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Abstract-The acute and chronic toxicities of hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) to a 
daphnid (Ceriodophnio dubio), a hydra (Hydro /ittorolis), and a midge (Porotanytorsus por
thenogeneticus) were examined. RDX concentrations at the solubility limit of the compound un
der specific test conditions (17.0 mg RDX/ L, Ceriodophnio dubio at 25°C; 32.3 mg RDX/ L, Hydro 
littorolis at 22°C; and 29.2 mg RDXIL, Porotonytorsus porthenogeneticus at 22°C) were not acutely 
toxic to any of the three tested invertebrates. In a 7 -d survival and reproduction test with Ceriodaph
nio dubio, RDX caused no significant effect on survival, but reduced reproductive success. The no
observed-effect concentration, lowest-observed-effect concentration, and chronic value for 
Ceriodophnio dubio were 3.64, 6.01, and 4.68 mg/L, respectively. In an egg-to-egg life cycle test 
with Poratonytorsus porthenogeneticus, survival, growth, egg production, and hatching success were 
unaffected by RDX. Although not statistically significant, reductions in emergence success were ob
served at concentrations as low as 6. 78 mg/ L. 
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INTRODUCTION 

Hexahydro-1 ,3,5-trinitro-1 ,3 ,5-triazine (RDX) 
is an explosive used by the military in a variety of 
munitions applications. RDX may be released into 
the aquatic environment at munitions production 
plants during manufacturing and blending opera
tions and at load, assembly, and pack (LAP) 
plants where the compound is loaded into bombs 
and projectiles. 

One study has been conducted on the toxicity of 
RDX to freshwater invertebrates. In 48-h tests with 
a cladoceran (Daphnia magna), an isopod (Asellus 
militaris), an amphipod (Gammarus fasciatus), 
and a midge (Chironomus tentans), Bentley et al. 
[I] observed no toxicant-related effects. The EC50s 
(based on immobilization) were reported as being 
higher than the highest tested concentrations (15 
mg/L in flow-through tests and 100 mg/ L in static 
tests; nominal concentrations). Chronic studies 
with D. magna and C. tentans [1] showed that 
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RDX exerts few, if any, toxic effects on inverte
brate growth, development, and reproduction . 

In contrast, RDX is acutely toxic to freshwater 
fish. The 96-h LC50s (based on nominal concen
trations) for bluegill (Lepomis macrochirus), rain
bow trout (Salmo gairdneri), channel catfish 
(Jctalurus punctatus), and fathead minnows (Pi
mephales promelas) range from 4.1 to 6.0 mg/L in 
96-h static tests and from 6.6 to 13 mg/L in 96-h 
flow-through tests [1]. Liu et al. [2] obtained a 96-h 
LC50 for fathead minnows of 4.5 mg RDX/L un
der static test conditions. Based on these initial 
tests with six out of eight families of aquatic organ
isms required to establish U.S. Environmental Pro
tection Agency (EPA) water quality criteria [3], an 
interim final acute value of 5.18 mg RDX/L was 
established [4]. 

The objective of the present study was to verify 
the acute and chronic toxicity of RDX to freshwa
ter invertebrates. The midge Paratanytarsus par
thenogeneticus, the daphnid Ceriodaphnia dubio, 
and the hydra Hydra littoralis were selected for 
study to (a) confirm the toxicity of RDX to se
lected invertebrates and (b) provide data to com
plete the invertebrate data base for establishing 
definitive water quality criteria. 
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MATERIALS AND METHODS 

Toxicant 

RDX (CAS Registry No. 121-82-4) was ob
tained from the U.S. Army Biomedical Research 
and Development Laboratory, Fort Detrick, Mary
land. The chemical purity of the material used in 
the study was >9907o. In static renewal tests, con
centrated toxicant solutions were prepared by mix
ing RDX with diluent water for 24 h with gentle 
heating. Toxicant solutions were cooled to the test 
temperature before use in the tests. In flow
through tests, toxicant solutions were prepared by 
mixing RDX for 24 h with dilution water held in a 
proportional diluter headbox at test temperature. 
The maximum concentrations of RDX tested in the 
flow-through experiments were lower than the 
maximum concentrations used in the static renewal 
tests at the same experimental temperature because 
the stock solutions were not heated during 
preparation. 

Test organisms and culture procedures 
The chironomid P. parthenogeneticus is a 

widely distributed aquatic insect, commonly found 
in !otic and lentic waters throughout North Amer
ica. This easily cultured organism has a relatively 
short life cycle and is an excellent test organism for 
use in both acute and chronic toxicity tests. Paratan
ytarsus parthenogeneticus was obtained for culture 
from the Center for Lake Superior Environmental 
Studies, University of Wisconsin-Superior. 

Paratanytarsus parthenogeneticus was cultured 
at 22°C in 38-L glass aquaria filled with Johns 
Hopkins University Applied Physics Laboratory 
(JHU/ APL) nonchlorinated well water (alkalin
ity= 156 mg/L as CaC03 ; hardness= 180 mg/L 
as CaC03 ; conductivity= 290 ~tmhos; pH= 7.6) 
to depths of 5 to 10 em. The midge was reared on 
a diet of dried grass and trout chow (0.5 g 
CerophyJ® + 10 g trout chow/300 ml well water; 
Cerophyl Laboratories, Inc.). The mixture was 
blended at high speed for 5 min, allowed to stand 
at 4°C for 24 h, filtered to remove large particu
lates, and stored at 4°C prior to use. Feeding rates 
were adjusted according to consumption in order 
to maximize growth and discourage excessive fun
gal growth in the cultures. When extensive areas 
near larval tubes were cleared of food, 5 to 10 ml 
of the food mixture were added to the aquaria. 
When the immediate areas surrounding larval 
tubes appeared to be ungrazed, the feeding rate 
was reduced to I to 5 ml per aquarium per day, or 
feeding was postponed until grazing was evident. 

Feeding rates were reduced during periods of pu
pation and emergence. 

The cladoceran C. dubia has been used exten
sively in acute and short-term chronic toxicity tests. 
Ceriodaphnia dubia was cultured in well water 
amended with selenium (2 !Lg Se/L). The diet con
sisted of a mixture of Cerophyl (prepared as 
above) and the green alga Selenastrum capricornu
tum added to the daphnid cultures to achieve final 
concentrations of 120 !Lg Cerophyl/ml and 6.7 x 
105 S. capricornutum cells/mi. Starter cultures of 
C. dubia were obtained 'from the Center for Lake 
Superior Environmental Studies, University of 
Wisconsin- Superior. 

Hydra littoralis is a coelenterate that inhabits 
cool, clean fresh water in pools and streams. 
Hydra littoralis was obtained from Carolina Bio
logical Supply, Inc. (Burlington, NQ and cultured 
in a 50:50 mixture of JHU/ APL well water and 
deionized water on a diet of freshly hatched brine 
shrimp. Excess food and debris were removed 
from the culture on a daily basis, and 5007o of the 
medium was renewed. 

Experimental procedures 

Forty-eight-hour acute tests. The 48-h static re
newal toxicity tests were conducted with techniques 
outlined in ASTM's Standard Practice for Con
ducting Acute Toxicity Tests with Fishes, Macro
invertebrates, and Amphibians [5). Acute tests with 
C. dubia and H. littoralis were conducted at 25 
(±nee and 22 (±nee. respectively, using 10 to I2 
organisms per replicate. Tests with C. dubia were 
conducted in 400-ml glass beakers (test solution 
volume= 100 ml), whereas tests with H. littoralis 
were conducted in 600-ml glass beakers (test solu
tion volume = 200 ml). A photoperiod of 16:8 h 
light:dark was provided in all tests, using cool
white, fluorescent lighting (60-85 ft-c). 

The P. parthenogeneticus acute test was con
ducted at 22 (± 1)°C under flow-through condi
tions in glass crystallizing dishes (75 mm high; 150 
mm diameter; 1 ,325-ml volume) fitted with drain
age tubes (5-mm-diameter glass tubes mounted in 
neoprene stoppers). Five toxicant concentrations 
and a control were delivered to replicate experi
mental chambers from a proportional diluter that 
was calibrated at the beginning and end of the test. 
Control and toxicant solutions were aerated in 
their respective headboxes with air supplied by an 
oil-free pump. Before the start of the test, 10 lar
vae (age 6 d) were placed in each of the test cham
bers, which contained 600 ml clean well water and 
1.2 ml midge food. After midges were allowed to 
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construct larval tubes for 24 h, toxicant and dilu
ent (control) solutions were introduced to the test 
chamber by the proportional diluter. The 48-h test 
was begun after one 900Jo replacement with test so
lution had occurred. A minimum of five volume 
additions per day were delivered to each test cham
ber during the test. By allowing midges to con
struct tubes before the delivery of test solutions, 
the probability of midges escaping via the overflow 
was reduced. 

In the acute tests with H. littoral is and C. dubio, 
dissolved oxygen and pH were measured in one 
replicate of each treatment at the beginning and 
end of each 24-h renewal period. In the flow
through test with P. parthenogeneticus, dissolved 
oxygen and pH were measured in one replicate per 
treatment on a daily basis. Conductivity, hardness, 
and alkalinity were measured in one replicate per 
treatment at the beginning and end of all tests. 

Seven-day survival and reproduction test with 
C. dubia. The procedure employed for this test 
generally followed the specifications outlined in 
"Short-term methods for estimating the chronic 
toxicity of effluents and receiving water to fresh
water organisms" [6). The primary end points of 
the test were survival of first-generation (F0 ) 
daphnids and total number of Jive young produced 
by each F0 daphnid. 

The test was conducted in an environmental 
chamber maintained at 25 (± 1) 0 C. Griffin beakers 
(50-ml) were used as test chambers. Test solutions 
(30-ml) were made with selenium-amended JHU/ 
APL well water (2 p,g Se/L) and renewed daily. 
Tests were started with 4- to 6-h-old neonates pro
duced by daphnids in culture that had released at 
least three broods. Ceriodaphnia dubio was fed 
daily as described in the section Test Organisms 
and Culture Procedures, and water chemistry pa
rameters were evaluated at the beginning and end 
of at least two renewal periods. 

Life cycle test with P. parthenogeneticus. The 
flow-through, life cycle roxicity test with P. par
thenogeneticus was conducted by using the meth
ods outlined in Anderson [7]. The test system was 
identical to that described for the acute test, with 
the following exceptions: The diluter was cali
brated before the test and at weekly intervals dur
ing the test. In addition to aerating the toxicant 
solution and diluent water in their respective head
boxes, air lines fitted with glass Pasteur pipettes 
were used to aerate test solutions in the test cham
bers when delivery of test solution was suspended. 

Approximately 5 h before the test, delivery of 
test solutions to the chambers was initiated, and 

the diluter was allowed to cycle 10 times. The flow 
of test solution was then suspended, and eggs < 12 h 
old were counted and randomly placed in two rep
licate test chambers per treatment. On day 2 of the 
study, food was added to the chambers so that 
newly hatched larvae could begin feeding and con
structing larval cases (tubes). 

Because newly hatched larvae are planktonic, 
delivery of the test solution was resumed only af
ter larval cases were observed in all test chambers 
to reduce the loss of larvae from test chambers via 
the overflow tubes. Food was administered at a 
rate governed by larval consumption during the 
previous 24-h period (as evidenced by larval graz
ing). Typically, 1.2 ml of the Cerophylltrout chow 
solution was added per chamber per day (fmal con
centration = 2 ml Cerophyl/trout chow solution 
per L). 

Paratanytarsus parthenogeneticus larvae were 
measured on days 6, 8, and 10 by placing the test 
chambers under a dissecting microscope equipped 
with a calibrated ocular micrometer. Whenever 
possible, each larva in a chamber was measured. 
At the onset of pupation, delivery of test solution 
to the chambers was again suspended so that the 
surface of the water would not be disturbed during 
emergence. This procedure also eliminated the pos
sible Joss of emerging adults via the overflow 
tubes. 

Fiberglass screen covers (1-mm2 mesh) were 
placed on the chambers to capture midges that 
emerged successfully. To evaluate egg production, 
adult midges were aspirated into screw-cap vials 
containing 2.5 ml of test solution. The vials were 
placed in an environmental chamber maintained at 
similar temperature and photoperiod and inspected 
daily for egg production. When adult midges 
oviposited, egg strands were transferred to petri 
plates, counted, and held until eclosion or death 
(generally 2-3 d). Test chambers were also examined 
on a daily basis for strands of eggs that were de
posited by adults before being aspirated. 

Dissolved oxygen was measured in one replicate 
of each treatment at the beginning and end of the 
test and at least weekly during the test. Conductiv
ity, hardness, alkalinity, and pH were measured at 
similar intervals in one control replicate and one 
replicate of the highest toxicant concentration. 

Analyses of RDX concentrations 
RDX concentrations were analyzed in one rep

licate per treatment at the beginning and end of 
each renewal period during the acute tests with C. 
dubio and H. /ittoralis and during the 7-d survival 
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and reproduction test with C. dubio. In the 48-h 
flow-through test with P. parthenogeneticus, RDX 
samples were taken at 0, 24, and 48 h. In the life 
cycle test with the midge, samples were taken at the 
start of the test, at least weekly during the test, and 
at the end of the test. Samples for toxicant analyses 
were filtered to remove particulates >0.45 I'm and 
stored until analysis at 4°C in amber-glass vials 
fitted with Teflon®-Jined caps. 

RDX concentrations were determined by using 
a Waters Associates (Milford, MA) high-pressure 
liquid chromatograph equipped with a C 18 re
versed-phase column and a UV detector (wave
length = 240 nm; 0.1 absorbance units, full scale). 
The mobile phase, delivered at a rate of 1.0 
ml/min, was 5507o methanol : 4507o glass-distilled, 
deionized water. Precision was evaluated by inject
ing RDX standards in triplicate on three dates. 
Mean relative standard deviations for the low and 
high concentrations of RDX routinely used to gen
erate standard curves for evaluating test concentra
tions were 2.01 and 0.43"7o, respectively. The 
accuracy of the method was evaluated by quanti
fying the concentration of RDX in an unknown 
sample prepared by an independent chemist. Accu
racy, expressed as percent error, was 0.93"7o. 

Statistical analyses 

The results of the acute test were analyzed by (a) 
probit analysis whenever there were two or more 
treatments with between 0 and IOOO!o mortality; (b) 
the moving average-angle method whenever there 
was only one treatment with between 0 and IOOO!o 
mortality; and (c) the binomial method whenever 
there were no treatments between 0 and IOOO!o 
mortality. 

Data concerning survival and young production 
of first-generation daphnids that were generated in 
the 7-d survival and reproduction test with c. du
bio, and survival, hatching success, length, and egg 
production of midges in the life cycle test with P. 
parthenogeneticus were analyzed statistically as fol
lows: Raw data were transformed by using arc-sine 
(daphnid and midge survival data and midge hatch
ing success data) or square-root (daphnid young 
production data, midge length data, and midge egg 
production data) transformations whenever they 
enhanced the normal distribution or improved the 
homogeneity of variances. The data were then sub
jected to chi-square tests of normality and Bart
lett's tests for homogeneity of variances. 

When survival and hatching success data sets 
failed to meet the assumptions of normality or ho
mogeneity of variances, the nonparametric K.ruskal
Wallis procedure was used to compare differences 

between sample means. Whenever the data met the 
assumptions of normality and homogeneity of 
variances, a parametric procedure was used. Dun
nett's test was used when the number of replicates 
was constant among treatments, and a t- test with 
Bonferroni adjustment of error rate was performed 
when the number of replicates was not constant 
among treatments. 

Whenever daphnid young production data, 
midge length data, and midge egg production data 
failed the assumptions of normality and homoge
neity of variances, the nonparametric Steel's 
Many-One Rank test was used to compare differ
ences between sample means for an equal number 
of replicates per treatment. A Wilcoxon Rank Sum 
test with Bonferroni adjustment of error rate was 
used when the number of replicates was unequal. 
Whenever the data met the assumptions of normal
ity and homogeneity of variances, a parametric 
procedure was used. Dunnett's test was used when 
the number of replicates was constant among treat
ments, and a t test with Bonferroni adjustment of 
error rate was performed when the number of rep
licates per treatment was unequal. 

RESULTS AND DISCUSSION 

Mean temperature and water quality parameters 
for each toxicity test are given in Table I. In all 
tests, the highest tested toxicant concentration was 
the solubility limit of RDX in JHU/ APL well wa
ter at the test temperature (Table 2). As shown in 
Table 2, the solubility of RDX decreases as temper
ature increases. Environmental fate studies by 
Spanggord et al. [8], Sikka et al. [9], and Patterson 
et al. [10] confirm this observation. 

Acute toxicity tests 

RDX was not acutely toxic to any of the three 
invertebrates tested at the solubility limit of RDX 
in water. In addition, sublethal effects such as im
mobilization were not evident in short-term expo
sures. Bentley et al. [I] observed no toxicant-related 
effects in 48-h tests with four species of inverte
brates: the cladoceran D. magna, the isopod A. 
militaris, the amphipod G. fasciatus, and the 
midge C. tentans. Bentley et al. [I] reported their 
EC50s (based on immobilization) as being higher 
than the highest tested concentrations (15 mg!L in 
flow-through tests and 100 mg/L in static tests; 
nominal concentrations). 

Chronic toxicity tests 

Seven-day survival and reproduction test with 
C. dubia. RDX had no significant effect,on the 
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Table I. Mean temperatures and water quality parameters (ranges in parentheses) for toxicity tests involving 
Ceriodophnio dubio (48-h acute test and 7-d, three-brood survival and reproduction test), Porotonytorsus 
porthenogeneticus (48-h, flow-through acute test and life cycle test), and Hyro littorolis (48-h acute test) 

C. dubio P. porthenogeneticus H. littorolis 

48-h 7-d 48-h Life cycle 48-h 

Temperature (°C) 25.0 25.0 22.3 22.0 22.0 
(24.5-25.5) (24.4-25.4) (21.4-22.9) (20.9-24.0) (21.5-22.5) Dissolved oxygen (mg/L) 8.3 7.3 7.6 7.7 8.1 

(8.1-8.8) (6.6-7.9) (7.1-8.2) (6.9-8.4) (7 .9-8.4) 
pH 8.3 8.1 7.9 7.8 7.5 

(8.0-8.4) (7.6-8.4) (7.4-8.1) (7 .4-8.2) (7 .2-7 .9) 
Conductivity (,um,hos) 307 322 241 281 294 

(260-340) (280-390) (210-275) (244-317) (285-310) Alkalinity (mg/L) 114 92 106 134 !50 
(110-120) (70-130) (105-110) (110-145) (136-162) 

Hardness (mg/L) 168 154 165 186 !61 
(156-176) (144-200) (156-170) (164-216) (148-170) 

survival of neonates of C. dubio exposed for 7 d 
(cr = 0.05) (Table 3). However, the number of ne
onates produced per surviving F0 daphnid was sig
nificantly (cr = 0.05) reduced at concentrations 
~6.01 mg/L (Tables 3 and 4). Whereas control C. 
dubio produced an average of 36.8 neonates dur
ing the 7-d test, daphnids exposed to 6.01 mg 
RDX/L produced 19.00Jo fewer neonates (mean 
29.8), and daphnids exposed to 16.4 mg RDX/L 
produced 48.9% fewer young (mean= 18.8). The 
no-observed-effect concentration (NOEC), lowest
observed-effect concentration (LOEC), and chronic 
values calculated for C. dubio based on impair
ment of reproduction were 3.64, 6.01, and 4.68 
mg/_L, respectively. 

Bentley et al. [1] conducted a chronic study of 
the effect of RDX on two generations of the daph
nid D. magna and found that nominal RDX con
centrations ranging from 0.9 to 15 mg/L had no 
effect on survival. However, the number of neo
nates produced by first-generation adults was sig-

nificantly reduced at nominal RDX levels of 3. 7, 
7 .5, and 15 mg/L between days 7 and 14 of the 
first 21-d exposure. Reproduction in the second 
generation was unaffected by RDX. Although re
production was significantly affected in the first 
generation at RDX concentrations as low as 3.7 
mg/L, Bentley et al. [l] suggested that, for an un
disclosed reason, this may have been due to a 
higher concentration of RDX in solution between 
days 7 and 14. These data are difficult to interpret, 
because the reduction in reproductive success oc
curred only in the first-generation exposure for a 
limited time and because the RDX concentrations 
were nominal rather than measured. 

Life cycle test with P. parthenogeneticus. In the 
life cycle test, midges were tested at concentrations 
ranging from 2A to 20.8 mg/L. Hatching success 
in the F0 generation was not calculated because 
unhatched eggs quickly decomposed and their re
mains were easily lost in the food and detritus that 
accumulated on the bottoms of test chambers. Be-

Table 2. Solubility concentrations of RDX in JHU/ APL well water for each toxicity test 

Solubility 
Temperature concn 

Test species/type of test (OC) (mg/L) 

Hydra littoralis 
48-h acute test 22 32.3 

Ceriodophnio dubio 
48-h acute test 25 17.0 
7-d survival and reproduction test 25 16.4 

Paratanytorsus parthenogeneticus 
48-h acute test 22 29.2 
life cycle test 22 20.8 
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Table 3. Number of young produced per day, total number of young, number of broods, and mean number of 
young per brood in the 7-d survival and reproduction test with Ceriodaphnia dubia 

Number of young Survival 
Concn Total at end of 
(mg/L) Replicate 96h 120 h 144 h 168 h 192 h young Broods test 

Control I 4 10 17 31 3 Yes 
2 3 12 21 36 3 Yes 
3 5 11 19 35 3 Yes 
4 5 11 18 34 3 Yes 
s 5 10 18 33 3 Yes 
6 4 12 21 37 3 Yes 
7 6 14 24 44 3 Yes 
8 7 10 24 41 3 Yes 
9 4 11 25 40 3 Yes 

10 6 10 21 37 3 Yes 

2.1S 1 4 11 20 3S 3 Yes 
2 6 11 18 1 3S 3 Yes 
3 4 12 18 17 3S 4 Yes 
4 2 12 17 22 48 4 Yes 
5 5 12 15 54 4 Yes 
6 4 14 16 I 34 3 Yes 
7 3 10 19 s 33 4 Yes 
8 4 11 18 38 4 Yes 
9 5 10 18 33 3 Yes 

10 4 10 18 32 3 Yes 

3.64 1 4 10 21 3S 3 Yes 
2 3 11 18 32 3 Yes 
3 3 11 21 35 3 Yes 
4 3 9 20 32 3 Yes 
5 3 9 25 37 3 Yes 
6 4 11 17 32 3 Yes 
7 4 11 21 36 3 Yes 
8 6 12 20 38 3 Yes 
9 5 12 23 40 3 Yes 

10 4 12 19 3S 3 Yes 

6.01 1 4 11 1S 30 3 Yes 
2 4 14 16 34 3 Yes 
3 3 11 11 25 3 Yes 
4 4 12 15 31 3 Yes 
5 33 12 10 2S 3 Yes 
6 4 3 7 2 No 
7 6 11 19 36 3 Yes 
8 4 13 15 32 3 Yes 
9 4 9 16 29 3 Yes 

10 3 10 13 26 3 Yes 

9.74 1 4 11 19 34 3 Yes 
2 5 11 14 31 4 Yes 
3 3 12 17 32 3 Yes 
4 4 II 10 2S 3 Yes 
5 3 14 12 30 4 Yes 
6 3 11 17 31 3 Yes 
7 4 II 16 31 3 Yes 
8 3 11 14 28 3 Yes 
9 6 10 17 33 3 Yes 

10 3 2 11 IS 31 4 Yes 

16.4 I I 6 7 IS 4 Yes 
2 4 9 10 23 3 Yes 
3 3 6 9 18 3 Yes 
4 3 10 6 19 3 Yes 
5 3 6 11 20 3 Yes 
6 4 6 9 19 3 Yes 
7 4 8 10 22 3 Yes 
8 3 9 8 20 3 Yes 
9 4 4 9 17 3 Yes 

10 4 6 5 IS 3 Yes 
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Table 4. Statistical analysis of total neonate 
production in the 7-d survival and reproduction test 

with Ceriodaphnia dubia 

Concentration Mean no. of 
(mg/L) neonates• so Range 

Control 36.8 3.94 31-44 
2.15 37.7 7.33 32-54 
3.64 35.2 2.70 32-40 
6.01 29.8b 3.93 25-36 
9.74 30.6b 2.55 25-34 

16.4 18.8b 2.66 15-23 

•Mean number of neonates produced per surviving adult. 
bSignificant difference from control neonate production; 
Dunnett's test (a = 0.05; minimum detectable differ
ence = 4. 78, or 13 .80Jo of the control). 

cause it is possible that larvae escaped during the 
experiment via the drain tubes, the number of lar
vae observed during the experiment could not be 
used to estimate the total number of eggs that 
hatched. 

Midge lengths, expressed as mean midge length 
for each treatment group, ranged from 1.46 to 1.72 
mm on day 6, from 2.22 to 3.06 mm on day 8, and 
from 3.35 to 5.27 mm on day 10 (Table 5). Length 
estimates for each of the treatment groups were ex
pressed as a percentage of mean midge length in 
the controls to better illustrate the effects of RDX 
on growth. Mean midge length in each of the treat
ment groups expressed as a percentage of mean 
control midge length (relative midge length) ranged 
from 74 to ll7"7o. On days 6, 8, and 10 there were 
no significant differences in midge length between 
the control group and any treatment group (a = 
0.05). Thus, RDX concentrations as high as 20_82 
mg/L had no significant effect on midge growth, 
relative to controls, at any time during the test. 

Adult emergence success, expressed for each 
replicate as percent emergence, ranged from 16.7"7o 
in one replicate of the highest RDX concentration 

tested to IOO"lo in the lowest two treatment levels 
and the controls (Table 6). Percent emergence was 
calculated as 

number of larvae that 
emerged successfully 
---'------- x IOO"lo. 
maximum number of 

larvae observed 

Despite an apparent concentration-response rela
tionship where emergence was reduced at RDX lev
els as low as 6. 78 mg/L, there was no significant 
difference in emergence success between the con
trols and any tested RDX concentration (a = 0.05). 

Egg production, expressed as the mean number 
of eggs produced per adult for each replicate, 
ranged from 58 to 226 (Table 7). Because oviposi
tion occurred before the removal of adults from 
the screened enclosures, several egg strands pro
duced by an unknown number of adults were rou
tinely found in the test chambers after the collection 
of emergent adults_ Consequently, the exact num
ber of eggs produced by a given adult could not be 
determined with certainty_ The mean number of 
eggs produced per adult was calculated for each 
replicate as the total number of eggs produced, in
cluding eggs removed from the bottom of the test 
chamber, divided by the total number of adults 
that emerged successfully. Thus, for each treat
ment, there were two observations of egg produc
tion. No significant differences in egg production 
were observed (minimum significant difference in 
egg production= -44.5"7o; a= 0.05) between the 
controls and treatment groups. 

Because egg strands could not be associated 
with individual adults, hatching success was calcu
lated for each replicate as the total number of eggs 
that hatched successfully divided by the total num
ber of eggs produced. Mean hatching success for 
each treatment group ranged from 90.5"7o in the 
12.67-mg/L exposure to 97 .8"7o in the controls 

Table 5. Midge length, expressed as mean length (mm ± I so) and as relative length (percent of control midge 
length) for measurements taken on days 6, 8, and 10 of the life cycle test with Paratanytarsus parthenogeneticus 

Day6 Day 8 Day 10 

Concn Mean length Relative length Mean length Relative length Mean length Relative length 
(mg/L) (mm) (OJo) (mm) (OJo) (mm) (OJo) 

Control 1.55 (0.21) 2.62 (0.47) 4.50 (0.48) 
2.42 1.51 (0.41) 97 2.54 (1.02) 97 3. 79 (1.60) 84 
3.91 I. 72 (0.21) Ill 3.06 (0.36) 117 5.27 (0.63) 117 
6.78 1.55 (0.22) 100 2.98 (0.66) 114 4.59 (0.76) 102 

12.67 1.71 (0.63) 110 3.00 (0.80) 115 4.48 (0.73) 100 
20.82 1.46 (0.41) 94 2.22 (0.34) 85 3.35 (0.64) 74 



1080 G. T. PETERS ET AL. 

Table 6. Emergence success in the life cycle toxicity test with Paratanytarsus parthenogeneticus 

No. of adults that emerged 
(test day) 

Concn Total Maximum no. of Percent 
(mg/L) Replicate 13 14 15 16 17 emergence larvae observed emergence• 

Control I 4 5 5 100.00 
2 I 4 I 6 6 100.00 

2.42 I 6 I 2 2 II 10 100.00 
2 I 4 5 4 100.00 

3.91 I I 5 I 7 7 100.00 
2 6 I 7 10 70.00 

6.78 I 3 4 I 8 10 80.00 
2 2 3 6 50.00 

12.67 I 2 I 4 8 50.00 
2 I 8 12.50 

20.82 I 2 4 8 50.00 
2 I 6 16.67 

• In replicates 2.42-1 and 2.42-2, the number of larvae that emerged successfully was greater than the maximum number 
of larvae observed. One larva in each chamber constructed its tube in a location that was hidden from view (e.g., 
below the overflow tube). Emergence success was therefore corrected to IOOOJo for 2.42-1 and 2.42-2. 

(Table 8). Statistical analysis indicated that there 
was no significant deleterious effect on hatching 
success in the F 1 generation (Dunnett's test; mini
mum significant difference in hatching success = 
-9.90fo; a = 0.05). 

By comparison, nominal RDX concentrations 
ranging from 0.9 to 15 mg!L had no significant ef
fect on survival or adult emergence of C. tentans 
in a test conducted by Bentley et al. [l]. However, 
egg production was nonexistent at 7.5 mg/L, and 
no fertile eggs were produced at concentrations as 
low as 0.9 mg/L. Eggs produced by the controls in 
the Bentley et al. [l) experiment were exposed to 
the same RDX concentrations for a second test. In 
this exposure, adult emergence was reduced at 1.8 
mg/L. However, the authors did not consider this 

phenomenon to be biologically significant because 
emergence success at higher RDX concentrations 
was comparable to that of controls. Larval survival 
was reduced at nominal RDX concentrations of 0.9 
and 3.7 mg/L, and pupal and adult survival were 
reduced at 0.9 mg RDX/L. However, the authors 
questioned these results, stating that if those con
centrations were indeed toxic, the response should 
have been evident in the first test. 

SUMMARY 
The data in this study support previous findings 

that RDX is not acutely toxic to a number of fresh
water invertebrates when tested at the solubility 
limits of the compound in water. However, the re
productive success of C. dubio was affected at con-

Table 7. Egg production in the life cycle toxicity test with Paratanytarsus parthenogeneticus 

Concn No. of adults No. of eggs No. of eggs Mean no. of 
(mg/L) Replicate captured for eggs produced per adult eggs per adult 

Control I 5 941 188 197 
2 4 823 206 

2.42 I 11 2,484 226 225 
2 5 1,120 224 

3.91 I 7 981 140 167 
2 7 .1,357 194 

6.78 1 8 1.077 135 97 
2 3 173 58 

12.67 I 4 677 169 187 
2 I 205 205 

20.82 I 4 461 115 132 
2 1 149 149 
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Table 8. Hatching success in the F1 generation of the life cycle toxicity test 
with Paratanytarsus parthenogeneticus 

Concn Total no. of Total no. of Hatching success Mean hatching success 
(mg/L) Replicate eggs produced eggs hatched (OJo) (OJo) 

Control I 941 909 
2 823 814 

2.42 I 2,484 2,378 
2 1,120 1,113 

3.91 I 981 905 
2 1,357 1,297 

6.78 I 1,077 1,029 
2 173 171 

12.67 I 677 580 
2 205 194 

20.82 I 461 442 
2 149 143 

centrations as low as 6.01 mg/L, and at 16.4 mg/L 
the production of young was reduced by 48.9Cifo. 
The NOEC, LOEC, and chronic value for C. du
bio, based on impairment of reproduction, were 
3.64, 6.01, and 4.68 mg/L, respectively. RDX had 
no adverse effect on survival of C. dubio during 
the chronic study. Although the survival, growth, 
emergence success, egg production, and hatching 
success of P. parthenogeneticus were not signifi
cantly affected by RDX during the full life cycle 
exposure, a trend toward reduced emergence suc
cess occurred at concentrations as low as 6. 78 
mg/L. 
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