GEREEE § ¥ R

e

*F 3 J1* BOD #git 7 % B 3¢ %5 (Raphidocelis subcapitata) # |+
PP PAHS k8t A4 2 & 4, 2 2477 5 &% Anthracene &3 # &
Mok & 0T 4 o

ARRAL BRI AR E 2455 5% 2(ADO) > 1 R e
PR EFEE R ADL (Fnayield) 2 4 £ 5 (Growthrate) - ANT
gk A 3 ik ANT & (B { 5083712 1,8-dhATQ 5 &3 » @ 1SO R
FHEMEANT S UV-A BRSFE g L@ kg > S RERBEE ST H
MR A ML F R ANTRFHEAPH > F BV A4 B F R4 108 ¢
ANT 56 R UV-ARGBE @ %5 ATQ L-hATQ £ 8 35 5 4 -
m ANT 524 22 48 -] p= UV-A {5 > ANT ¢ 8- # kit 2 2 1,8-dhAT &
14-dhATQ o &t~ f 2 BF cac gl R vt > Jedff & L35 v IR R o &

THRBEREARE R EX - LFF DT SH ML R F RRET
¥R

b Ay L iae %1 (cut-off value) ¥ 5 iE # NOEC & ECI10

=

LS4 8 2%k NOEC v+ ECI0 # 4 4 § Pt enimiifif -



The phototoxicity effects of polycyclic aromatic hydrocarbons

to algae

Student : Hsu Hung-Po Advisor : Dr. Chen Chung-Yuan

Institute of Environmental Engineering

Nation Chiao Tung University

ABSTRACT

In this study, we use BOD ibettles to perform a close-system
algal(Raphidocelis subcapitata) test..to ‘assess the toxicity of PAHs
photomodification products. we also analyze.the photosynthesis mechanisms
associated with photoinduced toxicity of anthracene to R.subcapitata

The toxic test was ended based onDO; fina yield and growth rate
methods. The cell density difference was used to calculate the final yield and
growth rate. ANT photoproducts those were more toxic than the parent
compound. The most toxic was 1,8-dhATQ. In contrast, | SO was the least toxic.
ANT are rapidly photomodified in UV-A to products that are more water
soluble and toxic to R. subcapitata. Compared to ANT photo-induced toxicity,
toxicity was increased 10 times on GR. Furthermore, ANT was converted to
ATQ, 1-hATQ, and one-ring aromatics after 6 h of UV-A exposure. After 24
and 48 h UV-A, photomodification of ANT had further generated of
1,8-dhATQ and 1,4-dhATQ. When compare with other species, BOD bottle test
shows a higher sensitivity and a good correlation with the Duckweed assays.
This study derives that sensitivity of the algae can be influenced with different
major factors, and show precious data about the algae inhibition toxicity test.

In addition, a cut-off value approach is proposed to determine whether
NOEC or EC10 should be chosen for estimating low toxic effects. The results
indicate that NOEC offers better protection to test organisms than EC10.



SRS ELF AT 2 E o RN EF

TP R 2 ARG > BT
THREHMIFME ~ oo 51230 F% > Bime v Eflz =
R FRE Fo AR HEHEG Y B TR e o BT H Dk
FE R A D PR R Y 5
rFlet 8 Elumo o

KPR Y 2RI
20 T R AT B

LR T PR SR BT S ks 4R E
EHHRFEIT B AFIE S EE

meFi 2ok
JEAE A PR AGRRE  £ 0T 5 E hle el
ALY A EY ARES AL A AT T

" ﬁz’%&"ﬁ‘%?ﬁ' ‘/F

T o[BG A A
e I T

#%@£%°

2w T g
f—'lt}v,E‘- e

fi&%”“ﬁ % T;géﬁ i_ﬁr 2t

_»‘/‘—;v‘:‘ m'&fpﬂ

iy 'KEE y o E"f’]ﬂ,‘—‘?’?}"i—7 ’#"i;—\./f-? }& » ¥ ¢} ]Tﬁ
“13‘_(17( Eﬁ’gi\‘ T/imlfa = 3_&%}; ml’ﬁ,\_‘ﬁ‘d‘ /Uﬂb E ’ },E‘\l'g'é‘f'l‘

#2 ~ Fﬁc"‘“; pioa x_.ﬁ:;fd F e °41$/3‘E ©» ]{%;*\-,{{ﬁ}
£330 L

;’g_u 1;& PN - T ig;;;jﬁ;ﬁqw«%o

ﬁ’»lﬁ?&) T*’b‘v N a""-'"a',—’;'-ﬁ_,}i a; a;ﬁ:‘gj;@g};
FIEL 2 4T > 5 SEhe i o

VAT LIRS



P &%

=~ =K —_
PR ht
o |
[ I
T 1l
B E v
£ P B VI
g VI
............................................................................ XI
¥-F ¥
11 %4 A e N, 1
12 73 P e
TP Y B .3
1I3F L ¥ H. A NI & 3

R v

21 5 TE A EPAHS)Z B, 5
211 PAHSZ RiBZ FEET..ooooieeeeeeiiieee e 5
212 PAHS 2 FZZ 4 B 6
213 PAHS 2 B B 6
214 PAHS 2z " FR 4] oot 8
215 PAHS Z RS 1b e, 10

22 PAHS# &M 2 L EA M ., . 13
221 PAHSH TTHE M. .., 13
222 PAHS (5 E A M. 13

2.3 QSARS Z F M8 .17



2.3 A R T e 17

2.3.2QSAR A 45 PAHS 3 ...oiiiiiiiiiiiiieeeeee e .17
24 AT A PEIBRBR 19
24 F MEIRER BB, 20
24 BN AR S M, 22

$=2F AAH

BL ARFEB A B 25
324 MF 2 HEF M AER s 27

R 32 OO
3.3 QSAR A 457 72 oot 30

Frd RHRRFHEAR 2
A1 BB E E 3 e e e . 31
A2 ZRER FFE. oo . 35
43 B & A F el T L . 35
A4 ZRBRF P . 38
A D B B B B . 39
46 BB F PP T2 SR . 44

AT BB B e :
A8 FHMHI ..
481 BN F 2B R
A8.2 F H BB it
483 HPLCZ A 47/t AR it .
484 HPLC Z 237 3. :

45

46

48
50



B2 BB A M 63

521 Anthracenesk E 3 M. 63
5.2.2 Naphthalene 625 3 1. ..., 70
53 B BN 2 EE 73
54 ECI102 NOEC E 2 FY Bt i 75
5.5 Anthracene ¥ Naphthalene z. QSAR...............cooiiiiiiinel. 81
56 EAFEH W F B AR BV B 88
561 ARUV s g & 2%y 84 ldp2 i 88
562 BUVE Eia+ Hicip 2 8 b %y A4 P2 i 90

O = T T 92
6.2 FH.oooieee A R TN 94
>3 = )l% ........................................................................... 95
A = 102
B B T oo 124

\



aad

e R P

iy

R P W

e

s

P

iy

W R W

S

S

s

o

YA

o

YA

iy

A

4

~

% P &

2.1.1 Naphthalene 2 Anthracene 4. ... 7
2.2.1 Anthracene sk 24 3 B2 A M AT T oo .15
251 BiE A M IEEE B 21
3.2.1 Weibull ~ Probit £ Logit % 2 B A % H3S e, 28
411 HPLCEK & B2 4 47 0 I e .34
A3l EH Y AAT Z E B AN 36
A2 FHERAT2MBEF A2 37
A51 3 F 3 BB 2 0 el e 41

+
Ol e s e e 54
512 F@E% 3 2. i % 'ﬁ’.?ﬁ‘%ﬂ(%} ........................................ 55

521ANT &7 F UV kREFER &2 3 P de 68
522NAP &7 Fp UV X BRPFRF THEGE2Z F M 8 71

531 17 DO % 3%k % B2 = F 4550 GvalUe........ooooveoieee, 74

532 12 FY 5 5% % 8h2. = 845 GvalUe.......cooovieieeieee 74
533 M GR L& % B2 = i Gvalue ... 75

54.1 12 One-samplettest » 477 f&:#5% % 2.2 NOEC £ EC10 2 H it

TR 79
5.4.2 12 Dunnett’s test 2 $7 2. NOEC (8 ..o, 79

5A3 A kB2 £ & M RB 80
5.5.1 QSAR A 3 2B, 82
561 AUV 2 #if4 Mo 8 6 3% A4 Bl .89
562 BB UV 2 i Wlcdbr B 0 B B4 i ... .91

VII



Bl 131 A5 ARl
] I R R L 1 R
Bl 212 =& Typeland Typell s&cd  F B, :
B 21.3 Atk = kT Anthracene k% L2/ %2 kg  F4........ .
B 214 Akt~ kT Naphthalene sk % L2/ % kgt 245 ... .
B 231 o fitA 3 5 HOMO-LUMO gap % % % 4 4873w 5 .......... .
Bl AAL 3883 3 2 B i
Bl 451 Fetll 2 5 i3 % im ATt e SEIEE D e
Bl 481 @ 53 12 38 R i
B 4.82 a4 MiRmkimAnml. NI L .
Bl 4.8.3 HPLC A 47/ A8 Bl ... o i e,
B 4.8.4 HPLC e (T ARl e,
B 511 = fafsk g™ ANT Z & F Bd & .
B 5.12 Z k8™ ATQZ M EF v i .
B 513 = fa@sksg™ FhANT 28 & 7 b & ..., :
B1514 = fB75%% 8T 2-hATQ 2 H B F v .o, :
B 515 = fa#sk ¥ 2T 12-dnATQ 2 B & F Bd R, .
B 5.16 = faiFsk 2T LAdnNATQ 2 F & F B ..o,
B 517 = iRk s 2™ 1,8-dnATQ 2 & & B ..o ...
B 5.1.8 = faiFsk ¥ 2T 124trhATQ 2 & & F b & .
B 519 = fiEsksek™ NAPZ BB F Bd S, :

VIII

10
11
12
19

46
47

55
56
56
57
57
58
58
959
59



BIS5.110= fa:FAsk ¥ BT ISOZ B EF B Hoiiiiiiiiii . 60

B 5.1.11 = fa:#ok & 8T 2-OH-14-Nap 2 & & & JEd S . 60
B 5112 = faas ¥ 8T I-NAPZ R & F JBd ..o o, 61
B 5113 = firse ¥ 8T LANAPZ & E F B S . 61
B 5.1.14DO & FY g5 % g2 ECOO AR M2 7. . 62
B 5.1.15FY &2 GR:@FEZH 4 g2 EC504p M2 47 .62
B 5.1.16 GR 22 DO @#E ¥ g2 ECROApM 247, . 63
B 521 ANT 7 = UV ERpFERRF T b S 42 M .. . 66
B1522 ANT &7 F UV EREFF T HEHFE §F M e DHEF B

B .69
B 523 ANT 472 F UV XBEFFTHESELZEDHEF B

B e 69
B 524 ANT &7 fp UV K RPFE T &R 8F 4 £ F @ g F Bd R

................................................................................ 70
M 525 ANT &7 F UV RREFEELRGSE § 35 L DB EF o

- U~ (M " AT~ .71
B526 ANT 27 UV % RIFRETH Fi b s A L REF o

- Y - 72
B 527 ANT &7 F UV R T 354 £ FaaBlEF Bd R

................................................................................ 72
BISAL bty m 5 340 B 2 2 B, 8
B 542 Ir#leFEifgmbe R A E 2304 78
B 551 2 G outlier 4 Log P &%+ Log (VECsp) on DO i (% Bl.......... .83
B 552 2 K,ﬁ% outlier ¢ LogP &%t Log (VECs)) onFY R’ 2 Hl............ 83
B 553 2 “ﬁz outlier {4 Log P i %+ Log (UECs)) onGR R % H]............ 84
Eg] 554 7% k= = é L4 47” ELUMO =R §+ Log (1/EC50) on DO Fa;? % Eﬁﬂ 84
B 555 $H%>AF 5 &5 ELumo E¥ Log (VECs)) onFY RE % H.... 85
B 556 =A% E&% Euvo ¥ Log (VECs) onGR i 2 ... 85
B 557 $%> 42 &4 logP iEfr E umo & ¥ l0g(/ECs) on DO i



Bl 558 53k 4w £ 4 logP & 4e Euwo &% l0g(L/ECss) on FY i

B B e
B1559 53 4w £ 4 logP &4r Eumo % 10g(L/ECso) on GR i
B B e



5

E. ®Y WP P2 H i

C.V. Coefficient of Variation R G %

DO  Dissolve Oxygen B 255 £ mg/l

ADO  Delta Dissolve Oxygen R BE 2B mg/|

ECX X% Effect Concentration 3142 X% X &R7™»/g2 kR mg/|
n-Octanol/Water Partition

Log P o # -k Thdie2 log i -

J Coefficient F Pk e s

MCV Mean Cell Volume A e 2. T 0 v B AR um’/cell
No Observation Effect X PIFAAE SRS MR R

NOEC . i AR mg/!
Concentration ) 9id

- No Data pra 7 -
Energy of lowest unoccupied . .

Elumo % P e g WL R hartree

molecular orbit

X1



