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2. HEALTH EFFECTS

2.1 INTRODUCTION

The primary purpose of this chapter is to provide public health officials, physicians, toxicologists, and other
interested individuals and groups with an overall perspective on the toxicology of diisopropyl
methylphosphonate. It contains descriptions and evaluations of toxicological studies and epidemiological
investigations and provides conclusions, where possible, on the relevance of toxicity and toxicokinetic data to

public health.

A glossary and list of acronyms, abbreviations, and symbols can be found at the end of this profile.

2.2 DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE

To help public health professionals and others address the needs of persons living or working near hazardous
waste sites, the information in this section is organized first by route of exposure (inhalation, oral, and
dermal) and then by health effect (death, systemic, immunological, neurological, reproductive, developmental,
genotoxic, and carcinogenic effects). These data are discussed in terms of three exposure periods: acute

(14 days or less), intermediate (15-364 days), and chronic (365 days or more).

Levels of significant exposure for each route and duration are presented in tables and illustrated in figures.
The points in the figures showing no-observed-adverse-effect levels (NOAELSs) or lowest-observed-adverse-
effect levels (LOAELSs) reflect the actual doses (levels of exposure) used in the studies. LOAELs have been
classified into “less serious” or “serious” effects. “Serious” effects are those that evoke failure in a biological
system and can lead to morbidity or mortality (e.g., acute respiratory distress or death). “Less serious” effects
are those that are not expected to cause significant dysfunction or death, or those whose significance to the
organism is not entirely clear. ATSDR acknowledges that a considerable amount of judgment may be
required in establishing whether an end point should be classified as a NOAEL, “less serious” LOAEL, or
“serious” LOAEL, and that in some cases, there will be insufficient data to decide whether the effect is
indicative of significant dysfunction. However, the Agency has established guidelines and policies that are
used to classify these end points. ATSDR believes that there is sufficient merit in this approach to warrant an

attempt at distinguishing between “less serious” and “serious” effects. The distinction between “less serious”
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effects and “serious” effects is considered to be important because it helps users of the profiles to identify
levels of exposure at which major health effects start to appear. LOAELs or NOAELSs should also help in
determining whether or not the effects vary with dose anti/or duration, and place into perspective the possible

significance of these effects to human health.

The significance of the exposure levels shown in the Levels of Significant Exposure (LSE) tables and figures
may differ depending on the user’s perspective. Public health officials and others concerned with appropriate
actions to take at hazardous waste sites may want information on levels of exposure associated with more
subtle effects in humans or animals or exposure levels below which no adverse effects have been observed.
Estimates of levels posing minimal risk to humans (Minimal Risk Levels or MRLs) may be of interest to

health professionals and citizens alike.

Estimates of exposure levels posing minimal risk to humans (Minimal Risk Levels or MRLs) have been made
for diisopropyl methylphosphonate. An MRL is defined as an estimate of daily human exposure to a
substance that is likely to be without an appreciable risk of adverse effects (noncarcinogenic) over a specified
duration of exposure. MRLs are derived when reliable and sufficient data exist to identify the target organ(s)
of effect or the most sensitive health effect(s) for a specific duration within a given route of exposure. MRLs
are based on noncancer health effects only and do not reflect a consideration of carcinogenic effects. MRLs
can be derived for acute, intermediate, and chronic duration exposures for inhalation and oral routes.

Appropriate methodology does not exist to develop MRLs for dermal exposure.

Although methods have been established to derive these levels (Barnes and Dourson 1988; EPA 1990),
uncertainties are associated with these teclrniques. Furthermore, ATSDR acknowledges additional
uncertainties inherent in the application of the procedures to derive less than lifetime MRLs. As an example,
acute inhalation MRLs may not be protective for health effects that are delayed in development or result from
repeated acute insults, such as hypersensitivity reactions, asthma, or chronic bronchitis. As these kinds of
health effects data become available and methods to assess levels of significant human exposure improve,

these MRLs will be revised.

A User’s Guide has been provided at the end of this profile (see Appendix B). This guide should aid in the
interpretation of the tables and figures for Levels of Significant Exposure and the MRLs.
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2.2.1 Inhalation Exposure

No studies were located regarding the following health effects in humans or animals after inhalation exposure

to diisopropyl methylphosphonate.

2.2.11 Death

2.2.1.2 Systemic Effects

2.2.1.3 Immunological and Lymphoreticular Effects

2.2.1.4 Neurological Effects

2.2.1.5 Reproductive Effects

2.2.1.6 Developmental Effects

2.2.1.7 Genotoxic Effects

No studies were located regarding genotoxic effects in humans or animals after inhalation exposure to

diisopropyl methylphosphonate.

Genotoxicity studies are discussed in Section 2.5.

2.2.1.8 Cancer

No studies were located regarding carcinogenic effects in bumans or animals after inhalation exposure to

diisopropyl methylphosphonate.

2.2.2  Oral Exposure

No data are available regarding health effects in humans after oral exposure to diisopropyl methyl-

phosphonate. However, data are available regarding animals.

Results of these studies are discussed below and presented in Table 2-1 and Figure 2- 1.



TABLE 2-1. Levels of Significant Exposure to Diisopropyl Methylphosphonate - Oral

Expo§ure LOAEL (effect)
a duration/ y
Keyto" Species frequency NOAEL Less serious Serious

figure  (strain) (specific route) System {mg/kg/day) (mg/kg/day) (mg/kg/day) Reference

ACUTE EXPOSURE
Death

Rat once
(Sprague- (GW)
Dawley)

Rat once

(Fischer- 344) (G)

Rat 3d
(Fischer- 344) 1x/d
G)
Mouse once
(Swiss- (GW)
Webster)
Mouse 3d
(B6C3F1) 1x/d
(G)
Mink once
G)
Cow once
©
Duck once

(Mallard) (G)

Duck once
(Mallard) G)

1125 M (LDso)

826 F (LDso)
1000 M (3/5 died)

800 M (3/7 died)

1041 M (LDso)

1363 F (LDso)
2000 M (5/5 died)

503 F (LDs)

1000  (2/2 died)

1500 (3/12 died)

1490 (LDs)

Hart 1976

DOD 1991b

DOD 1991b

Hart 1976

DOD 1991a

Aulerich et al. 1979

Cysewski et al.
1981; Palmer et al.
1979

Jones et al. 1992

Aulerich et al. 1979

S103443 HiTvV3IH ¢

JFLYNOHJSOHJTAHLIN TAJOBdOSHA

ct



TABLE 2-1. Levels of Significant Exposure to Diisopropyl Methylphosphonate - Oral(continued)

Exposure
\ . duration/ ’ LOAEL (effect)
Keyto' Species frequency NOAEL Less serious Serious
figure {strain) (specific route)  System (mg/kg/day) (mglkglday) (mg/kg/day) Reference
Systemic
10 Rat 4d Hepatic 180  (induction of microsomal Hart 1976
(Charles F) enzymes leading to
River COBS decreased hexobarbital
CD [SD] BR) sleeping time)
Bd wt 150
11 Rat 10d Bd Wt 300 Hart 1980
.(Sprague- Gd 6-15
Dawley) (F)
12 Rat once Resp 632 7 928  (hyperemia of the lungs) Hart 1976
(Sprague- (GW)
Dawley)
13 Mouse once Resp 2000 Hart 1876
(Swiss- Gw)
Webster)
14 Dog 14d Resp 38 Hart 1976
(Beagle) (F)
Cardio 38
Hemato 38
Hepatic 38
Renal 38
Bd Wt 38

S103443 H1V3H 2

3LYNOHdSOHJTAHLIN TAJOHdOSIIa

el



TABLE 2-1. Levels of Significant Exposure to Diisopropyl Methylphosphonate - Oral (continued)

Exposure .
\ duration/ LLOAEL (effect)
Key to Spec.les frequency NOAEL Less serious Serious
figure  (strain) (specific route) ~ System  (mg/kg/day) (mg/kg/day) (mglkg/day) Reference
15 Cow once Resp 500 1000 (pulmonary emphysema) CysewskKi et al.
©) 1981; Palmer et al.
1979
Cardio 500 1000 (petechiae in the coronary
grooves)
Gastro 500 1000 (acute gastroenteritis;
ecchymotic hemorrhaging)
Renal 63 500 (mild congestion of the
renal cortex)
Bd Wt 1000
16 Duck once Cardio 1500 (decrease in blood Jones et al. 1992
(Mallard) (G) pressure)
17 Duck once Bd Wt 1700 1800 (weight loss of 14.8%) Aulerich et al. 1979
(Mallard) Q)
18 Duck 8d Bd Wt 1007 1796  (57% decrease in body Aulerich et al. 1979
(Mallard) F weight gain)
Neurological
19 Rat once 430 (ataxia; decreased activity;  Hart 1976
(Sprague- (GW) prostration)
Dawley)
20 Mouse once 430 (decreased activity; Hart 1976
(Swiss- (GW) prostration)
Webster)
21 Mouse 3d 1000 M (coma) DOD 1991a
(B6C3F1) 1x/d i
©)
22 Mink once 150 F 300 F (salivation; lethargy; Aulerich et al. 1979
G) immobilization)

S103443 HLV3H 2

J1YNOHJSOHJTAHLINW TAJOYdOSIId
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TABLE 2-1. Levels of Significant Exposure to Diisopropyl Methylphosphonate - Oral (continued)

Exposure
. . duration/ LOAEL (effect)
Key to Species  frequency NOAEL Less serious Serious
figure  (strain) (specific route) ~ System  (ma/kg/day) (mglkglday) Reference
23 Cow once 500 1000 (tympanitis; ataxia; Cysewski et al.
(C) depression; prostration; 1981; Palmer et al.
engorgement of meningeal 1979
vessels; excess fluid in
cerebral ventricles)
INTERMEDIATE EXPOSURE
Systemic
24 Rat 90d Cardio 300 Hart 1976
(Sprague- (F)
Dawley)
Hemato 300
Hepatic 300
Renal 300
Ocular 300
Bd Wt 300
25 Rat 30 wk Bd Wt 300 Hart 1980
(Sprague- (3 gener-
Dawley) ations)
F)
26 Mouse 90d Resp 273 Hart 1976
(Swiss- (F)
Albino)
Hepatic 273
Renal 273
Bd Wt 273
27 Dog 90d Cardio 75 Hart 1980
(Beagle) (3] |
Hemato 75b
Hepatic 75
Renal 75
Ocular 75
Bd Wit 75

S103443 HLTV3H 2

J1YNOHJSOHJTAHLIW TAJOHJOSHA

Sl



TABLE 2-1. Levels of Significant Exposure to Diisopropyl Methylphosphonate - Oral(continued)

Exposure
) dufation ; LOAEL (effect)
Keyto"  Species  frequency NOAEL Less serious Serious
figure  (strain) (specific route) ~ System  (mg/kgiday) (mglkg/day) (mafkglday) Reference
28 Mink 21d Resp 17 201M (decreased lung weights) Aulerich et al. 1979
(F) Cardio 201 1852M (decreased heart weights)
Hemato 17 201  (decreased lymphocytes)
Hepatic 201 1852M (decreased liver weights)
Renal 201 1852M (decreased kidney
weights)
Bd wt 1852
29 Mink 49 wk Resp 05 Aulerich et al. 1979
(F) Cardio 95
Gastro 95
Hemato 95
Musc/skel 95
Hepatic 95
Renal 95
Bd Wt 95
30 Mink 90d Hemato 345 M 747M (shortened RBC survival; Bucci et al. 1992,
(Ranch Wild) (F) increased Heinz bodies; 1994
increased reticulocytes;
reduced RBC counts)
455 F 907 F (shortened RBC survival;
increased Heinz bodies;
increased reticulocytes;
reduced RBC counts)
Hepatic 1009 M
1264 F
Ocular 1009 M
1264 F
Bd Wt 1009 M
f 1264 F

S$103443 H1TV3H ‘¢

JLVYNOHJSOHdTAHLIN TAJOHJOSIHA

91



TABLE 2-1. Levels of Significant Exposure to Diisopropyl Methylphosphonate - Oral(continued)

Exposure
e ' duration/ LOAEL (effect)
f;ey t:; ?;f:i':)s freq.uency NOAEL. Less serious Serious
gu (specific route)  System (mg/kg/day) (mglkg/day) (mglkglday) Reference
31 Mink 1-11 mo Hemato 45 M 262M (increased Heinz body Bucci et al. 1997
(Ranch Wild) ad lib counts)
(3] 57 F 330F (decreased RBC;
increased reticulocytes,
MCYV, Heinz bodies)
Bd Wit 262 M
330 F
Neurological
32 Rat 90d 300 Hart 1976
(Sprague- (F)
Dawley)
33 Dog 13 wk 75 Hart 1980
(Beagie) 7d/wk
(F)
34 Mink 21d 1852 Aulerich et al. 1979
(F)
35 Mink 49 wk 95 Aulerich et al. 1979
(F)
36 Mink 1-11 mo 262 M Bucci et al. 1997
(Ranch Wild) ad lib
(F) 330 F
Reproductive
37 Rat 30 wk 300 Hart 1980
(Sprague- (3 gener-
Dawley) ations) |
(F)
38 Mink 49 wk 95 Aulerich et al. 1979
(F)
39 Mink 1-11 mo 262 M Bucci et al. 1997

(Ranch Wild) ad lib
(F)

330

S103443 HIV3AH ¢

J1VYNOHJSOHJTAHLIW TAJOHJ4OSId
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TABLE 2-1. Levels of Significant Exposure to Diisopropyl Methylphosphonate - Oral (continued)

Exposure
K a . duration/ LOAEL (effect)
f:gyutr: ?s';‘::::)s freq'uency Syst NOAEL Less serious Serious
(specific route) ystem (mg/kg/day) (mg/kg/day) (mglkg/day) Reference
Developmental
40 Rat Gd 6-15 300 Hart 1980
(Sprague- (F)
Dawley)
41 Mink 1-11 mo 45 M 262M (decreased RBC in F2 Bucci et al. 1997
(Ranch Wild) ad lib male kits at 6 weeks)
(F 330 F
Immuno/Lymphor
42 Mink 21d 1852 Aulerich et al. 1979
F)
43 Mink 49 wk 95 Aulerich et al. 1979
(F)
44 Mink 1-11 mo 262 M Bucci et al. 1997
(Ranch Wild) ad lib
(F) 330 F
CHRONIC EXPOSURE
Systemic
45 Mink 13 mo Hemato 57¢ F 330F (increased Heinz bodies) Bucci et al. 1997
(Ranch Wild) ad lib
(F) Bd Wt 330 F
Neurological
46 Mink 13 mo 330 F Bucci et al. 1997
(Ranch Wild) ad lib
(F) '
Reproductive
47 Mink 1-11 mo 330 F Bucci et al. 1997

(Ranch Wild) ad lib
(F)

S103443 HLV3H ¢

JLYNOHJSOHdTAHLIN TAdOYdOSIIA
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TABLE 2-1. Levels of Significant Exposure to Diisopropyl Methylphosphonate - Oral(continued)

Exposure
. duration/ LOAEL (effect)
K?y to Species  frequency NOAEL Less serious Serious
figure  (strain) (specific route) ~ System  (mo/kgiday) (mglkg/day) (mg/kg/day) Reference
Immuno/Lymphor
48 Mink 13 mo 330 F Bucci et al. 1997
(Ranch Wild) ad lib
F)

*The number corresponds to entries in Figure 2-1.

® An intermediate-duration Minimal Risk Level (MRL) of 0.8 mg/kg/day was derived based on this end point; dose of 75 mg/kg/day divided by an uncertainty factor of 100 (10 for
extrapolation from animals to humans and 10 for human variability).

°A chronic-duration Minimal Risk Level (MRL) of 0.6 mg/kg/day based on this end point; dose of 57 mg/kg/day divided by an uncertainty factor of 100 (10 for extrapolation from animals to

humans and 10 for human variability).

ad lib = ad libitum; Bd Wt = body weight; (C) = gelatin capsule; Cardio = cardivascular; d = day(s); F = female; (F) = feed; (G) = gavage (type unspecified); Gastro = gastrointestinal; Gd =
gestation day(s); (GW) = gavage in water; Hemato = hematological; LDy, = lethal dose, 50% kill; LOAEL = lowest-observed-adverse-effect level; M = male; MCV = mean cell volume;
mo = month(s); Musc/skel = musculoskeletal; NOAEL = no-observed-adverse-effect level; RBC = red blood celis; Resp = respiratory; wk = week(s); x = times(s)

S103443 H1TV3H ‘¢

JLYNOHJSOHJTAHLIW TAJOHdOSIId
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Figure 2-1. Levels of Significant Exposure to Diisopryl Methylphosphonate - Oral
Acute (<14 days)
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Figure 2-1. Levels of Significant Exposure to Diisopryl Methylphosphonate - Oral (cont.)
Intermediate (15-364 days)
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Figure 2-1. Levels of Significant Exposure to Diisopryl Methylphosphonate - Oral (cont.)

Intermediate (15-364 days)
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Figure 2-1. Levels of Significant Exposure to Diisopryl Methylphosphonate - Oral (cont.)
Chronic (>365 days)
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2.2.2.1 Death

No studies were located regarding death in humans after oral exposure to diisopropyl methylphosphonate.

Three of five male Fisher-344 rats dosed once with 1,000 mg/kg diisopropyl methylphosphonate by gavage
died (DOD 1991b). In a micronucleus assay using this species, 3 of 7 rats dosed on 3 successive days with
800 mg/kg died, but no deaths occurred at the next lower dose, 400 mg/kg (DOD 1991b). A repeat of this
experiment in which rats were dosed with 400,600, or 800 mg/kg for 3 days resulted in the deaths of 2 of

7 high-dose rats (DOD 1991 b). Oral LDsgs of 1,125 and 826 mg/kg have been reported for male and female
rats, respectively (Hart 1976). Single doses of diisopropyl methylphosphonate (430, 632, 928, 1,362, and
2,000 mg/kg) dissolved in polyethylene glycol 400 were administered by gastric intubation to 10 male and 10
female Sprague-Dawley rats at each dose level. The animals were examined for 14 days. By the day
following the administration of the compound, all 10 males in the 1,362-mg/kg group and 9 of 10 males in
the 2,000-mg/kg group had died (the remaining animal in the 2,000-mg/kg group died the following day).
Similarly, all 10 females in the 1,362-mg/kg group and 9 of 10 females in the 2,000-mg/kg group had died
(the remaining female died on day 2). Further, on the first 2 days subsequent to dosing 8 of 10 females but
none of the 10 males in the 928-mg/kg group died. No deaths occurred in males or females administered 430
or 632 mg/kg. Signs of intoxication in both sexes included decreased activity, occasional ataxia, and

prostration (Hart 1976).

Parallel experiments in Swiss Webster mice yielded LDsgs of 1,041 and 1,363 mg/kg in males and females,
respectively (Hart 1976). Mortalities included 2 of 10 females in the 430-mg/kg group, 2 of 10 females and
3 of 10 males in the 928-mg/kg group, 3 of 10 females and 9 of 10 males in the 1,362-mg/kg group, and all
10 males and all 10 females in the 2,000-mg/kg group. As is the case with rats, nearly all deaths occurred on
the 1st day following gavage treatment with diisopropyl methylphosphonate. Signs of intoxication included
decreased activity and prostration (Hart 1976). In a range-finding study for a bone marrow micronucleus
assay, 5 of 5 male mice receiving 2,000 mg/kg for 3 days by gavage died, but no deaths occurred in mice

receiving 1,000 mg/kg (DOD 1991a).

An LDsj of 503 mg/kg was calculated from the results of a study in which adult female mink were

administered single doses of diisopropyl methylphosphonate by gavage (doses of 75, 150, 300, 450, 500,
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550, and 600 mg/kg) (Aulerich et al. 1979). Deaths occurred within a few hours after dosing. Animals that

did not die recovered completely within several hours after administration of the compound.

In a 14-day lethality study of calves dosed with diisopropyl methylphosphonate at 62.5, 125, 250, 500, or
1,000 mg/kg via gelatin capsules gavaged using a balling gun, both of the two calves in the highest dose
group died (Cysewski et al. 1981; Palmer et al. 1979). No animals in any of the other dose groups died. The
study authors calculated the LDs, to be approximately 750 mg/kg.

An LDsj of 1,490 mg/kg was derived from a study using Mallard ducks in which groups of 10 of each sex
were given a single dose of diisopropyl methylphosphonate by gavage at doses that ranged from 1,300 to
1,800 mg/kg and were observed for 14 days (Aulerich et al. 1979). The study authors attributed the deaths of
many ducks to drowning on the copious amounts of saliva that were generated following exposure rather than

true systemic toxicity. Necropsy showed no gross pathological changes.

No mortality occurred, nor were there judged to be any signs of toxicity, in beagle dogs receiving diisopropyl
methylphosphonate in the diet for 2 weeks at 0, 4, 13, or 38 mg/kg/day (each dose group consisted of one
male and one female) (Hart 1976). In a developmental toxicity study, no deaths occurred in female rats
receiving diisopropyl methylphosphonate in the diet at 0, 10, 30, or 300 mg/kg/day on days 6-15 of gestation
(Hart 1980).

No significant mortality related to diisopropyl methylphosphonate was noted in groups of 5 male and
5 female juvenile pastel mink receiving dietary doses of 0.2, 2, 17, 201, or 1,852 mg/kg/day for 21 days
(Aulerich et al. 1979). A comparison of this study with the LDs, study in mink suggests that diisopropyl

methylphosphonate is more toxic following gavage administration than following administration in the diet.

No mortality was noted in male or female rats that received diisopropyl methylphosphonate in drinking water
at 0.0090 or 0.9 mg/kg/day for 13 weeks (males) or 19 weeks (females) (Hardisty et al. 1977). EPA (1989)
indicated that actual doses could not be verified, considered the study inappropriate for human health risk
assessment, and rejected it for use in the development of a hazard advisory. No mortality occurred and no
toxic effects were noted in beagle dogs (4 per sex per dose group) that received diisopropyl

methylphosphonate in the diet (0, 4, 38, or 75 mg/kg/day) for 13 weeks (Hart 1980).
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No deaths or evidence of toxicity were attributable to diisopropyl methylphosphonate administered for 26
weeks in the drinking water of rats at concentrations of 0.6 ppb, 6.0 ppb, 10 ppm, and 1,000 ppm (6.6x107,
6.6x10”,0.011, and 1.1 mg/kg/day, respectively) (Army 1978). It should be noted that there is some
confusion concerning the concentration units used in this study (EPA 1989). EPA (1989) states that
conversions between ppm and mg/L were incorrectly calculated using the air conversion factor. EPA (1989)
also indicates that analysis of the diisopropyl methylphosphonate used in this study determined that it was
only 65% pure. Therefore, results from the Army (1978) study are considered inappropriate for human
health risk assessment. No deaths of adult rats were recorded in a three-generation study of reproductive

effects in rats receiving diisopropyl methylphosphonate in the diet at 0, 30, or 300 mg/kg/day (Hart 1980).

In a 90-day toxicity study in which 179 mice received diisopropyl methylphosphonate in the diet at doses of
0,27,9 1, or 273 mg/kg/day, two deaths occurred in the 91 mg/kg/day male group. Since no deaths were
observed in the 273-mg/kg/day group and no other signs of toxicity were observed, it was concluded that
there was no evidence of toxicity in this 90-day study (Hart 1976). Four male rats died (1 control, 1 low-
dose, and 2 high-dose animals) out of a total of 256 animals in a 90-day study, in which rats received
diisopropyl methylphosphonate in the diet at doses of 0, 30, 100, or 300 mg/kg/day. The deaths were neither

dose nor duration related and were not considered of toxicologic importance (Hart 1976).

In a reproductive study in which groups of 25 female and 6 male dark variety mink were fed diisopropyl
methylphosphonate in the diet at 0, 11, 37, or 95 mg/kg/day for approximately 49 weeks, an increase in
deaths occurred in females that was statistically significant at the high dose (Aulerich et al. 1979). No control
females died, while 2 of 23, 3 of 24, and 5 of 24 died at the low, middle, and high doses, respectively. The
first death that occurred was in the lowest dose group. No adverse symptoms were noted before the deaths
occurred. Three of the five deaths at the high dose occurred between the time of mating and lactation.
Among males, 1 of 6 controls and 1 of 6 treated at 11 mg/kg/day died. All male mink treated at the higher

doses survived.

Although the increase in deaths in female mink was statistically significant at the high dose, it was not clear if
the deaths were treatment related. In a concurrent study that was conducted to assess the toxicity of
dicyclopentadiene, which used mink from the same lot, the mortality in the untreated female mink was 4 of
24, with 2 mink dying between the time of mating and lactation. It should also be noted that mink have a
relatively high natural mortality (EPA 1989). The natural mortality for 1st-year mink in a commercial fur

ranch operation approaches 6% annually, and up to 15% of lactating females may die in the late gestation
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period from “nursing sickness” (Schneider and Hunter 1993). Although it is not clear when the mink in the
Aulerich et al. (1979) study died in relation to lactation, some female mink did die during the time period that
included lactation. Further evidence that the deaths of mink may not have been related to diisopropyl
methylphosphonate treatment comes from a second study in mink (Bucci et al. 1992, 1994). In this 90-day
study, no mortality was observed in male or female mink receiving diisopropyl methylphosphonate in the diet
at doses of 0, 7, 63, 345, 749, or 1,009 mg/kg/day for males and 0, 9, 82, 455, 908, or 1,264 mg/kg/day for
females. Although the Bucci et al. (1992, 1994) study lacks a breeding period, it was a better controlled

study than the Aulerich et al. (1979) study. In the Bucci et al. (1992, 1994) study, diisopropyl methylphos-
phonate was measured in the diet, food intake was measured weekly, and the mink were housed in a
laboratory. In the Aulerich et al. (1979) study, diisopropyl methylphosphonate dietary levels were not

measured, food intake was estimated only once every 2 weeks, and the animals were housed outside in pens.

Recently, a two-generation reproductive study in mink was performed by Bucci et al. (1997). In the parental
(Fo) generation, groups of 7 male and 35 female brown Ranch Wild mink were fed diisopropyl methylphos-
phonate in the diet at 0, 15,47, or 285 mg/kg/day (males) or 0, 26, 85, or 460 mg/kg/day (females) for

4 weeks (males) or 4 months (females). Two groups of control animals were used. However, the study
authors noted that the DIMP consumption calculated for the F; generation should be used for extrapolation to
humans, instead of the values obtained for F, animals, because body weight and food consumption were not
monitored for Fpanimals until they were brought inside from the farm at 8 months of age. Furthermore, the

F, data offers a more conservative estimate, because the exposure was over a longer period of time. Although
3.5% (6/175) of the F,, females (1 control, 2 low dose, 2 mid dose, and 1 high dose) died before the scheduled
sacrifice, all of the animals except 1 mid dose animal showed signs of a stress syndrome characterized by

stopping eating, lethargy, and weight loss that are associated with mink.

In the F; generation, 13 males and 35 females were used per group. Concentrations of diisopropyl
methylphosphonate in feed corresponded to 0, 16,45, or 262 mg/kg/day (males) or 0, 20, 57, or

330 mg/kg/day (females) for either 8 months (males) or 13 months (females). Again, two groups of control
animals were used. In the F; generation, 4.6% (8/175) of the females died before the scheduled sacrifice. Six
of these (1 in each control group, 1 each in the low- and mid-dose groups, and 2 in the high-dose group) died
of a stress syndrome common in minks that was induced by a slight anesthesia overdose. One mid-dose male
also died of the same syndrome. A 7th female from the low-dose group, which was prone to seizures after
being stressed during procedures such as cage cleaning, died unexpectedly after such a seizure. The 8th

animal, a high-dose female who had shown signs of stress syndrome, was found to have a ruptured uterus.
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Because the deaths either occurred early in the study, were randomly distributed among dose groups, or were
associated with a stress syndrome common among mink, they are not believed to result from DIMP exposure.
Thus, it appears that the deaths observed in the previous study by Aulerich et al. (1979) were not treatment

related.

2.2.2.2 Systemic Effects

The highest NOAEL and all LOAEL values from each reliable study for systemic effects in each species and

duration category are recorded in Table 2-1 and plotted .in Figure 2-1.

No studies were located regarding musculoskeletal or dermal effects in humans or animals after oral exposure

to diisopropyl methylphosphonate.

Respiratory Effects. No studies were located regarding respiratory effects in humans after oral exposure

to diisopropyl methylphosphonate.

The respiratory system does not appear to be a target of diisopropyl methylphosphonate. Exposure has only
occasionally resulted in respiratory effects, and the effects did not appear to be dose or treatment related.
Necropsy of both male and female rats that died as the result of a single dose (928, 1,362, or 2,000 mg/kg) of
diisopropyl methylphosphonate, administered by gastric intubation, revealed some hyperemia of the lungs;
however, most animals displayed no abnormalities (Hart 4976). Changes in the lungs were not observed in
rats that survived treatment at 928 mg/kg or at lower doses (430, 632 mg/kg). No abnormal necropsy
findings were noted in Swiss Webster mice dosed similarlly (430, 632, 928, 1,362, 2,000 mg/kg) in a
companion study (Hart 1976). No important abnormalities were noted in the necropsy of rats receiving
diisopropyl methylphosphonate in the diet (0, 30, 100, or 300 mg/kg/day) for 90 days (Hart 1976). No
noteworthy deviations were noted in the necropsy or histopathology examination of male or female beagles
receiving dietary doses of 0, 4, 13, or 38 mg/kg/day for 14 days (Hart 1976). No gross lesions were noted in
rats subsequent to receiving drinking water containing diisopropyl methylphosphonate at doses of 6.6x107,
6.6x10°,0.011, or 1.1 mg/kg/day (Army 1978). However, as discussed in Section 2.2.2.1, there is some
confusion concerning the concentration units and purity of the diisopropyl methylphosphonate used in the
Army (1978) study (EPA 1989). Therefore, results from the Army (1978) study are considered inappropriate

for human health risk assessment.
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In a study of calves dosed with diisopropyl methylphosphonate at 62.5, 125, 250, 500, or 1,000 mg/kg via
gelatin capsules placed with a balling gun, calves at the highest dose level displayed pulmonary emphysema

upon autopsy (Palmer et al. 1979). No respiratory effects were observed at sublethal dose levels.

Male juvenile pastel mink receiving diisopropyl methylphosphonate in the diet at doses of 201 or

1,852 mg/kg/day for 21 days demonstrated significantly lower lung weights (toxicity is usually, but not
always, associated with increased lung weight), although there were no significant changes observed during
necropsy (Aulerich et al. 1979). The study autbors concluded that the compound was nontoxic in the 21-day
test. Respiratory effects were not observed in mink treated with diisopropyl methylphosphonate in the diet at

doses of 95 mg/kg/day for 49 weeks (Aulerich et al. 1979).

Cardiovascular Effects. No studies were located regarding cardiovascular effects in humans after oral

exposure to diisopropyl methylphosphonate.

Mean blood pressure was decreased in male and female Mallard ducks given a single dose of 1,500 mg/kg of
diisopropyl methylphosphonate via proventricular intubation (Iones et al. 1992). The proventriculus is a
glandular stomach that precedes the gizzard in birds. However, pulse pressure and heart rate were not
affected. Therefore, it is likely that cardiac output and/or resistance were decreased. The study authors
speculated that diisopropyl methylphosphonate acts in a mechanism similar to that of meprobamate and
glycerol guaiacolate (two psychotropic agents), i.e., by depressing or blocking nerve impulse transmission at
the internuncial neuron level of the spinal cord, brain stem, and subcortical areas of the central nervous

system.

There is no evidence from animal studies that diisopropyl methylphosphonate directly affects the
cardiovascular system except at very high doses (Palmer et al. 1979). No anomalous necropsy or
histopathological effects were noted in rats that received diisopropyl methylphosphonate in the diet at doses
of 0, 30, 100, or 300 mg/kg/day for 90 days (Hart 1976). Similarly, no abnormalities were noted in mice that
received the compound in the diet at doses of 0, 27, 91, or 273 mg/kg/day for 90 days (Hart 1976). In this
study, beagle dogs were also treated with the compound in the diet at doses of 0, 4, 13, or 38 mg/kg/day for
14 days (Hart 1976). No deviation in heart weight or abnormal histopathological findings were reported in
beagles that received diisopropyl methylphosphonate in the diet at doses of 0, 4, 38, or 75 mg/kg/day for

13 weeks (Hart 1980).
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In a study of calves given a single dose of diisopropyl methylphosphonate at 62.5, 125, 250, 500, or
1,000 mg/kg via gelatin capsules placed with a balling gun, animals that died at the highest dose level
displayed petechiae in the coronary grooves and ecchymotic hemorrhaging of the gastrointestinal tract upon

autopsy (Palmer et al. 1979). No cardiovascular effects were observed at sublethal dose levels.

No significant changes in heart weight or histopathological findings were noted in mink receiving diisopropyl
methylphosphonate in the diet at doses 0of 0.2, 2, 17,201, or 1,852 mg/kg/day for 21 days (Aulerich et al
1979). Gross and histopathological examination of mink that received 11, 37, or 95 mg/kg/day for 49 weeks

revealed no consistent pathological changes (Aulerich et al. 1979).

Gastrointestinal Effects. No studies were located regarding gastrointestinal effects in humans after oral

exposure to diisopropyl methylphosphonate.

In a study of calves dosed with diisopropyl methylphosphonate at 62.5, 125, 250, 500, or 1,000 mg/kg via
gelatin capsules placed with a balling gun, calves that died at the highest dose level displayed acute
gastroenteritis and ecchymotic hemorrhaging upon necropsy (Palmer et al. 1979). No gastrointestinal effects

were observed at sublethal dose levels.

Hematological Effects. No studies were located regarding hematological effects in humans after oral

exposure to diisopropyl methylphosphonate.

Hematological effects were noted in several animal studies. A few instances of significant differences were
noted in the hematocytology (red blood cell [BBC] count, packed cell volume, hemoglobin, leukocyte count,
and differential leukocyte count) in rats that had received diisopropyl methylphosphonate in the diet at doses
of 0, 30, 100, or 300 mg/kg/day for 90 days. However, because the differences were so scattered and lacked
clear dose response, they were considered of no toxicological importance (Hart 1976). Beagles that had been
treated with the compound in the diet at doses of 4, 13, or 38 mg/kg/day for 14 days demonstrated values that
were within normal limits for hemoglobin, hematocrit, BBC count, total leukocyte count, and differential
leukocyte count (Hart 1976). In a 3-month study of beagles receiving diisopropyl methylphosphonate in the
diet at concentrations that provided doses of 0, 4, 38, or 75 mg/kg/day, no clear dose-related adverse
toxicological changes were noted in erythrocyte count, leukocyte count, differential leukocyte count,

hemoglobin, packed cell volume, clotting time, blood glucose, or albumin (Hart 1980). Based on the NOAEL
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of 75 mg/kg/day for hematological effects in dogs, an intermediate-duration oral MRL of 0.8 mg/kg/day was

derived as described in the footnote in Table 2-1 a

In a study of calves given a single dose of diisopropyl methylphosphonate at 62.5, 125, 250, 500, or
1,000 mg/kg via gelatin capsules placed with a balling gun, no hematological effects were observed at any

dose level (Palmer et al. 1979).

Juvenile pastel mink that ingested 201 or 1,852 mg/kg/day diisopropyl methylphosphonate in food for 21

days showed a significantly depressed hematocrit (Aulerich et al. 1979). A significantly lower percentage of
lymphocytes in peripheral blood was also noted in mink after ingestion of 2,201, or 1,852 mg/kg/day in the

diet for 21 days. Mink that received food containing the compound at 17 mg/kg/day did not demonstrate a
change in lymphocytes. The decreased hematocrit probably resulted from RBC damage and subsequent RBC
clearance. This would explain the increase in reticulocytes and Heinz bodies noted in other studies. Increased
hematocrit was noted in male dark variety mink treated with 37 or 95 mg/kg/day diisopropyl methylphosphonate
in feed for 49 weeks, but not in males treated with 11 mg/kg/day or in females in any of the treatment

groups. No differences in hemoglobin concentration or mean corpuscular hemoglobin were noted in either

sex in any of the treatment groups (Aulerich et al. 1979).

Compared to controls, male dark brown Ranch Wild mink that were fed standard ranch diet containing
diisopropyl methylphosphonate at doses of 1,009 mg/kg/day for 90 days had a significantly lower hematocrit
at week 13, and lower hemoglobins at weeks 3, 7, and 13 (Bucci et al. 1994). Females that consumed 908 or
1,264 mg/kg/day had significantly lower hematocrit than the controls starting at week 3. There were no
significant changes in mean erythrocyte cell volume, mean cell hemoglobin, or mean cell hemoglobin
concentration. The mean number of reticulocytes in females treated at 1,264 mg/kg/day and in males at

747 mg/kg/day was significantly increased compared to the controls. The females that received 908 or

1,264 mg/kg/day had a significant increase in platelets (averaged across all time points) compared to the
controls. Inconsistent changes in erythrocyte morphology were noted in the 3 highest dose groups (345, 747,
1,009 mg/kg/day for males; 455, 908, 1,264 mg/kg/day for females). All erythrocyte anomalies were normal
by week 3 after treatment. Both males and females in the highest dose groups demonstrated a significant
increase in Heinz bodies from week 3 through week 13, and at week 13 the females receiving 908 mg/kg/day
showed a significant increase in Heinz bodies. Although not statistically significant, the number of Heinz
bodies in males at 345 mg/kg/day and in females at 455 mg/kg/day was increased relative to the controls.

Heinz bodies are inclusions in the RBCs resulting from the irreversible denaturation and precipitation of
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hemoglobin. An increase in Heinz bodies causes the cells to be less deformable, have a reduced lifespan, and
be vulnerable to splenic phagocytes and thus induces a predisposition for the RBCs to become trapped in the
splenic sinuses and destroyed by phagocytes. The Heinz body data suggest that diisopropyl
methylphosphonate may cause oxidative damage to the tertiary structure of hemoglobin, thus reducing the
lifespan of RBCs, which in turn ultimately induces hematopoiesis. A marginal increase in the incidence and
severity of splenic extramedullary hematopoiesis was observed in male mink exposed to 1,009 mg/kg/day of
diisopropyl methylphosphonate in the diet for 90 days (Bucci et al. 1994). The RBC data and the reticulocyte
data are consistent with a hematopoietic response to increased RBC destruction. The study authors indicated
that the observed hematological changes suggested that diisopropyl methylphosphonate or its metabolites had
oxidant properties that resulted in the denaturation of hemoglobin and shortened RBC lifespan (Bucci et al.

1992).

Similar results were observed in a two-generation study of Ranch Wild brown mink. Males were fed 0, 16,
45, or 262 mg/kg/day diisopropyl methylphosphonate for 8 months, and females were fed 0, 20, 57, or

330 mg/kg/day diisopropyf methylphosphonate for 13 months (Bucci et al. 1997). In the F, generation, no
changes in hematologicaf parameters were observed in males. However, in Fy-generation females fed

330 mg/kg/day, RBC counts were significantly decreased, and reticulocyte counts, Heinz body counts, and
mean cell volume were significantly increased. In the Fi-generation females fed 330 mg/kg/day diisopropyl
methylphosphonate, Heinz body counts were increased at 6 and 13 months. Males fed this dose also had
increased Heinz body counts. High-dose F; male kits bad significantly decreased RBC counts at 6 weeks of
age, but this effect was not observed at the age of 4.1 weeks. The increased Heinz body counts observed in
this study correlated with a decrease in RBC survival, which was shown by the decreased RBC count. These
effects also correlate with the histopathological findings in the spleen of these animals, in which evidence of
RBC replacement was observed. Based on the NOAEL of 57 mg/kg/day for hematological effects in mink in
this study, a chronic-duration oral MRL, of 0.5 mg/kg/day was derived as described in the footnote in
Table 2- 1.

Mallard ducks fed up to 10,000 ppm diisopropyl methylphosphonate in feed for up to 24 weeks showed no
significant effects on blood hemoglobin levels, leukocyte count, and hematocrit (Aulerich et al. 1979). Doses

could not be calculated in mg/kg/day because food intake and body weights were not measured in this study.
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Hepatic Effects. No studies were located regarding hepatic effects in humans after oral exposure to

diisopropyl methylphosphonate.

There is no evidence that diisopropyl methylphosphonate causes toxic effects in the liver or biliary systems.
No changes of toxicologic significance were noted in serum glutamic-oxaloacetic transaminase (SGOT),
serum glutamic-pyruvic transaminase (SGPT), alkaline phosphatase, liver weight, or liver histopathology in
rats treated with diisopropyl methylphosphonate in the diet at doses of 0, 30, 100, or 300 mg/kg/day for 90
days (Hart 1976). No hepatic histopathological abnormalities or significant changes in liver weight were
found in mice that received doses of 0, 27, 91, or 273 mg/kg/day diisopropyl methylphosphonate in food for
90 days (Hart 1976). No abnormal hepatic lesions or changes in SGPT, SGOT, or alkaline phosphatase were
found in beagles treated with diisopropyl methylphosphonate in the diet at doses of 0,4,13, or 38 mg/kg/day
for 14 days (Hart 1976). Rats pretreated with diisopropyl methylphosphonate in the diet (450 mg/kg/day for
4 days) showed a marked decrease in sleep time subsequent to the administration of hexobarbital, which is
consistent with the induction of the P-450 mixed-function oxidase system. Liver weights, however, were not
increased (Hart 1976). No changes in SGOT, SGPT, alkaline phosphatase, liver histopathology, or liver
weight were reported in male or female beagles that received 0, 4, 38, or 75 mg/kg/day diisopropyl
methylphosphonate in food for 90 days (Hart 1980).

Juvenile male pastel mink that ingested 1,852 mg/kg/day diisopropyl methylphosphonate for 21 days showed
a significant decrease in liver weight; however, no associated lesions were noted (Aulerich et al. 1979). The
study authors indicated that the decreases in organ weights noted in this high-dose group may be related to
significantly reduced food consumption and were not necessarily a toxic response. Since a pair-fed control
was not maintained for this study, the causes of the organ weight differences were not easily identifiable.
Finally, the authors considered the compound nontoxic in this 21-day study (Aulerich et al. 1979). No gross
or histopathological hepatic lesions or decreases in liver weight were noted in male and female dark variety
mink that received diisopropyl methylphosphonate in feed at doses of 0, 11, 37, or 95 mg/kg/day for

49 weeks (Aulerich et al. 1979). No lesions were noted in the livers of Ranch Wild mink in a 90-day dietary
study in which males received doses of 0, 7, 63, 345, 747, or 1,009 mg/kg/day and females received doses of
0,9, 82, 455, 908, or 1,264 mg/kg/day (Bucci et al. 1992, 1994). The absence of hepatic lesions and the
healthy appearance of the animals throughout the 90-day study are in agreement with the results reported by

Aulerich et al. (1979).
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Renal Effects. No studies were located regarding renal effects in humans after oral exposure to

diisopropyl methylphosphonate.

In a study of calves given a single dose of diisopropyl methylphosphonate at 62.5, 125, 250, 500, or

1,000 mg/kg via gelatin capsules placed with a balling gun, animals at the 500-mg/kg and higher dose levels
displayed mild congestion of the renal cortex upon necropsy (Palmer et al. 1979). All calves at 1,000 mg/kg
died.

Diisopropyl methylphosphonate does not appear to cause renal effects in laboratory animals. In a study of
mink that were fed 1,852 mg/kg/day for 21 days, significant kidney weight loss but no renal pathology
occurred (Aulerich et al. 1979). The study authors indicated that the decreases in organ weights noted in this
high-dose group may be related to significantly reduced food consumption and were not necessarily a function
of toxicity. In a 90-day study, small but significant increases in blood urea nitrogen were observed in Ranch
Wild mink fed diisopropyl methylphosphonate in the diet at 747 and 1,009 mg/kg/day for males and 908 and
1,264 mg/kg/day for females, with no increase at 345 mg/kg/day in males and 455 mg/kg/day in females
(Bucci et al. 1992). Microscopic examination of the kidneys of the mink did not reveal any treatment-related

lesions (Bucci et al. 1992, 1994).

No deviations from normal were noted in the urinalyses (color, specific gravity, pH, sugar albumin, ketones,
and microscopic examination of sediment), weights, or histopathology of kidneys in rats given diisopropyl
methylphosphonate in the diet at doses of 0, 30, 100, or 300 mg/kg/day for 90 days (Hart 1976). No
abnormal renal lesions (gross or histopathological) or changes in kidney weight were noted in mice fed chow
with 0, 27, 91, or 273 mg/kg/day diisopropyl methylphosphonate for 90 days (Hart 1976). In beagle dogs
given 0, 4, 13, or 38 mg/kg/day diisopropyl methylphosphonate in the diet for 14 days, urinalyses (pH,
specific gravity, glucose, ketones, and total protein) resulted in values within normal limits, and no gross or
histopathological renal lesions were noted (Hart 1976). No toxicologically significant anomalies in kidney
weight, kidney-body weight ratios, or pathology of the kidneys were noted in dogs that received dietary
diisopropyl methylphosphonate for 90 days at doses up to 75 mg/kg/day (Hart 1980). No gross diisopropyl
methylphosphonate-related renal lesions were noted in rats that had received the compound in drinking water
(6.6x107, 6.6x107, 0.011, 1.1 mg/kg/day) for 26 weeks (Army 1978). However, as discussed in Section
2.2.2.1, there is some confusion concerning the concentration units and purity of the diisopropyl
methylphosphonate used in the Army (1978) study (EPA 1989), and therefore the results are considered

inappropriate for human health risk assessment.
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Ocular Effects. No studies were located regarding ocular effects in humans after oral exposure to

diisopropyl methylphosphonate.

An ophthalmic examination was performed during week 12 of a 13-week study of rats that received
diisopropyl methylphosphonate in food (0, 30, 100, or 300 mg/kg/day); 12 of 64 animals displayed some
o