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AOP�IATADI

Toxicant Molecular 
Interactions

Cellular 
Responses

Organ 
Responses

Organism 
Responses

Population 
Responses

Chemical 
Properties

Receptor/Ligand 
Interaction

DNA Binding
Protein 

Oxidation

Gene Activation
Protein 

Production/ 
Depletion

Altered Signaling

Altered 
Physiology
Disrupted 

Homeostasis
Altered Tissue 

Development or 
Function

Lethality,
Impaired 

Development 
/Reproduction

Cancer

Structure 
Recruitment

Extinction

AOP: Adverse Outcome Pathway
IATA: Integrated Approaches to Testing and Assessment

26ET
/5
)$(

NR
)$(

OP
)$(

-,
)$(

-,Q
)$(

QSAR�

in silico<C

in vitro� ���
"��%*�*M

In vivo3L
H;A:SV

• H;A:�AOP�>@������*��./
B��+�
����	
��

• H;A:��4��*��in silico<CD
IW9U80?���1FJ�SV=K�G
7J

#�*(!X
'���&
SVY

9



WNT@OECD��������

OECD�


�������	

Google Map��

10



OECD WNT82018�4%9
• , )�428200����9�����
$�
.6*�!/
�

• Guidance Document No.23�#'�!/
→2018�7%�Second Edition��3

• Test Guideline No.203875��)�.69�
#'�4��10

→Moribundity8+(9��������	��
�-�����#'�"&

11



Guidance Document No.23

����������������������	
���

12



Guidance Document No.23

#&"!��� ����Generator System��
%����
	�
�����
��������� �$� 13



'$ (%/!.�BL��

• +�.HX ()+!*#, -��.aPDMSV)�2C
	��������34^����K1N>�WC
•
��QK@EIO (PCB, PAHsV) �KMZ>`>S>�
WC������97��(Mayer et al. 1999, Smith et al. 
2010)  
•?FL��J]RT�064
→8UP:RTA�G[�<D

 +�.HX�
K�_�=Y

2C

PDMS���
 +�.HX

*"&/,V�MZ	�
QK@5;O\

'$ (%/!.�

 +�.
HX

K��

14



7C�=E

l Water-Soluble Fraction
(WSF)ZDH8M-

l Water-Accommodated 
Fraction (WAF)ZD8M-

l DMFN�Solvent(2/)�.L

�!�"�" �
�� (DMF)N�2
/�10000,*'
�JOF�+; ����

HF
2/�0.01Y*
(�
���
DHF�RA

QX�.L

DHP6W6�
S0V�G1�
�B<	@>

5U%-T
!$�#$
��"�&
N	�S

QX�.L

�S���:I
K9	)4��
?3��QX�
.L

15



���#+

Ø Benzo [a] pyrene (BaP)
�$	PAH�%���#+
log Kow: 5.97~6.20
 !*�: 1.6 μg/L, 25℃

- !�#+	�)������$(.�"� '
/PAHs0,�

Ø Pyrene
�$	PAH����&��
��

/USEPA	16 PAHs	1�0
log Kow: 4.88~5.32
 !*�: 135 μg/L (25℃)
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Clinical Signs (Annex 6, Table 1)
 Clinical sign Definition Synonyms 0 – Normal 

(Absent) 
1- Minor 2 - Medium 3- Major 

(present) 

Di
st

ri
bu

tio
n 

Loss of schooling / 
shoaling behaviour 

Individual fish show loss of aggregating & 
social interactions 

Isolation, social isolation Normal   Observed 

Dense schooling / 
shoaling behaviour 

Increase in clumped association of fish Crowding Normal   Observed 

Vertical distribution 
surface 

Abnormal depth selection, close to 
water/air interface 

On/at/near/just below surface/top Normal   Observed 

Vertical distribution 
bottom 

Abnormal depth selection, close to base of 
tank 

Lying on/ orientation to / collecting at / near / 
just above bottom 

Normal   Observed 

Eq
ui

lib
ri

um
 &

 b
uo

ya
nc

y Abnormal horizontal 
orientation 

Loss of balance displaying as abnormal 
horizontal orientation/posture in water 
column 

Keeling, lost righting reflex Normal Intermittent, partial, 
slight leaning, attempts 
to correct 

Constant heavy 
leaning, on side 

Upside down/ on back 

Abnormal vertical 
orientation 

Head-up or head-down posture  Normal Intermittent, partial, 
slight pitching, attempts 
to correct 

Constant pitching (up 
or down) 

Head directly up or down 

Loss of buoyancy control Floating at surface or sinking to the bottom  Normal   Floating at surface; sinking 
to the bottom 

O
bs

er
ve

d 
be

ha
vi

ou
rs

 

Hypoactivity Decrease in spontaneous activity Torpid, apathy, lethargy, weak, immobility, 
inactivity, ceased swimming, quiescent 

Normal (calm) 
swimming activity 

  No visible swimming 
movements 

Hyperactivity Increase in spontaneous activity Erratic swimming, skittering Normal (calm) 
swimming activity 

  Rapid (erratic / irregular) 
movements 

Spiral swimming Rotation on vertical or horizontal axis; 
erratic movements, often in bursts 

Spiralling, rolling, tumbling, corkscrew 
swimming 

None   Observed 

Hyperventilation Increased frequency of opercular 
ventilatory movements 

Rapid/strong respiratory rate/ function Normal   Fast opercular movements 

Hypoventilation Decreased frequency of opercular 
ventilatory movements 

Reduced/laboured/weak/slow 
respiration/respiratory action/ventilation 

Normal   Slow (and possibly shallow) 
opercular movements 

Irregular ventilation Irregular opercular ventilatory movements Sporadic / spasmodic respiration / gill 
movement 

Regular 
ventilation 

  Erratic opercular 
movements 

Increased ventilation 
depth 

Increased amplitude of opercular 
movements 

Heavy gill movements, strong ventilation, 
strongly extended gills, abnormal opercular 
activity, operculae spread apart, mouth open 

Normal   Operculae extended and/or 
mouth open 

Convulsions Abnormal, involuntary and uncontrolled 
contraction of muscles 

Seizures, twitching, muscle spasms, shaking, 
shuddering, vibration 

None   Observed 

Coughing Fast reflex expansion of mouth and 
operculae not at water surface - assumed 
to clear ventilatory channels 

Abnormal opercular activity None   Observed 

Gulping Mouth (and opercular) movements at 
water surface, resulting in intake of water 
& air. 

Piping None   Observed 

Gasping Occasional expansion of mouth and 
operculae not associated with ventilation; 
not at water surface 

Yawn None   Observed 

Surface escape / 
avoidance behaviours 

 Jumping, surfacing None   Observed 

Bottom escape / 
avoidance behaviours 

 Diving, sounding None   Observed 

Irritated skin behaviours Flashing, scraping, rubbing  None   Observed 
Aggression and/or 
cannibalism 

 Aggression, direct attack, domination of choice 
tank locations, pick at or eat bodies of dead fish 

Normal   Observed 

Ap
pe

ar
an

ce
 

Tetany Rigid body musculature Paralysis None  Intermittent Permanent 
Skin colour - darkening  Changed / increased / dark(ened) colour / 

pigmentation / melanistic markings 
Normal  Tan/brown Black 

Skin colour - lightening  Pallor, pale; changed/weak pigmentation Normal   Pale 

Skin colour - mottled  Discoloured Normal   Mottled 
Oedema Abdominal swelling due to accumulation of 

fluid 
Distended/swollen/bloated abdomen/gut area; 
dropsy 

Normal  Distended abdomen Abdomen distended + scales 
vertical and/or fissure in 
abdominal wall 

Haemorrhagic areas - 
petechias 

Pinhead sized spots due to intra-dermal or 
sub-mucus haemorrhage 

 None <10% of skin area 10-30% of skin area >30% of skin area 

Haemorrhagic areas - 
haematomas 

Area of blood due to intradermal or sub-
mucus haemorrhage 

Small/big haematoma Nome <10% of skin area 10-30% of skin area >30% of skin area 

Exophthalmia Swelling within orbital socket resulting in 
bulging of eye out of socket 

Exophthalmos, exophthalmus, popeye, 
protruding eyeball  

Normal 1 or 2 eyes slightly 
extended 

Unilateral - one eye 
fully extended 

Bilateral - both eyes fully 
extended 

Mucus secretion Excess mucus production Mucus build-up (check eyes); increased 
secretion (mucus on skin or in water); mucus 
loss 

None   Observed 

Faecal (anal) casts String of faeces hanging from anus  None   Observed 

Pr
ov

ok
ed

 b
eh

av
io

ur
 

Visual and tank knocking 
stimulus - over reactive 

Overhead fright (startle) response to hand 
passing over top of tank or avoidance 
reaction to light beam; Fright (startle) 
response to tank rapped lightly 

Hyperexcitability; hyperactivity after 
stimulus/threat 

Normal   Excessive response 

Visual and tank knocking 
stimulus - under reactive 

Not responsive to external stimulation; 
inactivity after stimulus/ threat 

Normal  Reduced Total loss 

Tactile stimulus - under 
reactive 

Reduced avoidance response to touching Not responsive to external stimulation; 
inactivity after stimulus/threat 

Normal  Reduced Total loss 

 1 
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