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Methylene chloride (dichloromethane, CH9C19) is widely used as a 
solvent, paint s t r ipper ,  degreasing ~lu~d, and low pressure 
aerosol propel lant. Methylene chlor ide, along with other chemicals 
generical ly grouped as "halomethanes", has been designated as 
toxic pursuant to section 304(a)(1) of the Clean Water Act, 33 
U.S.C. 1314(A)(I). Based on the tox i c i t y  of other members of th is  
group to aquatic l i f e ,  the determination of an aquatic l i f e  
c r i te r ion  for  the "halomethanes" would resul t  in an unrea l i s t i ca l -  
ly low cr i te r ion  for  methylene chloride. The objective of th is  
study was to provide data on the chronic tox i c i t y  of methylene 
chloride to the fathead minnow to fur ther  i l l u s t r a t e  the d i f f e r -  
ences in tox i c i t y  of the "halomethanes". 

MATERIALS AND METHODS 

The study included: (1) a 192-h (8-day) flow-through acute test  
and (2) a 32-day embryo-larval test .  The test  species was the 
fathead minnow, Pimephales promelas Rafinesque. Data from the 
acute test  were Used to selec-t-t-th-e exposure concentrations for  the 
embryo-larval test .  Testing was conducted in accordance with 
applicable procedures recommended by the ASTM Subcommittee on 
Safety to Aquatic Organisms (1980). 

The test  material ,  reagent grade methylene chloride (>99.9%), was 
obtained from Burdick and Jackson Laboratories, Muskegon, 
Michigan. The concentration of methylene chloride in each test  
chamber was analyzed using a Tracor 222 gas chromatograph (GC) 
f i t t ed  with a 1.83 m carbopack based column (17% SP-IO0). A 
sample volume of i mL was d i rec t l y  injected into the system. 
Integrat ion was done by a Hewlett Packard 3390A integrator.  One 
repl icate from each test  and control treatment was analyzed for 
methylene chloride af ter  O, 4 and 8 days of exposure during the 
flow-through acute test .  During the embryo-larval test  the 
methylene chloride concentrations for  one of the four repl icates 
were measured pr ior  to beginning the test  and at least twice 
weekly thereafter.  The methylene chloride concentrations of 
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al l  repl icates were measured on the same analysis day at least 
once during the study. 

The water supply for  these experiment was from the upper Saginaw 
Bay of Lake Huron o f f  Whitestone Point. I t  was limed and 
f locculated with fe r r i c  chloride by the City of Midland Water 
Treatment Plant, and carbon f i l t e red ,  UV i r radiated and pH adjust- 
ed with CO~ in th is laboratory pr ior  to use. This water had the 
fol lowing ~ange of analyses during acute and embryo-larval tests:  
hardness, 73-82 mg/L (as CaCOR); a l ka l i n i t y ,  48-54 mg/L (as 
CaC03); pH 7.6-8.1; and conductigi ty,  120-152 umhos/cm. 

Laboratory reared fathead minnow juveniles were used in the 
flow-through acute test .  They were maintained at 25•176 in 50- 
L glass and si l icone adhesive tanks and fed a synthetic diet ad 
libitumo The f ish were acclimated to the test  temperature f o r k  
T6a~t--48 h pr io r  to the test .  The acclimation temperature 
s l i gh t l y  exceeded the test  temperature of 25•176 by 0.7~ This 
deviation did not af fect  the test  resul ts ,  based on control 
morta l i ty .  Fathead minnow embryos obtained from our breeding uni t  
were used in the embryo-larval test .  

All test ing was conducted using a modified Mount-Brungs propor- 
t ional d i l u to r  system designed to del iver 2000 mL to each of six 
test  concentrations and a control ,  with up to four repl icates per 
concentration. The d i l u to r  was adjusted to del iver twelve volume 
changes per 24 hours. A precision dosing system delivered undi- 
luted methylene chloride from a stock bot t le to a mixing chamber. 
The d i lu to r  was cal ibrated pr ior  to the beginning of the test ,  and 
i ts  operation was monitored both v isual ly  and ana ly t ica l ly  during 
the test .  

Test vessels were of glass, or glass and si l icone adhesive con- 
st ruct ion.  Each was provided with a glass cover and a screen- 
covered drain to maintain a volume of 3.8 L and 1.275 L in the 
flow-through acute and embryo-larval tests,  respectively. The 
embryos were incubated in cy l indr ica l  glass cups (63 mm wide by 30 
mm high) with nylon mesh screen bottoms that were supported in the 
test  vessels by stainless steel wires. Di lu tor  flow was directed 
into the cups. In both the flow-through acute and the embryo- 
larval exposures a 16-h l igh t /8 -h  dark photoperiod was provided. 

The flow-through acute test  consisted of exposing groups of 10 
fathead minnows to six nominal concentrations ranging from 1020 to 
98 mg/L and a d i lu t ion  water control for  8 days. The six 
concentrations and the control were set in duplicate. The water 
bath was set to maintain 25•176 Temperature, dissolved oxygen 
(D.O.), pH, morta l i ty  and behavior observations were taken dai ly .  
The f ish were not fed during the f i r s t  96 h of exposure, but fed a 
synthetic diet  once dai ly thereafter.  

For the embryo-larval exposure, embryos less than 24-h old were 
obtained from the breeding uni t  of The Dow Chemical Company. 
Embryos were removed from the laying substrate and washed with 
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d i lu t ion  water into a large dish. Prior to the s tar t  of the test 
the embryos were inspected with a dissecting microscope, and dead, 
fungus-infected, or abnormal appearing embryos were removed. 
Embryos that were stuck together in clumps of four or more were 
discarded. The d i lu to r  was set to del iver s ix nominal test  
concentrations ranging from 433 to 81 mg/L and a water control. 
There were four replicates per concentration. The water bath was 
set to maintain 25•176 The test  was started by impart ia l ly  
d is t r ibu t ing  15 embryos to each of the four replicate embryo cups 
suspended in the test vessels. The d is t r ibu t ion  procedure was as 
follows: 5 to i0 embryos were impart ia l ly  selected and trans- 
ferred with a large bore eye dropper to successive incubation cups 
and th is process repeated unt i l  15 embryos were in each cup. 
Embryos were observed dai ly ;  dead embryos and larvae were counted 
and removed at each observation up to the day to mean hatch. Upon 
completion of hatching, the total  number of larvae in each 
repl icate,  including those dead or deformed, were counted. Dead 
or deformed larvae were subtracted from the total to determine the 
number of normal larvae at hatch. Also the percent of embryos 
that hatched and the day to mean hatch (to the nearest day) were 
calculated. After hatching, each replicate group of larvae, 
including any deformed indiv iduals,  were released from the egg 
cups into the larval exposure vessels. All f ish were fed l i ve ,  
newly hatched, brine shrimp three times a day on normal work days 
and twice a day on weekends and holidays. Temperature, D.O. and pH 
were recorded on a Monday-Wednesday-Friday basis from at least one 
repl icate of every exposure and control treatment. The test was 
terminated 28 days af ter  day to mean hatch. At termination, al l  
surviving f ish were sacri f iced in ice water and growth was deter- 
mined in each replicate by b lot t ing and weighing each group of 
f ish .  

The flow-through acute test concentration-mortality results were 
s t a t i s t i c a l l y  analyzed for dai ly LC50 values and the i r  correspond- 
ing 95% confidence l im i ts .  These estimated values were determined 
by a computer program using the binomial method (Johnson 1969) or 
probit  analysis (Finney 1952). For analysis of the embryo-larval 
data, the percent of embryos hatched, normal larvae at hatch and 
survival data were normalized using the arcsine transformation. 
Transformed data and unweighted replicate means of weight data 
were evaluated by one-way analysis of variance procedure. The 
Dunnett's one-tailed t - t es t  (Winer 1971) was used to compare 
treatment to control means at ~=0.05. These data were used to 
determine the maximum acceptable toxicant concentration (MATC) 
which is defined as the hypothetical toxic threshold which fa l l s  
between the highest concentration showing no effect and the next 
higher one showing a toxic effect when compared to the controls 
(McKim, 1977). 

RESULTS AND DISCUSSION 

The concentration-mortal i ty data for the acute test are presented 
in Table i .  The 96-h LC50 was estimated to be 502 (357-855) mg/L 
and the 192-h LC50 was 471 (428-517) mg/L. A sublethal ef fect ,  
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Table 1. Concentration-time-mortality data for fathead minnows 
exposed to methylene chloride 

Measured 
Conc. (mg/L) 

Hours of Exposure/ Percent Morta l i ty  a 
24 48 72 96 120 144 168 192 

855• b 100 100 100 100 100 100 100 100 
527• 55 55 55 60 60 65 75 75 
357• 0 0 0 0 0 0 0 5 
207• 0 0 0 0 0 0 0 0 
135• 0 0 0 0 0 0 0 0 
79• 0 0 0 0 0 0 0 0 
ND c (control) 0 0 0 0 0 0 0 0 

~Based on replicates/concentration; f i sh / rep l ica te  l~W 0 10 
Mean concentration • standard deviation 

CNon-detected; detection l im i t  5 mg/L 

loss of equil ibrium, was observed at concentrations >357 mg/L. 

The embryo-larval data used to estimate the MATC are presented in 
Table 2. The day-to-mean hatch was day 4 for al l  test concentra- 
tions and the control. Larval survival was s ign i f i can t l y  reduced 
(==0.05) at the two highest concentrations, 209 and 321 mg/L. All 
larvae were dead 96 h following the day-to-mean hatch at 321 mg/L. 
Analysis of the hatchabi l i ty  of embryos and normal larvae at hatch 
showed no dose related effects. The MATC, based on body weight, 
l ies between 82.5 and 142 mg/L, and is 108 mg/L expressed as the 
geometric mean of these two values. The acute/chronic rat io  is 
4.6, which indicates that there is a small difference between the 
acute and chronic effects of methylene chloride. The percent 
larval survival data showed that approximately 50% of the mortal i -  
t ies at each treatment level occurred within 4 days of the 
day-to-mean hatch, and that greater than 95% of the mortal i t ies 
had occurred within 14 days of hatch. Test conditions during the 
embryo-larval exposure were: temperature ranged from 24.8 to 
26.0~ dissolved oxygen concentrations were greater than 91% 
of saturation; and the pH ranged from 6.8 to 8.6. 

The U.S. EPA, under the Clean Water Act, has evaluated methylene 
chloride together with other "halomethanes" which include: 
chloromethane, bromomethane, methyl chloride, bromoform, 
bromodichloromethane, trichlorofluoromethane and dichlorodif luoro- 
methane. Of th is group, only methylene chloride, methyl chloride, 
bromoform and methyl bromide have acceptable aquatic t o x i c i t y  data 
available (Table 3). (Chloroform and carbon tetrachloride are also 
halomethanes but because they are supported by a large health 
and environmental data base they are treated by EPA in separate 
c r i t e r i a  documents.) I t  is our contention that th is generic 
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Table 2. Hatchabi l i ty of embryos, normal larvae at hatch, 
survival ,  and growth measurments for  fathead minnow embryos 
and larvae exposed to methylene chloride 

Normal 
Measured Embryos a Larvae Larval b 
Conc. Hatched at Hatch Survival Weight c 

(mg/k) (%) (%) (%) (mg) 

321• d 90• 96• 0 - -  
209• 90• 98• 28• 31.3• 
142• 90• 98• 65• 43.5• 
82.5• 97• 97• 66• 59.0• 
55.0• 87• 98• 77• 56.2• 
29.1• 88• 98• 66• 72.6• 
control 93• 100• 78• 61.6• 

aBased on 15 embryos/replicate; 4 repl icates/concentrat ion. 
bProportions analyzed af ter  arcsine transformation. 
Based on number of hatched/replicate 

i Unweighted means and standard deviations of repl icates,  N=4. 
Mean analyzed concentration • std. dev. 
Signi f icant  at p<O.05, i - t a i l ed  Dunnett t - t e s t  on raw data 

grouping of methylene chloride with other halomethanes w i l l  resul t  
in an unrea l i s t i ca l l y  low aquatic l i f e  c r i te r ion  for methylene 
chloride. This is evident when one compares the aquatic tox ic i t y  
l i t e ra tu re  for  methylene chloride with that for  other 
halomethanes. The reported 48-h acute EC50 values for  Daphnia 
magna are 224, 28.9, 46.5 and 35.2 mg/L for methylene c h ~  
~ o f o r m ,  bromoform and carbon te t rach lor ide,  respectively (U.S. 
EPA, 1978). The 96-h acute LC50 values for  b luegi l l  ranged from 
11 mg/L for methyl bromide to 550 mg/L for methyl chlor ide, with 
methylene chloride intermediate in tox i c i t y  with a 96-h LC50 of 
224 mg/L. Black et al .  (1982) reported acute data from non- 
standard short-term embryo-larval tests with eight species of f ish 
and amphibians (see Table 3) exposed to carbon tet rachlor ide,  
chloroform and methylene chloride. They reported larval 96-h 
acute LC50 values ranging from 1.16 to >27 mg/L for  carbon 
te t rachlor ide;  from 2.03 to >68 for chloroform; and from 13.16 to 
>48 mg/L for  methylene chloride. Methylene chloride was the least 
toxic of the halomethanes tested. In terest ing ly ,  Black et a l . ' s  
fathead minnow 96-h value of ~34 mg/L was lower than both the 
current 192-h flow-through acute value (471 mg/L) and 32 day 
embryo-larval MATC (Geometric Mean = 108 mg/L). The resul ts of 
the current fathead minnow acute tests are also higher than the 
value reported by Alexander et al .  (1978), 96-h LC50, 193 mg/L. 
When saltwater species were tested, where comparative data are 
avai lable, methylene chloride was less toxic than bromoform by 
more than a factor of i0. EC50 values for the mysid were 24.4 and 
256 mg/L for  bromoform and methylene chlor ide, respectively. The 
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Table 3. Acute toxic i ty  of halomethanes to aquatic species 

Freshwater Species Method Chemical LC50/EC50 Reference 
# 

Daphnia magna S,U CHBr~ 46 U.S. EPA, 1978 
CCI. ~ 35.2 
CHC~ 3 28.9 

Daphnia magna S,U CH2Cl 2 224 U.S. EPA, 1978 

Pimephales promelas FT,M CH2CI 2 193 Alexander, et al,  
1978 

Pimephales promelas 

Lepomis macrochirus 

Lepomis macrochirus 

Lepomis macrochirus 

Lepomis macrochirus 

Poecilia reticulata 

Rana pipiens 

Bufo fowleri 

Rana palustris 

Salmo gairdneri 

Xenopus laevis 

Pimephales promelas 

Ambystoma gracile 

Rana temporaria 

Saltwater Species 

Mysidopsis bahia 

Mysidopsis bahia 

S,U CH2CI 2 310 Alexander, et al, 
1978 

S,U CHBr~ 29.3 
CHCI~ 115.1 
CCI4J 125, 27.3 

S,U CH2CI 2 224 

S,U CH3Cl 550 

S,U CH3Br 11 

EL,M CH2CI 2 294 

EL,M CH2CI 2 >48 

EL,M CH2CI 2 >32 

EL,M CH2CI 2 >32 

EL,M CH2CI 2 13.16 

EL,M CH2CI 2 >29 

EL,M CH2CI 2 >34 

EL,M CH2CI 2 17.82 

EL,M CH2Cl 2 16.93 

S,U CHBr 3 24.4 

S,U CH2CI 2 256 

U.S. EPA, 1978 

U.S. EPA, 1978 

Dawson et al, 1977 

Dawson et al,  1977 

Konemann, 1981 

Black et a l . ,  1982 

Black et a l . ,  1982 

Black et a l . ,  1982 

Black et a l . ,  1982 

Black et a l . ,  1982 

Black et a l . ,  1982 

Black et a l . ,  1982 

Black et a l . ,  1982 

U.S. EPA, 1978 

U.S. EPA, 1978 
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Table 3 continued 

Freshwater Species Method Chemical LC50/EC50 Reference 
# 

Cyprinodon variegatus S,U CHBr 3 17.9 U.S. EPA, 1978 

Cyprinodon variegatus S,U CH~CI 331 U.S. EPA, 1978 c 2 

Menidia beryllina S,U CH3Br 12,000 Dawson et al, 1977 

Menidia beryllina S,U CH3CI 270,000 Dawson et al, 1977 

#S = static, FT = flow-through, U = unmeasured, M = measured, 
EL = short term embryo-larval (4 days post hatch) 

LC50 values for sheepshead minnow were 17.9 and 331 mg/L for 
bromoform and methylene chloride, respectively. 

There are few chronic data reported for halomethanes. There is a 
daphnid chronic value of 2.5 mg/L for chloroform, and a sheepshead 
minnow chronic value of 6.4 mg/L for bromoform (U.S. EPA, 1980). 

I t  is important to note that the acute and chronic effects of 
methylene chloride occur at concentrations much higher than those 
of other halomethanes. We feel therefore, that consideration 
should be given to regulate methylene chloride based on its own 
toxicological characteristics, as has been done with chloroform 
and carbon tetrachloride. 
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