o

RERCERpH-FASFFTERT cwFEld Bk
'é’ BESLP RO B d o kd g e 'Iﬁgm—i}ﬂ g ﬁm’n‘%ﬁ-ﬂ/o
th R a8 1T R B R A R s ﬁé?é L AR
BB S s S REDERGAS TR BT AT RO E N

;‘?& 1:1\?;
w5
;I

e
’ﬂ

s
b=

242 F¥H LRl

- AR R Rz ’}&’ﬁ TS e R e AT
FS%2 - EHMAYE - YAARRE A5 2 - AUREPE - ATP 2 DNA
FHeco BRI T F /LA T IER AR A BRREAR M
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’P”ﬁm"“‘*’i gﬁ%fiifiiﬁiaggi%,ﬁ
BcE BE (T 3k E: Q)2
2 (B)4 sk kA ;EIJ;_“S?.% 5 (6)% % x
it OATP M OC F5R LA (103 § 1 ¥ [27] :

I (O

B dpE M iRB 2 £ 2 2 ! United States Environmental Protection
Agency (U.S. EPA)[28] - Organization for Economic Cooperation and
Development (OECD)[29] -~ International Organization for Standardization
(1SO)(30) ~ American Society for Testing and Materials(ASTM)[31] ~ American
Public Health Association (APHA)[32] & ** 385 ¥ BLPF » BRI Fesg 2 = 5
CERIZSFFERIH N ELER AP L0 0 RERRA S F)

£
PRI ERELAZIRISTE A E HEITRE B s R
BREC O ITAILGEZRG LM 3 F R ERERIK
PR 2B R E RS R BB M A R
& o Hostetters# B M- 2 £RIPK" 33 2 BFldR" 2 BRERFHEL
24-] FF > ® f Raphidocelis subcapltata_m;éﬁﬁa LN S R i
BEVMERER > L EREF BEEE WY 2 BT RMPEH G
[33]

2A3F M %KD 3

R R ko FE PR SRS e S G 2B
AR A 2252 2 > < Rt 4oUS) EPA#T® 2 "Fresh water
algae acutetoxicity test"[28] ~ OECD *#t * z_"Algal growth inhibition test
guideline”[29] ~ ISO*+#* z_"Water quality-algal growth inhibition test"[30] ~
APHA#1#* 2_ "Toxicity testing with phyto-plankton”[32] 2 ASTM #1 #* 2z
"Standard Guide for Conducting Static 96-h Toxicity Tests with
Microalgae"[31] & -

(1) #+=x 3¢

PR LR FEREBEIEFT-BEFRF > R RIERRY
B TR E RGBT o FEREAY LG ATE AT 4~ R
Kz NHt B0 %Y RS R S LY 0 &% (lag phase)

17



ip ¥ 2 & & (exponential phase ) ~ & < 4 (stationary phase ) # > = # (death
phase) o &2z ;2 ¥ 3 * U.S. EPA[9]]*t+4] Z_2 “Fresh Algal Acute
Toxicity Test”

PANFFILERHRLFHETFL A AR RS E S  § R
PRB-EE A F R FI gAY > ARG AF A

1. =tV xsevP > LZrx %%ﬁiﬁ’%;%?$*é@

ERER Aot R ERERFHI BT LA
B EIEF B p BROKREE FRR[34] -

2. PFANBATFIEIMEAT O > ERYZBERECFT
Lo RFHRSDEDAZ FRAPFLZE P AHPFAFAZH
YA MRRAL PR
3. u%xﬁ#&@ﬁiﬁé%’*Fﬁﬁimﬁﬁ*%pm%~%%

SRR AR FTHREZPECY I € L A hRE o ok
PR FDL R A[35]e

T ék\t\-
..\3.
7\"\
=1
N \lz_

(2) 5t pe b= NPk
B AT Y AR D R P 0 T F R P T  S
FORAE A RAF A end EoR e T MUER Y £ B ETE 0 kA
b 2 F R BB FREA LA A $ A T st ke fRITp XK
B oo ofed At N R %ﬁé%}&&&iﬁﬁ’%ﬂ—ﬁﬁﬁﬁﬁ@’
PAREBERFHRTZEANBA BT IHEF A P A EERF P
WA REaRRR S 2 o

é*ﬂ%ﬁﬁﬁéﬁ*ﬁﬁ%ﬁ$%%§4ﬂ%&ﬁ&’f&ﬂ”
Chemostat s %2 52 HA# > it * B F A2 £ PN F% 21 EF
BE B aigsgs 1% o f1* e oo éﬂ@ﬁé‘“-ﬁ ﬁ;i;—; % JaE
A BATY T PR R 2 ATE A TR o AT K e r
%iﬁ%BG$W% ’E%Aﬁﬁ7°mwiamﬁo%$ﬁéﬁ%
(6o Fed AP BN RREFAP AR DA EF LI H
Med PR AFES A8 o X A B BRI S o e F AR R
FRE R 2 RAR[36] MR RS o FIRUBF 2 A LEF X
B2 T o3 B PRk F R RRIEiT10% 0 e iR R NF %
LA A e % [37] -

F)% @ N R £ 2 2 > e & BODFE48 ) pF it = NBOD F{E

T

<
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A R ﬂi%ﬁW;w%%?%ﬁ$$iﬁﬂcﬁﬂmnmﬁBODﬁi’¥;
A Ck#) RBPNE MRS BERFE S PP FRH48 ) pFis > d
BLPI X BEE PR Sk B I (7 e F P ) e A BB T R AT o BE
B SBALT L F ATHEA T b~ o 4 G R AEF SN Bt
FEAMRR AT AHE > AFTES AT S SR 2T e
ﬂm*ﬂﬁﬁf& TIPTS5 0 TR T BB F SRR R
PAFTHEYPRFTNRERB ARSI NS MERTZ SN

244 #%¢ 2 €8 3

(1) pHing

BARR Y TR AT ik @ - % ¢ 2 pHE™ (< » Fp oA A
5@H?u%*$#ﬂ’ﬁ§ﬁ*@ﬂﬂme%@P%%*iM#?° S

4ot REEE FE AL ESK 0 P RIFPPE F T apHR IR T 2 Ak R B
By 3 FIEL e FRE RS PRk Y e SpHREF F o

uﬁ&ﬂ%nﬁ%ﬁ’p-%% - FE T RS P10
PHEZ I b erif = 2@ § £ 8 » US. EPAR T h %pHE 6852
[28] ; OECD& HpHz % é@ﬁﬂ LAZE - B H =[29] 5 ISOR| E & fpH2
égﬁv 15 B H =2 p[30] e TR EFHEPHT &7 L i

FERPHE 2. i 5 &b o H,}g\ CpHiEZ 22 > 5 TR AFES E ()R
?@@4iﬁﬁﬁi(%%@¥@$%4%@($”?7*K¢“ ¥
ﬁi*%ﬁu%%o

B 2K &R B TR %?PmH%ﬂ?ﬁﬁﬁmz—%%@im’ﬂ&ﬁ
B3¢ e 5 4rhﬁﬁﬂ’ R %] R Bk SeepH e ] B I AR P
B & B AT ] 5 E B 20 20% ok s pHedk B 1L 2
1SR H (12 T[37] 0 Fpt AFT Y RIRRATBGE 2 & 2 pHIE > BAe 4
F1 5750 37 % ZPUH] 5 e pHehsgg it o

W

\4
N
B

Y

(2) %R
ke R P BRFEFLETF 235 FlagHAFg 3
[35] a4 Mhidfk 2 @ » KRANBR BRI FIg%iEEr 2 kiR
LFZ R 23 BTA B/e@:p:m sz i (self-shading) - s>/ €
kiREGE A KBERITEZL XBRBREZ LR 2GR &

el
A
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g KRB ARG - Kl DR R BELI R pELE CHIRA
’Eﬁ%i 3 a_:}'f /L»AJ\ Eﬁ/kb £ 4}3 Eﬂ’ }/\Xi 1:' t;P‘ Hh o

3 HER

ER R R T S R TN SRR ]
WA T o A US EPAE R A4 CHESE ™ k2 % B2 &7
P BB AZ RRERY  BRZHEFT XN2C -

(Mt fadic g & pF i
B A IR B 0 W i R S S 0 A
B it ¥ S AR R BRAE G A ERPHE F BRI A B

APREEE AP IV RERTEFFAR AR AKB P CV.ER "

LEASWERT RS BAR R RF L RE BT RB[E] e RA LA
S AR LEN ﬁ*ﬁﬁ%-ﬁ@ BRAhnA 3 pF o ECgo i B ¥ 3+ [38]
EHAEA Fend BT 0 E A d F R L A R % A& 15x10°

cells/ml -

WP kB BT F PRI il %k o R iRk
B ¢ @ {FBODFP g £ BA2 & @ 5 Eifi 7~ G BE IE%K
RS R T«—a"fﬂ;mﬁ iy 4 o= ARAEM RN B L6 F
FOETT 2 B T AT TE R T S5 5 48] PF -
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¥=% AiRhnm
cRE S A T

PENEEREEAY > B Rt B0 Y RAHE - pR4 H

= (3.1)

e o XEAFFR (- angdd Lme et 72)
£ 3

7 5 KBAERECFABEI AL B
Y A 2 S ET UL T E € *Fﬁ*%d%&J‘%*E
% ¢ o ki §)- T 47 (Steady State) pF
4o .

-E:zfox:@ny (3.2)

ﬂﬂ’Dﬁﬁ‘ﬁwﬂwﬂ’%»ﬁiﬁﬁ@m@ﬁiw@’ﬁ&ﬁém
T rAE Rk

Crv

2~ (3.3)
4 XN(3.3)% x 1 (3.2) 0 @
L=D (3.4)

Ford P IR TR F RN A2 4 R R ENg
iﬁ‘n‘%’? o

[ ] \:‘}Ff@‘f%l}\?é%ﬁ’_li}rp l”

ds X

— = DS,—DS— _

it 0— u(Y) (3.5)
e oS FrimATER (mg/L); S 5 kst T fgrfd 2k i pF > T4
AF2ER (mg/L); X 5 A T Rim 2 FTE22%A
(cells/mL) ;Y 4 & %)=tz 4 £ fadk o

B o4 g T gEpE
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ds

o (3.6)

4 54 (34)% £ (3.6)% » 54(35) > ¥
X = Y (S—S) (3.7)

134 (3.4) # » Monod equation

g (Ks+S) (3.7)
"

KsD
>~ m D) (3.8)
Be b G2 EF U e st 2RF S Ks Safoi e (2R F G
B L F- EpL AEERD-
B s d 79(3.6)% ;4(3.8)F

S, — KsD

P ATy F B ETERURAER 22V PRS2 A
Bk B gl e

324 BF T2 RRF LM &

NEAREGERD S 0 M

GRSl =Rk Eer ok O B8 S &

SR TR A RF AR RIS LR RLNE -
Bk AR IE e id 2 50%Fr ] hE 4k R L 5 ECso( 50%
Effect Concentration ) »

Al RBEA S A F TR S ¥ S AL R E-F
s (Dose-response curve) ; iz &3 PFE 3 G ¥ A pF LR - 2 b

€ &2 F M % (dose-rseponse relationship) 4_
-

ﬁ
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R %‘rﬁ’;%ﬁvﬁflf&_ &l x4 B3.2.1 F1oF e
AR AR AR A EFI B TRARS SANEARF M
WS A BF RS Al M S E s 2 i KT ECsp 2 ECyp
TR RERF M R -

o+
no - IREEEEE .'\'. r
I
08 — b r
r
L 07T \
E 06+ J
= 2
=05
g V47 1
03k '
I

| g /7

concentration of test chemical

B 321 &E-F vy RE

TR RREFRAGELZLR I A Y B SR F Y ST
™5 :'ujwz SR AN R PR S o P T 2 S A ﬁﬂw:}éaﬁv%;u
PATR B PR R R T T ERPrFIF 0P A en Al F 5 05 Ao

WG A ST e TR QP%*'Fi#f"z?fi#ﬂ%Q“rwskm;;
7+ ik B (ECsp) °
EX R )"l ¥ SR AFECs R EC1 o 7 B & 0 Flut 2 R B B iR 50
G ERA I KRB - A F A nd P TR E-F R 4@ :
£ 3£ 7 : Probit ~ Weibull 2 Logit #-5% > % #2357 X3 B
Mo =R TR gt B N Probit B - R L2 0 HEBER A P
3 B4 T 5 LR S ¥ &4 # (Log-normal distribution ) » #1120 ¥ A
LS RETASHIPIHEF P HIFER Z SRR F B R oY
Probit #5% #-4 3 2. SA1k & & s A3 = NED = & (Normal Equivalent
Deviation)> 2 ¢ 50% #r4|F ¥ T NED F pF 3 0-m 84.1% RI¥tR = 1
NED e & @& 4 + 5 % Probit A&z 2% HE =Y @ (Y=NED+5)> 4
Y=5 P&t - LRl A 5 X IS b Faed] o tb%%l’%ﬁﬁ%i}é&ﬁ&

[e=
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H_ECso o Probit 8 =27 & 223 M4 FalE 2 bl 4™ -

Y=o +BlogZ (3.10)
P=0.5[1+erf({Y =5

[1+erf( % )] (3.11)
He Y 5 Probit Ei=> o B 2ER-F v Rz Appidk , Z L3 45
FHREER (E:mg/l) P ZRIRFFAHI PSS TLF ESF (o= 5

%55 %) erf 2 Error fuction -
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Frid HPasi

A1IR XA HHH

© © N

10.
11.
12.

13.

EEZE DA PHIIE BAEHIE2421 Co B2 - 3 RS
B LN RS AT 0 R AT LT o

EEHEEL PR RAREE B EAERY LPF G
BOREH e e e ilip (0.5um) ~ #3 2#E  Z 4 (Aquatron
A4S, Bibly ) » ZA4g-kiE-k4 (60 L container, Nalgene) ; 2 &5 -k @l
# # (Milli-Q Plus, Millipore, outflow conductivity 18.2 MQ-cm) - -k
B2 % E 4] £18.2 Mega-ohm (MQ-cm) -

#F & 0 SINKUKIKO= @ 5 4|5 ULVACG-5% G-50 » * **iff i 4
%452 ISOTON Iz * -

T F R BB L F PR e #ic o ¢ * CoulterElectronincs & & 2
Coulter Counter » 4] 5.MULTISIZER 1l » & 125.06 umi& B 3pk 51 7% *
R o AR HiE " 100um 322 IFE 0 BRI D T F 5 2~60
pm e

X B pl et ¢ * TOPCONA A » A15LIM-2D > H = 5 Lux o

PH:R] T_i% * BE A Suntex > 3] 8L % Model SP-2500 - H ## rx & % +0.01 -
skda t @ * Whirpoolz_ 7k 48 #-E B2 ¥ £ B4 T2 T %55 o

®F % 0 % HIRAYAMA 2 @ > 3] 5LHA-300M 2 & ) § o B = /& 4
7219 kg/em® » F 4 500521 m® e @ * g RUE A 121°C ~ R4 L
kg/cm?# Fj154 45 -

AR D M S Memmet o EFC R I B ¢ o @ BRK E52+1 C oo
A 47 % §= 1 Feig Precisa 205A > # /2 & 1 0.01mg -

¥ B d 0 % SOCOREXZ ¥4 #% % » 3 £ % 100~1000 pl% 0.1
~5ml# f& - 2 2 NICHIRO - Nichipet EX > 20~200 pL ~10~100 pL 14
2 2~20puL %3#

e R 2 A A 8 W R A B RF @ * Gelman Scienced] 5L
66191 ~ 34 /£0.45 um2_jg %% - iBmlsoton I1pF i * Gelman Science?] %L
60301 ~ 34 /£0.2 um2_ Jg ¥ o
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14,

15.

16.

17.

18.

19.
20. %

21.
22,

23.
24,

25,

26. ;

o 23 K T

PANAEAEE I BALY S p FER LT B 5 135x 110x135¢cm -
BwmEF120cm R0 FEREFE AL 0w N IRT R(EIRSTEK,
model: S103) > ## i & ¥ < >+100 rpm

PAABERBr RN R Y 23 BL125 ml2 = 44
FT o
HEERERAR Y JAYT RE A AT P L R
x o

L R 2

BFEAEEAR RN L A WAL D > F E518em 2 ®HE
FRooHAAST EF v L FAT o TR A - ¢
LB oA IS A A B MBI EATIAAT 2 2
T o

m
AFEa 3 EOA5624 > BT A250A & i Fage ¥ kg
BAAHLAF AT R BT UEM KA S RALRA -
%ﬁﬁ#!EYﬂAQS’ﬂﬁMRmm%?rug#%@ﬂgamgo
R # ¢ RuM Materflex - 3 $:H-96400-14 - ﬂi%l_xzfg RERHE L
FfF ﬁiwﬂﬂﬁigéiiﬁﬁﬁig%o
RARGF IR LRF RGP E - okER Y 2 RF A -
AFONEF CERRF AR AT REREE 4] 2400 mL/min -
AR RR F MY e X R M A F MR
TEREEEZ  RERFARFAHLT O REREENZFAA
iy REIEY > WL B2 ITHK ©

BOD#g# 5%
BOD#x: = & 2if%k it * 2 Ly Fr o2 * 8300 mL- £ £8cm >
FERT ARG RIBELE  RE T IR RN o WA
PR ARSI BB AL - RPN

2% Rl ik FEFRYSIS PN 22 T % ¥ P €% Model YSI5100 >
't 3 Model 5010:% % /B] < £ 5g (BOD Probe) » # #Fep 4 %73 = &
BV RS B F BRI TR 2 0.0-60.0 mg/l o FE A
3 £0.1% -
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27, F Maw¥g @ pEYEE > 705% CO, ~ 99.5% N2 % &R 5 #4m¥g > 5 1
A6 M e » MMy AT 235 6 DARIRELNZM
iR o

28. BFF @ WAFLON S 2 Bk o B At - F R - RS
BT - BEAFDN A RINRF > BT RSFITE - ]
¢$@4,@§%$@g% FRRD RS Sl SN

2. AP ET I HAEF I 6% o

30. & WA TR R SN E 2P A5 Multi N/C 3100 0 * 12 F
EfREF2 3 ERER -

42 R %> *
o EATE Mirg
NARFEAF XL S HF BODHGER -

(=) AR AR

AR S&ATE Y k4G ' 7 % (Pseudokirchneriella subcapitata )
B4 %2 778 0 4ot US EPA ~ I1SO ~ OECD % APHA% & i~
PP ARG F R A - o F S EFET P University of Texas,
Austin (UTEX) - &% 5304 Cz ks -

(z) AR

*~# 7 # * U.S. EPA “The Selenastrum capricornutum Printz algal assay
bottle test: Experimental design, Application , and Data interpretation protocol.
EPA-600/9-78-018.” #7i * ey & Ble s » B Ut 5 A AH > $H oo 4oy
e H *“@2 FAA e R HRE%Y o US. EPAY % B e 2 4o
- 7(1)~(7)=pr % ;% (stock solution) % 4c1 mLX 900 mL=d g3
kP > R EEIILd&FMOINT £EE2NaOHZ HCIR-3 &2 B2 pHiE
W E750+£0.10 0 F = TrUFUE L 0.45 pmerig SR R o

T A KRS
(L)F¥ Fie 4 b7 3 7% ¢ 7% 1212750 g NaNO3*:500 mL4 &t -k

(2)% i 4£p¥# % @ i3 f#6.082 g MgC1l, - 6H,0*+500 mL2 #5 -k o
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(3)# - 4T p¥ % i i3 f22.205 g CaCl, - 2H,0%500 mL4 45 -k
() % BpFH % 1 p 3T 7475 #2500 mL 3 g ok

o

92.760 mg H3;BO;3 0.714 mg CoCl, - 6H,0

207.690 mg MnCl, - 4H,0 3.630 mg Na,MoO, « 2H,0

1.635 mg ZnC1, 0.006 mg CuCl, - 2H,0

79.880 mg FeCl; - 6H,0 150 mg Na,EDTA - 2H,0

(S)Fr e 4% B % © 7% f27.350 g MgSO, - 7TH,0%+500 mL4 #t3 k ¥ o
(6)ehifis & = 47 p¥ 8% iR 7% 20.522 g K,HPO,+500 mL2 3 -k ¢ o
(T)PLfE & 40 P78 % © 3 137.5 g NaHCO3>500 ml4 g3 -k @ o

Moy & BpTE Y > EDTAS %5 10096 % 096 = 48 - 1009 i * 7% it

e ﬁi@ﬁ?"*“*ﬁ“iﬁ%ﬁ&?ﬁﬁ%’%af%%’.%m' % 2 5 EDTAZ B+ #
iR oo ﬁxwﬁo%\m

ABEEEZMEF A AR L4212 £422 %
PR RRTEA T AR NKBIRY 2R FER o F & B 1342045 um
e B ) R34 Crkd o A A2 RV E R o

(2) BFRHFHFZIHEE

()RR #H41E R &24£1 C -
()% B 1% 8 L Rk Seh- 3 T FAE RS B AR Rk T
2 -1
Bz kB %4300 £ 109 lux (64.5+10uEm s ) -
PR F 1 400mL/minz Z § iR F B H*H o
(A)iE iz o= E I FH41 :21140~1260 mL/day
Cia = ,%0.3/day) °
RSy RE X ER D KRR ROETA -
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24210 R4 EHZZE RS AR LA
&g ER(MgIL) A% & AEF LR (mg/l)
N 4.2
NaNO; 25.5
C 2.14
NaHCO; 15.0
Na 11.0
P 0.186
K,HPO, 1.04
K 0.649
MgSO, - 7H,0 14.7 S 1.91
MgCl, 5.7 Mg 2.9
CaCl, - 2H,0 4.41 Ca 1.20

a2 4 =i

%4220 T RA LT ZIMEFE AR

v &4 ERMOL)  ~F 2R FEEAWMIL)
H5BO; 186 B 32.5
MnCl, 264 Mn 115
ZnCl, 3.27 Zn 1.57
CoCl, 0.780 Co 0.354
CuCl, 0.009 Cu 0.04
Na,MoO, - 2H,0 7.26 Mo 2.88
FeCl, 96.0 Fe 30.0
Na,EDTA - 2H,0 300
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(z) PIFFw 2

YR G ERFIRAG RS E T p Rk R £ 210 %RER R
2L P B E P koRiP 5 S 60~ A kR34 ik BT
P s (BREFINB241 C) o @ % o U4REKI AR > AR
Llkglem? ~ i B121 CHE©R T @ F4 7 ®F154 48 ¢
()  ISOTONII i3 chpetl

4v1 g NaCI»t100 mLz 4z -k @ = 2R & » #2034 j20.2 umig A B g
T iBlsoton 113 7% o T3 @ F 3R B B2 H TR R -
() THAR R 2 R FRIL

FECEM G - PRI E T FE 0 77 Isoton IIFFE RS P -
PIGE T AAZ RIS G o F Bt I OBk o I
ARG - THRIPEMERT 0 RBRZIRGEMIEE > PR ST
o R A BT EDTI o m TR sﬁﬁ;ﬁtﬂgﬁﬂfﬁt%%ﬁﬁ » # :g i
VSSRGS K o] 0 PR iRl B ARkl P 0 B 3R d T 5 el R BT oo
TFI R EEILRIFEERTAT £423 A F SHHE T 3L E50 umz £
BIGE o BRRIT L 'UE2.622 pm T 60 pm o # R FF 0 B~1 mL &% 12 Isoton
%8 250 mL s -2 5~ %47 0 B 0EpR BB p gl o 1 ha7 2 3 Bcie
;fr"‘,/f 70 3k s k@ (Isoton Mzl % § &) -

e 3p ke (cells/mL) :(;}rﬂ,lrt T Efsz =% E-THE /0.5mL) x50

% 423 3Pt B2 4k 1T Sk

B P &
A% R %o g (Full scale) 10 mA
&+ (Polarity) +
@ o (Currents, 1) 100
# & ™ 2 (Diameter Lower Threshold, TI) 2.177 ym
& + ' (Diameter Lower Threshold, Tu) 6.975 um
%R R 2 5 (Attenuation, A) 1
P < 1B 5 (Preset Gain) 1
AR (Alarm Threshold) OFF
AR 500 pL
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(<) FaHZ:

(L) £ ¢

Bepr e eniEdgd 4 Crkfad Bodl o BA# VB H 8 UE
CEmre s REEFIHEL LY o BF X HL A EHES LY
efrrd AE ALz @ F AR AR o

MR N AR A2l C R Y ﬁf&i’z;‘é’.&éﬂ%ﬁ#ﬂg
RERIDFALE WL REITKE PR ERCO, FHRF EE G
RCO, 2393 R L2 iv% i\ 4k ¥ A - WRH o EER
¢ Bz ki A A +74300£109% Luxz fF o

BAWN DRI PG &KE W'J%ﬁvﬁ«#@f FARAT o d
BERBAALT (KRG ETT) - w7 L8R RERFITE 24
B (9503/d) » 7~ Tl iﬁ%ﬁ;m FAf2 2R T o F P LR
AR X ER Y welE ~ FEF o BBEREATTRY R 2
& A5 2 ke T 3284 (Mean cell volume, MCV) > 12 ) g 4 3¢
AR EEEPRORE - R F33 2 e P 5 2.8x10°~3.2x10°
cells/mL ~ MCV 5 39~46 pm’i=fl - = A47 k¥ w2 6 5 4 i

AT TIRE_FAET R -

ket
F MRy M A US EPAS R f 5 B kR (F L
AiEs ey £ B 5 25 059%CO N 4 (G E 5600 mL/min) $t3%
ABEFTRF O EMARY 3§ EXHEFCOZ E 0 £ 120.1 NHNaOH
AHCI A F 4 B2pHI75201 T & A kaped -
(3)4 4 7 *
€248 i (Steady state) z 33 % = 5~ &% » 3+ 5 £ BOD#g¥r

4
@iihir g o ® LA e m e R F 5 1.5x10 cells/iml > ik 2

k4 »BODFg P R4 230 - k- BRAE ~ZE£4 (7 -
EidlEz - o2 ) > R4 4% F B (Initial DO)

(4)F 2k % Bt

E
& (Final DO) #rur‘fwm F B -;fai & (ADO) » 1 a;z,ﬂf:f_gl
1



4
BRPIEFLY W2 R R #r“,f A7 4o fm P2 % R 1.5%10 cells/ml > 2 F58 &

A E S o Sd Probitfest A 45> K3 PP F2LEC B B kR —F &
[

43 REHCRIE - HBAR UF

WEHRITAEEF B LR B BE%F PP UTOC (7 B~ 47 1R)
*i’HT&M%ﬁﬁﬁﬁﬂiﬁ%ﬁ%Qwﬁﬁo

431TOC (%73 B4 ¥7:2)

%5 s (TOC) 2 & 5 Total Organic Carbon > @ TIC % Total Inorganic
Carbon » TCRY % Total Carbon ; = H #§ ¥ ea/p 12 2 TOC=TC-TIC ; #7i¢ * e
#7)] % analytikjenas multi N/C 3100 TOC Analyzer (4-®4.4.1) ; #t 4] * ¢h
ARG AL E - A B EA P (NPOC Method) : NPOC = TOC »
PRI AR EE  fEFERTREASTT ) EREIRET
2B s N e A R YRR A AT AT Y h 5 R
(Differential Method) : TOC =TC-IC» ¢+ = 2 # &3 L4 2 5 1t &
PRl GAEESTVEE YR 2 g 0o g R K T 800-1000C 0
EEFIRESRE S REFHET LT RERE PREFERSER
K trie % s g A A = Flic] (0.2%~5.4%) -

432 BF WRA 2 BER R LIE

(1) ek (TC) &Mz /r 2 1000mg/L 5 6] @ f=B~ 2.1254g KHP
HF - ¢ B4 4w (Potassium Hydrogenphthalate) — 2 4z % -k
(% % >18Q) 2 fz2x = & 3 1000mL -

(2) Bmpp (TIC) &4 %R 2 1000mg/L & &) :

F=P~ 4.416259 mipi4r (Sodium Carbonate , Na,COj) 1 %2 3.59 & fik

& 4 (Sodium Hydrogen Carbonate , NaHCO3) i# & {8 > dg -k (R
B >18Q) 4T . F 2 1000mL -
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(3) TCITICI® & @& i » A B] B~} it & el 45 cHTC 2 TICHE 2 2ki% & 500mL
BEWE o
AP HEFw o 50 AT B ehit & 3 Stock solutionk & e rr 4
¢ iz - D W SR A B S 20mg/L-40 mg/L>60 mg/L >80 mg/L
100 mg/L > 200 mg/L ; A7 Pk S A BRI HER > @ 51 FL
% Jk & estock solutionid & & &g Uﬂ_E wiE o gHET RO N eA
Rbpeham 47 o2 2 s KPS %Y Ry Brcahigk o

44 RCsF BESEER %K

W s 2 (4% Schultz >+ 2005 & % % paper)[43] :
(1) pe LAk it 28 % i (buffer) : #-9.38 g KH,PO, 27 9.38 g Na,HPO, 4 » 4z 2
KTEZIL TAFPH EL 74
(Z)ﬁja“@ié‘z% F= (Chemical) 2. stock solution - i 4* TOC =& H#F L & » U
FFEF2ER RUAFSRYBREGERIRRY -
(3) 1.375 mM GSH i3 i% § =t siLfie » el = i %8 & i GSH 3~ 0.042g /3 *
pH=7.4, 100 ml Bipk & B3 it o
(4) Range finding 5 2% » SR RSB 2 T BIRAR A & 1724 5 % 245
12 #iB~ RCso 7% » #2 [ - § B 3 A control » — 5 4c » GSH» ¥ - 3 F
3 RRpL S B R (F 7 GSH) ez 6 * o
(B)Fx T35 > Fé%«%lﬁ%ﬁﬂ = 4 ) #-range finding 745 3] e Bl E A =
6BRAR B EIEUA BERHFE F%HT >3 £47 > 3 B control > -
54t~ GSH> ¥ - 5 B 5 B 3 %(* 7 GSH)fz o * o
(6) 4 w iz e 2 1Bk R o BINE 1 0 Tﬁoﬁfg\lv& iv # 2_ Stock solutions ¢ k& A&
@ﬂ‘ﬁﬁﬁ”%&ﬁﬁwﬂ’ﬂ d BERIDIMER &AE 4 1ml e
GSH 3% =& 3/ 3y (10 mI) I% SH & % E & % 0.1375mM -
(")pe % DTNB % ¢ #| » B~ 1.98 g 2. 5,5'-dithio-bis(2-nitrobenzoic acid) %
SRR S ®EA R Y L83 100ml > A PH T 74
(8)% & %2 (5| PIYFUIEH T4 2/ pF > 2] PF2 {5 & w4 » DTNB
g m 200ml > &tk £ 412 nm T A Ak kR PIH s iE o B-H e
422 control e iwt g > [ * probit model 4 47 o
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SRR BT R T R A R F R
% m;a T 35 %"'fMCV S A e S RS Sy

z\"l’

452 R %iEt

ﬁfl SE R o

2 il

F A BITHER T 2R R AT A A24210°C kR LT AL
4300Lux+10%p ; it & ;% 3% iF thisds i & £F 5 100 rpm -

453 HEhiRk :

%}ES %2%8

2 AT & UE L TR PETRG R D o FRE

R s TR

34



FIg RERS

5.1 FATR 4 BEH

R UABNEE ARG (B9 L1288 BhtaoniE 34
AAEES B & FE 2 fpsg) Pl A £ BOD g {7 48 )
PR AR RA MRk F BREASNE D5 %1 E(AD0) > B H
e 5¢ it £ (Final Yield) 2 2 £ 5 (Growth Rate) ; 7 2 5 % 3+ & ECg E 3 45 ®
HE-F b AT EHP R 2 RN A A d T - 3

Rypa b e+ APt r 2 P ERIL > AR FFha 2 g

2 PR SRE o W R B A T

1.+¢ #% Ethyl fluoroacetate(1) ~ Ethyl chloroacetate(2) ~ Ethyl bromoacetate(3)
4 Ethyl iodoacetate(4) 2. & {45 %+ = [f%[l] L B2 FPEFRETE
Rt m i s F R TF>CI>Br>1- & | : Ethyl iodoacetate(4) >
Ethyl bromoacetate(3) > Ethyl chloroacetate(2) > Ethyl fluoroacetate(1) - e #
1y g et s o ok WOEthyl fluoroacetate(1l) » a4 B & 7 F B F LA
M2 B % 3 1+ Ethyl iodoacetate(4) > Ethyl bromoacetate(3) > Ethyl
chloroacetate(2)> & § & :CI>Br>1 - & &# 5 47 > Ethyl fluoroacetate(1)
hF AP B 0 2 H ek Pk (GSH) (RCso, 50% Reactivity
Concentration) - 2 & J& (»* 50000ppm T & #r4] ) 42ip| 2 B F R 7
KEIWHRTPE > L LELREN I B EE] > B56 §i(T I F
fmaEi oo

2. $APF MBS M BV H e MIGO R TR @A 0T

2 B %

CH,;

CH. CH. /
0‘/ ©

O— > S~ 0=
o 0 Br
0= -
H:C 3
Br ‘

HiC CH;

Ethyl bromoacetate(3) Ethyl-2-bromopropionate(8)  Ethyl-2-di-bromoisobutyrate(10)
d MR R F R AR S SR Bl R AR S 0 2R RAR S > F AR .
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% 5.1.1 dy& B S dE 2 A B F 1 dcd

NO Chemical L Log Kow RC;f;M) IGC:f:;M) RCx(mM) | ADO(mM) | EY (mM) GR(MM)
1 Ethyl fluoroacetate O=C(OCC)CF 0.80 NR? >2.5¢8 NR 2.28E-04 5.10E-05 7.61E-04
2 Ethyl chloroacetate O=C(OCC)CClI 0.94 3.060° 0.088° 1.891 5.15E-04 6.25E-04 5.86E-04
3 Ethyl bromoacetate O=C(OCC)CBr 1.21 0.086° 0.002° 0.062 3.00E-05 2.10E-05 4.30E-05
4 Ethyl iodoacetate O=C(OCC)ClI 1.62 0.029° 0.001° 0.059 1.50E-05 1.30E-05 2.10E-05
5 Methyl bromoacetate O=C(OC)CBr 0.72 0.067° 0.011° 0.066 4.60E-05 3.80E-05 5.70E-05
6 Methyl 3-bromopropionate O=C(OC)CCBr 1.21 8.626° 0.094° 6.786 7.36E-01 4.11E-01 7.40E-01
7 Methyl 2-bromopropionate O=C(OC)C(Br)C 1.13 1.500° 0.066° 1.290 1.81E-03 2.26E-03 7.90E-03
8 Ethyl-2-bromopropionate O=C(OCC)C(Br)C 1.63 1.700° 0.088° 1.693 1.08E-03 5.70E-04 1.39E-03
9 Methyl 2-bromobutyrate O=C(OC)C(Br)CC 1.63 3.535° 0.095° 4.778 1.13E-02 9.32E-03 1.27E-02
10 Ethyl-2-di-bromoisobutyrate O=C(OCC)C(Br)(C)C 2.08 ND 0.708° 128.1 7.38E-02 1.06E-01 1.83E-01
11 Tert-Butyl bromoacetate O=C(OC(C)(C)C)CBr 2.08 0.085* 0.004° 0.109 1.05E-04 8.50E-05 1.45E-04
12 Ethyl dibromoacetate O=C(OCC)C(Br)Br 1.48 ND ND 0.943 4.23E-04 4.55E-04 6.89E-04
13 Ethyl tribromoacetate BrC(Br)(Br)C(=0)OCC 2.49 ND ND 0.032 6.40E-04 7.45E-04 1.98E-03
14 | Ethyl-2,3-di-bromopropionate | O=C(OCC)C(Br)CBr 1.97 ND 0.006" 0.053 6.27E-04 3.74E-04 7.74E-04

a .

LA HEEE TR RERMM)A S

Data from TW.Schltz et al., 2007[1]. ; ° :

NR 7 F i ;

Data from DeWeese AD et al[2]., 2001.° :

36

Data from David W. Roberts et al., 2010[41]

ND :nodata; i3 % it £(ADO) -~ &% wre g £(FY)2 4 £ F(GR)




e SRR E M 8 B2 AR i AR o R
B (o fo g2t 4 B eng Rl T
O_CH, O—CH,
O—CH, 0—— 0—
Br
0o— > Br

IN

Br H:C CH,
Methyl bromoacetate(5) Methyl 2-bromopropionate(7)  Methyl 2-bromobutyrate(9)
M v B BY AN B AN B oy BK#F] ire s
= —?—T B ena [P licdppiT o

3ARE B R PN AR RNT - 0 IR RSP AP
IR 2 KX R
) H.C
CH:
O'_C H3 0 / O CH;
0O— © 0= 2 0= CH,
Br Br Br
Methyl bromoacetate(5) Ethyl bromoacetate(3) Tert-Butyl bromoacetate(11)

4%@%%@%%&@@%&%4%’%%(#ﬁ@%)%%%%@%1
BTS2 R GBFE T AT
O—CH;
O'—CH;
00—
00—
Br Br

Methyl bromoacetate(5) Methyl 3-bromopropionate(6)
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5.% M FHch R4S BPE o FPLT R
CH,

CH- ]
O0—=

O ‘/
> Br
0=
Br

Br
Ethyl bromoacetate(3) Ethyl-2,3-di-bromopropionate(14)
RA (BT A) W OFR/EL/OTF 2 HTHRA B 7m0
B R E SIS o F R F] T RE[45]

3.0 FFBp R4 - 22 BRF BA B R PRERD

. CH,
CH.

0\/ Br O

[ i

Br Br (i)——\
Br CH,
Ethyl bromoacetate(3) Ethyl dibromoacetate(12)  Ethyl tribromoacetate(13)
Rl Fl G & Rl e B R~ LA FISE 0 @ H R A
514 53 APEER 7 L B A A S2 M HERRE K 3BT T S
[42] -

IN
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52 &% # ¢ (Acute-Chromic Toxicity Ratio ; ACR)

A 'Fi?'fé%“ P d MR APREREIPVRRTLL I OEF ST
3 v 4 & 541 bR (extrapolation) {7 A fr 2 & BT
L&~ ﬂﬁui’ BB &FF2ZARE o m HE v EF ¥ & 10 ~ 100
g 1000 J& * 3| z%.«mEC% LCsp M REF B A TR NET T Rom &
M # M4t i (Acute —chronic toxicity ratio) T F_ 5 d pt @ g B ) ko

ACR=Acute toxicity/Chronic toxicity z_+* iz » d % 52.1 ¥ &> 11 ECyy
FENZ R CACRE X FRA32~T 2 FF o Vo= B A penk g, W F
Ptz B ACR a0t E48% < R P B idkir g ",/Tf 7 Ethyl
fluoroacetate(1)z. *t » 2 ADO % F &% gZLPF » 2 & 12 Methyl
2-bromopropionate(7) ~ Ethyl-2-bromopropionate(8) ie fie & - 2 Final yield %
F ¥ BEpFE > 1 & 2 Methyl 2-bromopropionate(7) -~ Ethyl chloroacetate(2)
4§ B 012 Growth rate 5 F Ji& % 8:pF > 2 & 2 Methyl 2-bromopropionate(7) -
Ethyl bromoacetate(3) & #& = ik % ° Ethyl fluoroacetate(1)ACR & %+ » ¥ 5t
R R RERDT P HRRER ARG E DERE S DE Y R o
ol g ey & 2 ECpe

hAFET P > 12ADO i F % gE3 H Ethyl fluoroacetate(1) #& 22 ACR
T 5 5 5.06 - 2 Final yield = 7 &% 23 i Ethyl fluoroacetate(1) {s 2

>~
.
'S
t.

ACR T 3318 5 4.31 - 2 Growthrate 5 ~ J& % 23 # Ethyl fluoroacetate(1)
52 ACR TH9(H % 6480 -4 W B3z = B2z ACR & » % Bk
i# » 4 # Ethyl fluoroacetate(1) 15 #7% 2 fﬁif»ﬁi M ACR T 2@ 7.61 ¢ &7
% J& Ethyl fluoroacetate(1)efi-im™ » £ ACR T32E iT i * ki®:ip it &
B2 A 76l LRIE S BB e B RIE R R A A
% ¥ g Ethyl fluoroacetate(1) =™ » ACR &1 15 & 5 i%*% > 95% it
BH o ACRE 15 LT o
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7. 521 MEP s A A ot Efes 52 2 E

/ADO (mM) FY (mM) GR(mM)
NO Chemical ACR AL 5 # ACR AL 5 # 5 ACR L5 # 5
(ECso/EC,p) (o) B) (ECso/ECyp) (o) B (ECso/ECyp) (o) B)
1 Ethyl fluoroacetate 32.1 0.85 6.37 37.5 0.81 6.84 59.4 0.72 5.78
2 Ethyl chloroacetate 4.70 1.90 7.28 9.87 1.29 6.44 4.19 2.06 7.35
3 Ethyl bromoacetate 3.70 2.23 10.1 4.24 2.04 10.0 6.79 1.54 8.30
4 Ethyl iodoacetate 3.84 2.18 10.5 3.68 2.27 10.8 10.4 1.26 7.95
5 Methyl bromoacetate 3.74 2.33 9.83 2.50 3.21 12.2 3.68 2.26 9.66
6 Methyl 3-bromopropionate 3.66 2.28 0.24 2.58 3.10 0.712 3.57 2.31 0.15
7 Methyl 2-bromopropionate 16.0 1.06 5.10 7.45 1.47 5.62 9.80 1.30 4.84
8 Ethyl-2-bromopropionate 6.46 1.64 6.17 5.80 1.68 6.65 21.0 0.96 5.58
9 Methyl 2-bromobutyrate 4.42 1.99 4.38 3.21 2.54 4.42 2.53 3.19 3.85
10 Ethyl-2-di-bromoisobutyrate 3.52 2.34 2.19 2.68 2.90 1.18 2.82 2.85 0.58
11 tert-Butyl bromoacetate 3.50 2.35 8.97 2.80 2.82 10.0 3.39 2.41 8.74
12 Ethyl dibromoacetate 5.14 1.80 6.77 2.93 2.74 7.60 6.57 1.57 6.20
13 Ethyl tribromoacetate 4.86 1.87 6.27 5.02 1.83 6.13 5.98 1.65 5.32
14 Ethyl-2,3-di-bromopropionate 2.25 1.79 6.41 3.28 2.48 7.51 3.58 231 6.61

P AE Y TR ER(MM) -
ARG E I EH2 B4 ACR B
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5.3 MR B S Ag M A 2 VR
VR LT SR A S el S e L (e g ]
Log Kow & :% Eps feteiz= B 7 ek 3% 2ADO> Final Yield > Growth rate
=25 BT Eaii a2 (baseline toxicity) B % 4 =] 14 Eq(1) ~ Eq(2)
Eq(3) # 7 [39-40] :
Log (1/ ECs, apo ) = 0.978 Log Kow - 1.83 (5.1)
n =26, R*=0.94, Q?=0.932, S = 0.332, F = 380.2

Log (1/ ECsg, py ) = 0.9 Log Kow - 1.4 (5.2)
n=48, R*=0.87,0°=0.866, S = 0.49, F = 303.7

Log (1/ECsp,cr) = 0.974 Log Kow -1.95 (5.3)
n =26, R*=0.943, Q*=0.933, S = 0.325, F = 393.5

AEA LA P RAF AR R B ﬁazﬁﬁf‘ Moo g @ D ETE I
gl o £ 531 S AR A PATIRRIZ SR EF RS B2 AL o

Fld) & B S BT E S P a T ] IR A
R MmA R A INe B EIEY 4p 7 > & Methyl 3-bromopropionate(6)
Ethyl-2-di-bromoisobutyrate(10) &3 4 4r L 2 i A 3 1o 51 i B RCsy
i@ » Ethyl-2-di-bromoisobutyrate(10) = % = 128.1(mM) - Methyl
3-bromopropionate(6) = 6.786(mMM) » 2 M=t F % 14 B & 7 » F L
AR A B E o { FHiwmeihit >t 552 i 7 { FHwmenitdh
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# 53141* M= PR E BN RE 2 &
NO Chemical Log Kow Log(1/ECso, apo) Log(1/ECsofy ) Log(1/ECsp,cR)
Obse. Pred. Residual Obse. Pred. Residual Obse. Pred. Residual
1 Ethyl fluoroacetate 0.80 3.6418 -1.0540 4.6958 4.2909 -0.6800 4.9709 3.1188 -1.1708 4.2896
2 Ethyl chloroacetate 0.94 3.2880 -0.9182 4.2062 3.2043 -0.5540 3.7583 3.2323 -1.0344 4.2667
3 Ethyl bromoacetate 1.21 4.5247 -0.7436 5.2683 4.6794 -0.3920 5.0714 4.3694 -0.8591 5.2285
4 Ethyl iodoacetate 1.62 4.8374 -0.2586 5.0960 4.8904 0.0580 4.8324 4.6735 -0.3721 5.0456
5 Methyl bromoacetate 0.72 4.3407 -1.1316 5.4723 4.4148 -0.7520 5.1668 4.2455 -1.2487 5.4942
6 Methyl 3-bromopropionate 1.21 0.1330 -0.6563 0.7893 0.3857 -0.3110 0.6967 0.1306 -0.7715 0.9020
7 Methyl 2-bromopropionate 1.13 2.7420 -0.7339 3.4759 2.6458 -0.3830 3.0288 2.1021 -0.8494 2.9515
8 Ethyl-2-bromopropionate 1.63 2.9682 -0.3847 3.3529 3.2442 -0.0590 3.3032 2.8569 -0.4987 3.3556
9 Methyl 2-bromobutyrate 1.63 1.9453 -0.2489 2.1942 2.0307 0.0670 1.9637 1.8950 -0.3624 2.2574
10 Ethyl-2-di-bromoisobutyrate 2.08 1.1318 0.1876 0.9442 0.9760 0.4720 0.5040 0.7375 0.0759 0.6616
11 tert-Butyl bromoacetate 2.08 3.9801 0.1876 3.7925 4.0701 0.4720 3.5981 3.8388 0.0759 3.7629
12 Ethyl dibromoacetate 1.48 3.3737 -0.3944 3.7681 3.3420 -0.0680 3.4100 3.1616 -0.5085 3.6700
13 Ethyl tribromoacetate 2.49 3.1936 0.5853 2.6083 3.1277 0.8410 2.2867 2.7039 0.4753 2.2286
14 Ethyl-2,3-di-bromopropionate 1.97 3.2028 0.0809 3.1219 3.4273 0.3730 3.0543 3.1114 -0.0312 3.1426
ECso H =% 5 X f kB (MM) -
Obse. : Log(1/ECsp)opserved Pred. - LOg(L/ECso)predicted
Residual =Log(1/ECso)observed- LOG(L/ECso)predicted
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Log(1/ECsq ,po ) Observed

Log(1/(ECsycr ) Observed

Log(1/(ECsyfy ) Observed

o P N W b~ O o

|
[y

N W~ 01 O

°
° °
‘ °
o : ° °
°
™
@ = iiE+ ]
AR LE |1 A

N

=14

aseline toxicity:

1 2 3
Log Kow
L]
09 o °
] L) o °

]
® il *
A AL E ]3]
N=14 A

baseline toxicity:

1 2 3
Log Kow
o L4 *
°
o o
s .
°
(
@ A i~
A A ZE]T]
N=14 A A
baseline toxicity:
Log (1/ECs,r) = 0.974 Log P -1.95

1 2 3
Log Kow

B 5.3.1 & [ #cdp & LogKow 2 4p B 1+
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5.4 % P 5 BOD AL EAT4 Hidm & 1 8 $ a2 1 R

Croninetal[44]z2 5 % & & B304 e chd 847 {1 EALELS
Rk Rt apk s ¥ d e ﬁp’?é‘i’!,ﬁ‘i%ﬁ_f*;ﬂ B R 4 T
gL H x>0y 3 ,‘!—_,7]\ ;,:;;2,, ‘}ij\%f;ﬁ}\ /ﬁ%‘x‘ﬁﬁ}“%/z |-,'=.1 ﬁ w3 4. E'TJ#EF&@ ]4 o

e 5E ft}\WI% ﬁi-@&ié_iﬂ”:‘ 1 Fte €2 st BFRPED
He { 322556 5 RBRFEAFEL - 22 £ & 4 541
SR BN RS 5% (ADO -~ Final yield 2 Growth rate) 7 4 = &
(Tetranymena pyriformis) #7118 2. F Sk & % £ H B P N s HE%H» 3
FUFRI A RGP OH RN L AR B K K - 3%}

PEBR MR EFRY) Ex525 A2 E(ADO) matR AL F R
RELLEFGR)&- HiFtEge L6 2 )}n#ﬁé? SR Mt T
g}ﬁ,,ﬁ; FTm"I},i, AL zag\q BB ER L /%&‘ng % 4n vz gL ﬂ(Fy)>/§%&‘ i

§ 22 2(ADO)> %32 £ F(GR)>HL 4 -

BARAP TR BB G g R o d 30 H 1% BOD Fgokdfre
LFPAfF ARt R RPN TS PRk a R L %L Bk
Ve, At A BN TR LB g g

F1541 5 BTt FF LB SARS A2 faR i o H s 2
B 2 8(RY) > 12 ADO~FY ~G.RE B £ 71 » 2 & % 0.6630.711~0.693 >
TR AP ATE G - TR DM TR T R ED - P
%z outlier- Methyl 3-bromopropionate(6) » #-*+ 5.5.3 & { it o

1

=
2
2
AL
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2541 vl R BN dE 2 AT RS B A

NO Chermical T.pyriformis(40hr) Algae (BOD bottle)(48hr)
Log(1/1GCsp) Log(1/ECso, apo) Log(1/ECspfy ) Log(1/ECsp,cR)
1 Ethyl fluoroacetate >-0.3979° 3.6418 4.2909 3.1188
2 Ethyl chloroacetate 1.05552 3.2880 3.2043 3.2323
3 Ethyl bromoacetate 2.6777° 4.5247 4.6794 4.3694
4 Ethyl iodoacetate 2.9208° 4.8374 4.8904 4.6735
5 Methyl bromoacetate 1.9586° 4.3407 4.4148 4.2455
6 Methyl 3-bromopropionate 1.0268° 0.1330 0.3857 0.1306
7 Methyl 2-bromopropionate 1.1804° 2.7420 2.6458 2.1021
8 Ethyl-2-bromopropionate 1.0555°¢ 2.9682 3.2442 2.8569
9 Methyl 2-bromobutyrate 1.0222° 1.9453 2.0307 1.8950
10 Ethyl-2-di-bromoisobutyrate 0.1502 " 1.1318 0.9760 0.7375
11 tert-Butyl bromoacetate 2.4089° 3.9801 4.0701 3.8388
12 Ethyl dibromoacetate ND 3.3737 3.3420 3.1616
13 Ethyl tribromoacetate ND 3.1936 3.1277 2.7039
14 Ethyl-2,3-di-bromopropionate 2.2076° 3.2028 3.4273 3.1114

2 : Data from TW.Schltz et al., 2007[1]. ; °

ECso ¥ =% 5 % f kR (MM) - ND : no data
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Data from DeWeese AD et al., 2001[2].;

Data from David W. Roberts et al., 2010[41].




Log(1/1GCg)

Log(1/1GCg)

Log(1/1GCsp)

35

2.5

1.5

A Methyl 3-bromopropionate

Log(L/ECsy, p0)=0.809+1.37L0g(1/1GCs,
R2=66.3% N=11

1 2 3 4 5
Log(1/ECsp, spo)

A Methyl 3-bromopropionate o

Log(L/ECyy £)=0.797+1.43L0g(1/1GCs)
R2=71.1% N=11

1 2 3 4 5
Log(1/ECsq ry)

A Methyl 3-bromopropionate [

Log(L/ECs, ¢r)=0.555+1.42L0og(L/IGCs)
R2=69.3% N=11

1 2 3 4
Log(1/ECsg gr)

B 541 %EEL B3 2 jphlid
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5.5QSAR £ #7
55.1 # [ #cdg & @ 3ud i Sdk Log Kow it fiﬁ‘/} il

AT RHRFFL N FBAMAF TR T2 F B 85 5
A iha - AUk LR RS TR I ) R ehd o @ Frpi it
i g7 3 FR--k 28 (n-Octonal/Water Partition Coefficient, Log Kow) 7
VIR o Fl AT F s By ¢ L2 Log Kow L E ApRE 1 F
ARMILD B il - HIER AT RES S S B S and (LI
#1 > 4 Eq(4) ~ Eq(5) ~ Eq(6)™ & &1 # 4p B % #c(Rag ") 5 0.02~0.05 & 7 £
Log Kow #pBE |+ i » @ pt B %y 1= }%‘%7}5} #[1,2,41] -

Log (1/ ECsy, ~po) =3.67 - 0.391 Log Kow (5.4)
n =14, R*=0.026, Ry’ = 0.00, S = 1.33, F =0.32

Log (1/ ECsg ey ) = 3.98 - 0.532 Log Kow (5.5)
n=14, R* = 0.052, Ry~ = 0.00, S = 1.36, F =0.57

Log (L/ECsp, er) = 3.51 - 0.430 Log Kow (5.6)
n'=14,R* = 0.034, Ryeq°= 0.00, S = 1.34, F = 0.38

BN 2 8RR T LSRR FATY BN F R
2 F 3 (R & A R A M) R B L (S)2 te %k E(F) ¥ k3= -
AR 2 FR RS (MR ) - SR * 2R %3 (Cross Validation) & & {7 ¥
oo hFIG AR Y- PP 0 B Rye” TR Q8 SR 218 e ff

2z N S N
Ifﬁﬁtl"& 1B ©°
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552 & Bk f F i Sl A4

AT RHRAP RN RE AT, T2 F B B fI R
il 4 Br-2 4 2k (GSH, glutathione) 5 - it 5 %8> * ki 2z 54
Fad e R Pd B amlT b Fr o 848 14 g Btsg (27
1N fa:4E%- BiE s SALaES Bt F 2 fasg) “T= =D
F gt %%k RCy > - Ethyl fluoroacetate(1)£2 zk24 "< %7 2 & i (RCx
>50000ppm) > H4 13 f 1t 4 % 5 RCso 2 7 S #cdg o F # RCsp 2 | %
Beih st < P[LAL]Y o3 BB PR R s B - L AL ke gk

Log(1/RCso)= 0.0195 + 0.916L0g(1/RCso)ref (5.7)
n=9, R?*=0.973, Ryes” = 0.953, S =0.28, F = 255

F1* F ett 58 RCy B8 13 )% B~ M i a2 LB S — 1M
% (2 alft Ethyl fluoroacetate(1))

LOg(l/ECE,O’ ADO ): 2.81 + 0995Log(1/RC50) (58)
n =13, R*=0.644, Ry’ = 0.487,S = 0.84, F = 19.9

LOg(l/EC5Q’|:Y ): 2.86 + 1.03 LOg(l/RC50) (59)
n =13, R* =0.681, Ryes” = 0.547, S = 0.76, F = 23.5

LOg(l/EC5o,GR ): 2.61+1.00 LOg(l/RC5o) (510)
n =13, R* = 0.637, Ryeq” = 0.490, S = 0.86, F = 19.3

8 F& 5511% 7 13 B& i@ » f % 1+ ﬁﬁv?ﬁfﬁ;“ R A R E
Pz gmadadgp g Bl A L @A 1

Methyl 3-bromopropionate(6) ~ Ethyl tribromoacetate(13) -
4 Hiz3 B outlier » £ B

LOg(l/EC5Ql ADO):3.09+0.945 LOg(l/RC5o) (5.11)
n =11, R*=0.819, Ry = 0.736, S = 0.50, F = 40.8

LOg(l/EC50’|:Y ):313+102Log(1/RC50) (512)
48



n =11, R* = 0.857,Ryeq” = 0.794, S = 0.466, F = 54.1

LOg(l/EC50,GR):2.89+1.0lLOg(llRC5o) (513)
n=11, R* = 0.818, Ry’ = 0.743, S = 0.53, F = 40.4

Ethyl-2-di-bromoisobutyrate(10) /75 &1+ % (RCs0:128.1(mM)) » H F 4
o RCosp R AT erfphfft » PHEFR2Z AL EF LBl H353
v o JIF Rz AMF POTIERZ F PERIREFREEAL B A 4RT
BrEs B e e dBr RERAF SR AN EARS Hap
2 % o

53 & * ,ﬁ@ﬁ?h’lf&ﬂﬂa} M A3 p] 41 e Methyl 3-bromopropionate(6)
g P B F B EA L B3 1A LT RCe B 9722 * 1 QSAR FF
BlMend MR B R REA L B HE A1, T #’e‘ns?llﬁ’ﬁ = WER S i
Mg Log Kow m 2537 14 28 RCso 8 > H F 42 %47 &t 2 5> S\2
%ﬁﬁﬁﬁﬁﬁ’@w@*%mﬁ°

Ethyl tribromoacetate(13)>+ RCso & B 2 ¥cie F % * » #7182 RCs
B K e o 2 AT * RCs i #1221 QSAR dip] 1 eha 4
B ir® B4 M T da Rl * RCyie Rdg g H & (2l 272 5%
#or 5.6 ot fAp M 2 ;gkﬁ:vb‘; » RKIEPIF Re R F] o
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% 5521 AT P £ Rtk S %k (7 (EQ:5.8~5.10) 4 47 14

NO Chemical Log(1/RCsp) LOg(L/E s, ano) : Log(L/ECsorv ) : Log(/ECso.cr) .
Obse. Pred. Residual | Obse. Pred. Residual | Obse. Pred. Residual

1 Ethyl fluoroacetate NR 3.6418 ND ND 4.2909 ND ND 3.1188 ND ND
2 Ethyl chloroacetate -0.2767 3.2880 | 2.5347 | 0.7534 | 3.2043 | 25750 | 0.6293 | 3.2323 | 2.3333 | 0.8990
3 Ethyl bromoacetate 1.2059 4.5247 4.0099 0.5147 4.6794 41021 0.5773 4.3694 3.8159 0.5534
4 Ethyl iodoacetate 1.2233 4.8374 4.0272 0.8102 4.8904 4.1200 0.7704 4.6735 3.8333 0.8401
5 Methyl bromoacetate 1.1758 4.3407 3.9799 0.3608 4.4148 4.0711 0.3438 4.2455 3.7858 0.4597
6 Methyl 3-bromopropionate -0.8317 0.1330 1.9825 | -1.8495 | 0.3857 2.0034 | -1.6177 | 0.1306 1.7783 | -1.6478
7 Methyl 2-bromopropionate -0.1106 2.7420 2.6999 0.0421 2.6458 2.7460 | -0.1001 | 2.1021 24993 | -0.3972
8 Ethyl-2-bromopropionate -0.2289 2.9682 2.5823 0.3860 3.2442 2.6242 0.6200 2.8569 2.3811 0.4758
9 Methyl 2-bromobutyrate -0.6793 1.9453 2.1341 | -0.1889 | 2.0307 2.1604 | -0.1297 | 1.8950 1.9307 | -0.0357
10 Ethyl-2-di-bromoisobutyrate -2.1078 1.1318 | 0.7128 | 0.4190 | 0.9760 | 0.6890 | 0.2870 | 0.7375 | 0.5022 | 0.2353
11 tert-Butyl bromoacetate 0.9619 3.9801 3.7671 0.2130 4.0701 3.8507 0.2194 3.8388 3.5719 0.2669
12 Ethyl dibromoacetate 0.0253 3.3737 | 2.8351 | 05385 | 3.3420 | 2.8860 | 0.4559 | 3.1616 | 2.6353 | 0.5263
13 Ethyl tribromoacetate 1.4880 3.1936 42905 | -1.0970 | 3.1277 43926 | -1.2649 | 2.7039 4.0980 | -1.3941
14 Ethyl-2,3-di-bromopropionate 1.2687 3.2028 4.0724 | -0.8696 | 3.4273 41668 | -0.7395 | 3.1114 3.8787 | -0.7673

ND:nodata ; NR#% % F i ; ECso ¥ =% 5 % % kAR (MM) -

Obse. : Log(1/ECso)observed ; Pred. : Log(1/ECso)predicted

Residual =Log(l/ECSO)Observed‘ Log(llECSO)Predicted
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@ 5Ll :
g | A FLEGHE ] o
o
& o ¢ o4
o 3 A ()
"o
o
<2 °
q .
=S 17 LOg(1/ECsy apo )= 2.81 + 0.995L0g(1/RCyp)
S R2=64.4% N=13
o
_I O T 4 T T
0 1 2 3 5
Log(1/ECy, Apo ) predicted
5 - ®
@ =il s
T, AALEEHEAN] °
S
[«B]
n Y [ ]
S 3 ® A
P
g 27
O
= Log(L/ECsq -y )= 2.86 + 1.03 Log(1/RCy)
o 17 * R?=68.1% N=13
[@)]
o A
- 0 : . . .
0 1 2 3 4 5
Log(1/(ECsyy ) predicted
@ ALE ] F] .
@ A AL ERE ] [ ]
> 4 °
A
o) ® o PY
O 3 -
— °
o A
8 27 °
)
u Log(1/ECsp.r )= 2.61 + 1.00 Log(1/RCy,)
S R2=63.7% N=13
(@)]
3
O T A T T T
0 1 2 3 4 5

Log(1/ECsq,gR ) predicted
B 5521 EQ5.8~5.10 enigip|d iy V.S %= L#cdy
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553 ZMHEL AL HTM G

AT RARE C pRES A iR st BLRS AR R 2 An kL
FABEE - FECHAY X - S T%v’»ﬁ:]@{ﬁ;;ﬂ,y%pf}ﬁ,};? P e g
i A QSARFFRIF LB T - pfaend L nd BER - 3 5 7 1Y
RO FFREHOEFER A A4 LK jéﬁ'étgﬁ;}jz}iﬁ: 0

Log(1/ECsp, apo ) = 0.809 + 1.37 Log(1/IGCs) (5.14)
n=11, R?=0.663, Ryes” = 0.552, S = 0.897, F = 17.7

Log(L/ECsoey ) = 0.797 + 1.43 Log(1/IGCsy) (5.15)
n=11, R*=0.711, Ry’ = 0.616, S =0.835, F = 22.1

Log(1/ECsp,6r ) = 0.555 + 1.42 Log(1/1GCs) (5.16)
n =11, R*=0.693, Ryes” = 0.593, S = 0.869, F = 22.1

< #-[/ 5.4.1 ¢ < outlier- Methyl 3-bromopropionate(6) » £ i& {7 §F :

Log(1/ECso, apo ) =1.32 +1.19 Log(1/IGCso) (5.17)
n'=10, R* = 0.821, Ryeq’ = 0.739, S = 0.527, F = 36.6

LOg(l/EC50’Fy) =1.26+1.26 LOg(l/IGC50) (518)
n =10, R*=0.839, Ry’ = 0.755, S = 0.526, F =41.6

Log(L/ECsp,cr ) = 1.02 + 1.25 Log(1/IGCsy) (5.19)
n =10, R* = 0.809, Ryes’ = 0.716, S = 0.580, F =33.8

b N ] ¥ 4 H Methyl 3-bromopropionate(6) 4 » R* F7 &g 4% = o 3t
5.5.2 & ¢ > Methyl 3-bromopropionate (6) & %F 4 |+ &2 ¢ » H F 1@ 3
AERTA BTG ERL 0  h pR[1)E S A nd 4] ¢ > Methyl
3-bromopropionate(6) 2. # JZ s FIALIFAT & AT HLE i 0 FI R T A S
2 Befp AL IS B8 SHRF AR N BRI AT T g7
- a0 AT st F R G QSAR B BETIE ] o
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554 % Bk e BT ik FAH

AR ATE R ALY 1 S8k * CS Chem3D Pro 3+ & #%# ~ Theory
i PM3 A (70 * v M58k ELumo ~ H-carbon 84 ¢ j7 ~ Halo
AT~ AHalo %A T jF o RS EF ip M2 & &5 4 5541 -
% 55.4.1 %8 efp B 1

H-carbon Halo AHalo
RSq | Logkow | RGo | Bumo | awp g i | evn g | 30 24
Log Kow - 0.4% 45.3% 0.1% 0.6% 1.2%
RCs - - 18.2% 73.1% 10.7% 71.4%
ELumo - - - 2.8% 1.2% 0.2%
H-carbon
- B - - 0 0
Ny 5.2% 86.3%
Halo
- - = - - 0
IR T 32.7%
AHalo
SV ) ) ) )
. NG I 0 Ll [ NG ()___R
sH-carbon 384 % i ¢ & AréE R 2 ALt A R 7 (Cx)
Halo 384 % 7 & &% 384 T 7 (X) 0—C
¥ AHalo 2% 4 § = : H-carbon %4 ¢ j=-Halo R4 ¢ i= - _g
Cx —X

T Rl R R

AR AT e
L3 RAPMEZ S8 FREFRY N - wiF;t Y o d & 5 RCy
22 H-carbon #% 4 % jv ~ AHalo 3% 4 & j= 7 % 49 B 1% » H-carbon % 4 & j7 fr

¥
A8

AN
WA R I A
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PR B~ 5 d & 0 Flet {1 AHalo %4

N\ Zh == ch

1R LA A B R i b

AHalo 352 T a7 BARMAL - % 3 @R PR ¥ w e o




% 5542 Bl i R 1 S

NO Chemical ELumo ;—Z\a%)c;; 2 zal;?ﬁ %\KA; 2’!3’5
1 Ethyl fluoroacetate 0.141 -0.1137 -0.1371 0.0234
2 Ethyl chloroacetate 0.194 -0.2922 -0.0243 -0.2679
3 Ethyl bromoacetate -0.525 -0.308 -0.0388 -0.2692
4 Ethyl iodoacetate -1.15 -0.2709 -0.07 -0.2009
5 Methyl bromoacetate -0.538 | -0.3079 -0.0382 -0.2697
6 Methyl 3-bromopropionate | -0.37 -0.2257 -0.1087 -0.117
7 | Methyl 2-bromopropionate | -0.48 -0.205 -0.049 -0.156
8 Ethyl-2-bromopropionate -0.468 -0.205 -0.0496 -0.1554
9 Methyl 2-bromobutyrate -0.848 | -0.2126 -0.0397 -0.1729
10 | Ethyl-2-di-bromoisobutyrate | -0.442 -0.1053 -0.0437 -0.0616
11 tert-Butyl bromoacetate -0.538 | -0.3167 -0.0339 -0.2828
12 Ethyl dibromoacetate -1.335 | -0.2916 X X
13 Ethyl tribromoacetate -1.75 | -0.2765 X X
14 | Ethyl-2,3-di-bromopropionate | -1.091 X X X

WE M 48Ed CSChem3DPro 2+ & #c48 ~ Theory i£ * PM3 fikim 7

WA KA FHH S 43 BTS2 MR R

Xl EEHAZE - BEF I F TR P R TR T SN2 AR
R 4e o 1l X7 &7 oo

FHZFABRHELLI2ZCES (Jd 3 AHalo R A T E P FEZ )
Ethyl dibromoacetate(12) ~ Ethyl tribromoacetate(13) ~ Ethyl-2,3-di-bromopropionate(14)

LOg(l/EC5o, ADO): 1.73 - 7.39AHalo - 0.06E, umo (520)
n=11, R*=0.242, Rye,”=0.00, S = 1.438, F =1.28

LOg(l/EC5oypy): 2.07 - 6.40AHalo + 0.05 ELUMO (521)
n =11, R?=0.167, Ry = 0.00, S = 1.548, F =0.80
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Log(1/ECso,r)= 1.29 - 8.57 aHalo - 0.09 E{ umo (5.22)
n=11, R?*=0.324, Ryes” = 0.00, S = 1.367, F =1.92

FHAPERPPEIRRE R 5
Ethyl fluoroacetate(1) ~ Methyl 3-bromopropionate(6)

LOg(l/EC5o, ADo):'O.314-14.3AHa|0-1.31E|_UMo (523)
n=9, R?=0.766, Ryes” = 0.511, S = 0.695, F =9.82

Log(1/ECsory)=-0.499-15.1AHalo-1.46 E, ymo (5.24)
n =9, R?=0.775, Ryed” = 0.553, S = 0.717, F =10.31

Log(1/ECs,cr)=-0.844-15.8 AHal0-1:37 E{ ymo (5.25)
n=9,R?=0.810, Ryes’ = 0.589, S = 0.667, F =12.79

Ej»-EqZS 25 3 Mf MIm M F B dih TIF LAE] 0 F kAR
Elumo 4% i« » Mi}i\« o

24 S\2 M B E et B 2 5 R B B E S o
£ =&z P Ethyl fluoroacetate(1) ~ Methyl 3-bromopropionate(6) £ # © &% B~
ST A B R end T ] o

4. 5.5.4.3 &+ » Methyl 2-bromobutyrate(9) s £ & + >+ 1> v H A w
% 1954 & 552 & 553 & H & | AT SN2 AR B F el F Bk
fadf & 7 IF 2. Jaw > X BT AR S D2 o
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4 5543 T4 BT AT HE

#cie 7 ( EQi5.23~5.25) 4 4 1+ #ie

NO Chemical Log(1/ECso, apo) Log(1/ECso ey ) Log(1/ECso,cR)
Obse. Pred. Residual Obse. Pred. Residual Obse. Pred. Residual
1 Ethyl fluoroacetate 3.6418 X X 4.2909 X X 3.1188 X X
2 Ethyl chloroacetate 3.2880 | 3.2358 | 0.0522 3.2043 3.2631 | -0.0587 | 3.2323 3.1230 | 0.1092
3 Ethyl bromoacetate 4.5247 4.1963 0.3283 4.6794 4.3324 0.3469 4.3694 4.1286 0.2408
4 Ethyl iodoacetate 48374 | 4.0384 | 0.7990 | 4.8904 | 4.2136 | 0.6768 | 4.6735 | 3.9057 0.7678
5 Methyl bromoacetate 4.3407 4.2205 0.1202 4.4148 4.3590 0.0559 4.2455 4.1543 0.0912
6 Methyl 3-bromopropionate 0.1330 X X 0.3857 X X 0.1306 X X
7 Methyl 2-bromopropionate 2.7420 2.5186 0.2234 2.6458 2.5574 0.0884 2.1021 2.2784 -0.1763
8 Ethyl-2-bromopropionate 2.9682 2.4943 0.4739 3.2442 2.5308 0.7134 2.8569 2.2525 0.6044
9 Methyl 2-bromobutyrate 1.9453 3.2424 -1.2971 2.0307 3.3499 -1.3192 1.8950 3.0496 -1.1546
10 Ethyl-2-di-bromoisobutyrate 1.1318 1.1189 0.0129 0.9760 1.0765 -0.1005 0.7375 0.7348 0.0027
11 tert-Butyl bromoacetate 3.9801 | 4.4078 | -0.4278 | 4.0701 | 4.5568 | -0.4866 | 3.8388 | 4.3613 | -0.5225
12 Ethyl dibromoacetate 3.3737 X X 3.3420 X X 3.1616 X X
13 Ethyl tribromoacetate 3.1936 X X 3.1277 X X 2.7039 X X
14 Ethyl-2,3-di-bromopropionate 3.2028 X X 3.4273 X X 3.1114 X X
X:id& A5 »wjF | ECeo ¥ =% 3 X fkARMM) -

Obse. : LOg(l/EC50)observed ;

Pred. : Log(llECSO)predicted

Residual =Log(1/ECso)observed- LOG(1/ECxso)predicted
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3
g ° .
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W
S R2=81.0% N=9
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Log(1/ECy ¢ ) predicted

B15.5.4.1 Eq:5.23~5.25 ¢3gipl4 b V.S # %4 [ icdh
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% #-H-carbon %~ ¢ imfr Halo A T e &t * » B RgF %S 1L
BEWE

AHZIABHENLZES (4 g2 Halo A T F2 E)
Ethyl dibromoacetate(12) ~ Ethyl tribromoacetate(13) ~ Ethyl-2,3-di-bromopropionate(14)

L HAPERPEPERRE R
Ethyl fluoroacetate(1) ~ Methyl 3-bromopropionate(6)

Log(1/ECs, apo) = -2.89 - 17.5 H-carbon-43.3 Halo (5.26)
n =9, R?=0.948, Ryei” = 0.876, S = 0.328, F =54.65

Log(1/ECspry)= - 3.18 — 18.4 H-carbon -46.2 Halo (5.27)
n=9, R*=0.946, Ryes” = 0.869, S = 0.352, F =52.3

Log(1/ECsp,cr) = -3.31 = 18.9 H-carbon -41.0 Halo (5.28)
n=9, R*=0.950, Rys”=0.889, S = 0.342, F =56.92

BURL ST SRR SRR LB LA A
R A T EAR ] > E MHARK
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% 5544 Fesp A Mdicyp & B AT S §5(EQi5.26~5.28) 4 471t i1

NO Chemical Log(1/ECso, apo) Log(1/ECso ey ) Log(1/ECso,cR)
Obse. Pred. Residual | Obse. Pred. Residual | Obse. Pred. Residual
1 Ethyl fluoroacetate 3.6418 X X 4.2909 X X 3.1188 X X
2 Ethyl chloroacetate 3.2880 | 3.2757 0.0124 | 3.2043 3.2511 | -0.0468 | 3.2323 3.2089 0.0234
3 Ethyl bromoacetate 4.5247 4.1800 0.3446 4.6794 41711 0.5083 4.3694 4.1020 0.2674
4 Ethyl iodoacetate 4.8374 4.8818 -0.0443 4.8904 4.8426 0.0478 4.6735 4.6800 -0.0065
5 Methyl bromoacetate 4.3407 4.1523 0.1883 4.4148 4.1432 0.2716 4.2455 4.0755 0.1700
6 Methyl 3-bromopropionate 0.1330 X X 0.3857 X X 0.1306 X X
7 Methyl 2-bromopropionate 2.7420 2.8192 -0.0772 2.6458 2.7186 -0.0728 2.1021 2.5735 -0.4714
8 Ethyl-2-bromopropionate 2.9682 2.8452 0.1230 3.2442 2.7446 0.4996 2.8569 2.5981 0.2588
9 Methyl 2-bromobutyrate 1.9453 2.5495 -0.6043 2.0307 2.4548 -0.4241 1.8950 2.3358 -0.4408
10 Ethyl-2-di-bromoisobutyrate 1.1318 0.8450 0.2868 0.9760 0.6541 0.3219 0.7375 0.4719 0.2657
11 tert-Butyl bromoacetate 3.9801 4.1201 -0.1401 4.0701 4.1185 -0.0484 3.8388 4.0655 -0.2267
12 Ethyl dibromoacetate 3.3737 X X 3.3420 X X 3.1616 X X
13 Ethyl tribromoacetate 3.1936 X X 3.1277 X X 2.7039 X X
14 Ethyl-2,3-di-bromopropionate 3.2028 X X 3.4273 X X 3.1114 X X
X:id& A5 »wjF | ECeo ¥ =% 3 X fkARMM) -
Obse. : Log(1/ECso)observed ; Pred. : Log(1/ECso)predicted

Residual =Log(l/ECSO)Observed‘ Log(llECSO)Predicted
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Log(1/ECs; Apo ) Observed

O\eo

Log(1/ECsq Apo) = -2.89 - 17.5 H-carbon-43.3 Halo
R?=94.8% N=9

Log(1/ECsy ¢y ) Observed

Log(1/ECy ¢ ) Observed

1 2 3 5
Log(1/ECy ,po ) predicted
[
°
°
°
Log(1/ECsq ry)= - 3.18 — 18.4 H-carbon -46.2 Halo
R?=94.6% N=9
1 2 3 4 5
Log(1/ECsy -y ) predicted
)
°
°
°
°
e Log(1/ECgy,gr) = -3.31 — 18.9 H-carbon -41.0 Halo
R?=95.0% N=9
5

2 3 4
Log(1/ECy, g ) predicted

B15.5.4.2 Eq:5.26~5.28 ¢h3fpl4 ik V.S # %4 [ icdh
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WELTIRE B E T - R ILanit B W+ H-carbon
PR IFES B A
2 HaR R E 7 Bt B4
Ethyl fluoroacetate(1) - Ethyl chloroacetate(2) ~ Ethyl iodoacetate(4)
2R AEZmETY vl BERERF RN S

O ‘—/
Br

Br
Ethyl-2,3-di-bromopropionate(14)

34 BRI S F R AR ML b
Methyl 3-bromopropionate(6)\

Log(1/ECsp apo) = - 0.449 - 14.5 H-carbon (5.29)
n.=9, R* = 0.856, Ry’ = 0.791, S = 0.449, F =41.48

Log(1/ECso rv)= - 0.588 - 15.2 H-carbon (5.30)
n=9,R*=10.831, Ry =0.758, S = 0.516, F =34.53

Log(1/ECsp,cr) = - 0.961 - 15.5 H-carbon (5.31)
n=9, R*=0.852, Ryed = 0.785, S = 0.489, F =40.17

ELAP—\‘HU;}I;L%]—%%Q{ e LA = /\3,%_I"}{J\0E‘Jﬁ-b

Jpl o Mk e ’E%KL“%ﬁ%(WFﬁ%@ﬁp - A
D) AR AR TR BT fod (Ll T 5 2 fp B -
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% 55.4.5 Juap4 Pl @ T 1 S |7 (EQ:5.29~5.31) A 45 1

Chemical Log(1/ECso, ab0) Log(1/ECso ey ) Log(1/ECso,cR)

Obse. Pred. Residual | Obse. Pred. Residual Obse. Pred. Residual

Ethyl fluoroacetate 3.6418 X X 4.2909 X X 3.1188 X X

Ethyl chloroacetate 3.2880 X X 3.2043 X X 3.2323 X X
Ethyl bromoacetate 4.5247 4.0170 0.5077 4.6794 4.0936 0.5858 4.3694 3.8130 0.5564

Ethyl iodoacetate 4.8374 X X 4.8904 X X 4.6735 X X
Methyl bromoacetate 4.3407 4.0156 0.3251 4.4148 4.0921 0.3228 4.2455 3.8115 0.4340

Methyl 3-bromopropionate 0.1330 X X 0.3857 X X 0.1306 X X
Methyl 2-bromopropionate 2.7420 2.5235 0.2185 2.6458 2.5280 0.1178 2.1021 2.2165 -0.1144
Ethyl-2-bromopropionate 2.9682 2.5235 0.4447 3.2442 2.5280 0.7162 2.8569 2.2165 0.6404
Methyl 2-bromobutyrate 1.9453 2.6337 -0.6884 | 2.0307 | 2.6435 | -0.6129 1.8950 2.3343 | -0.4393
Ethyl-2-di-bromoisobutyrate 1.1318 1.0779 0.0540 0.9760 1.0126 -0.0366 0.7375 0.6712 0.0664
tert-Butyl bromoacetate 3.9801 4.1432 -0.1631 4.0701 4.2258 -0.1557 3.8388 3.9479 -0.1090
Ethyl dibromoacetate 3.3737 3.7792 -0.4055 3.3420 3.8443 -0.5024 3.1616 3.5588 -0.3972
Ethyl tribromoacetate 3.1936 3.5603 -0.3667 3.1277 3.6148 -0.4871 2.7039 3.3248 -0.6209

Ethyl-2,3-di-bromopropionate 3.2028 X X 3.4273 X X 3.1114 X X

X5 »wjF | ECeo¥ =%y 3 X fkARMM) -

Obse. : Log(1/ECsp)observed ;

Residual = LOg(llECSO)Observed‘ Log(llECSO)PrediCted

Pred. : Log(llECSO)predicted
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5.6 < }?& E 3
5.6.1 Ethyl fluoroacetate 2_ < lfle-% 2483

* =77 3 gLz 3] Ethyl fluoroacetate(1)2- 4 32454 2 Jf 3t 2@ 2 i ¥ 14
PR AT (T E A B Ak R ) o }I?’?)*Jc[46]3fp»u ’
Sodium fluoroacetate ¢ $r 41 * ?ﬁimﬁfiﬁiﬂﬁiﬁ\ SR N

Sodium fluoroacetate #_— #& % 5L Ak &) ~ A% J\f‘e‘%ll A “/f AT d X
Renfgdr @ R[AT] o o i R 30§ R R AR TR RAFR IR L=
~HRE BN~ g6 s RARR) BB AR > 4 2 ATP T isd
PR £ o A=t F sk 1) Ethyl fluoroacetate(1)2. B # 1438 RI R 2 R #5
&ﬁ%iﬁ@ﬁ%°

43 2 % Sodium fluoroacetate ¥+ % Fe 4~ 487 & chd (L5 &7 F
Hepftags LB RAad BAT S M SR P e p RE LR
€ FrglE s ek & (5% [48] > 30 S mieddenip T S (G£5E (Lemna
gibba G3) NOEC : 300 mg/L. ) [46] - % 7 & swre jiig2 ¢t » H $0 F% f
chi 2. (%53 > Sodium fluoroacetate § < % H fiy BEA 12 Frd H o iR
gl o &a FLEH HF IEY [49]
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% 5.6.14t% 7% Fi#cPh 2

5622 % b SN2 P B E 2 1 ?#L-@}F‘J&

145 SN2 P B F o § R R P Q) F BN s o R
EHEHFIMEL LA RFZ FILFoHR- Bae B ) fF ot 85
FOLBEE S AR A R o R R F B 0 3 BRE - £ 561
RSP SHES 4 T PP R B hd P2 R il e

d % B g B2 AR M TR

ADO FY GR H-carbon RC
Chemical - g 50
(mM) (mM) (mM) A= (mM)
CH:
Ethyl 0—/
] 3.00E-05 | 2.10E-05 | 4.30E-05 -0.308 0.062
bromoacetate o=
Br
CH,
o/
] 0— 4.23E-04 | 455E-04 | 6.89E-04 -0.2916 0.943
dibromoacetate
Br
Br
Br O
BI‘A’_/<
. ) ) 6.40E-04 | 7.45E-04 | 1.98E-03 -0.2765 0.032
tribromoacetate Bi (,)‘—\
CH,

H-carbon % & 7 &&=

: CS Chem3D Pro :* & #ic48 ~ Theory- PM3
WORGR T R 35

Ethyl tribromoacetate > Ethyl bromoacetate > Ethyl dibromoacetate
R

Ethyl bromoacetate > Ethyl dibromoacetate > Ethyl tribromoacetate
o 1 XL F M 4 #ic- H-carbon 2% 4 F g

Ethyl tribromoacetate > Ethyl dibromoacetate > Ethyl bromoacetate

HHERCENM > LRI Z 7 = Bt 5 > g2k d
PR f@;ﬁx  (RCsg i B 14 ) IE;E!&'IEL_%FK&;E R RN I 2L N o =t il S S

¥ ook pLza g H-carbon® 4 T g chbd i > 8 A 2t H-carboni® A T i
R A anF L B R > TrH-carbond® ] o F PAxa o
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e g[42] 0 B R SN2 AP R einit B 2 & 1l
PRLIELH 2 ;gJec‘ # 3| » 2,2,2-trichloroethanol 4= 2,2,2-tribromoethanol
R R A LSRR & 2R kel ~ gt o 2 Ethyl tribromoacetate(13) 55 1
i (BB T) HEEsd YRS Fl 223 F 2R
ARPT I IR IRPEHG S EREL S RPEIRE 5 A
F T TR A= F Bk 2 14§ 4+ Ethyl tribromoacetate(13) 2 # L € X

Rl MR B

. Br )
Br B r C l C l B 4'—<(
r Cl Br 0
HO HO R

CH,
2.2.2-trichloroethanol Ethyl tribromoacetate(13)

)

2,2,2-tribromoethanol

El

B - Fehi o 1% F bS8 RCs B Ay EAT - F 42 F il
R o2 1'% el gk R or o 2 R IRaR ¥t Ethyl tribromoacetate(13) 2. #
Horig = e B 0 Ethyl tribromoacetate(13) 4 € F BFd3 % & R l4rp
Wi o d 3 F B RCso 2 5 & FI* AP % ¥ 1 20 B4 PRiT 5
#wA PR oy (excded F > DNA) BT B el 8 v o 4
= Ethyl tribromoacetate(13) = oulier sk %] -
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LR s B F L )T RS LRERTELEH

1L R PAmis B3 AR flr 2R R ke .

2. METARZAJELNHEEE

3. Ethyl fluoroacetate(1)z. E#g & £+ B> SN2 PR K B 2 ¥ 5

B4 F P EP B R RIFR AR

4, Methyl 3-bromoprop|onate(6)ﬂ}I AMA P ATER L F MR E R R E
AT - BlcE s fPH I PBFIREe FREERT L RRL
2_ 1P B 'l“i °

5. % QSAR & 477 &

(1) " F Jsit 3-8 RCso ¥ {7 Tl cniw i > 2 “,f A TT 418 SN2 A
B~ E & Ap B4 20 Ethyl fluoroacetate(1) ~ Methyl
3-bromopropionate(6) '+ 2 outlier-Ethyl tribromoacetate(13) » = ##;% 2.
AR RE IR SRR 4P R A e

(@) Methyl 3-bromopropionate(6) % R+ p ¥ H & (40 fiess - Bt 4
THF ML A B REHERT I EM -
(b) Ethyl tribromoacetate(13)+ ¥ g ¥ & I| % &% 4t 2 AU = 1B
@’géi%ﬁﬁiﬁ*W%ﬁg$%ﬁT%a@*ﬁ%ﬁﬁ
2 RCso @ BB P W R I % » ¥ a .8 % outlier 0/
_lﬂ °

(2) f1* BAR P SE-ER fE 2R OIS T~ ) F aRA R Y

% Epgmo ¥ M2 diihz 7§ Hf]-a ,rlwrgg %
()it g 5% 2 ﬁi‘ﬁrr&q% B ends & T g A 4% (AHalo) (S G
(b)Elumo 4%-] » F & )IH,\« o
(C)t 3 )& 2 B ¥R A 7 fm 4% | (H-carbon) » ’I}i‘ﬂ °
(d) 1% e2n s T A (Halo)aa | > 4 pda
6. Ethyl-2-di-bromoisobutyrate(10)= 5 &1+ £ (RCs0:128.1(mM) ) » H & 4 7
RCsq 11 2 EI}@&T\_;,. MR TR T ehdp BE M BT 2 HE M pess s
MEIRAF 2 MM R B lag Hipz E% o
7. %32 £ &M 5-
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1. 5 st 48 RCo & &g iRldET A B &% 12+ cnd) B B R g g2 3 1210

TEIFEFREBEE R RS2 AR E B et A AR
b2 g2 RCo o B RLE W F AL B o

2. FEFHFERNE LI HEF AR OATEH B R E R
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