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EnviroScience, Inc.
•

E
cological services firm

 based in northern O
hio

•
>100 biologists, environm

ental scientists and 
engineers specializing in aquatic biom

onitoring, 
aquatic toxicity testing, w

etland/stream
 restoration, 

invasive species, restoration and regulatory 
com

pliance
•

E
xisting clients include S

tate, federal and local 
governm

ental agencies (W
V

 D
O

T, O
H

, FL, P
ennD

O
T, 

U
.S

.E
PA

, U
S

 A
rm

y C
orp of E

ngineers), m
ajor 

industries and corporations across the U
.S

. (C
S

X
, 

A
EP, R

eliant E
nergy, M

ittal S
teel) and m

any of the 
N

ation¶s largest engineering firm
s (Leidos, TetraTech, 

A
rcadis

and others)



B
ioassay Testing O

verview



W
here did this requirem

ent 
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

E
S

 
perm

it holders



W
hat does it accom

plish?

•
address com

binations of toxicants
•

address unknow
n substances

•
allow

s direct interaction w
ith aquatic life

•
provide a m

ore com
prehensive and 

realistic picture of effects-a ‘real w
orld¶ 

m
easure of the im

pacts a discharge m
ay 

be having 

BiŽaƐƐaǇ ƚeƐƚing can͙
͙



•
C

hronic Toxicity
•

A
cute Toxicity

•
S

torm
w

ater 
S

creening
•

S
edim

ent Testing
•

E
lutriate Testing

•
P

roduct Testing

C
om

m
on Toxicity Tests



C
om

m
on Test O

rganism
s

�
Pim

iphales
prom

elas
�

C
eriodaphnia dubia

�
D

aphnia m
agna

�
H

yalella
azteca

�
C

hironom
ous

dilutus
�

S
elenastrum

capricornutum
�

M
ysidopsis

bahia
�

C
yprinodon

variegatus
�

M
enidia

beryllina



Toxicity Testing Steps
•

O
btain S

am
ples

•
D

ilute S
am

ples
•

A
dd O

rganism
s (all are less than 

24hrs. old)
•

M
onitor daily/ renew

 w
ater/ m

onitor 
chem

istry
•

E
nd Test

•
D

ata A
nalysis

•
R

eport R
esults



A
cute Toxicity Tests

•
Test P

rocedures
•

96 hours or less (species specific)
•

M
ortality is the m

easured endpoint
•

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 

chem
icals are exhibited



A
cute Endpoints

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 Toxicity Tests

Test P
rocedures

•
Typically 4-21 days

•
M

easures m
ortality, grow

th, and reproduction
A

dvantages
•

M
ore sensitive than acute

•
A

ssesses m
ore param

eters other than lethality
Lim

itations
•

M
ore costly and tim

e intensive than acute



IC
25 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
N

O
ECN

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
CLow

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

hronic Endpoints



C
hronic Endpoints (C

ont.)
•

%
 affected

–
Typically used for am

bient w
aters or one level 

screenings
•

C
hV

–
C

hronic Value= square root of N
O

E
C

x LO
E

C
•

Tu
c

–
C

hronic Toxic U
nit-C

om
puted by

•
100÷C

hV
•

100÷IC
25

•
100÷N

O
EC



Toxicity R
eduction Evaluations

•
If you have suspected or 
confirm

ed toxicity, you can 
expect perm

it language 
requiring your facility to 
conduct (or at least plan for) a 
TR

E
 to identify source(s) of 

toxicity and reduce/elim
inate 

them
•

The m
ost com

m
on and 

problem
atic situation triggering 

TR
E

s is low
-level and 

interm
ittent chronic toxicity



Toxicity Identification/Reduction 
(TIE/TRE) Evaluations

•Generally conducted in a 
phased iterative approach
•Does not necessarily 
involve extensive 
laboratory evaluation and 
testing (the TIE part of the 
TRE)
•Variability of w

aste stream
 

often poses significant 
challenges, especially w

ith 
low

-level chronic toxicity



TR
E O

bjectives
•

D
eterm

ine w
hether toxicity is consistently present, and 

if so, determ
ine a baseline and degree of variability.

•
E

valuate in-plant practices, processes, and chem
ical 

usage in both process and w
astew

ater treatm
ent 

trains
•

For m
unicipalities, evaluate pretreatm

ent inform
ation 

to identify significant industrial users and their potential 
to cause toxicity in the final effluent.

•
Identify the general class of toxicant(s) present and 
then proceed to identify the specific toxicant(s) and 
source(s)

•
P

rovide inform
ation, as needed, to support any 

necessary treatm
ent or process changes



TR
E � TIE

Toxicity R
eduction Evaluation-A

n investigation 
into possible source(s) of toxicity in an effluent 
discharge.  M

ay or m
ay not involve conducting a

Toxicity Identification Evaluation-The laboratory 
phase of a TR

E
 involving a series of effluent 

m
anipulation steps to characterize the effluent 

toxicity

Laboratory TIE w
ork rarely m

akes sense before 
perform

ing other parts of the TR
E first



TR
E C

om
ponents

•
E

stablish baseline toxicity, variability and 
persistence of the effluent 

•
C

hem
ical O

ptim
ization/ O

perational 
A

ssessm
ent

•
Toxicity Identification E

valuation (TIE
)

–
P

hase I C
haracterization

–
P

hase II Identification A
nalyses

–
P

hase III C
onfirm

ation A
nalyses

–
Treatability A

nalyses



O
perational A

ssessm
ent

•
P

re-laboratory phase of the TR
E

 w
hich 

investigates possible toxicity sources
•

Focuses on:
–

P
ast analytical and bioassay data

–
In-house chem

ical usage and treatm
ent 

processes
–

In-house practices and B
M

P
s

•
C

om
bines in-plant know

ledge of the facility 
and its w

aste stream
 w

ith an outside 
perspective to identify possible sources of 
toxicity



Toxicity
Identification
Evaluation



C
om

m
on Effluent M

anipulation 
Tests used in the TIE

•
B

aseline
•

A
eration

•
volatiles

•
pH

 A
djustm

ent
•

S
om

e m
etals

•
Filtration
•

P
article size

•
D

issolved vs
particulate bound

•
C

18 S
olid P

hase 
E

xtraction
–

N
onpolar organics, 

surfactants
•

O
xidant R

eduction
–

C
hlorine, som

e m
etals

•
G

raduated pH
–

A
m

m
onia, som

e m
etals

•
E

D
TA C

helation
–

m
etals



C
om

plicating Factors 
C

om
m

on to M
any TR

Es
•

Infrequent past biom
onitoring (little data)

•
Interm

ittent or low
-level chronic toxicity

•
S

easonal influences
•

H
ighly variable influent w

astew
ater

•
H

igh total dissolved solids (TD
S) content 

effluents
•

S
om

e toxicants are not persistent over tim
e

•
P

otential for pathogen interference from
 

bacteria or fungi



Typical Steps in a TR
E

1.
P

repare a plan for subm
ission to O

EPA
2.

C
om

pilation and review
 of

•
24 m

onths of D
M

R
 &

 5 years of bioassay 
data

•
P

rocess flow
 diagram

s
•

R
aw

 m
aterial &

 chem
ical usage/storage in 

facility
•

Inform
ation on plant B

M
P

s and 
housekeeping

•
For a m

unicipality, review
 pretreatm

ent 
records



Typical Steps in a TR
E (cont.)

3.
C

onduct a thorough w
alk-through of the 

facility
4.C

onduct a series of at least six (6) w
eekly or 

biw
eekly screening

tests to gauge variability 
and persistence of the effluent toxicity

5.P
rioritize TIE

 m
anipulations and initiate TIE

 
testing



Pre-TR
E R

ecom
m

endations
•B

egin sam
pling for bioassay and 

periodic analytical requirem
ents on 

the sam
e days and from

 the sam
e 

sam
ple (just don¶t give us preserved 

sam
ples!)

•To the extent possible, vary your 
sam

pling days
•Avoid targeted sam

pling
•K

eep great records of things both 
large and sm

all!



W
hen a TR

E iV loom
ing«

. IW 
pays to be proactive

•
B

egin the process before you are forced to because:
•

there¶s never enough tim
e

•
the process is easier w

hen you control the schedule 
and the expenditures (as opposed to E

PA
)

•
A

lw
ays begin w

ith an objective look at both the data and 
the facility

•
Look for patterns in the data

•
Talk to the operators!

•
U

se screening tests w
ith few

er dilutions w
henever 

possible (they are cheaper and don¶t need to be reported 
on M

O
R

s)



Typical TR
E R

equirem
ents

•
W

ithin 3 m
onths, subm

it an initial investigation w
ork plan

•
Include techniques that w

ill be used to identify sources of toxicity and 
effluent variability

•
D

escribe in-house potential sources
•

Identify the person or contractor conducting the TR
E

•
W

ithin 9 m
onths, subm

it a detailed TR
E

 w
ork plan

•
Include further action and schedule

•
C

onsider im
plem

enting a TIE

•
W

ithin 12 m
onths, im

plem
ent the TR

E
 w

ork plan
•

W
ithin 30 m

onths, subm
it a detailed plan for corrective action

•
W

ithin 47 m
onths achieve com

pliance w
ith final W

E
T lim

its



W
hen you are in a TR

E 
Situation

•
Try to avoid com

m
itting to a specific 

course of action in plans or discussions 
w

ith the A
gency

•
C

ollect as m
uch sam

ple as possible 
w

henever sam
pling for bioassay testing

•
Look at sim

ple things first (hint: check 
your sam

pler and tubing) &
 confirm

 your 
sam

pling locations!



W
hen you are in a TR

E 
Situation (cont.)

•
N

ote any recent changes and record 
everything!

•
Focus on processes and chem

ical usage 
closest to the effluent discharge and 
chem

icals used in the greatest quantities
•

E
valuate treatm

ent additive control rates 
and m

ethods
•

Talk to the operators!



W
hen you are in a TR

E 
Situation (cont.)

•
D

o as m
uch baseline testing as possible to 

ensure you have adequately characterized 
the range and variability of the effluent 
before starting TIE

 w
ork 

•
U

se screening tests w
ith few

er dilutions 
w

henever possible (they are cheaper and 
don¶t need to show

 up on M
O

R
s)

•
P

rioritize any TIE
 w

ork using know
ledge of 

the effluent and the plant



Q
uestions?

M
artin H

ilovsky
C

E
O

/TR
E M

anager
E

nviroS
cience, Inc.

(800)940-4025

m
hilovsky@

enviroscienceinc.com


