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W
here did it com

e from
?

�
S

tem
s from

 the 
C

lean W
ater A

ct
�

N
P

D
E

S perm
it 

program
�

S
tate A

gencies
�

Individual N
P

D
ES

 
perm

it holders



W
hat does it accom

plish?
�

C
an address com

binations of toxicants
�

A
ddress unknow

n substances
�

A
llow

s direct interaction w
ith aquatic life

�
P

rovides m
ore com

prehensive and 
realistic pictXre of effects; a ³real Z

orld´ 
m

easure of the im
pacts a discharge m

ay 
be having 



W
ho can perform

 testing?
�

S
tate decides criteria for laboratory accreditation

�
M

ust follow
 U

SE
PA m

anuals
�

M
ethods for M

easuring the A
cute Toxicity of E

ffluents to Freshw
ater and 

M
arine O

rganism
s. 5

thE
dition,U

S
E

PA
,O

ffice
of W

ater, O
ctober 2002, E

PA 
821-R

-02-013
�

S
hort-term

 M
ethods for E

stim
ating the C

hronic Toxicity of E
ffluents and 

R
eceiving W

aters to Freshw
ater O

rganism
s. 4

thE
dition,U

S
E

PA
,O

ffice
of 

W
ater,O

ctober2002,E
PA 821-R

-02-013
�

S
hort-term

 M
ethods for E

stim
ating the C

hronic Toxicity of E
ffluents and 

R
eceiving W

ater to M
arine and E

stuarine O
rganism

s, 3
rdE

dition, E
PA 821-R

-
02-014

�
E

nviroScience currently serves clients in O
hio, 

M
ichigan, P

ennsylvania, W
est Virginia, Indiana, 

Illinois, and N
ew

 York.



C
om

m
on Toxicity Tests

�
A

cute Toxicity
�

C
hronic Toxicity

�
S

edim
ent Testing

�
P

roduct Testing



A
cute Toxicity

�
D

esigned to determ
ine the percent 

concentration that is lethal to 50%
 of 

exposed organism
s (LC

50 )
�

S
hort exposure tim

e of 24-96 hours
�

C
onsist of a dilution control and 5 dilutions

�
In O

H
: non-renew

al tests-exposed to the 
sam

e test solution for entire duration 



A
cute Toxicity continued

�
A

dvantages
�

Less expensive and tim
e 

consum
ing

�
E

ndpoint is easy to 
quantify

�
D

isadvantages
�

Indicates only lethal 
concentrations

�
O

nly the effects of fast-
acting toxicants are 
exhibited



C
hronic Toxicity

�
D

esigned to determ
ine the percent 

concentration that affects the survival, and 
grow

th/reproduction of the organism
�

Longer exposure tim
e of 4-7 days

�
C

onsist of a dilution control and 5 dilutions
�

In O
H

: renew
al tests-exposed to a fresh 

solution every 24 hours 
�

S
am

ple 1 used days 0,1; S
am

ple 2 used days 
2,3; S

am
ple 3 used days 4,5,6



C
hronic Toxicity continued

�
A

dvantages
�

M
ore sensitive than 

acute
�

A
ssesses m

ore 
param

eters than 
lethality

�
A

cute endpoints can be 
derived from

 the first 1-4 
days of chronic testing 

�
D

isadvantages
�

M
ore costly and tim

e 
intensive than acute



O
rganism

s
�

C
eriodaphnia

dubia
�

D
aphnia m

agna
�

P
im

ephales
prom

elas
�

H
yalella

azteca
�

C
hironom

us
dilutus

�
S

elenastrum
capricornutum

�
M

ysidopsis
bahia

�
C

yprinodon
variegatus



C
ulturing



C
eriodaphnia

dubia
�

C
an be acquired via in-house cultures, 

com
m

ercial suppliers, or w
ild-caught

�
E

S
 cXltXres consist of ³brood boards´ that 

contain 30-60 individual organism
s

�
C

ultures are fed YAT/algae daily
�

Individuals are transferred to fresh w
ater daily

�
M

onitored at specified tim
es to determ

ine age of 
the organism

s



C
. dubia

Feeding-YAT
�

YAT-yeast, alfalfa, Tetram
in

fish flake
�

Fish flake ground into finer particles and bubbled in D
I 

w
ater for 96 hours

�
A

lfalfa dissolved in D
I w

ater
�

Yeast m
ixed in D

I w
ater for 1 hour

�
Flake and alfalfa solutions allow

ed to settle overnight 
then filtered

�
Yeast m

ixture allow
ed to settle for 15 m

inutes then 
supernatant decanted

�
E

qual parts flake, alfalfa, and yeast solution com
bined



C
. dubia

Feeding-YAT continued
�

S
ubsam

ples of YAT 
dried at 105�C

 for 24 
hours

�
D

ried sam
ples 

w
eighed to determ

ine 
volum

e of YAT 
necessary for 1.7-1.9 
gram

s of solids per L 
of culture w

ater



C
. dubia

Feeding-A
lgae

�
G

row
 S

elenastrum
capricornutum

�
Laboratory w

ater diluted w
ith D

I w
ater m

ixed 
w

ith M
icro A

lgae G
row

 nutrient m
edia

�
The m

ixture is filtered through 0.2 µm
 

m
em

brane then dosed w
ith pure algae

�
S

olution is aerated under 400 fc of light and 
allow

ed to grow
 for 5-7 days



C
. dubia

Feeding-A
lgae continued

�
A

fter the grow
th period, the solution is 

allow
ed to settle under refrigeration for 3 

days
�

S
upernatant is decanted and the cell count of 

the concentrated algae is determ
ined by 

hem
acytom

eter
�

C
ell count is used to determ

ine volum
e 

necessary to achieve 2-2.3x10
5cells per m

L 
of culture w

ater



P
im

ephales
prom

elas
�

C
an be acquired via in-house cultures, com

m
ercial 

suppliers, or w
ild-caught

�
E

S
 cultures consist of:

�
³rearing tanks´ Z

hich contain organism
s that are not 

m
ature enough to reproduce yet

�
³breeding tanks´ Z

hich contain 2 m
ales and 6-8 fem

ales
�

Tiles are collected dail\ and m
aintained in ³hatchers´ 

until the designated hatch tim
e

�
A

dult fish fed flake food tw
ice daily

�
Juvenile fish fed freshly hatched brine shrim

p



Juvenile
P. prom

elas
Feeding

�
M

ix brine shrim
p eggs in salt w

ater
�

A
erate m

ixture in w
arm

 w
ater bath for 24 

hours
�

A
llow

 the hatched shrim
p m

ixture to settle 
and decant the supernatant

�
S

am
ple 25 µL of the concentrated solution 

and count the num
ber of live shrim

p present
�

Volum
e of brine shrim

p suspension to feed 
varies based on the age of the fish



D
ilution W

ater
�

The prim
ary control

�
R

eceiving w
ater or 

upstream
�

S
tandard synthetic 

laboratory w
ater

�
M

oderately hard dilute 
m

ineral w
ater (D

M
W

)
�

M
oderately hard 

reconstituted w
ater 

(M
H

R
)



C
hoosing a D

ilution W
ater

�
A

gency requirem
ents

�
S

pecies being 
analyzed

�
A

cute or C
hronic 

testing
�

M
ust support 

adequate 
perform

ance of the 
test organism

s



E
ffluent S

am
pling

�
S

am
pling point 

specified in perm
it, 

except:
�

E
asier to sam

ple at a 
point betw

een final 
treatm

ent and 
discharge

�
D

esirable to sam
ple 

prior to chlorination



Types of S
am

ples
�

G
rab S

am
ples

�
C

ollected all at once for a m
easure of 

instantaneous toxicity, so toxicity spikes are not 
m

asked by dilution
�

E
asier to m

iss a toxicity spike
�

C
om

posite S
am

ples
�

S
eries of sm

all grab sam
ples collected over 24 

hours
�

M
ay catch m

ore toxicity spikes, but they m
ay be 

m
asked by dilution



S
am

ple H
andling
�

S
am

ples should be 
held at 0-6�C

�
S

am
ple m

ust be used 
w

ithin 36 hours of 
collection

�
O

ne sam
ple can be 

used for renew
al at 

24, 48, or 72 hours 
after initial use



Toxicity Test P
rocedures

�
Initial chem

istry analyzed for effluent and 
upstream

/dilution w
ater

�
C

onductivity, dissolved oxygen (D
O

), pH
, 

alkalinity, hardness, chlorine (effluent only)
�

S
tandard dilution series: 6.25, 12.5, 25, 

50, 100%
�

Tests conducted at 25�1�C
, 16 hours of 

light at 50-100 fc, 8 hours of dark



A
cute C

. dubia
Tests

�
Test duration of 48 hours

�
15 m

L of test solution in 30 m
L vessels

�
4 replicate test vessels containing 5 
organism

s each per test level
�

O
rganism

s m
ust be <24 hours old at test 

initiation
�

Tests evaluated for m
ortality at 24�2 hours 

from
 initiation

�
Tests term

inated at 48�1 hour from
 initiation



A
cute P. prom

elas
Tests

�
Test duration of 96 hours

�
200 m

L of test solution in 250 m
L vessels

�
2 replicate test vessels containing 10 
organism

s each per test level
�

O
rganism

s m
ust be <14 days old at test 

initiation
�

Tests evaluated for m
ortality at 24, 48, 72�2 

hours from
 initiation

�
Tests term

inated at 96�1 hour from
 initiation



A
cute A

cceptability C
riteria

�
M

inim
um

 control 
survival at least 90%

�
A

ppropriate 
tem

perature 
m

aintained
�

A
ppropriate test 

organism
 age at 

initiation



A
cute E

ndpoints
�

LC
50 (Lethal C

oncentration)
�

C
oncentration of effluent that is lethal to 50 

percent of the exposed organism
s at a 

specific tim
e of observation

�
TU

a (A
cute Toxic U

nit)
�

D
efined as 100·LC

50 



C
hronic C

. dubia
Tests

�
Test duration of 6-8 days

�
15 m

L of test solution in 30 m
L vessels

�
10 replicate test vessels containing 1 
organism

 each per test level
�

O
rganism

s m
ust be <24 hours old

w
ithin 8 hours at test initiation



C
hronic C

. dubia
Tests continued

�
Tests renew

ed daily at 24-hour intervals 
�2 hours from

 initiation
�

fed YAT and algae 
�

evaluated for m
ortality 

�
num

ber of offspring counted per cup (typically 
5, 10, 15)

�
Tests term

inated at �1 hour from
 initiation



C
hronic C

. dubia
Test A

cceptability 
C

riteria
�

M
inim

um
 control survival at least 80%

�
M

inim
um

 average of 15 or m
ore offspring 

per control organism
�

M
inim

um
 60%

 control organism
s produce 

3 broods (typically 5, 10, 15)
�

A
ppropriate sam

ple handling and test 
conditions m

aintained



C
hronic C

. dubia
E

ndpoints
�

N
O

E
C

 for survival and reproduction
�

N
o O

bservable E
ffect C

oncentration-H
ighest 

concentration of effluent tested w
hich show

s no statistically 
significant effect on the organism

s as com
pared to the 

control
�

LO
E

C
 for survival and reproduction

�
Low

est O
bservable E

ffect C
oncentration-Low

est 
concentration of effluent tested w

hich show
s statistically 

significant effect on the organism
s as com

pared to the 
control

�
C

hV
�

C
hronic Value= square root of N

O
E

C
 x LO

E
C



C
hronic C

. dubia
E

ndpoints 
continued

�
IC

25 for reproduction
�

Inhibition C
oncentration-C

oncentration of effluent 
w

hich has an inhibitory effect on 25%
 of the test 

organism
s for the m

onitored effect, as com
pared to 

the control
�

TU
c

�
C

hronic Toxic U
nit-perm

it defines calculation
�

100·C
hV

�
100·IC

25
�

M
ost O

H
 perm

its require the reporting of the higher of the 
tw

o m
ethods



C
hronic P. prom

elas
Tests 

�
Test duration of 7 days

�
250 m

L of test solution in 500 m
L vessels

�
4 replicate test vessels containing 10 organism

s each per test 
level

�
O

rganism
s m

ust be <24 hours old at test initiation
�

Tests fed new
ly hatched brine shrim

p tw
ice daily

�
Tests renew

ed
and evaluated for m

ortality at 24-hour intervals 
�2 hours from

 initiation
�

Tests term
inated at �1 hour from

 initiation
�

A
t test term

ination, surviving organism
s are dried at 60�C

 for 
24 hours then w

eighed to the nearest 0.01 m
g



C
hronic P. prom

elas
Test 

A
cceptability C

riteria
�

M
inim

um
 control 

survival at least 80%
�

Average dry w
eight 

per surviving 
organism

 in the 
control m

Xst be �0.25 
m

g
�

A
ppropriate sam

ple 
handling and test 
conditions m

aintained



C
hronic P. prom

elas
E

ndpoints
�

N
O

E
C

 for survival and grow
th

�
N

o O
bservable E

ffect C
oncentration-H

ighest 
concentration of effluent tested w

hich show
s no statistically 

significant effect on the organism
s as com

pared to the 
control

�
LO

E
C

 for survival and grow
th

�
Low

est O
bservable E

ffect C
oncentration-Low

est 
concentration of effluent tested w

hich show
s statistically 

significant effect on the organism
s as com

pared to the 
control

�
C

hV
�

C
hronic Value= square root of N

O
E

C
 x LO

E
C



C
hronic P. prom

elas
E

ndpoints 
continued

�
IC

25 for grow
th

�
Inhibition C

oncentration-
C

oncentration of effluent 
w

hich has an inhibitory 
effect on 25%

 of the test 
organism

s for the 
m

onitored effect, as 
com

pared to the control
�

TU
c

�
C

hronic Toxic U
nit-perm

it 
defines calculation
�

M
ost O

H
 perm

its:100·IC
25



O
E

PA B
iom

onitoring G
uidance-

Lim
its

�
A

llow
able E

ffluent Toxicity (A
E

T) is the 
perm

issible am
ount of toxicity (lim

it)
�

A
E

T determ
ined by:

�
size of the receiving stream

 (dilution)
�

W
ater quality of the stream

 (effects of 
interactive discharges)

�
A

E
T can be found in w

asteload
allocations



O
E

PA B
iom

onitoring G
uidance-

Lim
its and D

ilution S
eries

�
The dilution series used m

ust yield data that 
w

ill determ
ine if the lim

it has been exceeded
�

LC
50 and IC

25 endpoints are determ
ined 

linearly, so exceedance of the lim
it can be 

determ
ined, no m

atter w
hat the dilution 

series, for acute tests (TU
a = 100·LC

50 ) and 
chronic fish tests (TU

c = 100·IC
25 ), how

ever, 
the series can be shifted for tighter 
confidence intervals



O
E

PA B
iom

onitoring G
uidance-

Lim
its and D

ilXtion S
eries cont¶d

�
D

ilution series is m
ost im

portant for chronic C
. dubia

because the TU
c can be calculated as 100·C

hV
 or 

100·IC
25

�
For exam

ple, if the lim
it is 1.3 and the standard dilution 

series is used (6.25, 12.5, 25, 50, 100) if the N
O

E
C

 = 
50%

 and the LO
E

C
 = 100%

, the TU
c as 100·C

hV
 

w
ould be 1.4 and the lim

it w
ould be exceeded

�
If, instead, the dilution series 12.5, 25, 50, 75, 100 is 
used, the N

O
E

C
 m

ay be 75%
 and the LO

E
C

 = 100%
, 

the TU
c as 100·C

hV
 w

ould be 1.2 and the lim
it w

ould 
not be exceeded



O
E

PA B
iom

onitoring G
uidance-

R
eporting R

equirem
ents

O
E

PA is som
ew

hat unique in that it requires 
specific TU

a values be reported for tests w
ith an 

LC
50 <100%

 



O
E

PA B
iom

onitoring G
uidance-

R
eporting R

eqXirem
ents cont¶d

�
TU

a and TU
c reported for effluent, %

 affected m
ust 

be reported for stream
 sam

ples (upstream
, 

nearfield/m
ixing zone, farfield/dow

nstream
)

�
R

eproduction/grow
th endpoints are generally m

ore 
sensitive than survival endpoints

�
C

hronic C
. dubia:TU

c as 100·C
hV

 generally uses 
reproduction N

O
E

C
/LO

E
C

, but if the survival 
N

O
E

C
/LO

E
C

 is m
ore sensitive, those endpoints 

m
ust be used in the C

hV
calculation



O
E

PA R
eporting C

odes often used 
in W

E
T testing

�
A

A
-below

 detectable lim
it

�
TU

a = <0.2; <10%
 affected in 100%

 effluent
�

TU
c = <1.0; C

hV
and/or IC

25 = >100%
 effluent

�
A

E
-analytical data not valid

�
E

ndpoint could not be determ
ined due to prim

ary dilution 
control w

ater toxicity
�

A
F-sam

ple site inaccessible due to flooding or freezing
�

M
ost often applied to stream

 sam
ples (upstream

, 
nearfield/m

ixing zone, farfield/dow
nstream

)
�

Frozen auto sam
pler lines
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.
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