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Table 2.2.1 ~ Toxicity experiment methods '’

COREEC I FERFE REEF RREs FiE R
Microtox Photobacterium 5 min ECs 62
phosphoreum
Polytox Blend of bactria 21min ECs, 407
# & (Rotifer)  Branchionus 24 hr LCs 333
calyciflorus
K5 Daphnia magna 48 hr LCs 703
s 4. Fathead minnow 96 hr LCs 1036
LB Tetrahymena 48 hr 1GCs, ---
pyriformis
@k EPH  Artemia salina 24 hr LCs 333
(Brine shrimp)
& F (Lettuce)  Lactuea sativa 96 hr LCs 296
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Fig 2.3.1 ~ Carbonate system and photosynthesis method for pH balance
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KH,PO,>U.S.EPA #_K,HPO,)> % ** § 7354 > d > NOy-N 2 NH,*-N
i A AT 20 & ISO 4 OECD * «¥_NH, (NH,C1)?; ik » U.S.EPA
# ch] 5 NOy(NaNOs)75 i  Millington er. al. U5 5 p % F & i# § B
¥ F @ {1 NHSN @ $-i 4 £ > 2 NOy-N 7 iz NH,-N 783 3
PARFRTRY ORI - B RBEY RO R

2. A (EDAT) 32 58
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SRR RGEHRZ R L P AR 2R R R o
FI* Mg ~F 0 A% € 4 » - 2 2 A58 A|(EDAT) © 4 ISO

A Y 4o T8ug/L PSS A o e ;;%[33] I 44 4 EDTA -

NTA % ¢ & = § £ H(Cu®™ ~ Cd™* ~ Ni** ~ Pb™ ~ Zn*h)ig 7 4% & i5 %
A PEE & BH RS2 3 BR%RE S o T 5 1996 £ U.S.EPAP

ZROEBRFEFT S AT E2AEABRIAY oA NEFF
HEEERE A AT QAR AT RACLH o

Lin ™t geag 4 dsaskd » € BS54 05T B2 o
% s 10°cells/mLs & 29 % 5 12 ) BF> 4 %] 4 » EDTA(0 and 300 g
gL AP T A ks o 2585 EDTA 9w ¢ fril & £ it
FAL T BB ABLER . Fa B R E A R B o
‘o Lineral M umEd b T g PSS %Y > FAF
¢ 2 gt iR (NaHCOs) ¢ 15mg/L 4% 8 & 300mg/L 44 & (7§ S » % 3 1
FEATHA P L R R L K

57 B HCO, #7303 (#5882 228 - Lin Ve uiei7s w %
RPN PRk ehdtmie R s 10°cells/mL > & PRk T
Ao B A ERELE LRSS ARET > AuH® USEPA
AFHCOER 5 10mg/l)E 4o x @ B2 4 & & e 7 fag4 13
o F BHBLAF R R Y - Eivdwe R A 5 1.5x10%cells/mL >
APRRETFLe LA EFAPPTLE4RBE B TRER
F MR - BRF MG HCOs e & (S iR sf 5 P2 & 2 At R P
Pif- X2 ABH P HHABE T E A AL P

AT 5P 1996 & U.SEPAP2 5235 » 34 =t 58 12 % SR g pr 40 2
SESVUORETE IR S SR & SR A8 A0 Y i
e r B TR 2 (10%)2 AL B > AT F PR A A P2

TArE R ACE FH o
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2.3.5 @.ip) ¥ gL(End point) 2. § B

§% - ATP 2 DNA £ % o ¢ s £4rilen
B R A AR WRHERZ RIEFR P F S T
R L R e A A R Rk

P g S L A s o % 5 IR 2 T (bio-
mass) & € R4 B o 73 chd $ TR W IR 4 S0 € 2 #cp - Christensen
et. al. "hin i v 4 BB RE S Pl S BLRLE BERCE U Sl e e
Bp ) BEREPASFCESATEI AT Flt
R TEI ER TN 4 %?%F“}*"J‘ﬁiq{ii{ (4 P50 > gk 3
B E i S R A L i B G U i M
PR PR PR R A AR SRR ES Rk

Flt o A FE RN P R A E e R (Final yield and Growth rate) %
AE RIUADO) s MR FRER I EER R e BB 0 A P TRPIRER
B2 %12 1 probit HERSER R R R S AL £ Pl

o
ey

<+

~%

/

o

~

~
[
L

2.3.6 Ly BF 7 %

SRR A gk 2 F R Tk, R TATEE | 8
PR AR ET GREDF G g 000 & M F L @ sanpex
FOF B L B ARk ki(Open-system) 0 # — & 5L € 4% BT gk
FrUAIFFEE §F s @I EPRIRCO,) - RF R FH TkR
EUCEFRAD B P E 2 B PRk B Eb) A Fla KR4

7

Bodpfs # 3 3 L BRRERRE NI LR EF LD o
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- HEHAMRRLIBFN AR IR TAAEE R TS -
BEEI TR VLR E T AR
WA BL O RRYF T A I PR o

AES% 2 5 BN BOD AR S ME%K 0 50 2 RIELF M ’F‘rm
ERETFLERF Bt 2§ A KRR M L F(head space)d F
B ORRRC ) 0 Flt A AR%F E BOD AL € R (E S +A )
fem U ED T F 2 F 5 A 3% Head Space 7 & B 4 5 Atk & X 39 Tk R en
e > FALRI I LN CO,— N REFHREF > - & %—i ke B o
Y- 25 QEH R EY RRA G TR R L £ 24 0

24 F ¥ BES 4 A

- B S sehER (e ML R REFCFRT A S
BARR LA 2 Tk 2 A5 o gt b il e At g B B s Tl iR G
—Ae A AR AR E PRI e G AP s N RGBS
(Isomers) © 823 & Hr 45 4p [ e05 < Lo fedg ity A R (ER s B
% 415 ortho- ~ meta- ~'para-)¥>t & 177 € g mfi < g i o

Ramos er. al.'"*'8 5~ (X B 1 2% F 9% (Anilines) e ortho =% P¥ > %
ki Az o BAPMERRANHE =% o BEnsley er. al 'S R E g
(chlorophenols) ¥} /%78 (7 M :R%PF > & foffcna (20 Wb F TR b Arde &
B P o Kim HK er. al"'p) 4 ¢ £/ (cinnamaldehyde)2. B #-4 %
? 0 3§ § 19(hydroxyl) =3t ortho 2. =% P& » H 430 5L B end (9 &
o Yenet. al' v dpn stk B e T A BRER%E o B ARG (1) A4
BELFHFEFNEAELFINFH QL FEEFE AL o (3) #=RE
SR T BP FL T B RF G RR IR ASdRESEE BT
FAPRADEER R T B ST B R R o

Dearden er. al. "3 B~ 8 L F = 2 e 3- B P2 A A Y BB G

M-
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LB A M B FE Lk E T 5 SdicoMcKarns e al g s fi% 4f e
BT R TP G M B RS lp frd L 2B o

2.5 =8 $H-F &M %(QSAR)

2.5.1 QSAR 2 fj 4

BEAR B chd A2 T F A B A S H Y BRBE TS S 2 e
#o R HABLTTAREFRE > P d X FATRL L5 Erendam
G P e - FREAERT AR et 2 R bR R
E8 T m,“l%"’ °

< 1930-1960 &M « 33 & L TEE b 8 g o
M2 B oo @ 3% 47 “formal structure-activity relationship 3235 > ¥ T

Fh**EF2 RAFTFEL S5 58 & 1970 F > 15 FH i
7 Quantitative Structure-Activity Relationships(QSARS) > ¥ B 4o f £ 3 & *
AR A EE T g o e 1930 & 18 Hammett 3% ) ¥ % < Hammett
equation & s & #-SFHEPEE 2 B R (@ e SV R e & 1993 #
Hammett 12 7 £k 75 58 (methyl esters)¥2 = ® L "%(trimethyl amine)2. * J& % %
VORI AR i SRR By M o

Log(kX/kH)= p log(kX/kH)= p o
#t T % Hammett equation > H ¢ g % B~ % A ¥ #ic(substituent constant) » i~ £
PR R R F RS R
% 1950 & & > Taft 5/ * Hammett c£4 > v > 7 B3 2 sl end
ﬁz{[SO]:
0 Es=log(Kx/Ko)
Kx fr Ko # W % & x P~ S A PFerRf2:@ 5 F #icfoil 3 B pFenit £ 4508

® »Es % * 48 % #c(steric substituent parameter) > % 77 B~ % 2 = R~ /) o
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SR 540§ > ok s %¥ o Corwin v Hansch *% 1962 &% % % -
QSAR #; ~ - T The correlation of the biological activity of phenoxyacetic acids
with Hammett substituent constants and partition coefficients ; ' » B oL

Mg Sdc-log P o pt S8 4 5 4 (biological activities) i i { 5 B2 o
BHMS QSAR#««U@’*#%‘*m«#IL S#emiE 22 - fAf > v kAR
B S Bend BBtk o

-

R
LBBEFIE Y 52> QSAR 2 P P L FERE P A ETA 2 TV B b
?1%¢i’ﬂ&éﬂ;u?ﬁjﬁﬁﬂﬁARﬁ$ﬂ$&ﬁiﬁ15wﬂ%:
® ¥t QSAR fi3t 2 Sl LU iR iR A PRI 0 L
2 RN A A oA BREeDTERIE S ) 2 F B E R
® pow it QSAR BN eng B @t rpplE - BT F
Moo H{IR LGP ST A G R FELFTY o
® QSAR LS BT M 2 SIS F S -
oz 85 -2 i2e7 %uﬁrw+ﬁ#?
B ke PRI (T A 47 0 B 2 2 050 A 5 S »r % o
® QSAR ¥R * 2 i licyp 2 Sl ZF KA PEL I
Bk B B R g2 B E SRR 2 Rl 2 4 5
MoRB R B BRI ER T 5 E 2 QSAR #5532 Sk o
McFarland”” 5 * £ 4 Fend i & 4 T 5)a 72 o1 2 (D4
PN BFANTEA Q)F ok BEE DRI ITF o IF R AT
pE

Log(toxicity)'I:A[log(penetration)]+B [log(interaction)]+C

Jin®' 2ok 3 (Daphnia magna)$t ¥ pEx B pmd P 7 d PaRsk o 1o
Linear Solvation Energy Relationship(LSER)4r Theoretical Linear Solvation
Energy Relationship(TLSER) # % % #c#riE = 2. QSAR > HApM £ 5 2 2
(R’=0.35-0.37) » % B * 2. 48 % % Hammett values(o *)% second most
negative net atomic charge on an atom(sq-)F¥ » 48 B 1B % % #% 8 (R’=0.91) -
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\.

d LV IER R OEE A AT 2 1Y & $ (electrophile) o

‘5%

s

252 ¥ * 2 QSAR %#

N\

SHGH - LS E L B B AR 2 LT A1 A5
MHfrwfF - LRFTF R FETiEkE 7 23 B TE R AL
Benies 4 o - dig * 1QSAR Sdick 2 ¥ A 5 T 5S4

1. .73+ % ¥ (hydrophobic or lipophilicity parameter)

22 QSAR H B ¥ i * BTG g Sl io0 B h ke
B fER ~ F Rk A pe i d(log P or log Kow) & ¢ F] 5 gt S8 3 k3

_\—l—_‘*

Mo ERC R A M 2 R B Zl.é(hgand) Brie X E(receptor) it gy E &
Bk o MED T > 2af &5 e P?'j_‘_«f”,ﬁ FeeniEr R ple o v BF
L E PR e RN P AL N TE R S R Y B B T e
F et o F1E gk K parsmeen (v 048 3100 5 B B 4B e
(Pssive diffusion)} B " 4512 5 15 e wcds 40 BB (L 8 b e oo
RN
PSRBT AL - B ES RIBRAR 2RI R AR A TE R
5 #p H3 4 % % Bc(partition coefficient ; P)snE & 5 &2 Tidg v T & 495
B S W PR AL TER &F WAook R4 T R A Tt ke
P= Coy/Caq
wh P h QSAR 55N P g i * 3 e chg AR fook AR kST B e s
i e e p ¢ _Hansch & * § B~ R eh¥ " B 3 ok ens & licis >
LTS F AE? A * G 4%4p  Russom et. al.[54]a‘}i] DiPey AR
log P éhde 7 € 3 4o 4 [T -k ¥ 222 F+ 4p (Biophases) T firps ¥ > F]a 3
H LCsratio (24h LCsy/ 96h LCs)° 3R 5 = ’ﬁ g 3w Al g rni R
Fressvipsgipl it &4 cnlog P d 3t gt 2 fF i plAS 4R BES e 0 ]t 3
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3 o B £ R g R TR g

I A [P o5 [55
et R mAD o

2. § % % ¥ (Electronic parameter)

AT FEET U F SR AR a ok g i o - g Al g

#cé 455 B+ 7 j7 #ic (Atomic charge) ~ & + ik it £

(Ehomo 4= Elumo) -

A %3¢ {4 (Delocalizability) ~ % &+ (Dipole moment) ~ Hammett B~ % 2 ¥

s

(Hammett sigma substituent constant; o )= & = (Reduction potential)

¥oo btz 4Ty Sdyt Ay o - L A B (group) 2 B AR F 4 R
B Tt QSAR euE 2 b Gt st Slic o dp I A B A S

PG BGRI M SR E BT F) TF AL EFE N - LRI AA
("ﬁ‘f T BARAE) o blde s B op Rfa EH (p-)B 1t A ¥ phenolic Bk 1+
R 8 L Y 7 %4 5ophenolic ﬁ_’slﬁ] B g e B g (T B g 4
K SR K

1995 (Atkins, 1994) % 5 5 smergeiesges @ 45 1 > highest occupied

E“’@

molecular orbital (HOMQ)4= lowest unoccupied molecular orbital (LUMO)i&

A B st € 1 )2 4+ o0 [Prontierorbitals | i& B it 30— B A b
S ENY PN ENEY T LT o TR T T R

T pF > HOMO ¥ iv 5 23 % 23 a4 8 R 5 @ LUMO R ¥ fas &

FRELF LA PER > T L I LACHOMO #4 1 LUMO » 71 5 46
HOMO fr LUMO % 7 fi#A F eng dtac 4 frf F B E 4 o

> % (% ) % ¥ (Steric parameter)

SRR f i > F15 AR B PR 3D Rl ¥ s e 2
oo ¥ #icEs 2.2 QSAR e 7 ¢ % — @Ak * Kfy i = Mg
fico @ B AP S BicE 35544 5 f# (Total surface area) ~ 4% 4 = # 4 (Total

molecular volume) %2 % B 744 % (molar refractivity) % o Di Marizo and Saenz

26



IS m 5o A3 Mg d a5 5 adpk kR G g
P AT AR DI ES T EG RS PRFA F

4. & 3 id % % #(molecule connectivity indices; MCIs)

Bo& Ed Randic™erdt &y fr i Lo en @ R g A L o T
MR DR E L gl - ST AN FW S

B IR VTR SEV S Sl T
5. &3 B & i B % (Linear Solvation Energy Relationship , LSER)

il 7% B -5 & £ % 4 (Solute-solvent interaction) 3 ¥ it & 4 $dc> Mz
A+ P E A G At S ABF | (Intrinsic molecular volume) ~ 7% ] i®
* % fic (Solvatochromic parameter) ~ #& |2 & #& [+ i + £ & (Measure of

polarity polarizability)» @ H 3L BE 5 A S 7 5 35 55 @ L8 P75 o

6. &+ % #(polarizability)

E B fHFEMV) ~ 84784 F(MR)E F 3k v % (parachor; PA) i = AP R
2 Sd e

MV=MW/p MW:»3 & p0:% &

MR=MVx[n’-1/n*+2] n:47 &t % #ic

PA=MVxy" v:id 3k 4
HP MRAE ZE* » QSAR » ¥ & B 3 48 # (van der waals volume) ~
%3600 % 4 1347 04 B 1(R=0.92 and 0.97) © MR 3+ B £.i5d 4 i 14 (
polarizability)fr— £ A B hriaitam k> &3 7 Rt ta g 4 > MR
Egef s o 5 Kubinyi™52. % & QSAR e fF= 425 ¢ 4o% MR 2 i
SLoP AT R AR AEE LG F 2 o dr i f BN MM R4
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Iz RmEEe - B4 F & (limit area) o

W

P T
2.53QSAR kB F HF

QSAR =& it 4 & fHih1 B2 - > 5 1 & QSAR % E
LML LT A KEAH Y AED g ;qug— B QSAR s © ap i
F- irldale A dpsE LT & 4 end o Schultzer al 3G 0 B d P 4E
PR G R ADQSAR H 0 LI o & MBI £ S b 2 4R e

d 2t QSAR £:2 &7 A& M4 T 3% 0 Flt i 2 QSAR AW
43 P i {7 A %F o Verharra er. all®''% BAATpE B F it ko gg o H
i yp2 M L F Pt 5 (ToxicRatio; TR) o' f# v 5] TR eh 3 & 5 :

TR=EC,,baseline/EC,,experimental
H ¢ EC,baseline 3 3piR]z Z 5% 'k*_(ba_lseline toxicity) » EC,,experimental
AR FRE -

A ¥ J5d FQSAR K AERLA 2 A F 1 8 - 41 Sdic-logKow ki
iﬁth%&W§é%§ﬁﬁi%Ewm'ﬁ’%”*%ﬁ+ﬁﬂ*¢
= 2L4& 14 (non-polar)fr i@ {&(polar) i i ¥ * (narcosis)e 5 & fAt &4 2 3 1%
= 3 E_QSAR FRp| 24E  Frps (9 * e 510 B > %*‘u{SgTRélO R
BB WA AT S AR IR (T o F 2 0 e R A £ 2 TRZ10 A
it & e ?'Pz‘fﬁ;ﬁff? ¥ 5 F M (reactive) v H_4F W] & i (specifically acting) » ¥
Bt 42 pKa =6.5 B> BIzE Bt 2 4m & (uncoupler)2 it & 4
(621

Russom ez. al. "Yp] 3 4 A 2§ 2.5.1 ehd 4] > 7 A L - e
(General)fr#* £ 7 (Specific)? ~ #F 3] o — Axft 4 o Edg Jpps (7% flwmie i
AEFTOEE P ABREBIPF A THIF BEA S U € FY e
chir T i B b & $rdl# 2ehF i o Hermens'™ (in OECD, 1995) %1t & 4 47

R &4 = v * #f ! Class I inert chemicals ~ Class II less inert chemicals ~ Class
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III reactive chemicals ~ Class IV specifically acting chemicals °

Mode of toxic action

Narcosis (General) Reactive (Specific)
Non-polar polar Ester Oxidative Respiratory Electrophiles/ Acetycholinester
Narcosis Narcosis Narcosis Phosphorylation inhibitors proelectrophiles inhibitors
uncouplers

Fig 2.5.1 ~ Classification of toxicity mechanism in aquatic toxicity tests

peeh s B Al QSAR ST iRME e A T I £ P o doié
logKlipw- /& %% 5 fe-k % & 7% Be(membrane lipid-water partition
coefficient)B~ % logKow » Bl # & o a2 Bdrahon i £k — 4@ 0.
Lipnick'® 44+ f ie 7 QSAR 2 47 B+ - # ¢ 8 5[5 oufliers > 7 4 418 2.5.1
5467 e 1
Schultz et. al. "33 % Réspiratory uncoupling g2 =~ n‘:ﬁﬁ'ﬁ"’ PR R
SRR Fl@ R T ATPERS & (e fwbe e ex ¥ 7 X 3258 @ Respiratory

inhibition R| § # i fne ¥ R FFRETERD B FLE T i et o
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Table 2.5.1 ~ QSAR % {7 ¥ houtliers # (454 4 5F &

1.Excess toxicity of electrophile nonelectrolytes

Nucleophilic substitution: allylic and propargylic activation
Nucleophilic substitution: benzylic activated

Nucleophilic substitution: a-halo-(C—=X, C=X)

Acid anhydrides

Strained three-membered heterocyclic ring

Michael-type addition

Schiff base formation

2.Proelectrophile noneelectrolytes and excess toxicity

Alcohol dehydrogenase activation
Monooxygenase activation
Glutathione transferase activation

3.Cyanogenic noneelectrolytes and excess toxicity

Cyanide release via cyanohydrin-like toxicant
Cyanide release via monooxygenase activation

4.Excess toxicity from multistep or multiple mechanisms

2.6 L & 1T g P

v & fenie & 42 1R M B2 (polar narcosis) ~ 24 14 55 2 i
(nonpolar narcosis) ~ 4fi& *¥ A 8 & (phosphoric acid respiratory uncou-
plers)£ 7 & % (electrophilic)e" . +% {2 (nucleophilic) i~ F % - #13 5 % 1t
Bk d i A R PR IR R Y g AL S B R s
o A F R g IR A R & 4 8 e R 2L e
3 i¥ % (interaction) > H J F] a3t 4E$ 1 R (B B fg T8 B el

L OITIO8T s s e wyey Ty iem At F Moo

Tl 2B M B AT cn L B At § AR w2 5 531 e
PR 2T Ak T 5 A SE [ (baseline toxicity) ' > @ W S - R
FRFFAARAIBI ARG 2 R L AP ACKES T A PP T
FRsig 0@ 2 Al wﬁ‘ﬁ“°ﬁﬁﬁﬁﬁﬂﬂmz@ﬁ# 1§
£ # 4 (Excess toxicity, Te) k #%%| > /T* LR _Te 5 PRI F M5 | p ¥R
BlE X 20 (o F Te<2 PFAH 5% 2 4B 2R M R S v s F 2
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Te>2 P H 7% 4] 5 *E’ilv“ﬁﬁf ;f@ (701 o E i L I %v“*ﬁﬁﬂﬁ;*;f@:fﬁ )
Pl fapeiaitic 4 Ba4ER 2 45 EF TG A3t EFER

o4 o RIALEE 5 2RI A 0 Glhefib 47~ BRATE g &4
2.7 Surrogate >t 5 3 2 £ + g #

dORIS I ERE R REAE I AR R RN e
Aot E - a4 b A MRS R

{z'

A CF RS RN T - BEAR LSRR L2 4R

‘v
A A E - A R THAL SR AL LA EPE . LB
APt PR RRRE e TR ERRES H Wl S kTR
i MplE s Ea BRARM Fod PR BERE AR ML I RIT A

EATE R A Sl TR S St jE(Surrogate) - B AR A %‘-k—‘i—ﬁ“%
A RIFPIE S S AR DE R F RR e

- 4L E % & 4 surrogate e im0 T g

(DF g At AL RERenTR B g ¥ 0 Venk o B g A R (2)F
@%%Mﬁﬁﬁﬁﬁiﬁﬁﬁi“@ R BRI i B

Fenk oo 9% 2 PArippt g P (R it~ g iz o B

blm 3 o F e ao@ERlad FEp otk RIRER L ERE S LAk o
AP REFFHR A A N EEr RN A PR T2 ER S A 2 e
PR G BN T o A T 4 3Nk g g ke TR P %

F) L oMk BTt d S AR B kR o
E &7 fhsurrogates TR B2 {8 0 A PRT LRSS Y FRR
$ 2 FF chAp B 12 > Blum and Speece” i A iz 0 T A B R
® ARG A BT RFBL o
® U By AT D hF e T B JF & PRSP o
JulieRet. al. “'vu g ¥ ~» ¥z FEAE S 127 1 L4 A4t Bonat g
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e

A (Poecilia reticulata):& 7 QSAR 2. # % » (5| 7 45 2 3% Eﬁ?ﬁ:;‘ (R*=0.85) >
B 2R RS B 2 PERET G L SR 0 FIetan G RS R
A d 2 BB A2 F G %448 o Glendon D er. al.” R 12 100 f&1* £ 4
¥ B & s 4 (Fathead minnow):g (7 QSAR 2. 47 5 » 3 IR ?{ R B
fz b F (e 3t g 24l d )2 4p B 12903 (R’=0.93) » @ $+MT 4L & 4
2 AP MRS M(RP=0.78) » Ft3n s 4 S el e R e R SY
M2 EAE 2 BN S 448 o Dimitrov er. al P FESE R A AE 2 S BiE
(7% 1258% 0 '8 0 T Bhoutliers 2 7F > A SRR G5 B2 BR G 4
149 B 14 o Di Marizo and Saenz” 33 % 12 FEEE T W4 o8 D g PRk
F5 0 A RPRREF AT NLRE > EEFF WY logKy i B 0 A i
FELREA %ﬁ%éﬁ?u.u NERERER T S > NPT uF
- B R T TS o TR ERES PR 2T EET (7 o Di
Marizo er. al.”"" &%= T % 8 3 Briberingii 4- P. promelas i §8 & 5F $
- AP F kA ahadhE B % F 72 4 e log Kowsr] 3t 4 ehpFE s o B

iberingii “hag s (448 % P. promelas >
2.8 Acute and Chronic Ratio (ACR)

FPRCEFFLRRE LT TGERY Y O R LEFFEEDF LR
Frlch o 5 fR* A3 HRRRFRAREY BE LHPE - 7
R F A A & D& B F 120 [ (Acute and Chronic Ratio » ACR)
X Z &G US EPA % ACR th¥ e TioE s - 7 F &% b
ACR {2 (a subset of available ACRs) %2+ & % -k §4 % & M &% - ACR &
S E T g Pk 4 R4 % (LG4 k4 423 % (NOEC or
LOEC) o 3+ 35 = ;84r T

Acute toxicity
Chronic toxicity

ACR =
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s

riEd ¢ oo 4?%§iﬁ%1kﬁ$@%g%@ﬂwﬁiﬁw@o
% 1982 # » Kenaga "4+ 2 P a 5% kY @ ¥ fid sz 2 7 LCy %
Md 42 MATC 2 BBl % o i&m j8 @ IR0 > 1 ¥5 #1455 ACR
B - P ELEEBPER R oA P e RS 3T 1994 &
Mayer et. al"'cng s ? 3 0 # * fiFd 3 B EdET SR E NOEC 2
MATC g o @ % European Center for Ecotoxicology and Toxicology of
Chemical (ECETOC)# - i {4438 % 304 chge B (& 2 @b ~ 5 ® & H
2B AN b o RS F o HIEE A~ 21 7 ACR E A4 %
27 % 40 2. B e @ T 33 ACR 8 B #3423 22 2 fF -Persoone % Janssen'’’!
BB KRR ACR s S F e fiefe Y B4 Tz 1 3] 20000 ¥

2

j
al "N B 3 B F F T SRR TR h R BSR  $erg hp fE
fois B ki & RSl N R TSR % & iR 90% 4 etk 4
1 NOEC &7 » @ — 43 Fg 4l - 5 4 RSk b+ 12-25 7 & FE R
% 4 # NOEC &7 o

BRd o XMachF P ERFARRY s HriEr chp %G B
B L ADIER Ao B Fae RN (L EH TP R T - B ACR
TEREZTAMFIPBZTFOM G 2 T RPED2ELE BF P2

SR et - ko B EAAFRARGIREY S AP FH T

=

e 0@ & = FR i ACR B &1 31000 = A& K2 §_1< > 50 - Linge et.

Roex et al. "' #2000 & pF > PR R ITE g hE i F 4 %“Ww\wﬁ i
o A RS R BT By R ARSI E 95 08
*11.8 » @ B R iR B4 TR 5 258157 - v @[;L;
PG $3T A a7 B oKk 3 ¢ thee-brood test {2 AT ISR AR AR 1
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B fehgRd Bt EA Y 5 7.6622.74 2 2374069 0 TR £ T AT oo
it ﬁg—ifé\fﬂ‘_—f ’ACREﬁfEf@;g’ﬁ %;ﬂ:rion;%tbi(y} ’;‘}';”ﬁé_ﬁ"] e ,ﬁ?

S - F Y ER IO
2.9 Solvent control

BRFA AR o FRELA LS TR AR
o - g SR AR S B PR RS OTE R A ERRL D
e ka Al Lp- B F&P - pUFHA P RG-S B0
o B ERE AT L

I EE2 AT WREFI IRk 3+ 23] 100%:57%
fo ©¥ A M AR AL ALF IR

2. T4 Ped MiEERT 2%k ik 7 A #|44 BB (solvent control)Z. A

2!

150 AR ML F S f MR PR Rk BB -
3. @A TE AR PRt R ARt E 2 F
thy AT e
- hd A M REEE 2 AR e 527 L7 v(Dimethyl
Formamide, DMF) ~ = 7 %R (Dimethyl Sulfoxide, DMSO) ~ = ¢ = f%
CM%WWGM@H%Vﬁm%MMW%%ﬁﬁ&mew\gJA
FJER: F A= 9,100 mg/L » DMF= 10,410 mg/L » DMS0=33,500 mg/L °
TEG= 92,500 mg/L - m &%= % 2. DMSO :i& {7 solvent control z_ 4 475 % ¢
% 2528 5% 7 ECso~ ECjg 2 NOEC & o @ il {74 {Hifshw ek & 7% eh
fe = % L M-¥ T EEAES Y 30ml 22 DMSOGE B =1.0945x10°mg/L)® » £
#-30ml 2 DMSO *c » BOD g} 4c 4 33 -k fff# - o b2 DMSO k& 5
109450mg/L > @ #ig (74 (235 pF4e » 2 DMSO % £ 5 ImL > F]* &
4 E= 2 BOD #gp 22 DMSO ik B 5.8 5 364.83mg/L > '# #% ECs)
ECjp% NOEC & o d o ¥ Favid>r 3 g% m 3 3 A2 4 HEER < -

P
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Table 2.5.2 ~ The solvent control of DMSO in algal toxicity tests

¥ EHEF P DMSO F= 4o km P % & (cells/mL) : 15000
MCV (um3) : 40.67 D (um): 4.267 Initial pH : 7.44 EDTA(%) : 0

T(C): 24 Test duration : 48-h

Conc Initial DO Final DO Final cells Delta DO . . IR IR IR

pspecific  prelative

mg/L mg/L mg/L.  cells/ml mg/L ( growth rate) (Biomass) (DO)
Control 09167  3.736 251900 2.820 1.410 1 0 0 0
21525  1.206 2.096 69600 0.890 0.7668 0.5436 0.4559 0.7695 0.6844
14228  1.096 2400 103900 1.303 0.9676 0.6862 0.3139 0.6247 0.5378

6931 1.006 2.870 124550 1.863 1.058 0.7505 0.2496 0.5375 0.3392

3283 1.046 3216 177200 2.170 1.234 0.8754 0.1246 0.3153  0.2305

2189 1.076 3.446 188100 2.370 1.264 0.8967 0.1035 0.2693  0.1595

1094 0976 4.006 235250 3.030 1.371 0.9720 0.0242 0.0702 -0.0744

ADO : ECjp=1516.8 mg/L » NOEC = <2189 mg/L

Final yield : EC;p= 816.10 mg/L » \NOEC = 1094.5 mg/L
Growth rate : ECyp=2369.3 mg/L.> NOEC =-1094.5 mg/L
IR : Inhibition rate

Biomass : Yield f (Final yield based on cell density)
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Jis

F2FCArEH

3.1 F sk

B IPRHLLET LI/ )T T REARDBFERAR

it DeltaDO » ADO) » 3t 7 4 3 M Esg L & v a5 C)fI* &
fm R SR B Y 0 3R 8 & [ B 4F growth rate v final yield (R

AR R T

c1 .

(D35 ER S ZBPIS IR > 3 5 %5 ADO adrd| 5 5 2 ¢

Inhibition.rate on ADO = 1- ADO,
ADO

c

ADO# 7 F 4 440 AJE b+l B 15 i3 §
ADOG: % 7 f& 7 e b o ] g B ot A ot 15 073

(2) *FT it 7 EATS MRSk e B oAb i fmie B 5715000 cells/ml > F] gt

"k ve SR BoEn® v 5 BLRI S BEREE 5 2 4 3 8 growth rate ¥

FH
Inhibition rate on growth rate = 1_M
In(N, /15000)

Nidom § i ded HEJY 0 S e MR B
Ng# T & 7 A F Proenfr ) B e SR i

2

AARERT

I

B)AF 3 A& 4445 5 3 P8R final yield shg2 5

T 184 44 %47 final yield chdrd| & B j2 4o

Inhibition rate on final yield = 1 - N, ~15000
N_ 15000

Nt: % 7+ 7 7 dvd PR B R e e SRR i

Nc: 4 7 & 7 4 F g R e SRR dic
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32 ¥ * cnH - & BN

Fé_"%ﬂ’ r’}*ﬂygﬁ'rg’}ffé;"w-l—k fg’s ‘i—ﬁk\i:’gk'b%
AMPTRRE S SAlY AR LEEAF BH G 2 wd g2 P
B hE o BT A B2 F B T (Dose-response curve) » H P ox fih i i

PRR A ydhi KRR A o 3 BRRERY > XIPLIFIIBRE

i@ 50%+r4] e - = 0 PIFE 5 ECso ( Effect Concentration 50%) £ LCsy
( Lethal Concentration 50%) -

APME AP FREONEF M GAoB 3.2 7T o AR P AR

SE AR P2 A A & B B E e ST g 0 R SeAl o g
MePp X o A2 M ASES EF T3 Likdo]l > P 0 AR A
3 kR ORI Atk [ ikE miaﬁz% 18 7 8 R e S e Bg e o
foadrdl S G 05 e B 1S 0 RMFH RSP ER > LA B

A P et & hL 35 0k B (BCy) e

0.5 §
04
03 r
02 r
0.1 r

Inhibition rate

concentration of test chemical

Fig 3.2.1 ~ Dose-response curve of common toxicity test
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d TR R R E B R ECs X3 F R ¥ Y E M A
#eS A S RE pr S JRFR Y B AR O I R 2 AT
OSBRI E R M RES  - B R E R M RS A G
Probit ~ Weibull ¥ Logit = & > @ % 3.2.1 4% Weibull ~ Probit ¥ Logit
ZHERPELREAT AN o T L BN 2
1. Probit : % & ¥ * 7@€ -F R (dose-response) izt » H & 4 43 4
P Feny L RA® G % 4 7 (Log-normal distribution) » F]pt 12 ¥ fi A
R EA T ARSI PHISFER(BE)Z LR (HE)
F Jlsd #o o Probit #4455 ¢ > 3 M W2 SANE AR F Bd AL 4
NED ( Normal Equivalent Deviation )seale 2. & %> 2 ¢ 50 % #r4]Z% (P)
# /3 NED scale + 85 0> & 84.1% PI¥/&+ 1> A NED scale s
HE4e - 5% Probit &2 P H =Yg (Y=NED+5) § Y=5
¥ 27 — 2 DRIGRH R S A 0 B DA Bk A
ECs o Probit ¥ 87 & Ji 582 3 1% k| 8 7' 2 gt Bl (ko™ -

Y=A+BlogZ 1)
(Y -35)

V2

HY Y % Probit 2> A~B 5 & E-F pd M2 AL %7 53 14

P=0.5[14erft

)] 2)

PEHEER (Emgl) P LZR@EFFEHIBFT2F B (4o

F= X% Hi %) erf % error fuction °

2. Weibull ¢ % # % -5 &4 A #_ (Mechanistic-Probability basis ) fi3¢ »
FERBEIPPF T FEIRREIF 2 XML B S Gordeiw
@k logit Beb APl ¥ BEKAMS T E LA PMP XWMAESL LR o

3. Logit: d Av &y g Ealay - AR KitsEr Y o
* #if% % & J&( Enzyme Reaction) - i * >t g #.i* ( autocatalysis ) 2 i
FFr &
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Table 3.2.1 ~ Weibull ~ Probit ¥ Logit % % & 4 % 3¢

Type Transformation Probability density Probiblity of response P
Weibull u«=1In(k) + 71n(z) exp(t—e') 1—exp(—kz") =1-exp(—e")
Probit Y =a+ flog(z) 1 t? | t? 1 Y -5
CXp=tE, ——)dt =—(1+
o e _Immexm y)dt = (1 erf (=)
Logit 1=6+¢In(2) 1 Lo
4 l+e %z 14e”
t
h? @
COS (2)

Type Probility of no-response Q

Transform vs P

Transform vs Q

Weibull  exp(—kz”) =exp(—e")

Probit w0 t

? 1
J,sexp(=dr=— (1= erf (

Y -

5
\/5))

Logit 1 1

1+e%2? 1+¢é'

u = In(+ln{d —P))

Yi=5+2erf '(2p-1)

P
1-P

1=1In( )

u=In(-1nQ)
Y =5+ 2erf ' (1-20)

1-0
1=1
n( 0 )
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33 AALEf4 K

AN EERAY O Hiww Rapand R R HE - pr s S

— =uX
dt

He X 224502 (- g Lweicdrz )ip 22855t
AT B EF2TFTF AR CER YA B2 AR B ok X

P~ g R BARARIIUN > PR AN R AR E

AN ESRE A g R RE T 7 Steady State ) PF

(1)d ;ggﬁga 4 % %ﬁrgilfﬁ? (B Zigs S
%§=pX—DXf(p—D)~X

He oD s RS (day-1) Trin g & 5 i fg 2 v 80§ ks
P T EAE R E R A u=De
dx

= =0
dt

R R RS TS E e R SR L e )
2 A

(2)d F BN 2 A F T gEe 8T
ds X
— =DSy—DS—pu - (=
7 0 ue( % )
He oS ~imATER (mg/l): S 5 krud T a ki "L
kR (mg/l): X 5 kg TH R ER 2 5+ FE 2 % & (cells/ml);

Y 5 £ Fl=wz2 4 & Gdico

RNl S
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X
Al D (So—S) =n (7)
w10 X=Y (Sg—S)

Himax S
(Ks+S)

£ ¢ Mood’s equation > p=

RN

Bd o a2 RF Uy p BV RF K p A foy i (0

1
LT ey F BT R R B b B R 2 AT
R Sl o

41



34 A ESR

Pl s kAT E BREs% e EC B g2 7 RARR dREL

Biid 4 F A 2 ECso A i F 4 Fendpstd 1 § 54 - ECyo 8
’fﬁ?’ 1 'q‘/%)i—ﬂ‘#’('&\."ECm)‘ﬁ"‘ #’mﬁ 2'?‘3’

AT HTEL % & A
FlUt R e F PR TR A Y LG REESGY AL R 4
BT 03 N B &2 247N o AR L B RS 42 S0% s Rk

e 4
f'} {ﬁ%mlL%}}i&%T\H EC5() (mg/L) ’ ’T’ 1E‘.f—r§,\| ’}'3_;\‘ mlﬁ%

AR A ET 2 G o 1@ Gitest K iEECE it i % ( goodness of fit )

d$HE A RRT - R i GREL RO TR ik 2
¥ o5 i & ek 3 W best fit) - G el 23

B Tt U

3

G

6. =23l
i=1

fi
Faeific f AR EFHRE f HEWNZHYE

3.5 NOEC £ Cut-Off value

3.5.1 #] 2 NOEC 4= LOEC

BhE - BHETE R erh s TAR A2 F AL PSR

# % JE B | (no observed effect concentration, NOEC )
Bend Mk R

TEFESF LR

( lowest observed effect concentration, LOEC ) & £ & |4
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PEHZP R P ERR S B BEERR - NOEC 2 LOEC 42 % #- 2
ERFERFTOL R (RJLe) Sipflleant o b syt P £ 3
TR FARE RIS o BH R > BRAEFFTH? L A (B3) A48
Bfeipdlieil £ 2 a1 Ad2e A { kA GUIL e B 24718 8 ioiy
Flleg st P LB R AR Ak R & 5 NOEC: @ g2 e B ek B
#% LOEC - &4 F 1% %3 = i Dunnett's test » FF 44 &0 2 k& % B

Tad M E REdlEant o A5 AR E g FRE
3.5.2 x35¢ %@ (Cut-Off value)

2707 fad b AR AL SRS R (Rt A 1T R A4
E B2 35 G gk RS AR A P AR S fidn R NOEC %
ECyy i » & f|* T3¢ %75 ( cut-off value )i 5 i # NOEC & EC( s E B
$3BEo T3¢ YrElE A Pt - w2 T2 s ot s T
R i R R R h T 35 Y dRfE ot ¢ T 7 4p ) NOEC 41

e P2 FEAERE R 3 NOEC 2 T = { 4c P &g > HbH 2304

T 1
I 357 %718 ( % reduction )=?XSW Z'-l_nl x100

T: & 4 #7% (2 one-tail Dunnett’s test %% ¥ 2 & 5 5%2 % &)
Xe ¥4z TiaE > Sw i ep P2 T34

ne,ni t e pJgR e € AF Rk MKk o

3.5.3NEC

FF e 4rdp 0 5 0 B 6 IS NOEC 2 ECyo *h - #5 &%
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2k & (No Effect Concentrations » NEC) e NEC i & v NOEC 7 [r e & _
AR 272 o2 @ 3% P NOEC £ 71 % % ¥k~ 7 (ANOVA)eh=

F#eh o @ NEC BRI &A1 " w §F 4 17(Regression analysis)z = i #7 {7 o -

3 ONEC 2 & 5 - 2Rt eniat o H A & FRGK “BLIp 3

ok BES-cfrik B R - W B ahsUPRR B TR LS - dp Bl e
MG e G dREE R SRR § B R LERF TR R
4o 3.5.1°3.52 %71 > c &7 5 NECeo a igdt 50 53§ F F%v’
H R AL E G 4R Fehd Lo blde T segmented regression » multiphase
regression > regression with changepoint /2 2 regression with breakpoint %
Fom gt iz N RONEC AR 2 24 3 2 F#7 4
#HAEE o Fpt s A F RE S A4 Karsten and Narindwr #7# )¢9
i A kR 2 RB Y Bhen S BB M B 40 0 4p T TR BB E AU
M AN s o Br RAEEREE P Eaug & x o g d NEC ehiE - m &

B i en2) g7 R) 8% ¥ Paulsson e al, B 1395w 8 24 08
(1) w fF# S kg g B(P<0.05) -
Q) Bxenrd e g o kR BUEN 1

TE AP F - RMEM G A AFY Y AL A 24 T ik

HREPEYT 005> aTEPEYE 0.016-
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E(Yl)

E(YIx)

Fig 3.5.2 ~ Mean function of exponential decay
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4.1

RRRA 2 PR

% 3 BOD 4 (2% o7 f ank i B

1.

PN

BEEF EREAT X NI EZ BRI A 24T FHFER -
PR S R RNl E s N A

K R FAEFEBEL DA FAELEBEEREAY LY LR
RiERGEe R iBip o~ BT A FARE L S8R (Milli-
Qplus ) e d® 2_ 3 37 /K o @00 B EE € oK B2 % I B = 18.2 Mega-ohm
(MQ-cm) 17 Bds@* o

REXEPRRSRT R BAAL A FARZREAH S0 7 &
2@ om e~ §54E0 A4k 5 R ok x5 X% & 135 x110
x135cm > B & fg i 120cm £ d & F kEF B L o TGl
# & (EIRSTEK'2 & > @152 S103) d&do<# A ¥ <> 100rpm > # 5 &
£F 66 B R o B A REEWEFEZAOLAERE 244 C o 173
BRI AN B AL PRI

PFAARBERFre U ABRIRLEFEETRY 23 F
125ml > Erlnmeyer 2. = & 485Y -
YFDEREPHIBAERE B YA RE A LAy o B
LEePrEPer QA5 5 ¢ 2 COnil a HEFRHFS ETT 28
Foo E R W TR H S RE

SFEAREA R 2 F AL AR g S 22 5 55 18em
ZHB[EFEoMA A S F T RGERT TN 2 2 e
B-vrmabfzt e A 2 3 a@o- FRFRAFa v
R S T RS
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10.
11.

12.

13.

14.

15.

16.
17.

pRE Ao Rt IR S R RS A K EX L il L
Hiew SR Freems §5 AT -2 FRE53 WL FFL UK
e i g §lf @ p &~ EYELA = @ > 332 MP-1000 2 % &
B EEY AATIRASB A LSS 2T AE
§if g 807 # @ Materflex 2 & > 3150 H-96400-14 - $5:% § 5 # %
HE 2 23R PHELPEAH2LB L2 I PR%2L 5% -

RBF Ao LRy R - okERr Ry R
FIAEF AR AERIRF AR AR AR IREEL

#] & 400ml/min o F TPFILEREERIE LE o

ZFRIEER RIFR D B a ﬁé A U u;%fgb R
/F’g -0 i‘gﬁt ,%\gz; °

ERNAT IR &B - & 1@k Skl pdmefice @ % Coulter
Electronincs =& 2. Coulter Counter >-A] 5 %2 MULTISIZER 1I » & 14
5.06pum HR RS R KT o f2 g 50 2 100um 2 fIZE o AR
B it % 100um F°j52 phIg-p 0 ERIZUAER BUEH B 5 2um~60um
T2 AT @4 2 2 B L PHI-650 2 & F 7 %G 4§ XP
(WindowsXP ) 2_ 4% ;% ¥ e & F 4 P2 $e B #7 7 2 fc 18 (Multisizer
Accucomp V. 2.01 ) K& 73kt @iz A7 % PFv B 2T F 3
%*&%i&fiﬁi%]ﬁi TP EEAT

BOD #% : 5 4 Mi#sk i * 2 L33 Bx - @@ * 4 300ml > £ /< 8cm
2. BOD #agsig e F SER v i HIFFLE - @ ¥ 0% kg2 550
WLARFH P FEEr > AT FBLRL - BHPN L

42
5
wbL ©

L RBlE3 &% TOPCON A4 > 3|5 IM-2D » ¥ = 5 lux o
gedg 2 (pH) B =& @ # * Suntex = & > Model SP-2200 2. pH ] _
&k AR £001-
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18.

19.

20.

21.

22,

23.

24,

25.

26.
27.

AERETR: F®E YSI 270 52 T %% § Rl T %k » Model YSI
5100 > *itF Model 5010 i3 ¥ ] ¥4F 5§ (BOD Probe) - # IFFFInA %
FRFREE OV UHEHESEFEE B F R TFF
0.0~60.0mg/L » # & & % +0.1% o

RBF*FHBAL: 7% 7 05%C02 2 FRF M § f2¥Rd
99.9% » W F REHEAE 5 6m o H ANE MY A AF 2 3 F B0 B AEER

BERSZ AR A 7 - B RIP2REBNELI A
600ml/min -

BORBFRE CRFRART WA 1022 2 HREUT oI BT
%”‘P"%#ﬂﬁﬁ’ﬁﬂf—ﬁﬁﬁﬁﬁﬁ’—ﬁ%%?jw»
B FRINEF o LSRR ASHITE S TR > R %
UM FE R e

REAHFT D iﬁ‘éﬁ.??‘@li‘éﬁ”LaminarFlow#;%f%; PN OH
KB P L fEiERR g R R IEL

# BJf - ¢ * SINKUKIKO 2 #5458 ULVACG-5 * G-50 2§ -
* iR R A 20 ISOTONII 2 * o

7kt @ * Whirpool 2 /kfa " H®#L e R - F 52 ¥ £ B3 4T

22T 0 T e

“.

ﬁ\'ﬁﬁf- . i * HIRAYAMA = & » A%, HA-300M ﬁft v Bk BR A
T iE 1.9kglem® > B A4 5 0.0521m3 - & * priE 2k 25 38 (121°C)
BB (Ll kglom®) ki FRE > XA HF R Fr &7 FhP R R T
= 15 248 -

Wih @ Memmet o P2 W4 0 R EICRIB B b o PR R
XL 52+£1TC -

AT e 2RI E R 0 AW Precisa 205A > # /AR I 0.0lmg ©
ZE%F: #* SOCOREX 27 AXHi B> % £ 5 100~1000ul
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3 0.1~5ml = f4 -
28, i R Y2 e R fh o B E A AR 2 * Gelman Science 1,
A5 66191 2. 0.45um g % > g Isoton II FFi¢ * 60301 2. 0.2um jg
By o
29. QSAR ¥ $ i+ $ ¥ K AT
o @ikl (logKow) d % Mk %% # & :H WSKOWWIN V1.41
program 3+ & {8
e Erumo % Enomo B4 Gaussian 98 for windows ® = ab initio method
(2A 4B F L F302) @ F o H B4 5 L 4" ChemOffice
TR mﬂi%] IR £ ﬁe?] » Gaussian 98 for windows 3+ &
Boii@yufsant @Rl it Fd gL 41% ChemOffice
B3LYP/6-31G &7 level F &-i* E}?#ﬂ%ﬁ&ni (LRI =1 ;kﬁi.%] ~ FE o ﬁ.g]
* #12 Gaussian 98 B i Tl a8 5 iz uF 8 (s rifeni % 7
# = & Alpha occ. eigenvalues & T 3 2% it &3 ch EHOMO & > @

B ] 11 Alphavirt. Eigenvalues £ 3 % it & 4% 7 ELUMO & -

w2

AP AREJ)* BOD #gi(7 20 f 5 A 4 F Bl 5 BEEHE(F T
FE)ePEsE 4 % B%HEEF2mun Mt > F - run 2 €4 0 F- £
e TiLoAWIAE B X2 P T fod £ 5 5 BEIP|IYE B(end point)iE 7

H-db2 3 Em- 9%4 52 Pt iiticd 4110
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( ): purity

Table 4.1.1 ~ Physical and chemical characteristics of benzaldehydes manufacturer: Riedel-de Haen

Henry's Law
Solubility Vapor
Chemical CAS No. Formula  M.W. Structure Enomo Eiomo LogP Constants
(mg/L) pressure(Kpa)
(atm-m*/mole)

3-ethoxy-4-hydroxybenzaldehyde AU
121-32-4  CoH,00; 166.17 @_/; -9.402  -0.498 1.58 2820 1.38717E-06 1.10E-10
(99%)
3-bromo-4-hydroxybenzaldehyde %
©7%) 2973-78-6  C;HsBrO, 201.02 Q -9:636 , -0.691 1.83 1330 7.16259E-05 5.57E-10
7% ‘
3,4,5-trimethoxybenzaldehyde T ,
©08%) 86-81-7 CioH04 19621 ‘i@_// -9.297  -0.563 1.39 1490 0.000150721 2.78E-09
o M
4-ethoxy-3-methoxybenzaldehyde e
120-25-2  CyoH20;5 1 180.2 (@i’ -9:217 -0.420m  1.63 1160 0.000493512 6.24E-08
(98%) et
3,4-dimethoxybenzaldehyde s
120-14-9  CoHc0; @l66.17 7 -9.263 -0456 1.22 6320 0.001467197 4.70E-08
(99%) e
4-hydroxy-3-methoxybenzaldehyde e
121-33-5 CgHgO; 152715 Ho@J" -9.367  -0.509 1.21 1.1E+004 1.5739E-05 2.15E-09
(99%)
Benzaldehyde Vi
100-52-7 C;HsO 106.12 @/ -10.003  -0.435 1.48 6570 0.016939461 2.67E-05
(99%)
4-Nitrobenzaldehyde o o
555-16-8  C;HsNO; 151.12 }N@—// -10.834 -1.674 1.56 2340 0.000472171 5.30E-08
(98%) ©
2,4-Dihydroxybenzaldehyde o i
©08%) 95-01-2 C/HeO;  138.12 -9.459  -0.565 1.53 7640 4.94E-06 1.83E-10
(g OH

50



Henry's Law

Solubility Vapor
Chemical CAS No. Formula M.W. Structure Esomo Eiomo LogP Constants
(mg/L) pressure(Kpa)
(atm-m3/mole)
2-Chloro-6-fluorobenzaldehyde ’ X
387-45-1 C;H,CIFO 158.55 @J 994 0876 256 - - -
(95%) g
2,4-Dimethoxybenzaldehyde He—o
613-45-6  CyH,00; 166.17 4@,5“ 9425 -0.482 1.87 1450 0.000158724 4.70E-08
(98%) d
3,4-dihydroxybenzaldehyde Vi
139-85-5 C;HsO; 13812 HOQ -9.24 -0.55 1.09 6310 1.54723E-05 1.45E-13
(99%) ub
4-Chlorobenzaldehyde P
104-88-1  C;HsCIO #140.57 Cl@/ -9.907 © -0.736 2.1 1340 0.024408829 9.95E-06
(97%)
2,5-dimethoxybenzaldehyde e ,
93-02-7 CH;(O; 166.18 @—// -8.878 + -0.419 1.91 765 0.001467197 4.70E-08
(99%) o
2,5-dihydroxybenzaldehyde - o
1194-98-5 C;HsO;  138.12 @—// -9.058  -0.686  0.54 1.38E+04 1.55E-05 1.83E-010
(98%) o
5-bromo-2-hydroxybenzaldehyde . o
1761-61-1 C;HsBrO, 201.02 @—// -9.506  -0.818 2.9 100 7.16E-05 7.01E-007

(98%)

oH
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Henry's Law
Solubility Vapor
Chemical CAS No. Formula M.W. Structure Esomo Eiomo LogP Constants
(mg/L) pressure(Kpa)
(atm-m3/mole)

4-(dimethylamino)benzaldehyde

(99%) 100-10-7  CyH;;NO  149.19 )@J -8.541  -0.178 1.81 2180 0.000491 2.14E-007
(%
4-bromobenzaldehyde R
1122-91-4 C;HsBrO  185.02 B,©J -9.934  -0.813 2.6 314 0.003415 5.35E-006
(99%)
5-hydroxy-2-nitrobenzaldehyde o=
42454-06-8  C;HsNO, 167.12 >©_« -10:294  -1.459 1.63 9870 5.07E-06 5.51E-012
(98%) ¢
4-ethoxybenzaldehyde ,
10031820  CoHy0, 15018 . O 9312 -0.341% 2.28 1610 0.003828 1.05E-006

(99%)

& 2 "FHFYLEFHALEFH S HEL2Z RELE
VOCs 2. % % 5@ ## &>10" Kpa; 3 4% #(H) > 10~ atom-m’/mole
Ly &L A F BN 10°~10% Kpa; 10° >H > 107
PHEFMR GBS TR FF R 10°Kpa; H< 107
® 760 mm-Hg =1 atm =101.37 Kpa
® Eyome * ELumo data from Chemoffice version 5.0software (MOPAC program, AM1 Hamiltonian)
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ﬁ-‘.ﬁ%}#ﬂ‘} mpé%"i‘#p—-#’—" #’ﬂ,ﬁ"”ﬁ ﬁg-‘{g ﬁg—‘:ﬁ ,?71“::_7’_;}'% ’,%.:I‘:J_-_*%
FRRE 3 52 mg/led 0¥ 7 EEaFA 5 SER k2 G 48 T AR

BiaezZ BHEMRY > g0 7 TADMSO)E 5 aH 0 #- xR 2 ¥
FEde » B9 e Bl g 2 pF 3% o Willford WA v dp 29 4505
DMSO # 4. i& {74 129 % ¥ > 2 96hr-LCsp .9 3 33,500mg/L > & » 7 (&
Al AR S FR R AR BA o AT

% %P8 Douglas W.Kononen et. al.”*' - Pia Arenberg et. al. 17 i# i& {7 » v it
AR EERTE R o FEWHFI TR 411 22 arss
;% (stock solution) » *iE F 9T Z ddide R o M0t F R kR TR EPF o AT

Weng B TR 3 RAAL LR Y > BFLRTH 3R T FRET

'T:’,’\“?Ifﬁ )
FETHF F2rUER (LK) ™ 18.2 Megaohm 3 3 3
4o x ¥ 50ml 2 4 7555 ¢ ki % BOD ¥

!

43 H-(DMSO)

d 3 F U OBEAE Y ¥k o F e » 4 B3 k¥ BOD #g ¥
}ﬁd DMSO # % 2 # (9 30m (e » £ H 57 Peh- &)
L)y mg LI $ G 2353 24
R 2 F T AR

v v

v
# DMSO(30mL)4 » BOD
RN I R RN S
IRrokIREBENER
X & B BOD iy

A 4
R TRREETLEAFEEF  THERR
P RREALERF AL F R R B 23
TE e 24 ) B

A 4

@ HPLC & COD-w ¢ = % § ;‘J&D

Fig 4.1.1 ~ The flow chart of stock solution manufacture

53



F R EL

AFET P R f e Mg S A K Y% %% (Chlorophceae )
11 % (Pseudokirchneriella subcapitata) » B x5 H fw¥e ~ S ¥ A8 (e 7
Wi R G - e R 5 40-60 pm’ > 484 & 2 0 4] - U.S.EPA »
ISO~OECD %2 APHA % H i~z Jff4 5% > ¢ @ % » Fms 8

W A2 - o AP B2 EAEMp Y University of Texas, Austin °

43 F %™ FH

4.3.1 32 % A Frope il

AFE Y AT LB K AW A
B EAeT ol
#7571 ~7 T4 i (Stock Solution) &%ces1ml 3 7 900 ml & &

%5 US. EPA #32 $ % A Fuws pe

TR

Fokd o RHFED 12 o BEY OIN § 2 k& NaOH & HCl %
A2 pH 31 7.50+0.10 0 * 475K & Ris B3 4Tk i o
1. AEL4h BT H % 1 A3 12.750 gNaNO; *t 500 ml 2 35 -k o

2. & V4EpTH

o

f#

12 6.082 g MgCl, - 6H,0 *% 500 ml 2 5 -k

3. F S4TPFH R G B fE 2205 g CaCly - 2H,0 3¢ 500ml % dt ok o

4. By & BpTE R ¢ & pe® stockl (1009 EDTA) ~ stock2 (109 EDTA)
Fr stock3 (0% EDTA)=Z 537 I Sa%LebT & 5% > 100% &_@ * 3+ 50
BAERE oA AR R A REERY 10 R F R R

4 EDTA 2 B¥# i o & 50enfieid 5 4250 T 5= 65 54 ~ 500 ml

FYTE NS
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e 92760 mg H;BO; e 0.714 mg CoCl, - 6H,0

e 207.690 mg MnCl, - 4H,0 e 3.630 mg Na,MoO, - 2H,0
e 1.635mgZnCl, e 0.006 mg CuCl, - 2H,0

e 79.880 mg FeCl; - 6H,O

herfs o LA 2 AL A (EDTA) > @ #7% 4veng 4o !

e NaEDTA - 2H,0

stockl : 150 mg Na,EDTA - 2H,0
stock?2 : 15 mg Na,EDTA - 2H,0
stock3 : F e

5. FRhdERTH R 13 2 7.350 g MgSQur 7H,O *t 500 ml 2 g ke o
6. FAfE T = 47T H % L Af#E 0.522 ¢ KLHPO, 35,500 ml 4 g3 k@ o
7. RREL & 4 ETE R AR 7.5gNaHCO; 5 500mb 2 33 k@ o
Hers FRZMEF B RIREAN 24311 22 432 ¥ £ AT R F
2 0.45um PRI  WRA R Y A AR AR T A 4T 2 8

IR R e SR BTy A 2 R ISIAT -

Table 4.3.1 ~ The'consist of macro-algal medium

o kA 2 LAt P RER
(mg/1) (mg/1)
N 4.2
NaNO; 25.5 c 514
NaHCO; 15.0 '
Na 11.0
P 0.186
K,HPO, 1.04
K 0.649
MgS0O,-7H,0 14.7 S 1.91
Mg(l, 5.7 Mg 2.9
CaCl,-2H,0 4.41 Ca 1.20
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Table 4.3.2 ~ The consist of micro-algal medium

o Y -3 LAk RER

(ug/L) (ug/L)
H;BO; 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,Mo0,-2H,0 7.26 Mo 2.88
FeCl; 96.0 Fe 30.0
Na,EDTA-2H,0 300

432 R Fr FEEREH

P B i€ * v N R ZREZ TR AR e e 0 RS p Kok
5360 BT KA 10% 2 @A (HCL) =9 5o — B/ P> 2 (5 F
r gk (NayCOs)p i d e @ el % p kKb e 5 1 6= isf 13 ap

FokitiE 33 4% FEOMEEY WS CEB R Y BT AEE T

T
-
"
5
3
frm
v
)
R
=8
K-
e
ol
~
aQ
S~
o
8
b
O)
f—
([
3
"
T
>
—_
3

!
Y el
A
w
w®
N
%’y»
W
Sk
E/\
s
&
¥
B

E P IEgg I oo

=

433 e kR2ZAK

B*HG Lo F R EF LR EZAE BENETBe ¥ >k
BHE A BEAE X 25k U EE BT 2 Ri5ARENAfp2 }
FREFHN > REBRT B4E e 2 £& % A 64.5+10 uEm™s (4300
+10%Lux)x$wl?§lp\ PR SR B2 GFEA 0 2 433 R AN Be kR 2B

S B Y B4 {8 5 67.50uEm”sT 0 B @R 5 60.7SuEmTsT > @ T3 E R L
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64.79uEm?2s™ » H 2 ¥ 4 10902 N > @ CV.iE 5 1.929 o

Table 4.3.3 ~ The display of luminosity upper the shaker(uEm'zs'l)

63.25 63.00 | 63.75 64.50 | 63.75 65.25 66.75 66.00 | 66.75 65.25 65.25 66.00 | 66.00

63.51 63.75 | 6450 | 63.00 | 63.00 | 6525 | 66.75 | 6525 | 66.00 | 6525 | 64.50 | 64.50 | 66.75

63.7 64.50 | 66.00 | 64.50 | 65.25 65.25 66.00 | 65.25 65.25 64.50 | 65.25 66.00 | 66.00

64.50 64.50 | 66.00 | 6450 | 6525 | 64.50 | 65.25 | 6525 | 63.75 | 64.50 | 64.50 | 66.00 | 67.50

64.95 66.25 65.25 64.50 | 65.25 66.00 | 66.75 65.25 64.50 | 6450 | 64.50 | 65.25 66.75

66.00 64.50 | 64.50 | 63.75 | 64.50 | 65.25 | 6525 | 66.75 [564.50 | 64.50 | 64.50 | 66.00 | 66.75

64.5 63.75 64.50 | 62.25_1:63.00 | 64.50 | 64.50 | 65.25 | 63.75 64.50 | 64.50 | 65.25 66.00

63.00 | 63.00 | 62.25 60.75 61.50 | 63.00 63'.75.. 63.75 62.257 | 63.00 | 63.00 | 64.50 | 66.00

O 68-70
B 66-68
[0 64-66
[0 62-64
B 60-62
0 58-60

B

Figd3.1 ~ A Ets2 %5 X B % & B(E = uEm’s™)
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434 Fag2 B AHRIE KR
F % 4 48 Pseudokirchneriella subcapitata ?i& {7 S o & Jf 538 2-7
g 3% & (pre-culture) & 2. T 32w *& #8 #f (mean cell volume)if | 39-46
um’ 0 @ A e e i Bl 1.9~2.0x10° cells/mL » At iE 2T A B AR e
FR& e R R RFRFALLIHBRIRY RBITE R 220 - B
I v A 4o hE_stockl (10096 EDTA)» & i A58 £ 7 32 % &IPS
¥ 18_stock2 (109 EDTA) » ¥ % — 50a fadh b 4o & = ¥alife s = 49
PR R ARSI L o A REFRATY 2R T A
ACT s BAY e BA D2 BB 83 L 5 FE R 432

;; i% %ﬁ‘% v ﬂg-’ﬁ %l'd— ], 'Z:# Lln[33]h‘—r/i—i’ :‘Eé mp_,, [, jgf’? ’ fl/;{ f;l‘ -&\_"

LR RifaB A2 33k 2242 1CFiei7 o
2. KB I ENLERE P RERFARR L 645+ 10% pEmsT! T i
(70 PLiE r 2u kR SR e Lk o

3. 0F “EEER CBEREGERY - L2 ER 03 HREKEDN o

4HCO; k& : 15mg/L e

5.pH : 445 pH % 7.5+0.1

6. EDTA 3 £ 1 100%5_i * *t 51 FesgpF > @ A 8= 9 B X &
R 10% 279 %A@ * 2 7 EDTA 2 p7 &
i e

7. EBRPER D w L NP

8. EAEA AT AR ¢ 1.5x 10 cells /ml

9. J=FH# 5 1 100 rpm ©
43.5 ISOTONII z_ g
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ISOTONTII z_ &% 3 & T 5Z T F I HB2ET 3R 2 T3
SR e BB PR o BePE > 4T % 233 % % % ISOTON II- ISOTON II
ehpe fl £2% 20 2 2 g ok P s x 200g & 40 (NaCl) > #4128 &
By RUNTEFREEETR > TF R L ET R S 17Tmmho - B EE
® A M0 17mmho o RIE BBte » & 4 HIIH 0 FIET ARG
17mmho ; 48 F > 4r% FHF A AZE T 17mmho > PIH M 4e » 25K 0
#1235 > FET A% I 17mmho #EF A E 17mmho 15 £ 12 0.2um 2

4.3.6 COD-* ¢ ;3 & 2.pe ]
fetllw 7 B & 500 mL egtIg g 18.2 M Qecm A K i L5 7% frit

W oo RS BARHA K o AFATT ég;ﬁgk AT 2T RiEE Tk

EAE TR A R RRER A T e B )

1. Fame ) AR % 4913 ginE £ (L5 103C iz 2 /)
FE) o4~ %) 500mL iEAR Y B4 » 167.mL krifs 333 g A
A REBIE AAPER R T E I AD

2. FRPAIEA 1Y 25L EEnpE 4N D5g mip4owE 103 2 % (&
MEREERESR) ) REARAR 2I5[E -

3. COD ##73% @t fLP 0425 ¢ & & 120C%icifEE2 - " i
o (KHP) i3 f3>v##k? » %83 1L KHP 32 COD &3

1.176 mg / mg » # ;3% 32% COD &5 500mg/L -

437 THIHRFEFR TN A RE
BT AR EEY 7 - RAR 2 - WEF AFERERR LS

ISOTON I -8 #e &% (& 4037k ) R & WS R RER - LR B
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g TR RIG - v e ®2 ] a4 5]~ RISEE (Aperture) p o ] 3t 5
p

HRAB FAALE LA E P - R g P s E p

poEdd T3elcEealpa 0 R iﬁi-p’“‘#lﬂi%]gi T o AR
3% (Multisizer Accucomp V. 2.01 ) & {7i&— #H s 37 o T F 3kt F 2L
BIEFER TAT A 434 AR %Y 100pm 342 L w3 o
FRECEF > P~ Iml ek B~ S0ml 2 £ Fgp 0 £ 4 » ISOTON I & 50ml »
Rigw kA Y o B O AR E R R e AT 2 G el de ' 30 A e

Beim o T [SOTONII 2 # B BBz @ 2 F 2 Zibp L Z%F’ 2T iaiE o
Table 4.3.4 - The-conditions of Coulter Counter

78 2 T B

A% AR E  (Full scale) 10mA
&+ (Polarity) +
@ i (Currents , I) 100
& T 2 (Diameter Lower Threshold , T1) 2.177um
# B+ *T (Diameter Lower Threshold", Tu) 6.975um

% % B B & (Attenuation , A) 1

% e < 2 & (Preset Gain) 1
E A #42UR  (Alarm Threshold) OFF
34 /& (Orifice Diameter ) 100
it £ (Orifice Length ) 75.00
A3 500uL
Setup Manual
Kd 924
Size 5.00E
Size unit um
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EhaAE

MU o
SELEhats & | REREEELCHRkETRY
BB LR RE

BERGASAEN REARE
NLEUH hiaf Y
A L ES
NEREgE A% (15 EDTA )
ERER B =1 A BRZR BU
Bl 2HERLRE
FRETEMBYFERAT
Eilmig280-90 5
(4216-2(x1Ccellyml )
BUTRBARE  dnEE
BERERE RATHEH
%?Kﬁﬂﬁﬁ?ﬁﬁi%@
AEROBREL(LS oy’ BRI
~ B2t BARR %
\ X ARARRE=] I IHELARLH
1 #*ﬁ# A @%ﬁﬁﬁﬂ
ZEBRB SR
B

5B A 22 Cel
Density -+ Mean Cell Volume

phE - BREERA

y

AFRUERZ AL LS
A-RBHEELRIAR 444
HERKE TRELFFERR

Fig 4.3.2 ~ The culteur steps of algal
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4.4 fi%jﬁf%‘}ﬁqﬂ_’_ N -;4;,%_)3;;{ T_iE 1t

Wk T is@f’?’ﬁ W g o BP9 RE%F 457 170 COD-* 4 2 2§ %

HPLC z_& - ,rrr/,,\wj;j‘ff‘iggﬁv@;y Bk A e it

44.1 COD-w* ¢ i
AR BT COD--d 2 R RikR > HY B2 4 miEE Tk
PR T E BRI R PR R B2 0 & CODER LR AIHE

e
2
av)
%
Y
[

s

Fed 47) kA $bx % & (600nm) #R] o B ViR ¥ U pELE A 150 T
FET AR RS LM R RS LS ke i g g R
i # & COD R R B ER R LA Ik R e ik (7 25
TR 4.4 -
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Fra B

a2 £150°C
v

ZEI0mL s34 (HACHS ) 2hi$#)%

v

HaN1.5 mL & 45 & &7 4 1t X F

v

HaAN3.5mL 7

=

AaN2.5 mL X B K R AF R S
v
ﬁU%_ S

3B AR KI5

Rk B
v
MHALE R ECTARE 150 £2°C a9 ho#h B

)

B NEE

1k

HACH#%;

v

A féP
HHACHZE M A

27t
GX

\,

.0

O\

b

v

2y
29

(3*

00 nm &9 E

S
o}
e
P

442 3 i

Fig 4.4.1 ~ Setting and operate step of COD-colorimetry
TRy i

% 48 & 7 ik (High Performance Liquid Chromat-
ography, HPLC)
1. 3@

HPLC | * fk S-2rdo4p ~ FAp i o B = ]
BAERTHREY P2 8-
HBAp 0 G b TS fodo4p 4

EN = s AR ’}fr % Column & 57

N s
o & & > HidiF Column PFig
63



i T L 0 R AR R B RE] S R R R
- - AR F 2R A EAAAG R EDE T IR R R AR R
ooy WORIE W RID R BLRIY R € IR 7% - (Peak Shape ) >
9% ffr 3y TP BRI St R T 0 e e 2 R BT
Etra 2 Al MRl BER By o mEY GREL B ETe M
(Gaussian Curve ) o ~F Z4p M 4 2 K ) B 40k 441 -
Table 4.4.1 ~ The analysis conditions and apparatuses of HPLC

1 P S - R

A5 (type) Waters 2487 Dual A Absorbance Detector
Waters 515 HPLC Pump

A 3 4 (column ) C18-4.6 x 150imm (Type :T91971L)

g% £ (loop volume) 20 pl

##4p (mobile phase) . =2 & 60%¢ & +409 2 4+ -k
W fel Sedg LR T R e AR AL
o3 0 1.5 ml/min

¥ /R4 (pressure ) £ 650 psi

moplAE (L) 300 nm

A F PR (run time) 20 min

2. & AT

o MEAPTHRESENEFFELL > Bk N 4CH K

o MWL FRRTE Mok B -

o FEarpEo kiR (MOEREZT ) B EHE LD > N

REHESE S HPLC 2455 B9 » & 44 o
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3. HPLC # it # 7

£ 4.6x150mm 2 F

A\ 4

ZE T

T Fixeshkn

B i % ok Sk i ip) B e D2 B iREx
B B AT ABET LR
AT

%ooB 60%2 % +40%2 4+ -k fe
w2 R

y

A 4

sniE sk 30min

A 4

®oow A 47 @

1. W& % 300nm
2. Fg PR L 20min

A\ 4

2 10ml &+ F 48 ~ 5 A PR P G B
A 20ml > P i R0 pump P20

ZEUAALFLETRAILE

h 4

# ) SRS - 4% Autozero 4T WRRIE B BT R

A 4

TR RAAFRETHRE LR

A 4

ERE L T N

pump ¥ > {7 AT

A 4

AT W F 1 Peak 2 0 ff 0 T i - ) REFHK
A2 kR o 14y Iml/min %% 30min 15 B

Fig 4.4.2 ~ Setting and operate step of HPLC
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45 BB S FHA LR 2 H R
451 %> 2

%&@f%f‘i‘f—%‘ 'H’.'?,%ET ’ v’tﬁ_{g_@é £ % 7 ?iﬁku/ﬁ-&‘ﬁ‘g—ﬁ—* e

oB»¥ '1?11%" el kR R RTEAR
BooF AR BRKR DT R Y DR Ry s AT
i PSRBT A BERRFFRR IR o F AT

2. FeNE A f—?gﬁﬁgi’;é;}—;ﬁﬁ‘ v F feengr gl s R A5 ok R Pk
;i’@53€§*9ﬁ°&§ﬁwuﬁi‘%ﬁﬁﬁ$\u£i£$,

Pk BRI % 2E (End point) » " 4] % Probit #2801 & B F b 4 RS i

= 50%%r 4] pF ek & (ECs) °
4.5.2 7 %% 2%

kAR s B Ll e g P R 450 S RP SR

FPFHEAATELRFIB T THEHTRERDY - 22 x2x 8

FREREER 40T S
- X

L 233 KRG - d e st e TP Byl
1% o
(1) #&
e 18.2 Megaohm 33 &+ -k
e pH meter
e O0.IN# 5 *4 (NaOH)
o A kRFEAE (2 FHAUT rHL~05% CO,+99.5%N, 2 &
BF AT F SR J R eRF L)
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/,U-7J( thlj/-f—;k
TRV EHAF B

<

PN 77‘7 ,’9“ g
BAE /&é@——&é
bkl R A R

L L

A B R NALEE A P
RREEA A=

---------- Silicone tube
ifdh  .atBREEy -
i Peristaltic pump =
0000 ? 1
i .
O O O O i Nutrient solutior
0000 ac W . -
ﬂ/ Orbital shaker : : Light | EQ
0
e | |
RS s :
Drai = i ] i Membrane
Toxicant ; i - i fiter
Solutior Poa ! i
v A — i
— Oog H
O-oo H
W B @_“
Optimum algal solutior C v>
— >

\l
\ ) Analysis of algal numbers

and mean cell volume

% Cylinder Magnetic stirrer Flow meter

Fig 4.5.1 ~ The flow chart in close-system algal toxicity test
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(2) &R

B AR OKBFRAE EAE DL RS ko E G
NaOH # % pH &2 7.5 20.1 > £ # WL FRF 15 A 4(4-H]
452)c RFehp nE LT MY EATY 23 F £ H 4l CO, ik

BooRF Mz 7 HmE X5 600ml/min 5355 6 A 4R G (8

W

BFETHRITI0OmMYl e Rig#T o2 FFE L o

Flow meter

99 5% N,

0 5% CO,

Bottle with faucent

Fig 4.5.2 ~ The diffuser system of deion-water
R RBER D AHBI AR 021 H T BOD HLF R T i e
(1) &%

o =ERHEEYF (US.EPA) £ 23 1 i (4 ch ¥Lpr i iR
e 100mL "&+4r5
e REWMEFTEE
(2) &FER

Bo— AT A 4o r HORFR R 63mL 0 B ¥ 13 77 EDTA &
BHEBEFREP 0% EDTA> o3 £ 4 r B2 R HARGARE
MER R
FAES Pl A A AR AR LT S EEURE (steady

68



state ) > R FF * 3 H N F B F 5 o
(1) B&
o ERAFTFIEFEEN 'y FEHIFC ARAfrHEE)
o 50mL % # 3
o 50mL &+
e ISOTONII
o ImL:ZT B
(2) &R

LMt BB oS 5 30 A 4815 0 * ISOTON 16 jm k3t 8 B ¥ 3% 2k
Po 35 & S00uL 0 n e el Bk B B0 R 0 £ Y TR
F 2R ImL SRS T % 4o » R R HEY. T 4 » ISOTON 11 £ %
SOmL > £ is) » 4 A) ) 7 L8 R Pl L fapI = = P ISOTON I
3 & (Nisoton ) $UZH BT 4 4 B ET ) 373000 £ | = = injgsp
e P (Nalga)o & (5 72 ks #icp (N)> § L% #4# (mean cell
volume,MCV ) #3] 3946pm’ -+ & N-iE 5| 1.9~2.0x10° cells/mL > %

L

PEET A R -

cells (Nalga = leoton) cells
N ==
( mL ) =1 0.5mL )

4. BOD #(i#% @ e e ~ 4 33k~ § £ B fcd F 4o » BOD Y -
(1) B%
e BOD g

x50

e DO meter

o R end B okRF - F A B steady state e
e RAXEZUENERTR

o« %

(2) &7 A
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A ul4e r BOD #L¥ # BBk R b %A S 15 x10°
cells/ml» 2 {8 L g e » B F 432 04K RIUGEBIGH 2T 25 2 A
Fird PMBDI PSP FUEDNETORRE - F R -FAATZ S
P F oy A w4~ BOD ¥g ¥ (80 RIE 2¥L23F B0 ARG E
i@ (Initial DO > DOi) > #d &3g? BN £ 2.4:7% (9 Iml) > 3t
Hodm s iR e %R £ F 5 1.5 x10° cells/ml » 2. 75 #- BOD #g % »t32
AP @R R BT c PRI AER 24 £1C > kR K
AT E S TR 3R S 645 £10% uEmTs 26 4 ko BT
F % 100rpm °

¥z
TUTE 2 o BRG A RmR A ] B 1S e SR
5.% % EfrpH Rl T a5 £ Rl 48 | peis & BOD ¥ 273 % &4 5
B %75 ¥ & (Final DO DOf) e * 37 @5 R F % % - B ks &
(end point) ;% % Fr#| % saraw data.
(1) B&
e DO meter
e 18.2 Megaohm 13 #+°K
o HaH
e pH meter
(2) &R

#-DO meter probe * 3 33 Kk £ % 3B 4L i

o
o
P
i
)/
wol
o
)

¥3 7 € | Final DO (DOf) > ¢ Final DO /&4 Initial DO ¥ & 3| - 4 ¥
£ (ADO) -  DOf —DOi=ADO -

6. FeBcp 0P AR ECE R RF B BOD AR SR e R A L
1 ~F %% - Bfc% = B end point % biomass {v growth rate & Fr |
F e raw data. °
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(1) B&
o REFTFIEIEE
e 50mL % # 5g
o 1L 'E4x
e ISOTONII
o ImLhz i
(2) 78R
#-BOD 5% ® i Lig» - Lz ? o L #-BOD #x7 £
iR e Y o B @S T ImL ECER B
St e » TR FLP T4 r_ISOTON H & BB w5 %R o B H 4= 4ot
»ehehimte 2R 1.5%10% cells/ml 7 7 me B g it § o

7. 38 ECy ¢ i probit it k3t & #;%F\%VF'FH FELECs, & -

=
a
b1
AR
(\x.
Pt
bl
W
T-}ﬂ

7 (QA/QC)

bE P HREARE 2V T REEREAL 0 0 BRF Ky
LR FAIFH DR VTR R R R ERY > TR R DR
FFH L BRI 07 R AR AT AR RN TR
Boo T L AFRETFEHE RB D 0 TRDRERAER 18
1. & ¢ ®:

SRR R Y R AR E KL 0 F X1 ml &R BB
BARZ Tme i MCV % 2560 8 0 58 B > 2404* 1
guF o F 5 1 L/day(D=0.25) - % i34 $8% AR ¥ T5E T § = BIRER
AR A7iTF % - B 4.6.1- B 462 % algae cells density 2 mean cells
volume 2 & ] -

2. REzH®R L
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ET S EER S A S EE Y S At S L RS

BHRE T AEA R

KRR RRBPERFL A AR GRS RR AT K2R E 0 4T
MERFHREFZLATBEI2H e XRAFI - R>F o A0F %97
BFL T HH 109 o
SRR D PERFLERBEA L (MEHFTR ) Fy € £
) ISOTONII # § & ~ ¥t 27 % & f ISOTONII # ¥ & % -] ** 300

#* 2 kR L 64.5uEm7sT

PF o 2 R g% is ¢ ISOTON I1 # i 7 Bofi # ek » i kBt 3

}?—‘%BB °
DO meter : 4o % EH& T fEREZ PliTL 0~ ¢ B EI 1% F Ap iRt

BR o F AP skEE B 2 [ # CLARK-TYPE 4 3M § it
o R et AR _

pH meter: 43,4848 § MoE S F 30 E& o BF 0 F] AR - B (pH =4
and 7)H A & K3 90 pF » PIES RT3 0.IN 2 Bps2 ¢ o

MR A R e e
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mean cell voulm

—a— cell density —— upper control level
—<— lower control level —x— upper warning level
—e— lower warning level

3.50E+06
3.00E+06
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Fig 4.6.1 ~ The quality'control.of algae cells density
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Fig 4.6.2 ~ The quality control of mean cells volume
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Table 5.1.1 ~ The raw data of algal toxicity test about 2,5-dihydroxybenzaldehyde

Conc Initial DO Final DO Final cells Delta DO IR IR IR
mg/l. mg/L mg/L  cellssml  mg/L  Mspeciic  Hrelaive ( growth rate) (Biomass) (DO)

Control 0.710 5.810 2.873E+05 5.100 1.470 1.000 0.000 0.000 0.000
11.66 1.210 1.550 5.470E+04 0.340 0.650  0.440 0.560 0.850 0.930
8.750 1.030 1.940 9.890E+04 0.910 0.940 0.640 0.360 0.690 0.820
5.830  0.960 2.450 1.489E+05 1.490 1.150  0.780 0.220 0.510 0.710
2.920  0.880 3.710 2.175E+05 2.840 1.340 0910 0.090 0.260 0.440
0970 0910 5.520 2.662E+05 4.620 1.440  0.980 0.030 0.080 0.090
0.490 0.850 6.130 3.022E+05 5.280 1.500 1.020 -0.020 -0.050  -0.040

EC50=16.47 mg/L (DO) IR: Inhibition rate

EC50=14.26 mg/L (Final yield ) = Biomass: Final yield based on cell desnity
EC50=19.97 mg/L (Growth rate) =~ ECs, valueisiconducted by Probit model

# 5.1.2 % 12 probit model &% 20 #&.% ¥ fEaf 4 172 = fAELP| ¥ BT
B2 Fespa sk idy o B Bdp P |27 ECs e ~&E F M e A2
FE(a)% A F(B) BB ™% % (Basedon ADO) % % # 4 #c§ (Based on
Final yield) 2 # £ Z(Based on Growthrrate)2=%* i* £ = BLP| % 812 {5 ok

L3 W TR T2 s bt 3 Bind & 5w d B 5.1.1 0

fom @avo gt w gpd BISILS ZRS. 10272 o Mt B & iRk 2 dk
BAE L - e ok R-F M G

FHEFHIFFIMGLRRR T O FRRIE FIBELERAA
AR TE AR HAZ M2 PR A PRI o 0B E SRR
ghpk > H ECs & d 1.457mg/L(5-bromo-2-hydroxybenzaldehyde) T 157.3
mg/L (3,4-dimethoxybenzaldehyde) > # % # $» & 2. ECso B % * 5 1.209 mg/L
(5-bromo-2-hydroxybenzaldehyde) = 64.56mg/L.(3,4-dimethoxybenzaldehyde) >
4 £ F Pl 5 1.654mg/L(5-bromo-2-hydroxybenzaldehyde) 3 162.1mg/L
(3,4-dimethoxybenzaldehyde) = d _+ i 2 B (27 1025 ) > 57825 2L 5 9 AR
R A AR 0 M 3427 FAF IR RFLA BRI SERM

‘m\H
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Fig 5.1.1 ~ The toxicity response of the algal three end-point
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Fig 5.1.2 ~ The special toxicity reation of benzaldehyde in algal test
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Table 5.1.2 ~ Median effective concentration values(ECsp)based on three end-point

EC 50 unit: mg/L.

Toxicant based on ADO based on Final yield based on Growth rate

ECso 95%C.IL o B ECsy 95%C.I o B ECsy 95%C.L o B

3-ethoxy-4-hydroxybenzaldehyde 22.34 19.31-22.34 0.024 3.775 11.72 10.70-12.75 2.025 2.782 22.68 21.07-24.50 1.809 2.353
3-bromo-4-hydroxybenzaldehyde 10.40 9.686-11.49 0.679 4.248 6.391 5.911-6.833 2.106 3.591 11.30 10.37-12.78 1.768 3.068
3,4,5-trimethoxybenzaldehyde  21.79 19.75-24.22 1.277 2.782 17.59 15.86-19.55 1.180 3.067 35.00 32.82-37.74 1.094 2.529
4-ethoxy-3-methoxybenzaldehyde 13.09 12.31-13.78 0.1451 4.351 8.453 7.074-9.830 2.371 2.835 17.98 16.52-19.62 1.790 2.557
3,4-dimethoxybenzaldehyde  157.3 126.7-201.0 -1.183 2.815 6456 .49.80-81.44 1.796 1.770 162.0 116.7-258.5 1.518 1.575
4-hydroxy-3-methoxybenzaldehyde 11.46 11.30-11.61 -5.250 9.678 38.83 37.20-40.36 -4.497 5.975 53.84 51.10-56.65 -3.550 4.939
Benzaldehyde 4.563 4.359-4.781 12.222 4.2144 60:20+48.67-70.43 -4.433 5.301 81.76 64.41-99.54 -1.848 3.580
4-Nitrobenzaldehyde 3.308 3.269-3.345 ' 0.036 9.556|3.413 2.743-3.979 3.182 3.410 6.017 5.226-6.908 3.037 2.518
2,4-Dihydroxybenzaldehyde  14.13 13.65-14.60 -5.271 8.930 13.65 11.85-14.92 -4.210 8.112 18.05 16.68-20.73 -1.393 5.088
2-Chloro-6-fluorobenzaldehyde 3.497 3.280-3/708 13.214 3.286 2:346 2.002-2.676 3.878 3.028 5.562 5.100-6.056 3.380 2.173
2,4-Dimethoxybenzaldehyde  16.47 16.09-16:88 -4.220 7.577 14.26 13.33-15.16 -1.286 5.446 19.97 18.56-22.57 -1.450 4.959
3,4-dihydroxybenzaldehyde  3.966 3.561-4.395 1.860 5.248 10.02 7.896-12.23 2.891 2.106 24.87 21.55-29.89 2.526 1.772
4-Chlorobenzaldehyde 15.47 14.34-1644 -1.971 5.861  t1.69" 11.25:12.11 0.1189 4.570 18.26 17.61-18.99 -0.0955 4.039
2,5-dimethoxybenzaldehyde  34.48 32.75-36.13 .=3.216 5.344 26.87 25.44-28.24 -0.3494 3.742 46.60 45.02-48.45 -0.1074 3.061
2,5-dihydroxybenzaldehyde ~ 3.394 3.130-3.656 3:731:2.392 5.283+ 4.449-6.225 3.299 2.351 11.14 9.484-14.31 2.467 2.419
5-bromo-2-hydroxybenzaldehyde 1.457 1.695-1.255 4.324 4131 1.208 1.009-1.413 4.539 5.600 1.653 1.267-2.317 4.190 3.706
4-(dimethylamino)benzaldehyde 27.71 27.29-28.17 -4.104 6.311 18.96 17.28-20.61 0.4055 3.595 32.45 30.02-36.27 0.1008 3.241
4-bromobenzaldehyde 13.93 13.11-14.63 -4.144 7.995 12.17 11.49-12.82 -3.453 7.788 15.75 14.78-17.09 -2.140 5.963
5-hydroxy-2-nitrobenzaldehyde 7.009 6.839-7.185 0.5269 5.290 6.025 5.677-6.379 1.5133 4.470 9.900 9.684-10.12 1.316 3.699
4-ethoxybenzaldehyde 14.72 11.31-17.27 0.1759 4.131 11.88 10.00-13.84 1.6141 3.149 22.85 19.75-27.26 1.933 2.256

Probit =fxLog(toxicant concentration)+ o ; a= intercept, = slope

C.I. = Confidence Interval
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Fig 5.1.3 ~ The Dose-response Curve of 2,5-dimethoxybenzaldehyde
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Fig 5.1.4 ~ The Dose-response Curve of 2,4-dimethoxybenzaldehyde
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Fig 5.1.5 ~ The Dose-response Curve of 4-(dimethylamino)benzaldehyde
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Fig 5.1.6 ~ The Dose-response Curve of 3,4,5-trimethoxybenzaldehyde
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Fig 5.1.7 ~ The Dose-response Curve of 4-chlorobenzaldehyde
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Fig 5.1.8 ~ The Dose-response Curve of 4-bromobenzaldehyde
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Fig 5.1.9 ~ The Dose-response Curve of 5-hydrexy-2-nitrobenzaldehyde
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Fig 5.1.10 ~ The Dose-response Curve of 3-bromo-4-hydroxybenzaldehyde
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Fig 5.1.11 ~ The Dose-response Curve of 4-ethoxy-3-methoxybenzaldehyde
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Fig 5.1.15 ~ The Dose-response Curve of 3,4-dihydroxybenzaldehyde
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Fig 5.1.16 ~ The Dose-response Curve of 2-chloro-6-fluorobenzaldehyde

85



1.20

0 DO. data
1.00 [] ® Final Yield. data
A Growth Rate. data

0.80

0.60

Inhibition Rate

0.40 r

0.20 r

0.00 ——0
0.10 1.00 10.00 100.00  1000.00 10000.00
3,4-dimethoxybenzaldehyde conc. (mg/L)

Fig 5.1.17 ~ The Dose-response Curve of 3,4-dimethoxybenzaldehyde
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Fig 5.1.20 ~ The Dose-response Curve of 4-ethoxy-3-methoxybenzaldehyde
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Fig 5.1.21 ~ The Dose-response Curve of 5-bromo-2-hydroxybenzaldehyde
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Table 5.2.1 ~ The relationships between toxixity and structure of
hydroxybenzaldehydes

NO. Toxicant F.yield GR

log(1/ECsy) log(1/ECs)

2-hydroxybenzaldehyde

1 2,4-dihydroxybenzaldehyde 1.005 0.884
2 2,5-dihydroxybenzaldehyde 1.417 1.093
3 5-bromo-2-hydroxybenzaldehyde 2.221 2.085
4 5-hydroxy-2-nitrobenzaldehyde 1.443 1.227
4-hydroxybenzaldehyde

5 3-ethoxy-4-hydroxybenzaldehyde 1.152 0.865
6 3-bromo-4-hydroxybenzaldehyde 1.498 1.25

7 3-methoxy-4-hydroxybenzaldehyde 0.593 0.451
8 3,4-dihydroxybenzaldehyde 1.139 0.745
9 Benzaldehyde 0.246 0.113

B1521 5 %7 @2 SAFIPEAA RS APt 2§ &4 122 4p
B A R d BT e ALE T RS GRS e AR 2
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Table 5.3.1 ~ G values of dissolved oxygen production in three models

94

Toxicants G of Probit G of Logit G of Weibull Best fit
3-ethoxy-4-hydroxybenzaldehyde = -3.329% -7.961 -24.82
3-bromo-4-hydroxybenzaldehyde -5.615% -10.24 -17.80

3,4,5-trimethoxybenzaldehyde 9.391 6.542 4.030*
4-ethoxy-3-methoxybenzaldehyde 16.27 15.51 1.122%
3,4-dimethoxybenzaldehyde 38.94 34.31 -2.013%*
4-hydroxy-3-methoxybenzaldehyde 134.3 142.4 97.91*
Benzaldehyde 187.2 189.1 162.7*
4-Nitrobenzaldehyde -1.387 2.260 -0.193%*
2,4-Dihydroxybenzaldehyde 6.238 4.285% -24.97
2-Chloro-6-fluorobenzaldehyde -6:367 -54/737 -20.51 Probit
2,4-Dimethoxybenzaldehyde 0.2827F 2.181 6.188 (45%)
3.,4-dihydroxybenzaldehyde 72.91 86.23 45.06%*
4-Chlorobenzaldehyde 12.80 9.177* 11.70
2,5-dimethoxybenzaldehyde -9.525% -14.62 -28.06
2,5-dihydroxybenzaldehyde 17.07 19.14 -10.73%*
5-bromo-2-hydroxybenzaldehyde -6.706* -11.76 -25.77
4-(dimethylamino)benzaldehyde 0.689* -0.808 -5.193
4-bromobenzaldehyde -13.96%* -19.02 -30.58
5-hydroxy-2-nitrobenzaldehyde 11.28* 15.47 -13.04
4-ethoxybenzaldehyde -20.08* -28.63 -50.24
LR BEEHETZ G EER]E)



Table 5.3.2 ~ G values of Final yield in three models

Toxicants G of Probit G of Logit G of Weibull Best fit
3-ethoxy-4-hydroxybenzaldehyde -156.8 -155.9% -168.6
3-bromo-4-hydroxybenzaldehyde -107.9 -107.8%* -120.5

3,4,5-trimethoxybenzaldehyde -59.01 -60.14 -57.06*
4-ethoxy-3-methoxybenzaldehyde -25.64 -20.29%* -59.60
3.4-dimethoxybenzaldehyde -141.7 -139.2% -172.5
4-hydroxy-3-methoxybenzaldehyde  -86.88 -85.14%* -93.53
Benzaldehyde -113.0% -121.7 -126.8
4-Nitrobenzaldehyde -163.8%* -172.1 -181.7
2,4-Dihydroxybenzaldehyde -109.5* -118.9 -145.0
2-Chloro-6-fluorobenzaldehyde -83.81°* -87.10 -99.87 Probit
2,4-Dimethoxybenzaldehyde -113.8* -114.5 -128.4 (50%)
3,4-dihydroxybenzaldehyde -94.45% -95.71 -103.1
4-Chlorobenzaldehyde -122.8 -120.7* -137.6
2,5-dimethoxybenzaldehyde -105.8%* -109.7 -125.6
2,5-dihydroxybenzaldehyde -57.33 -50.85% -63.58
5-bromo-2-hydroxybenzaldehyde -92.01%* -98.10 -103.1
4-(dimethylamino)benzaldehyde -93.72 -92.98%* -111.7
4-bromobenzaldehyde -102.6%* -102.7 -105.6
5-hydroxy-2-nitrobenzaldehyde -68.07 -66.37* -79.12
4-ethoxybenzaldehyde -114.8* -122.3 -125.8

. B E(EHE T G Eb] )

95



Table 5.3.3 ~ G values of Growth rate in three models

Toxicants G of Probit G of Logit G of Weibull Best fit
3-ethoxy-4-hydroxybenzaldehyde 6.769 1.970* -12.94
3-bromo-4-hydroxybenzaldehyde 3.168 -0.081%* -6.544

3.4,5-trimethoxybenzaldehyde 9.366 8.738 7.128%*
4-ethoxy-3-methoxybenzaldehyde 19.00 10.47 -3.059*
3,4-dimethoxybenzaldehyde 124.5% 128.5 76.59
4-hydroxy-3-methoxybenzaldehyde 58.67 54.69 41.03*
Benzaldehyde 12:85 3.787* -21.01
4-Nitrobenzaldehyde -14.18* -20.49 -33.82
2,4-Dihydroxybenzaldehyde -28.30* =39:.37 -48.55
2-Chloro-6-fluorobenzaldehyde S 37 -19.34 -29.12 Probit
2,4-Dimethoxybenzaldehyde 5.160 2.465* -2.544 (55%)
3,4-dihydroxybenzaldehyde -3.270* -5.962 -9.117
4-Chlorobenzaldehyde 5.473 2.661°%* -6.390
2,5-dimethoxybenzaldehyde 1.923%* -4.341 -10.53
2,5-dihydroxybenzaldehyde 3.770%* 8.032 5.822
5-bromo-2-hydroxybenzaldehyde -6.627% -17.41 -42.25
4-(dimethylamino)benzaldehyde 18.19 14.45 9.587*
4-bromobenzaldehyde -4.966* -10.99 -23.22
5-hydroxy-2-nitrobenzaldehyde 0.558%* -3.035 -11.41
4-ethoxybenzaldehyde -7.410% -14.00 -25.69

LR GEGEHETZ GES|E)
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Table 5.4.1 ~ Comparison relative sensitivity of different toxicity tests based on
benzaldehyde toxicity

Unit:mg/L

Close BOD Bottle algal test (48hr)

T.thermophila (48hr)* F.minnow (7d)*

DO Final yield = Grwoth rate
NOEC EC;y NOEC EC;y NOEC EC ECio NOEC
2.022 2.266 47.69 34.50 47.69 35.87 60.00 3.600

T. thermophila: Tetrahymena thermophila  F. minnow :Fathead minnow

*: data from U.S.EPA Ecotox database
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Table 5.4.2 ~ The relationship of NOEC and EC,,

. NOEC EC)o EC,o/NOEC
Chemical

DO F.yield G.R DO F.yield GR DO F.yield G.R
3-ethoxy-4-hydroxybenzaldehyde  9.140 4.570 4.570 10.95"  3.939" 6.107" 1.550 0.8880 1.417
3-bromo-4-hydroxybenzaldehyde  <5.590  <3.990  <3.990 5.194"  2.684" 4173% 509290 >0.6730  >1.046
3,4,5-trimethoxybenzaldehyde 8.240 8.240 8.240 5716 5.109%  9.982% 1.954 0.8160 1.323
4-ethoxy-3-methoxybenzaldehyde <7.851  <2.908 2.908 5002%  3.001% 4721 >06370  >1.032 1.950
3,4-dimethoxybenzaldehyde 36.35 18.17 35.35 45.19%  11.14" 24.90° 2.235 0.6710  0.7040
4-hydroxy-3-methoxybenzaldehyde  9.299 21.04 31:56 7.695" 23.53" 25.13V 1.068 1.126 0.9390
benzaldehyde 2.022 47.69 47.69 1.890% " . 34.50" 33.42" 0.9690  0.7230  0.7520
4-Nitrobenzaldehyde 2.061 <1.031 2.061 2:083" | 1.436" 1.864" 1.298 >1.393  0.9040
2,4-Dihydroxybenzaldehyde <9.980 <9980 | <9.980 10.10%. 9.491" 10.11° >1.012  >0.9510 >1.013
2-Chloro-6-fluorobenzaldehyde ~ 0.959  <0.9590 1 0.9590 1.400° - 0:8860°  1.431" 1.615  >0.9240  1.492
2,4-Dimethoxybenzaldehyde 11.94 <10.10  <10.10 11.16" 14.26" 10.87" 0.7620  >1.412  >1.076
3,4-dihydroxybenzaldehyde 2.404 <6.750  <6.750 1.982" ' 2469" 4.706" 1906  >0.3660 >0.6970
4-Chlorobenzaldehyde 11.09 4930 4.930 9,001  5.978" 8.557" 1.431 1.244 1.784
2,5-dimethoxybenzaldehyde <20.16  <11.89 11.89 19.85" 12.21" 1777 >0.9850  >1.027 1.495
2,5-dihydroxybenzaldehyde 0.4860  0.9720 . 0.9720  0.6670" 4 1.500" 3.290" 2.193 1.550 3.385
5-bromo-2-hydroxybenzaldehyde  <1.010 0.7100 0.7100 0.7130" * 0.7140" 0.7460" >0.7060 1.006 1.051
4-(dimethylamino) benzaldehyde  12.62 <10.09 10.09 17.36" 7.987" 12.60" 1.578  >0.7920 1.294
4-bromobenzaldehyde 9.923 8.002 8.002 9.627" 8.335" 9.605" 1.152 1.042 1.200
5-hydroxy-2-nitrobenzaldehyde ~ 2.003 2.003 2.003 4.012" 3.104" 4.459" 1.437 1.555 2.226
4-ethoxybenzaldehyde <9.920 6.950 6.950 7.204" 4.658" 6.181"  >0.7260  0.6700  0.8890
mean >1.307  >0.9930  >1.332

NOEC is conducted by Dunnett’s test, EC,, is conducted by three models; P for Probit, L for Logit and W for Weibull
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Table 5.4.3 ~ The important statistical parameters in three test end-points

Toxicants DO Final yield Growth rate

Sw  F-ration Cut-off value(%) Sw F-ration Cut-off value(%) Sw F-ration Cut-off value(%)
3-ethoxy-4-hydroxybenzaldehyde 0.3700 115.5 15.39 1.374E+04 76.60 14.12 0.0600 118.7 9.540
3-bromo-4-hydroxybenzaldehyde 0.1500 377.3 7.470 4.818E+03 1247 3.670 0.0200 836.3 2.700
3.4,5-trimethoxybenzaldehyde 0.4300 58.40 14.26 1.386E+04 113.7 10.39 0.0500 99.70 7.430
4-ethoxy-3-methoxybenzaldehyde 0.5000 170.4 11.70 1.489E+04 222.8 7.480 0.0400 385.5 4.670
3,4-dimethoxybenzaldehyde  0.2000 244.5 9.200 9.696E+03 85.00 12.67 0.1200 31.90 20.56
4-hydroxy-3-methoxybenzaldehyde 0.4000 28.40 20.55 3.058E+04 49.10 24.34 0.1300 38.00 19.39
benzaldehyde 0.3500 135.3 11.26 2.034E+04 40.90 21.59 0.0900 62.20 14.83
4-Nitrobenzaldehyde 0.1800 961.2 6.520 6.086E+03 "758.5 5.490 0.0400 318.2 6.160
2,4-Dihydroxybenzaldehyde  0.1100 708.9 4.480 1710E+03 7908 1.280 0.0100 7663 0.9200
2-Chloro-6-fluorobenzaldehyde (0.2300 895.8 4.760 8.397E+03 1962 2.880 0.0300 1075 2.990
2,4-Dimethoxybenzaldehyde  0.4100 21.50 21.85 5.397E+03 252.2 5.000 0.0200 365.0 3.200
3,4-dihydroxybenzaldehyde  0.1600 538.9 5.490 3.415E+03 2497 3.270 0.0200 1585 2.440
4-Chlorobenzaldehyde 0.2100 465.6 10.00 1.599E+04 111.3 11.72 0.0300 354.7 4910
2,5-dimethoxybenzaldehyde  0.0800 1337 3.720 7.557TE+03/265.5 6.240 0.0300 332.5 4.040
2,5-dihydroxybenzaldehyde  0.2300 227.8 9.610 7.531E403°497.1 5.520 0.0300 478.5 3.700
5-bromo-2-hydroxybenzaldehyde 0.1300 549.7 6.330 1.197E+04 128.1 13.76 0.0400 246.2 7.360
4-(dimethylamino) benzaldehyde 0.1200 490.2 5.400 1.473E+04 52.20 11.75 0.0500 63.50 7.570
4-bromobenzaldehyde 0.1900 227.4 8.400 9.958E+03 181.3 8.470 0.0400 211.3 6.040
5-hydroxy-2-nitrobenzaldehyde 0.2500 268.2 9.080 1.649E+04 197.7 9.860 0.0300 505.5 4.620
4-ethoxybenzaldehyde 0.2200 448.3 9.090 1.708E+04 68.90 15.34 0.0500 177.8 7.000
mean 0.2500 413.5 9.730 1.171E+04 835.7 9.740 0.0500 747.4 7.000

Sw : Variation between columns F-ration : The ration of variation within columns to variation between columns
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Table 5.4.4 ~ The relationship of LOEC ~ EC;, and NEC

Chemical DO Final yield Growth rate
LOEC EC;y NEC p LOEC EC,y NEC p LOEC EC;y NEC p
3-ethoxy-4-hydroxybenzaldehyde 14.47 10.95 10.08 4.000E-03 6.860 3.940 5.230 1.720E-06 6.860 6.110 6.960 6.570E-04
3-bromo-4-hydroxybenzaldehyde 5.590 5.190 5.370 1.030E-02 3.990 2.680 3.530 7.160E-04 3.990 4.170 3.900 4.170E-03
3,4,5-trimethoxybenzaldehyde 11.74 5.720 8.410 5.140E-04 11.74 5.110 8.080 5.530E-04 11.74 9980 8.750 2.850E-03
4-ethoxy-3-methoxybenzaldehyde 7.850 5.000 7.670 1.900E-03 2910 3.000 3.250 2.410E-03 7.850 4.720 6.690 4.780E-04
3,4-dimethoxybenzaldehyde 72770 45.19 73.78 2.610E-02 36.35 11.14 23.19 1.720E-03 72.70 2490 12.42 9.330E-04
4-hydroxy-3-methoxybenzaldehyde 10.39 7.700 10.33 1470E-02° 31.56, 23.53 27.62 6.100E-04 42.01 25.13 30.38 1.420E-03
Benzaldehyde 3.040 1.890 2.160 1.300E-02 64.10  34.50 39.08 6.110E-03 64.10 33.42 44.56 5.670E-03
4-Nitrobenzaldehyde 3.090 2.080 2.590 6.810E=03:+2.060 1.440 1.840 2.070E-04 3.090 1.860 2.100 1.380E-04
2,4-Dihydroxybenzaldehyde 9.980 10.10 %10.49 ' 1.450E-03 - 9980 . 9.490 9.930 3.290E-04 9.980 10.11 10.26 2.060E-04
2-Chloro-6-fluorobenzaldehyde  1.920 1.400, 1.810 ! 1.280E-030.960 0.890,, 1.040 6.950E-05 1.920 1.430 1.610 5.050E-04
2,4-Dimethoxybenzaldehyde 14.08 11.16 11.63 6.110E-03 +10.10 = 14.26 9.480 1.590E-03 10.10 10.87 10.02 6.140E-03
3,4-dihydroxybenzaldehyde 3.210 1.980+ 2310 2.470E:=02° 6.750 '2.470% 4.100 7.860E-03 6.750 4.710 5.130 1.400E-02
4-Chlorobenzaldehyde 13.86  9.000 » 10.66 '4.240E-04 _8.010_ 5.980« 7.520 2.450E-04 8.010 8.560 8.390 3.980E-03
2,5-dimethoxybenzaldehyde 20.16 19.85 "20.56 :1.880E-03.- 11.89 1221 12.58 3.830E-05 20.16 17.77 17.58 1.040E-03
2,5-dihydroxybenzaldehyde 0970 0.670 2.150. 2.520E-02 2.920 #1500 2.440 4.470E-02 2.920 3.290 2.780 2.700E-02
5-bromo-2-hydroxybenzaldehyde 1.010 0.710 0.880° 5.520E-03 _1.010. ~0.710 0.710 1.060E-02 1.010 0.750 0.880 3.060E-02
4-(dimethylamino)benzaldehyde  18.93 17.36 17.83 2.010E-03 | 10.09 7.990 9.560 4.360E-04 12.62 12.60 10.23 1.210E-03
4-bromobenzaldehyde 11.84 9.630 10.06 1.140E-03 9.820 8.340 8.340 8.630E-04 9.920 9.610 8.640 1.520E-03
5-hydroxy-2-nitrobenzaldehyde  4.010 4.010 4.410 4.730E-02 4.010 3.100 3.750 5.060E-03 4.010 4.460 4.200 3.310E-02
4-ethoxybenzaldehyde 9.920 7.200 8.830 2.060E-03 9.920 4.660 5.690 2.160E-04 9.920 6.180 6.480 3.760E-04
mean 11.94[3] 8.84[1] 11.10[2] 12.25[3] 7.850[1] 9.350[2] 15.48[3] 10.03[1] 10.10[2]

LOEC ~ ECyp ~ NEC Unit: mg/LL  [] : ranking value

P : Significance level of NEC
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Table 5.5.1 ~ The ACR values in three test end-points

Chemical DO(ACR) Final yield(ACR) Grwoth rate(ACR)

LOEC ECio NEC LOEC ECo NEC LOEC ECio NEC

3-ethoxy-4-hydroxybenzaldehyde 1.544 2.041 2217 1.709 2.887 2.242 3.306 3.503 3.257
3-bromo-4-hydroxybenzaldehyde 1.861 2.003 1.938 1.602 2.274 1.812 2.832 2.616 2.895
3.,4,5-trimethoxybenzaldehyde 1.856 2.888 2.592 1.499 2.617 2.177 2.982 3.211 4.001
4-ethoxy-3-methoxybenzaldehyde 1.663 1.970 1.702 2.907 2.832 2.598 2.290 3.170 2.687
3,4-dimethoxybenzaldehyde 2.164 2.853 2.133 1.776 5.297 2.784 2.229 6.508 13.049
4-hydroxy-3-methoxybenzaldehyde  1.103 1.357 1.109 1:230 1.639 1.406 1.282 1.817 1.772
benzaldehyde 1.501 2.014 2117 0.939 1.745 1.541 1.276 2.279 1.835
4-Nitrobenzaldehyde 1.070 1.362 1.278 1.656 2.377 1.855 1.946 3.228 2.860
2,4-Dihydroxybenzaldehyde 1.416 LS 1.347 1.368 1.439 1.374 1.809 1.786 1.761
2-Chloro-6-fluorobenzaldehyde 1.822 2.454 Lo 2.447 2.649 2.262 2.899 3.887 3.451
2,4-Dimethoxybenzaldehyde 1.170 1.476 1.416 1.412 1.000 1.505 1.978 1.813 1.994
3,4-dihydroxybenzaldehyde 1.237 L3 5 1.719 1.485 4.060 2.445 3.685 5.286 4.853
4-Chlorobenzaldehyde 1.116 1.654 1.451 1.460 1:907 1.556 2.280 2.076 2.178
2,5-dimethoxybenzaldehyde 1.710 | 1.677 2.260 2.200 2.137 2.312 2.622 2.651
2,5-dihydroxybenzaldehyde 3.491 3.435 1.578 1.809 3.506 2.167 3.815 3.386 4.010
5-bromo-2-hydroxybenzaldehyde 1.443 2.044 1:659 1=197 1.693 1.693 1.637 2.217 1.875
4-(dimethylamino) benzaldehyde 1.464 1.596 1.554 1880 2.272 1.984 2.572 2.485 3.174
4-bromobenzaldehyde 1.176 1.447 1.384 1.239 1.461 1.460 1.588 1.640 1.824
5-hydroxy-2-nitrobenzaldehyde 1.748 1.747 1.589 1.503 1.935 1.607 2.469 2.220 2.355
4-ethoxybenzaldehyde 1.484 2.043 1.667 1.198 2.552 2.091 2.304 3.697 3.529
mean 1.602 1.963 1.703 1.629 2417 1.935 2.375 2.973 3.301

ACR = ECs¢/(LOEC or ECjg or NEC)

ECso ~ LOEC ~ ECj¢ ~ NEC unit : mg/L
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Fig 5.6.1 ~ Comparison of relative sensitivity of P.subcapitata and other species
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Table 5.6.1 ~ Comparison of algal toxicity test results with other species
Unit : mmol/L

Algae (BOD bottle)(48hr) Daphnia~  Microtox®  T.pyriformis® F.minnow®
ADO F.yield G.R 48hr 15min 40hr 96hr
Chemicals Log(1/ECsp) Log(1/ECsp) Log(1/ECsy) Log(1/ECsp) Log(1/ECsy) Log(1/1GCsy) Log(1/LCs)
3-ethoxy-4-hydroxybenzaldehyde 0.8710[3] 1.152[1] 0.8650[2] 0.6030[5] 0.6180[4] 0.0150[7] 0.2420[6]
3-bromo-4-hydroxybenzaldehyde 1.286(2] 1.498[1] 1.250([3] 0.2820[5] 1.096[4] - -
3,4,5-trimethoxybenzaldehyde 0.9540(2] 1.047[1] 0.749(3] 0.2110[4] -0.478[5] - -
4-ethoxy-3-methoxybenzaldehyde 1.140[2] 1.329]1] 1.001[3] 0.1950[4] - - -
3,4-dimethoxybenzaldehyde 0.0240(4] 0.4110[1] 0.0110{5] 0.1510[2] 0.0300(3] - -
4-hydroxy-3-methoxybenzaldehyde 1.123 0.:5930(2] 0:4510[4] 0.4990(3] 0.1800[6] -0.030[7] 0.4260(5]
Benzaldehyde 1.367 0.2460[6] 0-1130[5] 0.3440[4] 1.035([3] -0.1960[7] 1.145[2]
4-Nitrobenzaldehyde 1.660[ 1} 1.646(2] 1.400[3] - - 0.2030[5] 1.180[4]
2,4-Dihydroxybenzaldehyde 0.990[2] 1.005[2]  0.8840[4] 1 - 0.5150[5] 1.023[1]
2-Chloro-6-fluorobenzaldehyde 1.656(24 1.830[1] 1.455(3] . - - 1.227[4]
2,4-Dimethoxybenzaldehyde 1.004[2] 1.066[1] 0.9200[3] - - -0.0560[5] 0.9170[4]
3,4-dihydroxybenzaldehyde 1.542 1.189[2] 0.7450[3] 0.6680[4] 0.6000[5] 0.1070[6] -
4-Chlorobenzaldehyde 0.9590(3] 1.080[2] 0.8860[4] - 0.7800[5] 0.4000(6] 1.810[1]
2,5-dimethoxybenzaldehyde 0.6830(3] 0.7910}2] 0.5520[4] 0.9720[1]  -0.2370[5] - -
2,5-dihydroxybenzaldehyde 1.610[1] 1.417[2] 1.093(3] 0.8210[4] 0.5350[5] 0.2770[6] -
5-bromo-2-hydroxybenzaldehyde 2.13[3] 2.221[1] 2.085[4] 1.745[5] 1.5436[6] 1.107[7] 2.189(2]
4-(dimethylamino)benzaldehyde 0.7310[3] 0.8960[2] 0.6630[4] - 1.876[1] 0.2310[6] 0.5100[5]
4-bromobenzaldehyde 1.123[2] 1.182[1] 1.070([3] - 0.7780[4] 0.5870[5] -
5-hydroxy-2-nitrobenzaldehyde 1.377(2] 1.443[1] 1.227[3] - - 0.3290[5] 0.600[4]
4-ethoxybenzaldehyde 1.009[3] 1.102[2] 0.8180[4] - 1.169[1] 0.0730[6] 0.7280[5]
Ave.Ranking 2.353[2] 1.700[1] 3.500[3] 3.730[5] 4.070[6] 5.930[7] 3.580[4]

*: Data from Lijum Jin®? ], @: Data from Lijum Jin'® ], " Data from Schultz T.W[Sg], & Data from Russom C.LP%
[ ]: ranking value  F.yield: Final yield GR: Growth Rate
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5.7 QSAR % #5

QSAR(Quantitative Structure-Activity Relationship) % #p * 3t %] 2 2 ¥
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2. AR AP ARk od AT B - RBRYT 2L ER-EF TN
PHF RS E  Flal-H A2 73 2wk e
3. tbﬁﬁ@:i{(fi A2 E T B E QSAR Eﬁ:x e MR 2
#E 5 2048%F 7 fz 0 i > Schultz f%ﬁ‘-f’fﬁ&ﬁf?iﬁ A Hc o
Walker J.D et.al®” 7 & & 445 & ¥ 9 @4 (hydroxybenzaldehydes)it {7
BiEd 2 & MaRsk e o 4y Dt AR 2 B T logKow $2 H Ap B 12 o Eq(1)
T A F T BE Y S 8 7 E sk et = 2 QSAR H

Log(1/ECsp)=-10.26(£3.159)+0.603(+0.078)logKow+54.63(x12.516)

Obponor_dic (1)
N=8, R’=0.933, $*=0.022:F=35.081, Q°= 0.871
Oponor dic » #8225 g% ¥ AF 4%,k OH group 4&.& 2 ic 4 o
AR T R RE 8 FEE A F Pl logKow & 17 QSAR 2w 4 1 0 o

A 24 £ X v iE ¥ (dismutation) 2 B2 58 F )R wmip R R B (CE £

ZA R
:/{:}

%r

4 £ %7 QSARsZ w fF o L& 5 Eq(2) ~Eq@) - ¥ M HFRF - B

outlier(2,5-dihydroxybenzaldehyde)» % #4253 “f {6 &7 TTT P E P R
42 QSAR H5¢ o H 2 IsE 573 w7 o

Log(1/ECs)F.yield= 0.970logKow + 0.2702 2)
N=8, R’= 0.449, S=0.379, F=4.893
Log(1/ECsp)G.R= 1.0691ogKow + 0.389 3)
N=8, R’=0.581, S=0.34, F=8.308
d Bl 5.7.3 &2 Eq4) ~ Eq(5)Tr# P A F T pE it logKe, .5 7 B Ap M
Bom dEp g Rl 208 F TS RAZF T -
Log(1/ECsp)F.yield= 0.817logKow + 0.2365 “4)

N=7, R’=0.817, S=0.215, F=22.3, Q°=0.673
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Log(1/ECs0)G.R= 0.9152logKow + 0.091
N=7, R*= 0.9152, S=0.16, F=54.03, Q*=0.851

(&)

Fltn 20 AF T pEAlY logKo, &2 TR 2 F 2 M oo P

2,5-dihydroxybenzaldehyde = % outlier 2. F] £ &7 # 7 &> F|p ?

TR RN

503 - 7 fEeraE 2 2 QSAR 5V H A2 Bl o ARG

logKyy ™ » Eq(2) ~Eq(3)® M £ FH 2 fppliE > T R-HE BB PR iEE

AT JEd W F2 % @ denE 2 2 QSAR BRI AT -

Table 5.7.1 ~ The experiment values and predict values in

hydroxybenzaldehydes
Chemicals F.yield GR 10gK F.yield-calc. G.R-calc.
Log(1/ECsp) Log(1/ECso) Log(1/ECsp) Log(1/ECs)
3-ethoxy-4-hydroxybenzaldehyde 1.152 0.8650 "'11.580 1.215 0.9870
3-bromo-4-hydroxybenzaldehyde 1.498 1.250 1.830 1.407 1.198
4-hydroxy-3-methoxybenzaldehyde  0.5930 0.4510- 1210  0.9290 0.6740
2,4-dihydroxybenzaldehyde 1.005 0.8840  1.530 1.176 0.9440
3.,4-dihydroxybenzaldehyde 1.139 0:7440 -1.090 0.8360 0.5720
5-bromo-2-hydroxybenzaldehyde 2221 2.085 2.900 2.233 2.103
5-hydroxy-2-nitrobenzaldehyde 1.443 12248 1.630 1.253 1.029

log(1/ECsg) unit : mM

2.5
i, | Y=08167x+0.2367 .
Q
X R’ =0.8169
U% 1.5
% 1 r .
e 0.5 |
- + Final yield
0 |
0 0.5 1 1.5 2 2.5
log(1/ECsp)calc.

Fig 5.7.1 ~ Plot of experiment values versus predict values in
hydroxybenzaldehydes based on Final yield
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a8 2 5
3 s | R =09153
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S 05
¢ Growth rate
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log(1/ECsp)calc.

Fig 5.7.2 ~ Plot of experiment values versus predict values in
hydroxybenzaldehydes based on Growth rate
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Table 5.7.2 ~ Physical and chemical parameters of benzaldehydes

Chemical Enomo ELumo Log P MW V.P Henry's law constants
(EV) (EV) (Kpa) (atm-m*/mole)
3-ethoxy-4-hydroxybenzaldehyde -9.430 -0.5100 1.580 166.2 1.387E-06 1.100E-10
3-bromo-4-hydroxybenzaldehyde -8.800 -1.690 1.830 201.0 7.163E-05 5.570E-10
3.,4,5-trimethoxybenzaldehyde -9.310 -0.6300 1.390 196.2 1.507E-04 2.780E-09
4-ethoxy-3-methoxybenzaldehyde -9.220 -0.4200 1.630 180.2 4.935E-04 6.240E-08
3,4-dimethoxybenzaldehyde -9.010 -0.4400 1.220 166.2 1.467E-03 4.700E-08
4-hydroxy-3-methoxybenzaldehyde -9.040 -0.4900 1.210 152.2 1.574E-05 2.150E-09
Benzaldehyde -10.00 -0.4400 1.480 106.1 1.694E-02 2.670E-05
4-Nitrobenzaldehyde -10.830 -1.670 1.560 1 STHE 4.722E-04 5.300E-08
2,4-Dihydroxybenzaldehyde -9.460 -0.5700 1.530 138.1 4.940E-06 1.830E-10
2-Chloro-6-fluorobenzaldehyde -9.940, -0.9100 2.560 158.6 - -
2,4-Dimethoxybenzaldehyde -9.150 -0.3000 1.870 166.2 1.587E-04 4.700E-08
3,4-dihydroxybenzaldehyde -9.240 -0.5500 1.090 138.1 1.547E-05 1.450E-13
4-Chlorobenzaldehyde -9.910 -0.7400 2.100 140.6 2.441E-02 9.950E-06
2,5-dimethoxybenzaldehyde -8.880 -0.4200 1.910 166.2 1.467E-03 4.700E-08
2,5-dihydroxybenzaldehyde -9.000 -0.5500 0.5400 138.1 1.550E-05 1.830E-10
5-bromo-2-hydroxybenzaldehyde -9.440 -0.6600 2.900 201.0 7.160E-05 7.010E-07
4-(dimethylamino)benzaldehyde -8.540 -0.1800 1.810 149.2 4.910E-04 2.140E-07
4-bromobenzaldehyde -9.930 -0.8100 2.600 185.0 3.415E-03 5.350E-06
5-hydroxy-2-nitrobenzaldehyde -10.290 -1.460 1.630 167.1 5.070E-06 5.510E-12
4-ethoxybenzaldehyde -9.320 -0.3400 2.280 150.2 3.828E-03 1.050E-06

M.W : Molecule Weight V.P : Vapour Pressure

116



Table 5.7.3 ~ Relationships between the toxicity data and other parameters

Parameters DO Final yield Growth rate
Eromo(EV) y=-0.525x-8.828 R’ =0.178 y=-0.340x-9.045 R’ =0.079 y=-0.384x-9.090 R =0.101
ELumo(EV) y=-0.394x - 0231 R’=0.168 y=-0470x-0.146 R*=0253 y=-0.469x-0.260 R*=0.254
Log Kow y=0272x+1.420 R*=0.048 y=0550x+1.101 R*=0.207 y=0.629x+1.163 R*=0272
Molecule Weight — y=1.284x+159.4 R*=0.001 y=2536x+131.6 R*=0239 y=2482x+1382 R*=0.231
Log(M.W) y=-0.678x-2.949 R*=0.061 y=-0.89x-2713 R*=0.108 y=-0.795x-3.017 R*=0.089
Log(H.L.C) y=0400x-7.971 R*=0.004 ,y=0.562x=8.155 R*=0.009 y=0.674x-8.120 R*=0.013
V.P : Vapour Pressure(Kpa) H.L.C: Henry's law constants(atm-m3/mole)
2.5 2.5
% 2 Q{‘ 2t
> Q
B 15 | 2 15|
g @)
1 r LT\J 1 b
— —
%0 50 .
LS o5 | * y=0.7718x - 0.0049 E) 05 | f y = 0.846x - 0.3501
R’ =0.817 R*=09154
0} 0 I
0 1 2 3 4 0 1 2 3 4
log Kow log Kow

Fig 5.7.3 ~ QSAR analysis of the seven hydroxybenzaldehydes
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