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Daphni a magna 21-d survival and reproduction test has been used as
the standard method to evaluate chronic toxicity of pollutants and
waste water to aquatic invertebrate (CECD 1986 ; U. S.EPA 1973 ; ASTM
1981). The requirenment of a 21-d exposure period makes this a
costly test. In addition, numerous |aboratories have reported
problems with the lack of consistent and sustained reproduction as
wel | as inadequate survival over the 21-d period. These realities
oftendetract from the overall credibility of daphnia test data and
the utility of the test species (Adans and Hei dol ph 1985).

Adans and Hei dol ph (1985) conpared the Daphnia magna 21-d and 14-d
survival and reproduction test methods with 30 tests of 21-d
chronic toxicity and 18 tests of 48-hr acute toxicity. The results
showed that the MATC (Maxi mum Al |l owabl e Toxi cant Concentration)
after 21-d exposure mght be exactly estimated wth the
reproduction and survival data of 14-d tests. So they suggested
that the standard protocols for D.magna chronic test be changed to
a requirenent of only a 14-d period of exposure instead of 21-d.
This proposal was supported by the test results of other
researchers (Gersich 1990). This study performed Daphnia magna 21-d
and 14-d survival and reproduction tests of two pollutants,
acrylonitrile and acetonitrile, which were the inportant pollutants
in the wastewater from the petro-chenical industry. Acrylonitrile
is the priority pollutant in many countries including the United
States, China and Germany. The sensitivity of the two methods was
conpared according to the results. This paper also discussed Adans
and Hei dol ph's suggestion about using 14-d test nethod instead of
21-d test nethod. The purpose of this study is to evaluate the
feasibility of D.nagna 14-d test in the chronic toxicity assay for
invertebrate aninals.

MATERI ALS AND METHCDS

Daphnia nmagna used in this paper was provided by the Aquatic
Organism Institute, Chinese National Acadeny of Science. Daphnia
less than 24 hr of age were used as test organisms. Al test
organisms were cultured in our laboratory wth Selenastrum
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capricornutum as food. Acrylonitrile (>99% purity) was bought from
No. 3 Shanghai Chem cal Reagent Plant, while acetonitrile (>99%
purity) was obtained from Shanghai Chenical Reagent Trade Center.
The dilution water was tap water dechlorinated by active carbon.

Table.1 The quality of dilution water

Hardness 1.8640.08 mg (CaCO,)/L
COoD 1.423.,0.321 mg/L

DO 7.5-8.0 mg/L

pH 6.5-7.5

Two static acute toxicity tests were conducted according to the
requi renents of OECD Guidelines for Testing Chemicals (OECD 1987).
The tests were conducted without food in the dilution water and the
chemi cal concentrations were not measured. The test solution was
changed once every day. Test tenperature was 24+l °C. Mrtality was
neasured at 48 hr and 48-hrLC,s were cal cul ated. The paraneters of
water quality were neasured at the beginning and the end of each
test by the standard nethods (APHA- AVVNA- WPCP 1985) .

Two chronic renewal tests were perforned following CECD Cuidelines
for Testing Chemicals (OECD 1987). Al tests were one generation,
21 days long, and were started with daphnia less than 24 hr of age.
There were four treatnent groups and one control group in each
test, four breakers per group and three daphnia per 150 nlL breaker.
Each breaker had 100 nL test solution. The test solution was
renewed once per day. The photoperiod was 16 hr light and 8 hr
dark, and the light density was 2000 Lux. The test tenperature was
the sane as that in acute tests. The tested concentrations of the
two chenicals were showed in Table 2. The daphnia were feed with
Sel enastrum capricornutum at the concentration of 5.0-6.0 x 10°
cell/mL. Survival and reproduction were measured every day.

The 14-d chronic renewal toxicity tests were the same as 21-d
chronic tests except for the test period.

For the acute tests, the probit nethod was used to calculate
LC,(Hamton et al. 1977). For the chronic tests, the reproduction
data did not satisfy the nornal distribution hypothesis, and every
group had four breakers. So Steel's Miny-One Rank test (U.S. EPA
1985a) was used to calculate the NCEC (No Observable Effect
Concentration), LOEC (Lowest Observable Effect Concentration), and
ACR (Acute Chronic Ratio) for reproduction. Fisher's Exact (U S. &PA
1985a) nmethod was used to arrive at NOEC, LOEC and ACR for
survival. ACR is defined as the ratio of 48-hrLC, and ChV (Chronic
Value), while ChV is the geometric nean value of NCEC and LOCEC
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RESULTS AND DI SCUSSI ON

The acute and chronic test data of the two chenicals are presented
in Tables 2 and 3. In this study, the deviation of pH was less 0.3,

and the concentrations of dissolved oxygen in the test solution
were higher than 5 ng/L. So pH and DC satisfied the requirerents
of CECD about pH and DO (1987). The survival percentages of
control groups in acrylonitrile and acetonitrile tests were 100%
and 92% respectively at the end of tests. At the test tenperature,

femal e daphni a shoul d have 5 broods during 21 days, and the nean
nunbers of young per female daphnia in control groups were 231 and
244 respectively in acrylonitrile and acetonitrile tests. So the
nmean nunbers of young per female daphnia during one brood were 46.2
and 48.6. Thus the survival and reproduction results were both in
accordance with the requirenents of CECD (1987).

Renewal method m ght be used in daphnia chronic toxicity tests
according to the literature of U S. EPA (1985b). The results of
Paul's study also indicated that the endpoints of flowthrough
tests were not nore sensitive than these of renewal tests (Paul
1987). In the acetonitrile and acrylonitrile tests of this study,
the survival percentages of control groups were 92% and 100%
respectively, and the mean nunbers of young per femal e daphnia
during one brood were 48.8 and 46.2. These data showed that
survival and reproduction in renewal tests with enough feed and
under other proper conditions would not be worse than these of
flowthrough tests. As long as the contam nant concentrations were
stable in renewal tests, the satisfying and reliable results m ght
be gained through renewal tests.

Adanms and Heidol ph (1985) conducted 30 21-d daphnia chronic
toxicity tests and 18 acute toxicity tests to conpare 13 endpoints
according to the MATCs calculated on the basis of the test data.
The results indicated that there was only ninor difference between
14-d and 21-d MATCs. Therefore they recommended that standard
met hod for daphnia chronic test be changed to a 14-d period of
exposure instead of 21-d without significant |oss of accuracy.
Gersich (1990) conducted daphnia chronic toxicity tests with three
pol lutants, including boric acid, aniline and 2,4-dichl orophenol,
for the sanme purpose as that of Adans and Hei dol ph (1985). Their
results showed that the ChVs of 14-d and 21-d tests were very
simlar. ChVs Ratios of 14-d and 21-d tests were less than 2 for
all the three pollutants. The chronic values of 2,4-dichl orophenol
gained fromthe two test nethods were virtually identical. So they
supported the use of the 14-d exposure period instead of 21 days
to evaluate the chronic toxicity of pollutants to aquatic
invertebrate aninals.

For the two pollutants tested in this study, the sensitivity of
reproduction and survival in 14-d test was the sane as that in 21-
day tests. So the authors concluded that the 14-d test m ght be
used instead of 21-d test except that 21-d chronic toxicity test
is specially demanded.

657



Table 2. Survival and reproduction of D. magna during 14-d and
21-d chronic tests .

chemicals conc. surv. (%) reproduction¥
mg/L 21-d 14-d | 21-d 14-d

control 92 92 244 148

80 92 92 234 151

Acetonitrile 160 100 100 218 140
320 92 100 208 129

640 67 B3 199 119

control 100 100 231 140

0.25 83 92 230 131

Acrylonitrile 0.50 100 100 210 133
1.0 92 100 209 130

2.0 75 92 205 126

* The number of neonates per female.

Tabl e 3. NOEC, LOEC, ChV and ACR of four pollutants in the 21-d tests
and 14-d tests.

pollutants Acrylonitrile’ Acetonitrile!
14-d 21-d 14-d 21-d
48-hrLCqy 10 3.6x10°
Noec” 0.5 1.6x10?
Repro- LOEC 1.0 3.2x10!
duction Chv 0.71 2.3x10?
ACR 16 16
NOEC 2.0 6.4x10!
Survival LOEC > 1.0 > 13x10?
Chv > 2.8 > 9x10?
ACR < 3.6 < 4.0
¥.The unit ol NOEC,LOEC,ChV 1s mg/L. ACK has no uniil.

#.The results of 14-d and 21-d tests were identical.

Conpared with 21-d test, 14-d test has significant advantages in
the following respects: 1)the test period is shortened to 14 days
wi thout conpromising its scientific integrity and reducing its

sensitivity; 2) there is adequate survival at the end of 14-d test
whil e sone reports have shown that there was not enough survival
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at the end of 21-d texts (Adans and Hei dol ph 1985). In this study,
however, the survival percentages of control groups at the end of
14-d tests were the same as those in 21-d tests.

The relative sensitivity of growth and survival in D. magna 21-d
test depends on different pollutants, but reproduction is the npst
sensitive anong the three paraneters in nost tests (Gersich 1985).
The results of 14-d tests (Adans and Hei dol ph 1985) were simlar
with those of 21-d tests nentioned above. In this study the
sensitivity of survival and reproduction was enphasised while
grow h was not nmeasured. The results indicted that reproduction was
nmore sensitive than survival in both 14-d and 21-d tests for two
pol I utants. The ChVs of reproduction in acrylonitrile and
acetonitrile tests were a quarter of those of survival.
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