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Data generated from daphnid chronic tox i c i t y  tests are used by 
various regulatory agencies for  the development of water qual i ty  
c r i t e r i a .  Two chemicals which are lacking reported chronic data 
are ani l ine and 2,4-dichlorophenol. Ani l ine is environmentally 
important because i t  is often found in dyes, varnish, rubber and 
chemical and gas plant wastes (McKee and Wolf 1963). The commer- 
cial importance of 2,4-dichlorophenol is associated with i ts  use 
as a feedstock for  herbicides and in the use of i t ' s  derivatives 
for such products as germicides, soil  s te r i l an ts ,  ant isept ics and 
moth proofing (U.So Environmental Protection Agency 1980). The 
acute tox i c i t y  of 2,4-dichlorophenol to Daphnia magna has been 
reported by LeBlanc (1980); the tox ic i t y  oTf--a-6- f l in~ D. magna 
has been reported by Canton and Adema (1978) and G e r ~ i c h ~  
Mayes (1985). Chronic data for these chemicals are lacking for  
invertebrates. The objective of th is study was to estimate the 
chronic tox i c i t y  of ani l ine and 2,4-dichlorophenol to Daphnia 
magna Straus, using a standard 21-day s ta t ic  renewal p r o c e ~ T  

MATERIALS AND METHODS 

The test  materials used in th is study were ani l ine and 
2,4-dichlorophenol. Ani l ine has a molecular weight of 93.1 
(Verschueren 1983) with the fol lowing structural  formula: 

The ani l ine used in th is study had a pur i ty  of approximately 99 
mole % (reagent grade - Fisher Sc ien t i f i c ) .  The water so lub i l i t y  
of ani l ine has been reported as 34,000 mg/L (Vershueren 1983). 
The molecular weight of 2,4-dichlorophenol is 163.01 and the 
chemical has the fol lowing structural  formula (Verschueren 1983): 

*Send repr int  requests to F. M. Gersich at the above address. 
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The 2,4-dichlorophenol used in th is  study was obtained from Kodak 
and had a pur i t y  of 99.9 mole % (as analyzed by gas chroma- 
tography). The wa te r  s o l u b i l i t y  of 2,4-dichlorophenol is 
reported as 4600 mg/L at 20~ (Verschueren 1983). 

All  tes t  organisms were cultured and tested in Lake Huron water. 
This water was obtained from the Midland Water Treatment Plant 
(Midland, MI) p r io r  to f ina l  ch lor inat ion and was adjusted to a 
hardness of about 170 mg/Lo(aS CaCOR) p r io r  to autoclaving. The 
water was autoclaved at 121C and 12~ kPa for  35 minutes. 

The cladoceran, Daphnia magna Straus 1820, was used as the test  
organism for t h e ~ s t ~ e s . - ~ - ? h e  brood stock was maintained in an 
environmental chamber set at 20•176 with a l i gh t -cyc le  of 16 h 
day l ight  (~1700-2400 lux) /8  h darkness. Twenty four hours before 
tes t ing ,  multiparous females were isolated and the neonates 
produced by these adults were used in the chronic tes ts .  

All  daphnids ( i . e . ,  brood stock and test  organisms) were fed a 
d ie t  of the green alga, Selenastrum capricornutum Pr in tz .  The 
alga was fed to the brood stock at a rate equivalent to 2.50 mg 
dry wt/L of d i l u t i on  water. The algal size and population 
d i s t r i bu t i on  were measured with a Coulter Counter. 

The chronic tests were conducted in a manner s imi la r  to that  
reported by Gersich (1984) and Gersich et al (1984). The studies 
were designed to use a s ta t i c  renewal procedure wi th batchwise 
replacement of the test  and control solut ions on a Monday, 
Wednesday and Friday basis. The tes t  concentrations (10.6 to 170 
~g/L) used in the an i l i ne  study were prepared by d i l u t i ng  
a l iquots of a stock solut ion (5 mg/500 mL of d i l u t i on  water).  
The t e s t  concentrations for the 2,4-dichlorophenol study ranged 
from 0.38 mg/L to 6.0 mg/L and were prepared by d i l u t i ng  al iquots 
of an appropriate stock solut ion (~400 mg/L of d i l u t i on  water).  
D i lu t ion  water controls were also used in these studies. 

The tes t  vessels were 600 mL glass beakers, each containing f i ve  
glass tubes (2.5 x 12.5 cm) with 363 ~m mesh bottoms. The tubes 
were supported about 1.0 cm o f f  of the bottom of the beaker with 
a 1.0 mm mesh sta in less steel platform. During the studies each 
beaker contained the appropriate amount of food, d i l u t i on  water 
and tes t  material made up to a 500 mL volume. The tes t  organisms 
were fed S. capricornutum at a rate equivalent to 2.50 mg dry 
wt/L of diTution water. The beakers were held in a temperature 
control led environmental chamber set at 20•176 and a photoperiod 
of 16 h day l ight /8  h darkness. 



The chronic tests began by placing one neonate daphnid in each 
uniquely labeled tube. The daphnids remained in the i r  respect- 
ively labeled tubes for  the duration of the study. Each test  
concentration and the controls had four repl icates (4 
beakers/concentration), resul t ing in 20 daphnids being exposed to 
each concentration. 

The duration of each test  was 21 days. The c r i t i ca l  endpoints 
were associated with reproduction, growth and survival. Data 
were col lected on each of the endpoints every Monday, Wednesday 
and Friday, addi t ional ly  pH, dissolved oxygen and temperature 
were also measured and recorded on each renewal day. 

Samples from the ani l ine chronic s ta t ic  renewal test  were anal- 
yzed using an appropriate reverse-phase l iqu id  chromatography 
method. The concentrations of 2,4-dichlorophenol were determined 
using high performance l iqu id  chromatography. On each Monday, 
Wednesday and Friday during both studies analyses were performed 
on a repl icate from each test  concentration and the control.  

Data derived from the studies were analyzed using a one-tai led 
Dunnett's test  (~=0.05) (Winer 1971). The Dunnett's procedure 
used simultaneously tested for heterogeneity of variances using 
Ba r t l e t t ' s  test .  I f  the variances were heterogeneous the 
Wilcoxon signed rank test  was used to compare the means 
(Hollander and Wolfe 1973). Mean comparisons between test  and 
control concentrations were performed on the fol lowing endpoints: 
percent survival ,  mean total  young/adult, mean brood size/adul t  
and mean dry weight/adult .  The purpose of these comparisons was 
to estimate the maximum acceptable toxicant concentration (MATC). 
The MATC is defined as the estimated toxic threshold concent- 
rat ion fa l l i ng  between the highest concentration showing no 
ef fect  and the next highest concentration showing a toxic ef fect  
when compared to the controls (McKim 1977). 

RESULTS AND DISCUSSION 

The mean ani l ine concentrations derived from the analyzed test  
solutions are presented in Table I.  The mean analyzed concent- 
rations ranged from 79 to 160% of the corresponding nominal 
values. The 160% value is associated with the d i f f i c u l t y  in 
analyzing for  ani l ine at low part per b i l l i on  levels. The 
s t a b i l i t y  of ani l ine over the renewal period was examined by 
analyzing par t icu lar  test  solutions at 0 hours and once again 
pr io r  to the next renewal. The concentrations of the test  
material in the same solutions at the beginning and end of the 48 
hr renewal period ranged from 75 to 89%, with a mean and standard 
deviation of 81.7 • 7.0% (N=6). 



T
ab

le
 

1.
 

Th
e 

m
ea

n 
ch

ro
n

ic
 

da
ta

 
u

se
d

 t
o

 
e

st
im

a
te

 
th

e
 

m
ax

im
um

 a
cc

e
p

ta
b

le
 

to
x

ic
a

n
t 

co
n

ce
n

tr
a

ti
o

n
 

(M
A

T
C

) 
fo

r 
da

ph
ni

ds
 

ex
po

se
d 

to
 

a
n

il
in

e
 

fo
r 

21
 

da
ys

 

~
ea

n 
an

al
yz

ed
 

.
.

.
.

.
.

.
 

M
ea

n 
d

ry
 a

 
co

n
ce

n
tr

a
ti

o
n

 
S

u
rv

iv
a

l 
M

ea
n 

to
ta

l 
a 

M
ea

n 
br

oo
d 

a 
w

e
ig

h
t/

a
d

u
lt

 
~

g/
L 

%
 

yo
u

n
g

/a
d

u
lt

 
s

iz
e

/a
d

u
lt

 
(~

g
) 

C
o

n
tr

o
l 

10
0•

 
9

0
.3

• 
2

4
.0

• 
86

7.
5•

 
4

2
.7

 
12

.7
• 

10
0•

 
8

9
.6

• 
2

4
.3

• 
79

3.
0•

 
5

8
.9

 
2

4
.6

• 
80

• 
h 

8
9

.7
• 

2
3

.4
• 

c 
81

0.
3•

 
29

.7
 

4
6

.7
• 

50
• 

58
.3

• 
c 

19
,8

• 
34

7.
5•

 
23

.1
D

 
16

8.
6•

 

Th
e 

e
n

d
p

o
in

ts
 

m
ea

n 
to

ta
l 

yo
u

n
g

/d
a

p
h

n
id

 
an

d 
m

ea
n 

br
oo

d 
si

ze
/d

a
p

h
n

id
 w

er
e 

b
a

se
d

 o
n 

N
=

to
ta

l 
nu

m
be

r 
o

f 
a

d
u

lt
s 

s
u

rv
iv

in
g

 a
t 

th
e

 
en

d 
o

f 
th

e
 

te
s

t 
in

 
a

ll
 

re
p

li
c

a
te

s
 

fo
r 

a 
p

a
rt

ic
u

la
r 

co
n

ce
n

tr
a

ti
o

n
, 

Th
e 

e
n

d
p

o
in

t 
m

ea
n 

d
ry

 w
e

ig
h

t/
a

d
u

lt
 

w
as

 b
a

se
d

 o
n 

d
e

te
rm

in
in

g
 

th
e

 
m

ea
n 

d
ry

 w
e

ig
h

t/
a

d
u

lt
 

a
li

v
e

 
a

t 
th

e
 

en
d 

o
f 

th
e

 
s

tu
d

y
/r

e
p

li
c

a
te

 
an

d 
th

en
 

a
ve

ra
g

in
g

 
th

e
 

fo
u

r 
re

p
li

c
a

te
s

 
p

e
r 

co
n

ce
n

tr
a

ti
o

n
. 

M
ea

n 
s

ig
n

if
ic

a
n

tl
y

 
d

if
fe

re
n

t 
fr

om
 

th
e

 
co

n
tr

o
l 

a
t 

m
=O

.0
5 

le
v

e
l,

 
o

n
e

-s
id

e
d

 
D

u
n

n
e

tt
's

 
te

s
t 

c 
M

ea
n 

s
ig

n
if

ic
a

n
tl

y
 

d
if

fe
re

n
t 

fr
om

 
th

e
 

co
n

tr
o

l 
a

t 
~

=
0.

05
 

le
v

e
l,

 
W

ilc
o

xo
n

 
T

e
st

 



During the ani l ine chronic study there was no control morta l i ty .  
Throughout the test  the dissolved oxygen measurements were al l  >90% 
saturat ion, The pH and temperature measurements ranged from 7.8 to 
8.1 and 19.0 to 21.0~ respectively. 

The data used to estimate the chronic value (MATC) for ani l ine are 
presented in Table 1. Interpretat ion of the data indicates that the 
MATC l ies between 24.6 and 46.7 ~g/L. Another estimate of the MATC 
value expressed as the geometric mean of 24.6 and 46.7 is 33.9 ug/L, 
The determination of the MATC was based on the endpoints: survival,  
mean total  young/adult, mean brood s ize/adul t  and mean dry 
weight~adult, all of which s ign i f i can t l y  di f fered from the controls 
at the 46.7 ug/L level. The chronic data from th is  study can be 
used for  formulating an acute/chronic ra t io .  Dividing the chronic 
value generated during th is study (33.9 ug/L) into the daphnid acute 
LC50 value (170 ~g/L) generated by Gersich and Mayes (1985) results 
in a daphnid acute/chronic rat io  for ani l ine of approximately 5. 
Acute/chronic rat ios play an important role in the development of 
water qual i ty  standards. 

The mean 2,4-dichlorophenol concentrations derived from the analyzed 
test  solutions are presented in Table 2. The mean analyzed concen- 
t ra t ion ranged from 89 to 113% of corresponding nominal values, The 
test  material was found to be stable over the renewal period. The 
concentrations of the test  material in the same solutions at the 
beginning and end of the 48 h renewal period ranged from 78 to 90% 
with a mean and standard deviation of 85.5 • 4.2% (N=6). 

During the 2,4-dichlorophenol chronic study there was no control 
morta l i ty .  Throughout the test  the dissolved oxygen measurements 
were a l l  >90% saturat ion. The pH and temperature measurements 
ranged from 7.4 to 8.3 and 19.0 to 21.0~ respectively. 

The data used to estimate the chronic value (MATC) for 
2,4-dichlorophenol are presented in Table 2. The control organisms 
in the 2,4 dichlorophenol study exhibited larger broods and were 
s l i gh t l y  heavier when compared to the ani l ine study controls. 
Interpretat ion of the data indicates that the MATC l ies between 0.74 
and 1.48 mg/L. Another estimate of the MATC expressed as the 
geometric mean of 0.74 and 1.48 is 1.05 mg/L. The estimation of the 
MATC was based on the endpoints: survival ,  mean total  young/adult, 
and mean brood s ize/adul t ;  a l l  of which s ign i f i can t l y  di f fered from 
the controls at the 1.48 mg/L level. Dividing the chronic daphnid 
value reported in th is study (1.05 mg/L) into the acute LC50 value 
(2.6 mg/L) reported by LeBlanc (1980) results in an acute/chronic 
ra t io  of approximately 2.5 for  2,4-dichlorophenol. 

The data generated from this study w i l l  be used in a future 
publ icat ion to evaluate the u t i l i t y  of a short-term (14-day) s ta t ic  
renewal test .  Fourteen-day tests conducted at 24~ with 
temperature acclimated organisms have the potential to save a 
s ign i f i cant  amount of manpower when conducting chronic daphnid 
tests. 



T
ab

le
 

2.
 

Th
e 

m
ea

n 
(•

 
ch

ro
n

ic
 

da
ta

 
us

ed
 

to
 

e
st

im
a

te
 

th
e

 
m

ax
im

um
 a

cc
e

p
ta

b
le

 
to

x
ic

a
n

t 
co

n
ce

n
tr

a
ti

o
n

 
(M

A
TC

) 
fo

r 
da

ph
ni

ds
 

ex
po

se
d 

to
 

2
,4

-d
ic

h
lo

ro
p

h
e

n
o

l 
fo

r 
2

1
-d

a
ys

. 

M
ea

n 
an

al
yz

ed
 

M
ea

n 
d

ry
 a

 
co

n
ce

n
tr

a
ti

o
n

 
S

u
rv

iv
a

l 
M

ea
n 

to
ta

l 
a 

M
ea

n 
br

oo
d 

a 
w

e
ig

h
t/

a
d

u
lt

 
m

g/
L 

(%
) 

yo
u

n
g

/a
d

u
lt

 
s

iz
e

/a
d

u
lt

 
(~

g)
 

C
o
n
tr

o
l 

10
0 

1
2
8
.5

• 
3
2
.0

• 
1
0
0
7
.5

• 
0
.3

7
 

95
• 

1
4
3
.7

• 
3
5
.3

• 
1
2
5
1
.3

• 
0
.7

4
 

10
0 

1
1
9
.3

• 
2
9
.1

• 
1
1
9
2
.0

• 
1
.4

8
 

8
5
• 

5
4
.9

• 
1
8
.8

• 
9
9
5
.3

• 
2
.9

6
 

5
• 

O
* 

O
* 

O
* 

5
.9

4
 

O
* 

O
* 

O
* 

O
* 

a 
Th

e 
e

n
d

p
o

in
ts

: 
m

ea
n 

to
ta

l 
yo

u
n

g
/d

a
p

h
n

id
, 

an
d 

m
ea

n 
br

oo
d 

si
'z

e
/d

a
p

h
n

id
 

w
er

e 
ba

se
d 

on
 

N
=

to
ta

l 
nu

m
be

r 
o

f 
a

d
u

lt
s 

su
rv

iv
in

g
 

a
t 

th
e 

en
d 

o
f 

th
e

 
te

s
t 

in
 

a
ll

 
re

p
li

ca
te

s 
fo

r 
a 

p
a

rt
ic

u
la

r 
co

n
ce

n
tr

a
ti

o
n

. 
Th

e 
e

n
d

p
o

in
t,

 
m

ea
n 

d
ry

 w
e

ig
h

t/
a

d
u

lt
 

w
as

 b
as

ed
 

on
 

d
e

te
rm

in
in

g
 

th
e

 
m

ea
n 

d
ry

 w
e

ig
h

t/
a

d
u

lt
 

a
li

v
e

 
a

t 
th

e
 

en
d 

o
f 

th
e 

s
tu

d
y

/r
e

p
li

c
a

te
 

an
d 

th
en

 
a

ve
ra

g
in

g
 

th
e

 
fo

u
r 

re
p

li
ca

te
s 

p
e

r 
co

n
ce

n
tr

a
ti

o
n

. 

* 
M

ea
n 

s
ig

n
if

ic
a

n
tl

y
 

d
if

fe
re

n
t 

fr
om

 
th

e
 

co
n

tr
o

l 
a

t 
~

=
0.

05
 

le
v

e
l,

 
o

n
e

-s
id

e
d

 
D

u
n

n
e

tt
's

 
te

s
t 



REFERENCES 

Canton JH, Adema DMM (1978) Reproducibility of short-term and 
reproduction tox ic i ty  experiments with Daphnia magna and 
comparison of the sensi t iv i ty  of Daphnia magna wit-~--DTphnia 
pulex and Daphnia cucullata in short-term experiments. 
~biologia---5-9-~T3-5-140 

Gersich FM (1984) Evaluation of a stat ic renewal chronic 
tox ic i ty  test method for Daphnia magna Straus using boric 
acid. Environ Toxicol Chem--m-~-:--:--:--:-~9T 

Gersich FM, Mendoza CG, Hopkins DL, Bodner KM (1984) Acute and 
chronic tox ic i ty  of t r icolopyr triethylamine salt to Daphnia 
magna Straus. Bull Environ Contam Toxicol 32:497-502 

G e r s i ~ ,  Mayes MA (1986) Acute tox ic i ty  tests with Daphnia 
magna Straus and Pimephales promelas Rafinesque l n ~ p p o r t  
~ t i o n a l  Pollutant Discharge Elimination Permit 
Requirements. Wat Res 20:7:939-941 

Hollander M, Wolfe DA (1973) Nonparmetric s ta t is t ica l  methods. 
John Wiley and Sons, New York, pp 68-74 

LeBlanc GA (1980) Acute tox ic i ty  of p r io r i ty  pollutants to water 
flea (Daphnia magna). Bull Environ Contam Toxicol 
24:684-691 

McKee JE, Wolf HW (1963) Water qual i ty c r i te r ia .  The Resources 
Agency of Cali fornia, State Water Quality Control Board, 
Publication No. 3-A 

McKim JM (1977) Evaluation of tests with early l i f e  stages of 
f ish for predicting long-term tox ic i ty .  J Fish Res Board 
Can 34:1148-1154 

U.S. Environmental Protection Agency (1980) Ambient water qual i ty 
c r i te r ia  for 2,4-dichlorophenol. EPA-440/5-80-042, 
Washington, DC 

Verschueren K (1983) Handbook of environmental data on organic 
chemicals. Van Nostrand Reinhold Company Inc., New York, pp 
1310 

Winer BJ (1971) Stat is t ical  principles in experimental design. 
McGraw H i l l ,  New York 

Received June 26, 1987; accepted July 27, 1987. 


