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INTRODUCTION 
 
 
Chairman George Rusch opened the meeting by calling for an introduction of all committee 
members and guests.  R. Julian Preston, Associate Director for Health, NHEERL, welcomed the 
group and provided a brief overview of the U.S. EPA Research Triangle Park facility. 
 
The draft NAC/AEGL-48 meeting highlights were reviewed.  A motion to accept the minutes as 
written was made by Bob Benson (second by David Freshwater) and passed unanimously (Appendix 
A).  The Final NAC/AEGL-48 meeting highlights are included as Appendix B.  
 
Ernie Falke announced that NAS/COT meeting 19 would be held in October, 2009, in Amsterdam, 
The Netherlands.  Sixteen chemicals, including Jet Fuel, are on the agenda for this meeting.  NAS 
AEGLs Volume 7 has been published and should have been distributed to NAC members, and a pre-
publication version of NAS AEGLs Volume 8 is scheduled for release in September, 2009.  The 
interim report from NAS/COT meeting 18 (May, 2008) has just been received by the AEGL 
Program. 
 
Ernie Falke provided an update on the status of the Agent VX TSD in consideration of new data.  A 
more thorough overview may be presented at the next NAC meeting to provide a balanced 
discussion between the NAC and Douglas Summerville, U.S.Army ECBC. 
 
Ernie Falke announced that this meeting will be the last official NAC meeting for the Oak Ridge 
National Laboratory staff.  A new contractor should be in place by NAC-50.  Continuity issue 
concerns were expressed by several committee members. 
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Paul Tobin informed the NAC that the 12th Federal Notice containing 19 chemicals had been 
published.  Any comments received will be discussed at NAC-50.  Paul also introduced new NAC 
members:  Neeraja Erraguntla (Texas), Mattias Oberg (Sweden), Richard Erickson (U.S. Navy), and 
Clarion Johnson (Exxon-Mobil). 
 
The highlights of the NAC/AEGL-49 meeting are summarized below along with the Meeting 
Agenda (Attachment 1) and the Attendee List (Attachment 2).  The subject categories of the 
highlights do not necessarily follow the order listed in the NAC/AEGL-48 Agenda. 
 
 
 

 
CHEMICAL REVISITS/STATUS UPDATES 

 
Ricin (CAS No. 9009-86-3) 

 
Staff Scientist: Robert Young, ORNL 
Chemical Manager: Jim Holler, ATSDR 
 
Bob Young informed the NAC that additional information regarding the new ricin data (Gomez et 
al., 2009) presented in a poster session at the Society of Toxicology meeting in March, 2009, had not 
yet been obtained.  These new data, from acute inhalation toxicity studies in both rats and mice, 
suggest that the currently proposed ricin AEGL values (key study is Griffiths et al, 1995) may be too 
high.  Further discussion of this chemical will be postponed until a published report if the Gomez 
data becomes available. 
 

Lead (CAS No. 7439-92-1) 
 
Staff Scientist: Jennifer Rayner, ORNL 
Chemical Manager: George Woodall, U.S. EPA 
 
Jennifer Rayner reviewed the sparse data set for lead (Attachment 3) and informed the NAC that 
data appear to be insufficient for derivation of AEGL values.  George Woodall suggested that the 
NCEA staff conducting the ambient guideline reassessment may be a source of information.  This 
chemical was put in holding status until appropriate data may be obtained. 
 

Dichlorvos (CAS No. 62-73-7) 
 
Staff Scientist: Jennifer Rayner, ORNL 
Chemical Manager: John Hinz, U.S. Air Force 
 
Jennifer Rayner provided a review of the available data and currently proposed AEGL values 
(balloted at NAC-47) (Attachment 4).  Jennifer then presented data from a recently obtained study 
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(MacDonald, 1982).  After discussion (including vapor pressure, dose response, evaluation of 
whether to use as a key or supporting study) of the data from the MacDonald (1982) report, the 
committee chose not to use these data as a key or supporting study because of discrepancies in the 
data.  The proposed AEGL values for dichlorvos were not revised and were considered to be 
protective of the population.   
 
 
 

Hydrogen Selenide (CAS No. 7783-07-5) 
 
Staff Scientist: Carol Wood, ORNL 
Chemical Manager: Ernie Falke, U.S. EPA 
 
Ernie Falke presented information (Zwart et al., 1989; 1992) concerning the derivation of the time 
scaling exponent ‘n’ for hydrogen selenide.  Currently, an n of 2 is utilized; however, data may 
suggest that an n of 1 may be more appropriate.  Extrapolation from the rat 1-hr LC01 of 66 ppm to 2 
hours using an n of 2 to estimate the 2 hour LC01 yields a value of 47 ppm; this concentration is 
above the threshold for lethality at 2 hours (1/2 died at 40 ppm).  This calls into question the 
derivation of n.  Given the sparse of data used to derive n and the fact that the n of 2 does not predict 
what is expected at 2 hours, it may be reasonable to change the n to 1 (default).  After discussion, the 
NAC decided maintain the value of n=2 because this n value was derived using methods consistent 
with the SOP.  Furthermore, the resulting AEGL values are not meaningfully different.  George 
Woodall, Marcel van Raaij, and Ernie Falke agreed to look at different ways to analyze the Zwart 
data as it applies to the C x t protocol. 
 

 

REVIEW of PRIORITY CHEMICALS 
 

 
Dimethyl Phosphite (CAS No. 868-85-9) 

 
Staff Scientist: Cheryl Bast, ORNL 
Chemical Manager: George Cushmac, U.S. DOT 
 

Cheryl Bast presented a summary of the available data and an overview of the development of 
proposed AEGL values for dimethyl phosphite (Attachment 5).   AEGL-1 values were not proposed 
due to insufficient data.  Proposed AEGL-2 values were based on clinical signs (labored breathing 
and ptosis) in mice exposed to 1575 ppm DMP for 6 hours (Hazleton, 1962).  Inter- and intraspecies 
uncertainty factors of 3 each (total 10) were proposed because DMP is irritating, and much of the 
toxicity is likely caused by a direct chemical effect on the tissue; this type of portal-of-entry effect is 
not expected to vary greatly between species or among individuals.  The interspecies uncertainty 
factor of 3 was also considered sufficient because no clinical signs were noted in rats or guinea pigs 
exposed to 1575 ppm for 6 hours.  A modifying factor of 3 was also applied because of the sparse 
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database and because the point-of-departure is a nominal concentration.  Temporal scaling was 
performed using n=3 when extrapolating to shorter time points and n = 1 when extrapolating to 
longer time points using the Cn x t = k equation (NRC, 2001).  The 30-minute AEGL-2 value was 
adopted as the 10-min value because of the added uncertainty of extrapolating from the 6-hr point-
of-departure.   

 
Two sets of AEGL-3 values were proposed.  The first used the same point-of-departure, uncertainty 
factors and time scaling as used in the derivation of AEGL-2 values.  However, no uncertainty factor 
was applied because the effects noted at the POD were below those defined by AEGL-3.   The 
highest concentration causing no mortality in rats (843 ppm for 6 hr) was used as the point-of-
departure for the second approach (Biodymanics, 1980a).  Excessive lacrimation, partially closed 
eyes, red nasal discharge, red-brown material around the nares, labored breathing, and 
unresponsiveness to sound stimuli were noted in rats exposed to 843 ppm DMP 6 hr/day for 5 days.    
Death was noted at the next concentration tested (934 ppm) essentially after one exposure because 
one rat was killed in extremis after day 1 of the study.    Uncertainty factor application and time 
scaling are as described for AEGL-2.  No MF was applied. 
 
A motion was made by Susan Ripple, seconded by Jim Holler, to accept the AEGL-1 of NR, AEGL-
2 values based on the Hazelton data, and AEGL-3 values based on the Biodynamics data for 
dimethyl phosphite.  The motion passed.  (Appendix C: 20 yes; 0 no; 0 abstain).    
 
 
 
 

Summary of AEGL Values for Dimethyl Phosphite 

Classification 10-minute 30-minute 1-hour 4-hour 8-hour Endpoint (Reference)
AEGL-1 
(Nondisabling) NR NR NR NR NR Insufficient data 

AEGL-2 
(Disabling) 

120 ppm 
(540 mg/m3) 

120 ppm 
(540 mg/m3) 

95 ppm 
(430 mg/m3) 

60 ppm 
(270 mg/m3) 

39 ppm 
(180 mg/m3) 

Labored breathing and 
ptosis in mice 
(Hazleton, 1962) 

AEGL-3 
(Lethal) 

190 ppm 
(850 mg/m3) 

190 ppm 
(850 mg/m3) 

150 ppm 
(670 mg/m3) 

96 ppm 
(430 mg/m3) 

63 ppm 
(240 mg/m3) 

NOEL for mortality in 
rats (Biodynamics, 
1980a) 

NR: Not Recommended due to insufficient data.  Absence of AEGL-1 values does not imply that concentrations below 
AEGL-2 are without effect. 
 

 
Trimethyl Phosphite (CAS No. 121-45-9) 

 
Staff Scientist: Cheryl Bast, ORNL 
Chemical Manager: George Cushmac, U.S. DOT 
 

Cheryl Bast presented a summary of the available data and an overview of the development of 
proposed AEGL values for trimethyl phosphite (Attachment 6).   The no-effect-level for clinical 
signs in rats (10 ppm) exposed to TMP 6 hr/day, 5 days/week for 4 weeks (Biodynamics, 1979) was 
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used as the point-of-departure for AEGL-1 values.  An intraspecies uncertainty factor of 3 was 
applied because the point-of-departure is from a repeated exposure study and the endpoint is not 
likely the result of a single exposure.  An interspecies uncertainty factor of 1 was applied.  Although 
an interspecies UF of 3 might normally be applied, use of a total uncertainty factor of 10 yields 
AEGL-1 values that are not compatible with human occupational exposure data (AEGL-1 values 
derived with a total UF of 10 are 3.3, 2.3, 1.8, 1.1, and 0.60 ppm for 10-min, 30-min, 1-hr, 4-hr, and 
8-hr, respectively).  No effects were noted in workers repeatedly exposed up to 15 ppm (ACGIH, 
1991).  Temporal scaling was performed using n=3 when extrapolating to shorter time points and n = 
1 when extrapolating to longer time points using the Cn x t = k equation (NRC, 2001).  Extrapolation 
was used to derive the 10-minute value because the 6-hour point-of-departure is from a repeated 
exposure study.   

 
The lens opacities in rats exposed to 101 ppm TMP 6 hours/day, 5 days/week for 4 weeks 

(Biodynamics, 1979) were used as the point-of-departure for AEGL-2 values.  This endpoint was 
still present in some animals at 2-weeks post-exposure.  An intraspecies uncertainty factor of 3 was 
applied because the point-of-departure is from a repeated exposure study and the endpoint is not 
likely the result of a single exposure.  The lens opacities observed in rats repeatedly exposed to 101 
ppm TMP were noted after 2 weeks and continued to increase in frequency and severity after 4 
weeks exposure, suggesting a cumulative effect.  An interspecies uncertainty factor of 1 was applied.  
Although an interspecies UF of 3 might normally be applied, use of a total uncertainty factor of 10 
yields AEGL-2 values that are not compatible with human occupational exposure data (AEGL-2 
values derived with a total UF of 10 are 33, 23, 18, 12, and 6.0 ppm for 10-min, 30-min, 1-hr, 4-hr, 
and 8-hr, respectively).  No effects were noted in workers repeatedly exposed up to 15 ppm 
(ACGIH, 1991).   Time scaling is as described above for AEGL-1.  

 
Up to 50% lethality was observed in mice exposed to 6450 ppm TMP for approximately 3 hours 
(Hazleton, 1962).  In the absence of other appropriate data for deriving AEGL-3 values, this 
exposure concentration was divided by 3 to estimate a threshold for lethality (point-of-departure 
2150 ppm).   Inter- and intraspecies uncertainty factors of 3 each (total 10) were applied because 
TMP is highly irritating, and much of the toxicity resulting from an acute exposure is likely caused 
by a direct chemical effect on the tissue; this type of portal-of-entry effect is not expected to vary 
greatly between species or among individuals.  Temporal scaling was performed using n=3 when 
extrapolating to shorter time points and n = 1 when extrapolating to longer time points using the Cn x 
t = k equation (NRC, 2001). 
 
A motion was made by Bob Benson and seconded by Rick Niemeier to accept the AEGL-1, AEGL-
2, and AEGL-3 values as proposed for trimethyl phosphite.  The motion passed.  (Appendix D: 
AEGL-1: 19 yes; 0 no; 1 abstain; AEGL-2 and AEGL-3: 20 yes; 0 no; 0 abstain).    
 
 

Summary of AEGL Values for Trimethyl Phosphite 

Classification 10-minute 30-minute 1-hour 4-hour 8-hour Endpoint (Reference) 

AEGL-1 
(Nondisabling) 

11 ppm 
(56 mg/m3) 

7.6 ppm 
(39 mg/m3) 

6.1 ppm 
(31 mg/m3) 

3.8 ppm 
(19 mg/m3) 

2.5 ppm 
(13 mg/m3) 

NOEL for clinical signs 
in rats (Biodynamics, 
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1979)  
AEGL-2 
(Disabling) 

110 ppm 
(560 mg/m3) 

77 ppm 
(390 mg/m3)

61 ppm 
(310 mg/m3)

38 ppm 
(190 mg/m3) 

25 ppm 
(128 mg/m3) 

Lens opacities in rats 
(Biodynamics, 1979) 

AEGL-3 
(Lethal) 

560 ppm 
(2900 mg/m3) 

390 ppm 
(2000 

mg/m3) 

310 ppm 
(1600 

mg/m3) 

160 ppm 
(820 mg/m3) 

81 ppm 
(410 mg/m3) 

Estimated 3-hr lethality 
threshold in mice 
(Hazleton, 1962) 

 
 

Methyl Iodide (CAS No. 74-88-4) 
 
Staff Scientist: Sylvia Talmage, ORNL 
Chemical Manager: Alan Becker, Florida A & M Univ. 
 
Sylvia Talmage reviewed the history of the methyl iodide technical support document (Attachment 
7).  The document presented at NAC-44 in December 2007 was put on hold until data on the effect 
of excessive iodide/iodine intake in pregnant women could be clarified.  The document presented at 
NAC-46 in December 2008 was put on hold until results of modeling studies with the adult rat and 
fetal rabbit were published.  Although the modeling studies were not directly used to derive AEGL 
values for methyl iodide, the studies did identify effects and mode of action for the various effects.  
Effects and mode of action for AEGL-relevant endpoints were: (1) lesions of the nasal passages in 
rats – glutathione depletion in nasal tissue and (2) neurotoxicity – effect of the circulating parent 
compound on nerve cells.  Toxicity of iodide to the rabbit fetus was not used as a point of departure 
because iodide uptake is regulated in the human fetus whereas in the rabbit fetus it is not.  
Unregulated iodide uptake by the rabbit fetus leads to late fetal resorptions. 
 
A weight-of evidence-approach was used to establish a point of departure for the AEGL-1.  All data 
pertained to the rat.  Both nasal lesions and neurotoxicity were addressed by the following relevant 
data: 27 ppm for 6 hours was a NOAEL for neurotoxicity (U.S. EPA 2006); 100 ppm for 1 hour was 
a NOAEL for nasal lesions (Reed et al. 1995); 100 ppm for 6 hours was a NOAEL for effect on 
breathing rate (DeLorme et al. 2009); 25 ppm was a 4-week NOAEL for nasal lesions and 
neurotoxicity (Monsanto et al. 1983); and 21 ppm was a subchronic NOAEL for nasal lesions and 
other effects (U.S. EPA 2006).  The actual point of departure, 27 ppm for 6 hours, was divided by 
uncertainty factors of 1 (uptake is greater in the rat than humans based on a higher blood:air partition 
coefficient for methyl iodide) and 3 (metabolism by glutathione is not expected to differ greatly 
among humans) for a total of 3 (27 ppm/3 = 9 ppm).  The 6-hour 9 ppm value was time scaled (Cn x 
t = k) with an n value of 2.  The time-scaling factor was derived from several rat lethality data sets 
using the ten Berge log-probit model.  In light of the no-effect value of 21 ppm in a subchronic 
study, the 8-hour AEGL-1 value was set equal to the 4-hour value.   
 
The point of departure for the AEGL-2 was the 6-hour exposure to 100 ppm which resulted in 
reversible nasal lesions in the rat (Reed et al. 1995).  Uncertainty factors and time scaling were the 
same as for the AEGL-1 above.   
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The lethality data sets of Eastman Kodak (1987), U.S. EPA (2006), and Reed et al. (1995) were 
entered into the ten Berge log probit model.  The threshold for lethality was set at the lower limit of 
the 5% response (lower limit of the 95% confidence limit).  The total uncertainty factor was 3.  The 
program output automatically time-scaled the values (see table below).  It was moved by Marcel van 
Raaij and seconded by George Woodall to accept the AEGL values.  The motion passed (Appendix 
E: Yes: 19; No: 0; Abstain: 1).   
 

Summary of AEGL Values for Methyl Iodide 

Classification 10-min 30-min 1-h 4-h 8-h 
Endpoint 

(Reference) 
AEGLB1 

(Nondisabling) 
54 ppm 31 ppm 22 ppm 11 ppm 11 ppm NOAEL for 

neurotoxicity- rat 
(U.S. EPA 2006)  

AEGLB2 
(Disabling) 

200 ppm 120 ppm 82 ppm 41 ppm 29 ppm Reversible lesions of 
the nasal passages – 
rat (Reed et al. 1995) 

AEGLB3 
(Lethal) 

670 ppm 400 ppm 290 ppm 150 ppm 98 ppm Four lethality data 
sets for the rat 
entered into ten 
Berge log-probit 
model (5% response)

 
The derived values for methyl iodide were compared with the interim values for methyl chloride and 
methyl bromide.  The AEGL values were consistent with relative toxicity as determined by LC50 
values in the rat. 
 

 
Phosgene (CAS No. 75-44-5) 

 
Staff Scientist: Cheryl Bast, ORNL 
Chemical Manager: Ernest Falke, U.S. EPA 

 
 
At NAC-48, the committee voted to revise phosgene AEGL values published as final in 

Volume 2 to incorporate new data.  Cheryl Bast reviewed the new data and revised derivations 
(Attachment 8).  The new data suggest that the dog may be more appropriate than the rat as an 
animal model for phosgene risk assessment.  There is an instant, although transient, change in 
breathing reflex in the rat; therefore, exposures of less than 30 minutes may result in false negative 
responses. The recent data also suggest that with regard physiology of the respiratory tract and acinar 
structure of the lung, dogs are more similar to humans than rodents. 

   
Appropriate data were not available for deriving AEGL-1 values for phosgene.  Odor cannot 

be used as a warning for potential exposure.  The odor threshold is reported to be between 0.5 to 1.5 
ppm, a value above or approaching AEGL-2 and AEGL-3 values, and tolerance to the pleasant odor 
of phosgene occurs rapidly.  Furthermore, following odor detection and minor irritation, serious 
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effects may occur after a clinical latency period of 24 hours.  Therefore, AEGL-1 values are not 
recommended. 

 
The NOAEL for increased PMNs in BAL fluid observed in dogs (2.3 ppm for 30 minutes) 

(Pauluhn, 2006c) was used as the basis for deriving AEGL-2 values.  The dog was chosen over 
rodents because, with regard physiology of the respiratory tract and acinar structure of the lung, dogs 
are more similar to humans than rodents.  This endpoint was chosen because BAL fluid changes are 
a sensitive marker of phosgene-induced noncardiogenic pulmonary high-permeability edema 
following acute inhalation exposure (Pauluhn et al., 2007).   An uncertainty factor of 1 was applied 
for interspecies extrapolation.  In rats, c x t products of between 48 ppm·min and 60 ppm·min 
induced increased protein in BAL fluid , and no increase was noted from 24-30 ppm·min.  In mice 
and hamsters, a C x t product of 48 ppm·min induced an increase of protein in BAL fluid, and no 
increase was noted at 24 ppm·min. However, in dogs, a C x t product of 129 ppm·min was necessary 
to cause an increase in protein in BAL fluid, and no increase was observed at 63 ppm·min.  Thus, the 
CT product required to induce an increase in protein in BAL fluid in dogs is approximately two-fold 
greater than in rodents, and the NOAEL for increased BAL protein in dogs (63 ppm·min) is higher 
than the LOAEL values in rodents (48-60 ppm·min).   Additionally, with regard to physiology of the 
respiratory tract and acinar structure of the lung, dogs are more similar to humans than rodents 
(Pauluhn, 2006a, 2006b, 2006c; Pauluhn et al., 2007).  Collectively, these data suggest that an 
interspecies uncertainty factor of no more than 1 is justified when extrapolating from laboratory 
animals to humans.  An uncertainty factor of 3 was applied to account for sensitive human 
subpopulations.  The intraspecies UF of 3 is considered sufficient due to the steep concentration-
response curve (death in 2/10 rats exposed to 52.3 ppm and 6/10 exposed to 61.9 ppm for 10 min; 
4/10 exposed to 13.4 ppm and 10/10 exposed to 16.7 ppm for 30-min; 4/10 exposed to 7.4 ppm and 
10/10 exposed to 11.8 ppm for 1-hr; Pauluhn, 2006a) which implies limited intra-individual 
variability.  Also, the mechanism of phosgene toxicity (binding to macromolecules and irritation) is 
not expected to vary greatly between individuals.  The concentration-time relationship for many 
irritant and systemically-acting vapors and gases may be described by Cn x t = k, where the 
exponent, n, ranges from 0.8 to 3.5 (ten Berge et al., 1986).  Haber=s Law C x t = k; n=1 has been 
shown to be valid for phosgene within certain limits and will be used for scaling of the AEGL values 
for phosgene. 

 
The AEGL-3 values were based on an estimated 1-hour lethality threshold of 3.9 ppm 

(BMCL05) in rats (Pauluhn, 2006a).  The duration of exposure in this study is expected to minimize 
inaccuracy in the estimated lethality threshold due to bradypnea in the rats.  Uncertainty factor 
application and time scaling are as described above for derivation of AEGL-2 values.   

 
It was moved by Bob Benson and seconded by Marc Baril to accept the AEGL values.  The motion 
passed (Appendix F: AEGL-1 and AEGL-2: Yes: 20; No: 0; Abstain: 0; AEGL-3: Yes: 19; No: 0; 
Abstain: 1). Values are listed in the table below. 
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Summary of Proposed AEGL Values for Phosgene 

Classification 10-min 30-min 1-hr 4-hr 8-hr Endpoint (Reference)

AEGL-1 
(Nondisabling) 

NR NR NR NR NR Not Recommended 

AEGL-2 
(Disabling) 

2.3 ppm 
(9.5 mg/m3) 

0.77 ppm 
(3.2 mg/m3)

0.38 ppm 
(1.6 mg/m3)

0.096 ppm 
(0.39 mg/m3)

0.048 ppm 
(0.19 mg/m3) 

Increased PMNs in 
BAL fluid in dogs 
(Pauluhn, 2006c) 

AEGL-3 
(Lethal) 

7.8 ppm 
(32 mg/m3) 

2.6 ppm 
(11 mg/m3) 

1.3 ppm 
(5.3 mg/m3)

0.33 ppm 
(1.4 mg/m3) 

0.16 ppm 
(0.66 mg/m3) 

Estimated 1-hr lethality 
threshold (BMCL05) in 
rats (Pauluhn, 2006a) 

NR: Not Recommended.  Absence of AEGL-1 values does not imply that exposure to concentrations below AEGL-2 
are without effect. 

 
 
 

Dicrotophos (CAS No. 141-66-2) 
 
Staff Scientist: Robert Young, ORNL 
Chemical Manager: Bob Benson, U.S. EPA 
 
Dicrotophos was first discussed at NAC-47.  At that meeting the NAC decided to defer action until 
the TSD for monocrotophos was available to allow the NAC to consider both chemicals together.  
Monocrotophos is the hydrolysis product of dichrotophos.  Inhalation data in animals are limited to 
conflicting lethality data for rats, poorly characterized exposure-response data for nonlethal effects, 
and inadequate information on  the exposure concentration-duration relationship.  Sachsse et. al. 
(1974) reported both 1-hour and 4-hour LC50 values of 90 mg/m3  for male and female rats exposed 
to dicrotophos (technical; 87.8% purity).  AEGL-1 values for dicrotophos were not recommended 
due to insufficient data.  Data were also insufficient to derive AEGL-2 values.  The limited 
exposure-response data for rats, however, indicate that the exposure-response relationship for 
dicrotophos is steep; 480 mg/m3 to 720 mg/3 for technical formulation and 810 mg/m3 to 860 mg/m3 
for a 38% solution) for a 1-hour duration spanned a lethality rate from 0% up to 100%.  Consistent 
with NRC (2001) guidelines, a 3-fold reduction of the AEGL-3 values would provide a justifiable 
estimate of the AEGL-2 values.  The 1-hour LC50 value of 90 mg/m3 reported by Sachsee et al. 
(1974) served as the initial point-of-departure (POD) for AEGL-3.    This value was adjusted to 78.9 
mg/m3 to adjust for reported  87.7% purity of the test article.  Due to the steep exposure-response 
relationship for dicrotophos, a lethality threshold of 26.3 mg/m3  for rats was estimated  by a 3-fold 
reduction of the 78.9 mg/m3 LC50 value.  Chemical-specific data with which to assess species 
variability in the toxicity of inhaled dicrotophos are unavailable (data are limited to rats).  However, 
the variability in the toxicity of dicrotophos and other organophosphate cholinesterase inhibitors is, 
in part, dependent upon the interaction with other less critical targets such as plasma ChE, 
carboxylesterases, and red blood cell ChE.  In this respect, these cholinesterases may function as an 
effective  repository for organophosphate ChE inhibitors and serve as a buffer against cholinergic-
mediated adverse effects.  Plasma ChE levels are greater in humans than in rodents, and human 
plasma ChE activity represents a greater portion of blood ChE activity relative to animal species.  
Furthermore, baseline RBC ChE activity is higher in humans relative to animal species which 
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provides an additional protective advantage.  Therefore, the proposed interspecies uncertainty factor 
was limited to 3.  The default intraspecies uncertainty factor of 10 was maintained for dicrotophos 
AEGL-3 values.  The underlying mechanism of organophosphates is inhibition of cholinesterase by 
phosphorylation of the esteratic site of the enzyme.  Cholinesterases in the blood and tissues are 
known to be instrumental in limiting the amount of organophosphate compounds reaching critical 
targets such as brain ChE and acetylChE at cholinergic synapses.  Genetic polymorphism has been 
shown for A-esterases (paraoxonase/arylesterase) in blood and liver of humans. Individuals 
expressing forms with low hydrolyzing activity are considered to be more susceptible to 
organophosphate anticholinesterase poisoning.  About 3% of individuals possess genetically 
determined low levels of plasma cholinesterase and these individuals may exhibit greater sensitivity 
to some anticholinesterase compounds.  Evidence for gender and age-related variability in the toxic 
response to organophosphates has been reported for humans (summarized in NRC, 2003).  In the 
absence of chemical-specific data showing that dicrotophos would act contrary to other 
organophosphate cholinesterase inhibitors, an intraspecies uncertainty factor of 10 was retained.  In 
the absence of definitive data to derive n, temporal scaling default exponents of  n = 3 were applied 
when extrapolating to shorter time points and n = 1 when extrapolating to longer time points (NRC 
2001).  John Hinz made the motion to accept the values as presented.  Mark Baril seconded the 
motion.  The motion passed (Appendix G: Y: 20; N: 0; Pass: 0). 

 
 

 
AEGL Values for dicrotophos (mg/m3) 

Classification 10-min 30-min 1-h 4-h 8-h Endpoint (Reference) 
AEGL-1 
(Nondisabling) 

NR NR NR NR NR Not recommended; insufficient data 

AEGL-2 
(Disabling) 

0.53 0.37 0.29 0.073 0.037 3-fold reduction of AEGL-3 values 

AEGL-3 
(Lethality) 

1.6 1.1 0.88 0.22 0.11 Lethality threshold estimated as 3-fold 
reduction of  1-hr LC50 of 78.9 mg/m3 
(90 mg/m3 reported adjusted for 87.7% 
purity of test article) ÷ 3 = 26.3 mg/m3 
in rats (Sachsse et al., 1974); UF=10x3 

NR: Not Recommended.  Absence of AEGL-1 values does not imply that concentrations below the AEGL-2 are without 
effect. 
 
 
 

 
 
 

Monocrotophos (CAS No. 6923-22-4) 
 
Staff Scientist: Robert Young, ORNL 
Chemical Manager: Bob Benson, U.S. EPA 
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Bob Young provided a review of the available data and draft AEGL values for 
monocrotophos (Attachment 9).  Data are limited to LC50 studies for 1 and 4 hours duration of 
exposure.  The 1 hour LC50 was 94 mg/m3and the 4 hour LC50 was 80 mg/m3.  AEGL-1 values for 
monocrotophos were not recommended due to insufficient data.  Data were also insufficient 
regarding effects consistent with AEGL-2 tier severity.  No exposure-response data were available 
that identified effects consistent with AEGL-2 tier severity or that enabled an assessment of an 
exposure-response relationship.  The available studies provided lethality benchmarks but no 
individual or exposure-specific response data.  Although one study reported that typical cholinergic 
responses were observed in all exposure groups, the severity of the responses was not specified and 
it was unknown as to which, if any, of the exposures were without lethal responses.  In the absence 
of data consistent with the AEGL-2 tier, the AEGL-2 values were estimated as a 3-fold reduction of 
the AEGL-3 values under the assumption that the exposure-response curve for monocrotophos was 
very steep like that of other organophosphates.  The 1-hour LC50 of 94 mg/m3 and 4-hour LC50  of 80 
mg/m3 (adjusted to 66.1 and 56.2 mg/m3, respectively, to account for the 70.3% purity of the test 
article) for rats reported by Sachsse et al. (1974) were used as initial points-of-departure (POD) for 
derivation of AEGL-3 values.  Lethality thresholds for these exposure durations were estimated as a 
3-fold reduction of the adjusted 1-hr and 4-hr LC50 values; 22.0 mg/m3 for 1-hour duration and 18.7 
mg/m3 for a  4-hour duration.  Although data for monocrotophos are limited, this approach was 
justified by the fact that other organophosphates exhibit a steep exposure-response relationship, and 
it is assumed that monocrotophos having the same mode of action would likely exhibit a similar 
exposure-response relationship.  The use of two duration-specific values within the AEGL duration 
span reflects the available data more than a default time scaling across the 10-minute to 8-hour time 
span.  Uncertainty factor application is as described above for dicrotophos.   The default procedure 
for time scaling was used (n = 3 or 1) as no data are available to derive a value of n.  John Hinz 
made the motion to accept the values.  Mark Baril seconded the motion.  The motion passed 
(Appendix H: Yes: 20; No: 0; Abstain: 0). 

 
 

 

AEGL Values for Monocrotophos (mg/m3) 
Classification 10-min 30-min 1-h 4-h 8-h Endpoint (Reference) 
AEGL-1 
(Nondisabling) 

NR NR NR NR NR Not recommended; insufficient data 

AEGL-2 
(Disabling) 

0.43 0.31 0.24 0.21 0.10 AEGL-2 values estimated by a  
one-third reduction of AEGL-3 values 

AEGL-3 
(Lethality) 

1.3 0.92 0.73 0.62 0.31 lethality threshold estimated as a 3-fold 
reduction of 1-hour and 4-hour rat LC50 
values of  66.1mg/m3 and 56.2 mg/m3 
(adjusted for 70.3% purity from 94 and 
80 mg/m3) to  22.0 and 18.8 mg/m3 
respectively) (Sachsse et al., 1974); 
UF=3x10; Cn x t = k, where n=1 or 3 

NR: Not Recommended.  Absence of AEGL-1 values does not imply that concentrations below the AEGL-2 are without 
effect. 
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Methamidophos (CAS No. 10265-92-6) 
 
Staff Scientist: Sylvia Talmage, ORNL 
Chemical Manager: Henry Anderson, Wisconsin Department of Health 
 
Data on the organophosphate pesticide, methamidophos, were presented by Sylvia Talmage 
(Attachment 10).  All acute inhalation studies used the rat as the test species; methamidophos was 
administered as a liquid aerosol.  Lethality data from two different laboratories, Sanga 1983; 1984 
and Pauluhn 1986, did not agree.  In both laboratories, nominal concentrations were several-fold 
higher than analytical concentrations, indicating that the aerosol atmosphere was difficult to 
maintain.  The data of Pauluhn was chosen to derive values because it followed a better 
concentration-response curve, analytical concentrations correlated with nominal concentrations, and 
cholinesterase activity was measured.  The committee rejected a 4-hour NOAEL for clinical signs of 
11.4 mg/m3 for the higher value of 24.3 mg/m3, also a 4-hour NOAEL for clinical signs (Pauluhn 
1986).  Clinical signs were observed at the next higher concentration of 45.0 mg/m3.  At 24.3 mg/m3, 
plasma cholinesterase activity was 36% of the control value and erythrocyte cholinesterase activity 
was 92% of the control value.  Because of the disparity in the data between the two laboratories, the 
24.3 mg/m3 value was divided by a data base modifying factor of 2.  Oral dosing studies showed 
rapid metabolism in both rats and humans.  Therefore, an interspecies uncertainty factor of 3 was 
applied.  Infants are believed to be the sensitive population regarding organophosphate toxicity.  But, 
oral dosing studies of adult and juvenile rats failed to show that juveniles were more sensitive than 
adults.  Therefore an intraspecies uncertainty factor of 3 was applied.  The total 
modifying/uncertainty factor was 20 (2x10).  In the absence of time-scaling data, the 4-hour value of 
1.2 mg/m3 was time-scaled to shorter and longer exposure durations using the default values of 1 and 
3, respectively.  Because the key study was 4 hours, the 10-minute AEGL-1 was set equal to the 30-
minute value.   
 
The 4-hour exposure of rats to 45.0 mg/m3 in the study by Pauluhn (1986) was chosen as the point of 
departure for the AEGL-2.  Clinical signs consisted of tremor, staggering, and reduced motility.  
Plasma and erythrocyte cholinesterase activity were 13 and 70% of control, respectively.  Mortality 
of 30% occurred at the next higher exposure of 195.5 mg/m3.  The same modifying and uncertainty 
factors and time scaling were applied as for the AEGL-1 above.   
 
The 4-hour exposures of rats to methamidophos delivered as a liquid aerosol at concentrations of 
11.4 to 350.3 mg/m3 in the study of Pauluhn (1986) were used to develop AEGL-3 values.  The 
threshold for lethality was calculated using U.S. EPA’s Benchmark Concentration (BMC) program 
(V2.8).  The BMCL05 was 56.27 mg/m3, and the BMC01 was 101.54 mg/m3.  Although the lower 
value, in this case the BMCL05 of 56.27 mg/m3, is generally chosen as the threshold for mortality in 
developing AEGL-3 values, this value was considered an artifact of the large gap between tested 
concentrations of 45.0 and 195.5 mg/m3.  The 56.27 mg/m3 value is also close to the 45.0 mg/m3 
value that resulted in effects considered consistent with the definition of AEGL-2.  The 4-hour 
BMC01 of 101.54 mg/m3 for methamidophos delivered as a liquid aerosol was considered the 
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threshold for mortality in rats.  The same modifying and uncertainty factors and time scaling were 
applied as for the AEGL-1 and AEGL-2 above.  It was moved by Henry Anderson and seconded by 
Rick Niemeier to accept the values as proposed.  The motion passed (Appendix J Yes: 16; No 0: 
Abstain: 3).  
 

Summary of AEGL Values for Methamidophos 

Classification 10-min 30-min 1-h 4-h 8-h 
Endpoint 

(Reference) 
AEGL-1 

(Nondisabling) 
2.4 mg/m3 2.4 mg/m3 1.9 mg/m3 1.2 mg/m3 0.61 mg/m3 No clinical signs – 

rat (Pauluhn 1986)
AEGL-2 

(Disabling) 
4.5 mg/m3 4.5 mg/m3 3.6 mg/m3 2.3 mg/m3 1.1 mg/m3 Clinical signs of 

tremor, reduced 
motility – rat 
(Pauluhn 1986) 

AEGL-3 
(Lethal) 

10 mg/m3 10 mg/m3 8.1 mg/m3 5.1 mg/m3 2.5 mg/m3 4-hour BMCL01 
for lethality – rat 
(Pauluhn 1986)  

 
 
 

Mevinphos (CAS No. 7786-34-7) 
 
Staff Scientist: Jennifer Rayner, ORNL 
Chemical Manager: Daniel Sudakin, Oregon State University 
 
Jennifer Rayner provided a review of the extremely sparse data set and draft AEGL values for 
mevinphos (Attachment 11).  Only one study is available and data cannot be validated.  After 
discussion, a motion was made by George Woodall and seconded by John Hinz to place mevinphos 
in holding status due to lack of data.  If new data become available, mevinphos will be reevaluated.  
The motion passed.  (Appendix J: 16 yes; 0 no; 4 abstain). 
 

Phosphamidon (CAS No. 13171-21-6) 
 
Staff Scientist: Sylvia Talmage, ORNL 
Chemical Manager: Ed Bernas, AFLCIO 
 
Data on the organophosphate pesticide, phosphamidon, were presented by Sylvia Talmage 
(Attachment 12).  All acute data originated in a single laboratory, and all acute data addressed 
lethality.  In the absence of data that meets the definition of an AEGL-1, an AEGL-1 was not 
recommended.  Data that addressed the definition of an AEGL-2 were also sparse.  Based on the fact 
that dividing an LC50 value by 3 generally results in a non-lethal value (NRC 2001), the AEGL-2 
values were calculated by dividing the AEGL-3 values by 3.  
 
The 4-hour nose-only exposure of rats to phosphamidon at a concentration of 102 mg/m3 (Sachsse et 
al. 1980) was selected as the point of departure for the AEGL-3.  This value is the most conservative 
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of the three 4-hour LC50 values provided for the rat.  Only the 4-hour LC50 value of 102 mg/m3 was 
provided; tested concentrations were not reported.  Because of the sparse data base and conflicting 
values reported for 1- and 4-hour exposures, the 4-hour LC50 value of 102 mg/m3 was divided by a 
data base modifying factor of 2.  In the absence of empirical data on a non-lethal concentration, a 
non-lethal concentration may be calculated by dividing the LC50 by 3 (Rusch et al. 2009).  A larger 
divisor in conjunction with modifying and inter- and intraspecies uncertainty factors would reduce 
the 4-hour AEGL-3 value to less than the 0.5 mg/m3 concentration tolerated by rats for 42 days 
(Battelle Institute 1965).  An interspecies uncertainty factor of 3 was applied.  Rats were more 
sensitive to the toxicity of phosphamidon than guinea pigs, but not as sensitive as mice.  An 
intraspecies uncertainty factor of 10 was applied because there is little information regarding 
metabolism differences among humans.  The total modifying/uncertainty factor is 60 (2x3x10).  The 
resulting 4-hour value of 0.57 mg/m3 was time-scaled (Cn x t = k) from the 4-hour data point using n 
values of 3 and 1 for extrapolation to shorter and longer exposure duration, respectively.  Because 
the key study was 4 hours, the 10-minute value was set equal to the 30-minute value.  It was moved 
by Bob Benson and seconded by Susan Ripple to accept the values (listed in the table below).  The 
motion passed (Appendix K: Yes: 16; No 1: Abstain: 3). 
 
 

Summary of AEGL Values for Phosphamidon 

Classification 10-min 30-min 1-h 4-h 8-h 
Endpoint 

(Reference) 
AEGL-1 

(Nondisabling) 
Not 

recommended 
Not 

recommended
Not 

recommended
Not 

recommended 
Not 

recommended 
Insufficient data 

AEGL-2 
(Disabling) 

0.37 mg/m3 0.37 mg/m3 0.30 mg/m3 0.19 mg/m3 0.093 mg/m3 One-third of the 
AEGL-3 values 

AEGL-3 
(Lethal) 

1.1 mg/m3  1.1 mg/m3 0.90 mg/m3 0.57 mg/m3 0.28 mg/m3 4-hour LC50 for 
lethality divided 
by 3 – rat (Sachsse 
et al. 1980)  

Not recommended: absence of AEGL-1 values does not imply that exposure below AEGL-2 levels is without effect. 
 
 

Fenamiphos (CAS No. 22224-92-1) 
 
Staff Scientist: Jennifer Rayner, ORNL 
Chemical Manager: George Woodall, U.S. EPA 
 
Data on fenamiphos were presented by Jennifer Rayner (Attachment 13).  No AEGL-1 values were 
proposed because the derived AEGL-1 values were too close to or exceeded AEGL-2 values.  The 
AEGL-2 was derived by dividing the AEGL-3 by three due to lack of experimental data and the 
steep exposure-response relationship observed.  Male rats experienced 5% mortality after exposure 
to 75 mg/m3 for 1 hour, 30% mortality at 87 mg/m3, and 60% mortality at103 mg/m3.  All 20 rats 
died after exposure to 187 mg/m3 (Kimmerle 1972).  In a study by Thyssen (1979a), 20% of the 
male rats died after exposure to 119 mg/m3 for 1 hour, 60% died after exposure to 145 mg/m3, and 
90% died after exposure to 148 mg/m3.  Female rats had 70% mortality at 145 mg/m3 and 90% 
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mortality after exposure to 148 mg/m3 for 1 hour.  In a 4-hour study by Thyssen (1979a), male rats 
experienced 60% mortality at 100 mg/m3 and 100% mortality at 155 mg/m3, and female rats 
experienced 50% mortality at 100 mg/m3 90% mortality at 155 mg/m3, and 100% mortality at 191 
mg/m3.  The lack of experimental data and the steep exposure-response relationship justify 
estimating AEGL-2 values by a 3-fold reduction of AEGL-3 values (NRC 2001).  The AEGL-3 was 
derived using the BMCL05 of 46.6337 mg/m3 for lethality in female rats exposed for 4 hours to 
fenamiphos (Thyssen 1979a).  Lethality data were sufficient for empirical derivation of a time-
scaling factor (n) for use in the equation Cn x t = k.  The value of n was 4.8 and was used to time 
scale AEGL values.  The mechanism of action of organophosphate anticholinesterases is well 
understood and their activity on cholinergic systems is the same across species.  Variability in 
response is primarily a function of varying cholinesterase activities and types of cholinesterase.  
Humans have greater levels of plasma cholinesterase than do other species which allows for greater 
binding of anticholinesterase compounds such as fenamiphos, thereby decreasing the availability of 
the compound to brain cholinesterase.  Therefore, the interspecies uncertainty factor is limited to 3.  
The documented variability in sensitivity among different age groups and genders, and the known 
genetic polymorphisms in A-esterases justify retention of the intraspecies uncertainty factor of 10.  
The uncertainty factor application and rationale are the same as those applied in the derivation of 
AEGLs for other organophosphate anticholinesterases (NRC 2003). 
 
A motion was made by John Hinz and seconded by Rick Niemeier to accept the values as presented.  
The motion passed (Appendix L: 19 yes; 0 no; 0 abstain). 
 

Summary of AEGL Values for Fenamiphos 
Classification 10-minute 30-minute 1-hour 4-hour 8-hour Endpoint (Reference) 

AEGL-1 
(Nondisabling) 

NR NR NR NR NR 
Not recommended due to 
exceeding AEGL-2 
values 

AEGL-2 
(Disabling) 

 1.0 mg/m3  0.80 mg/m3  0.70 mg/m3  0.53 mg/m3 0.43 mg/m3 

Derived by 3-fold 
reduction of the AEGL-3 
values (NRC 2001; 
Thyssen 1979a) 

AEGL-3 
(Lethal) 

3.0 mg/m3 2.4 mg/m3 2.1 mg/m3 1.6 mg/m3 1.3 mg/m3 

Derived based upon a 4-
hr BMCL05 of 46.6337 
mg/m3 in rats (Thyssen 
1979a) 

NR: Not Recommended.  Absence of AEGL-1 values does not imply that concentrations below the AEGL-2 are without effect. 
 
 
 
 

Automotive Gasoline (CAS No. 86290-81-5; 8006-61-9) 
 
Staff Scientist: Sylvia Talmage, ORNL 
Chemical Manager: John Hinz, U.S. Air Force 
 
John Hinz provided background information and the approach for derivation of AEGL values for 
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automotive gasoline vapor.  Where data were available, values were based on wholly vaporized 
gasoline.  Sylvia Talmage addressed calculation of the values (Attachment 14).  The data base for 
gasoline vapor is rich.  Clinical studies addressed irritation and central nervous system depression.  
Rodent studies addressed general toxicity, neurotoxicity, reproductive and developmental toxicity, 
genetic toxicity, and chronic toxicity/carcinogenicity.  The AEGL-1 was based on the sensory 
irritation study of Davis et al. (1960) in which volunteers were exposed to three different blends of 
gasoline vapor.  Each blend was tested at approximately 880, 2200, and 4400 mg/m3 for 30 minutes.  
Because of increased ocular tearing, the suggested point of departure for the AEGL-1 of 4400 mg/m3 
was rejected in favor of the 2200 mg/m3 value. The 30-minute exposure to all three blends of 
gasoline vapor at 2200 mg/m3 produced subjective eye irritation at a higher incidence (15/30 
subjects) than under control conditions (1/20 subjects).  The incidence of objective eye irritation, 
observed photographically, although scored as slight (+1 on a scale of 1 to 4), was higher in the 2200 
mg/m3 group (15/30) than in the control group (2/20).  Incidences of ocular tearing were similar in 
this group (3/30) and the control group (2/20).  Incidences of subjective and objective eye irritation 
were greater at the higher concentration of 4400 mg/m3.  Because the eye irritation when measured 
objectively was slight (less than marked), an intraspecies uncertainty factor of 3 was applied to 
protect sensitive subjects.  There is adaptation to the slight irritation that defines the AEGL-1.  
Therefore, the same value of 730 mg/m3 (2200 mg/m3/3) was used across all exposure durations. 
 

Tested concentrations in rodent studies of acute duration were not high enough to induce 
narcotic effects.  The acute studies were conducted for 4 hours at the limit concentration of 5000 
mg/m3.  The AEGL-2 values were based on the subchronic study of Schreiner et al. (2000) in which 
male and female Sprague-Dawley rats inhaled 22,500 mg/m3 gasoline vapor (whole-body) for 6 
hours/day, 5 days/week for 13 weeks.  The rats failed to show clinical signs indicative of 
neurotoxicity during exposure.  The point of departure, the 6-hour exposure to 22,500 mg/m3, was 
divided by interspecies and intraspecies uncertainty factors of 1 and 3, respectively for a total 
uncertainty factor of 3.  An interspecies uncertainty factor of 1 is sufficient because solvent uptake is 
generally greater in rodents than in humans based on higher blood:air partition coefficients for 
several hydrocarbons.  Although humans differ in the rate at which they metabolize chemicals, the 
susceptibility of the general population to central nervous system depressants varies by no more than 
2- to 3-fold as indicated by the minimum alveolar concentration, the concentration of an anesthetic 
that produces immobility in 50% of patients.  Therefore, an intraspecies uncertainty factor of 3 is 
sufficient.  Higher uncertainty factors would result in values inconsistent with the clinical study of 
Davis et al. (1960).  Time scaling may not be relevant for hydrocarbons that act as anesthetics as 
blood concentrations of the major light components of gasoline rapidly approach steady-state.  
Therefore, the 6-hour value of 7500 mg/m3 (22,500 mg/m3/3) was used across all exposure 
durations.  The 7500 mg/m3 value is supported by the study of Kuna and Ulrich (1984) in which no 
toxic signs were observed in squirrel monkeys exposed to 6350 mg/m3 for six hours/day for 13 
weeks. 

 
None of the concentrations tested in acute or subchronic studies with rodents resulted in 

mortality.  It is not apparent that concentrations high enough to cause death from inhalation of 
gasoline vapor can be attained.  Based on the likelihood that lethal concentrations of gasoline vapor 
cannot be attained/sustained under ambient conditions, an AEGL-3 was not determined.   
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A motion was made by Henry Anderson and seconded by Bob Benson to accept the values.  The 
motion passed (Appendix M: 20 yes; 0 no; 0 abstain). 
 

Summary of AEGL Values for Automotive Gasoline Vapor 

Classification 10-min 30-min 1-h 4-h 8-h 
Endpoint 

(Reference) 
AEGL-1 

(Nondisabling) 
730 mg/m3 730 mg/m3 730 mg/m3 730 mg/m3 730 mg/m3 Slight eye irritation 

in humans (Davis et 
al. 1960) 

AEGL-2 
(Disabling) 

7500 mg/m3 
* 

7500 mg/m3 
* 

7500 mg/m3 
* 

7500 mg/m3 
* 

7500 mg/m3 
* 

No clinical signs at 
highest tested 
concentration of 
22,500 mg/m3 – rat 
(Schreiner et al. 
2000) 

AEGL-3 
(Lethal) 

Not 
determined 

Not 
determined 

Not 
determined 

Not 
determined 

Not 
determined 

No data** 

*The AEGL-2 value is higher than 1/10 of the lower explosive limit (LEL) of gasoline in air (LEL = 14,000 ppm).  
Therefore, safety considerations against hazard of explosion must be taken into account.  
**A lethal concentration was not attained in the available acute, subchronic, and chronic toxicity studies. 
 

 
Cadmium (CAS No. 7740-43-9) 

 
Staff Scientist: Jennifer Rayner, ORNL 
Chemical Manager: Susan Ripple, Dow Chemical 
 

Jennifer Rayner reviewed the data set and draft AEGL values for cadmium (Attachment 15).  
The AEGL-1 values are based on the experimental concentration, 0.55 mg Cd/m3, that caused slight 
respiratory irritation in rats (Takenaka et al. 2004).  After a 6 hour exposure, increased neutrophils 
and multifocal alveolar inflammation were observed.  At the next higher experimental exposure, 
pneumonitis was observed (Grose et al. 1987).  Although the exposure was a whole-body exposure, 
the size of the ultrafine particles (51 nM MMAD, 1.7 GSD) would mimic a gaseous state and the 
majority of the aerosol would be inhaled and not deposited on the fur.  An intraspecies uncertainty 
factor of 3 was applied because at acute exposures, cadmium is a direct-acting respiratory irritant.  
Rabbits and rats exposed to cadmium from 1-6 hours exhibited pneumonitis, increased lung weight, 
and pulmonary inflammatory cell influx.  This mode of action is not expected to differ among 
species.  Human data suggested that cadmium is a direct-acting irritant following acute exposures.  
After a five hour exposure to cadmium, workers experienced cough, throat irritation, dyspnea, and 
pulmonary edema (Beton et al. 1966).  Therefore, an intraspecies UF of 3 was applied.  This mode of 
action is not expected to differ among individuals.  In the absence of an empirically derived 
chemical-specific scaling exponent, temporal scaling was performed using n=3 when extrapolating 
to shorter time points and n = 1 when extrapolating to longer time points using the Cn x t = k 
equation.  The 30-minute AEGL-1 value was adopted as the 10-minute value due to the added 
uncertainty of extrapolating from a 6-hour time point to 10 minutes (NRC 2001).  The AEGL-2 
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values are based on the experimental concentration, 5.3 mg Cd/m3, that caused overt respiratory 
irritation and pathology in rats (Buckley and Bassett 1987).  The 3 hour exposure resulted in reduced 
weight gain and increased lung weight, protein content, DNA content, number of cuboidal alveolar 
cells, number of inflammatory cells, and focal areas of interstitial thickening.  Uncertainty factor 
application and time scaling are as described for AEGL-1.  The AEGL-3 values are based on the 2 
hour LC50 for cadmium fume in rats, 112 mg/m3 (Rusch et al. 1986).  The LC50 was divided by 3 to 
estimate a threshold of lethality.  Uncertainty factor application and time scaling are as described for 
AEGL-1. 

 
Motions were made to accept AEGL-1 (motion: Bob Benson; second: John Hinz), AEGL-2 (motion: 
Marcel van Raaij; second: Bob Benson), and AEGL-3 (motion: Marc Baril; second: Bob Benson) 
values as proposed.  The motions passed (Appendix N: 17 yes; 0 no; 0 abstain). 
 

Summary of AEGL Values Cadmium 
Classification 10-min 30-min 1-hr 4-hr 8-hr Endpoint (Reference)

AEGL-1 
(Nondisabling) 

0.13 mg/m3 0.13 mg/m3 0.10 mg/m3 0.063 mg/m3 0.041 mg/m3 
Respiratory irritation, 
0.55 mg Cd/m3 for 6 hr 
(Takenaka et al. 2004) 

AEGL-2 
(Disabling) 

1.4  mg/m3 0.96 mg/m3 0.76 mg/m3 0.40 mg/m3 0.20 mg/m3 

Overt respiratory tract 
irritation and 
pathology, 5.3 mg/m3 
CdO for 3 hr (Buckley 
and Bassett.1987) 

AEGL-3 
(Lethal) 

8.5 mg/m3 5.9 mg/m3 4.7 mg/m3 1.9 mg/m3 0.93 mg/m3 

Threshold of lethality 
based on the 2-hr rat 
LC50 for Cd fumes, 
112 mg/m3 (Rusch et 
al. 1986) 

 
 

 
 

Red Phosphorus (CAS No. 7723-14-0) 
 
Staff Scientist: Robert Young, ORNL 
Chemical Manager: Glenn Leach, U.S. Army 

 
 
Bob Young reviewed the data set and draft AEGL values for red phosphorus (Attachment 

16).  Data were unavailable with which to directly derive AEGL-1 values for red phosphorus.  A 3-
fold reduction of the AEGL-2 values was considered a justified approach for deriving the AEGL-1 
values because the progression of effects from AEGL-1 severity to AEGL-2 severity represents a 
continuum of the same mode of action (contact irritation) and effect.  Comparison of the AEGL-1 
values to the limited human exposure data indicates that notable effects (greater than those 
characterizing the AEGL-1 tier) would be unlikely following exposure to AEGL-1 concentrations.    
Information regarding the response of humans to red phosphorus or red phosphorus/butyl rubber 
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smoke lacked definitive exposure terms and was not considered sufficient for development of 
AEGL-2 values.  The AEGL-2 severity effects in animals (necrosis, hemorrhage, and edema in the 
respiratory tract) were consistently associated with exposures that also caused deaths.  Necropsies of 
animals surviving through the post-exposure observation period generally revealed only minor signs 
of toxicity that were not consistent with AEGL-2 severity but clearly showed the respiratory tract as 
a target of toxicity.  Results from the multispecies study by Ballantyne (1998), showed no lethality 
and only pulmonary congestion in mice exposed one hour to smoke of unformulated red phosphorus 
(111 mg/m3).  The data reported by Ballantyne (1998) were also considered the most relevant for 
deriving AEGL values for red phosphorus because pure unformulated red phosphorus was used 
rather than the butyl rubber formulations.   Mice appeared to be more sensitive than rabbits, dogs, or 
rats.  The 1-hour exposure of mice to 111 mg red phosphorus/m3 that resulted in pulmonary 
congestion was considered an appropriate point-of-departure (POD) for AEGL-2 derivation with a 
total uncertainty factor application of 10 (3 for intraspecies variability and 3 for interspecies 
variability).  Red phosphorus is a direct-contact irritant which is primarily due to the formation of 
ortho-phosphoric acid.  The toxicodynamic aspect of exposure to red phosphorus is  a greater 
determinant of the toxic response than is toxicokinetics which justifies an intraspecies uncertainty 
factor of 3.  Because the mouse appeared to be a sensitive species and the critical effect associated 
with the POD are of minimal severity for the AEGL-2 tier, the interspecies uncertainty factor of 3 is 
considered adequate.  Further reduction of the AEGL-2 values by additional uncertainty adjustment 
would result in AEGL-2 values inconsistent with the limited information available for humans.   In 
the absence of an empirically derived exponent (n), temporal scaling from the experimental 
durations of the respective PODs to AEGL-specific durations was performed using n = 3 when 
extrapolating to shorter time points and n = 1 when extrapolating to longer time points using the Cn x 
t = k equation (NRC, 2001).   For AEGL-3 development, human data lacked definitive exposure 
terms but served  as supporting data.   As for AEGL-2, the Ballantyne (1998) study was considered 
more relevant for deriving AEGL values for red phosphorus due to its use of pure unformulated red 
phosphorus rather than the butyl rubber formulations.   The 1-hour BMLC05 of 469 mg/m3 for rats 
exposed to red phosphorus smoke was used as the POD for AEGL-3 derivation.  Although results of 
the Ballantyne (1998) study indicated the mouse is a more sensitive species, the BMC analyses of 
the mouse data showed the BMC model to be a poor fit (p=0.09 for the mouse data vs p=0.66 for the 
rat data).  Furthermore, overall data in rats are more robust.  The lethality benchmark values from the 
Ballantyne data are lower than those from other studies.  Animal lethality data exhibited 
considerable variability that would normally warrant an interspecies uncertainty factor of 10. 
However, this would result in AEGL-3 values inconsistent with human occupational data.  The 
interspecies variability is primarily the result of the extreme sensitivity of guinea pigs which the 
investigators and the NRC (1997a) considered uniquely susceptible and inappropriate for human 
health risk assessment.  Therefore, the interspecies uncertainty factor was limited to 3.  Red 
phosphorus is a direct-contact irritant which is a function of the formation of ortho-phosphoric acid.  
The toxicodynamic aspect of exposure to red phosphorus was considered a greater determinant of 
the toxic response than toxicokinetics, thereby justifying an intraspecies uncertainty factor of 3.  As 
previously noted, greater uncertainty application would result in AEGL-3 values inconsistent with 
the human experience data.  Time scaling was performed as described for AEGL-2. A motion was 
made by Bob Benson and seconded by John Hinz to accept the values.  The motion passed 
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(Appendix O: AEGL-1: 14 yes; 1 no; 4 abstain; AEGL-2: 16 yes; 1 no; 2 abstain; AEGL-3: 16 yes; 0 
no; 3 abstain). 
 
 
 

AEGL Values For Red Phosphorus (mg/m3) 
Classification 10-min 30-min 1-hr 4-hr 8-hr Endpoint (Reference) 

AEGL-1 
(Nondisabling) 

 
6.7 

 
4.7 

 
3.7 

 
0.93 

 
0.47 

3-fold reduction of the AEGL-2 
values as a protective estimate of 
AEGL-1 severity 

AEGL-2 
(Disabling) 

 
20 

 
14 

 
11 

 
2.8 

 
1.4 

Mild pulmonary congestion in mice; 
1-hr exposure to 111 mg/m3  

(Ballantyne, 1998); UF= 3 x 3; n=1 
 or 3  

AEGL-3 
(Lethality) 

 
85 

 
59 

 
47 

 
12 

 
5.9 

Rat 1-hr BMCL05  of 469 mg/m3 
(Ballantyne, 1998); UF= 3 x 3; n=1 
or 3 

 
 

 
 
 

SPECIAL PRESENTATIONS 
 

Organophosphate (OP) Pesticide Uncertainty Factors 
 

 
A general discussion of OP uncertainty factors was led by Jennifer Rayner and Ernie Falke 
(Attachment 17).  The NAC is preparing several TSDs for OP pesticides and there is a need to better 
justify uncertainty factors.  Bob Young is preparing a white paper to address OP uncertainty factor 
issues to determine if chemical class generalizations may be valid for the OP pesticides.  However, it 
is possible that data may not be sufficient to support OP chemical-class uncertainty factors; thus, 
chemical-specific uncertainty factors and justifications could be necessary.  Ernie Falke, George 
Woodall, and Bob Benson volunteered to serve on an OP working group. 
 
 

Discussion of Benchmark Software 
 
Presenters: Allen Davis and Jeffrey Gift, U.S. EPA 
 
Allen Davis and Jeff Gift presented information on the most recent version of the benchmark 
software (BMDS 2.1) (Attachment 18).  The presentation focused on use of the program, c x t 
modeling, and selection of appropriate models. 
 
 



AEGL-49  21

 
 

ADMINISTRATIVE MATTERS 
 
Future Meetings: 
April 13-15, 2010: San Francisco, CA 
 
All items in the agenda were discussed as thoroughly as the time permitted.  The meeting highlights 
were prepared by Cheryl Bast, Sylvia Talmage, and Robert Young, Oak Ridge National Laboratory. 
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National Advisory Committee for 

Acute Exposure Guideline Levels for Hazardous Substances 


NAC/ AEGL-49 
September 9-11, 2009 ATTACHMENT 1 

EPA-RTP Auditorium (Room C111-A&B) 
U.S. EPA 

109 TW Alexander Drive 
Research Triangle Park, NC 27711 

AGENDA 

Wednesday, September 9, 2009 

10:00 a.m. 	 *Development team meetings: Cadmium, Gasoline, Red phosphorus, Dimethyl 
phosphite, trimethyl phosphite) 

11:00 	 Welcome (R. Julian Preston, Associate Director for Health, NHEERL, u.s. EPA) 
11:15 Introductory remarks and approval ofNAC/AEGL-48 Highlights (George Rusch, Ernie 


Falke, and Paul Tobin) 

11 :30 	 Ricin Update (Jim Holler/Bob Young) 
11:35 	 Lead- Status Update and Review of potential approaches (George Woodall/Jennifer 


Rayner) 

12:00 p.m. 	 Lunch 

1:00 Review of Dimethyl Phosphite (George CushmaclCheryl Bast) 
1:30 Review ofTrimethyl Phosphite (George Cushmac/Cheryl Bast) 
2:00 Revisit ofMethyl iodide (Alan Becker/Sylvia Talmage) 
3:00 Break 
3:15 Revisit of Phosgene- New data (Ernie Falke/Cheryl Bast) 
4:15 Benchmark Software Presentation (Allen Davis/ Jeff Gift) 
5:15 Administrative matters 
5:30 Adjourn for the day 

Thursday, September 10,2009 
8:30 a.m. 	 *Development team meetings: Organophosphate Pesticides (Dichlorvos, Dicrotphos, 

Fenamiphos, Methamidophos, Mevinphos, Monocrotophos, Phosphamidon) 
9:30 	 Review of Dichlorvos (AEGL-3) (John Hinz/Jennifer Rayner) 
10:30 Review of Monocrotophos and Dicrotophos (Bob BensonIBob Young) 
12:00p.m. Lunch 
1:00 	 Review of Methamidophos (Herny Anderson/Sylvia Talmage) 
2:00 	 Review ofMevinphos (Daniel Sudakin/Jennifer Rayner) 
3:00 	 Break 
3:15 	 Review ofPhos ph amidon (Ed Bernas/Sylvia Talmage) 
4:15 	 Review of Fenamiphos (George WoodalVIennifer Rayner) 
5:30 	 Adjourn for the day 

Friday, September 11, 2009 
8:30 a.m. 	 Review of Gasoline (John HinziCalvin Willhite/Sylvia Talmage) 
9:30 	 Revisit of Hydrogen Selenide (Ernie Falke) 
10:00 	 Review of Cadmium (Susan Ripple/Jennifer Rayner) 
11:00 	 Review of Red Phosphorus (Glenn Leach/Bob Young) 
12:00 	 Adjourn meeting 

*Seepage 2. 

ANY INFORMATION DISCUSSED AT THE NACIAEGL MEETINGS IS CONSIDERED PUBLIC INFORMATION 



---------------------

Chemical: CAS Reg. No.: 

Action: Proposed____ Interim_____ Other_____---

Ch . anager: clenf ISemlca1M StaffS t : 
NAC Member ~EGLl ~EGL2 ~EGL3 LOA fNAC Member ~EGLl AEGL2 ~EGL3 LOA I'--: 

~ ~ r 
Henry Anderson ~ohn Hinz lJ)14~"~~~l I-;P-~"~ ......... ~ ..-... 
Marc Baril ~im Holler ~7J,1( 

../ V ~~ roe 
r. ....... ./ 
 ...

Lynn Beasley Clarion Johnson ~6 
Alan Becker Glenn Leach ~~~ /) 

Robert Benson Richard Niemeier Q..~..trN~A..._ /~ 
Edward Bernas Mattias Oberg -tt1~I.. #&/t~~. 
Iris Camacho Susan Ripple 

/ <:::: -l/Mi,rk/7lt_ 
George Cushmac George Rusch, ,~&rv Ani~v Chair 
Richard Erickson Daniel Sudakin / V;::;~C 
'Neeraja Erraguntla Marcel vanRaaij 

~ ~~ ~~ 
David Freshwater IJ George Woodall ( ,Iqz- rG-W/
Ralph Gingell Alan Woolf'tfJill • '-IIJI","7 /I 

&~5tY.~/~ Z ~If.'fi~.£./ f'~Ff' I/V 
, ,( 

TALLY 

PASS/FAIL 

PPM, (mg/mJ) 10Min 30 Min 1 Hr 4Hr SHr 

AEGL 1 , ( ) , ( ) , ( ) , ( ) , ( ) 

AEGL2 , ( ) , ( ) , ( ) , ( ) , ( ) 

AEGL3 , ( ) , ( ) , ( ) , ( ) , ( ) 

LOA 

* = ~10% LEL 


** = ~ 50% LEL 


*** = ~ 100% LEL 


*Safety conslderattons against the hazard(s) of exploslOn(s) must be taken Into account. 

** and ***Extreme safety considerations against the hazard(s) of explosion(s) must be taken into account. 


NR= Not Recommended due to 

AEGLI Motion by: ___________ Second by: __________ 

AEGL2 Motion by:___________ Second by: __________ 


AEGL3 Motion by: ___________ Second by: __________ 


LOA Motion by: ___________ Second by: _________ 


Approved by Chair: DFO: Date: 



ATTACHMENT 3 

ACUTE EXPOSURE GUII)ELlNE LEVELS (AEGLs) 


FOR 

LEAD 


(CAS Reg. No. 7439-92-1) 


NAC/AEGL-49 

September 9-11, 2009 


ORNL Staff Scientist: Jennifer Rayner 

Chemical Manager: George Woodall 

Chemical Reviewers:Lynn Beasley, Marcel van Raaij 

Human Exposure 

• 	 Inhalation of lead containing particles, cigarette smoke, 
fumes/dust in occupational setting 

• 	 Grimsley and Adams-Mount (1994)- 0,525 mg/m) at worksite: 
persistent headache, nausea, dizziness, anorexia,joint pain after 
a few weeks of cutting painted (lead-based) steel beams 

• 	 Wang et al. (2002)- 0,206 mg/m) average airborne lead 
concentration at lead battery plant- blood lead levels lower in 
those drinking milk daily, higher in smokers, higher than 60 
llg/dL and abnormal blood-urea nitrogen and uric acid values 
could be indicators of renal dysfunction 

• 	 Cullen et ai, (1983)- 30 case reports of lead inhalation lasting 5 
weeks-40 years. Abdominal pain, anemia with hemolysis, 
fatigue, and headache were associated with exposures lasting 6 
months or less, Arthralgia, fatigue, abdominal pain, decreased 
libido, and increased serum uric acid were associated with 
exposures lasting longer than 6 months. 

• 	 Most data look at blood lead levels (PbB) and relate that to 
tOXicity (ATSDR 2007) 

o <10 llg/dL PbB associated with adverse effects in adults 
o 	Thresholds for some sensitive etTects in humans not 

identlfied . 
o Children more sensitive to lead than adults- <5 Jlg/dL PbB 

Lead 

Conversion 
J ppm= 8.5 mglml 

Physical Characteristics 
• 	 Solid-Bluish white, silver gray metal 

Uses 
• 	 Consumer and industrial materials 
• 	 Lead-acid storage batteries 
• 	 Paint pigments, glass, plastics, ceramics 

Metabolism and Dispositio'n 
• 	 Not metabolized, forms complexes with proteins and non 

protein ligands 
• 	 Half-life in blood - 30 days, trabecular bone 100-700 days, 

cortieal bone 10· days 
• 	 Distributed to soft tissues and excreted in urine and feces 
• 	 Stored in bones 

Predicting PbB 
• 	 Models used to predict PbB 

o 	O'Flaherty Model 
I. Simulates lead kinetics from birth through adulthood 
2, Relies on physiologically based parameters to 

determine lead disposition 
3, Short-term and long tenn exposures 

o 	Leggett Model 
I, Based on human and animal kinetics data 
2, Exposures at any age, acute (I day) or chronic 

exposures 
3. Baseline adult PbB 2 llg/dL 
4, 	 Does not have an exposure model-must simulate 

exposure scenario by calculating intakes and adding 
to the model 

5, Used for radiation risk assessment 
o 	Integrated Exposure Uptake Biokinetic Model 

1. PbB In children 0-7 years old exposed to 
environmental lead from many sources- risk of~ I 0 
llg/dL PbB 

2. Employs site-specific information and performs well 
comparing predicted and observed PbB, has been 
validated 

3. Contains compartment for air (0, I Ilg/m] default) but 
automatically adds dietary contribution even when 
input is 0 

4_ Cannot assess short-term, periodic, or acute 
exposures (at least I d/wk for 90 d) 



I 

Animal Exposure 

COQeu'ltndion E}~",s,-In {rMl..l') Tim< 
Lead 6 hrld, 5 

Acetate dlwk lor 4 
500 wk 

Rat 1000 

LeodOxide 6 hrld 
5 002-3,6­

Rat 
10, 	13-17, 

20 

E_ 

l body weight gain, t relauve spleen, 
liver, kidney hepatic swelling 
and erythopoiesls, renal tubular 
degeneration, epdheltal hyperplaSia 10 

tennonal bronchioles. Type-II 
pneumocyte hyperpiasia. focal fIbroSIS 
10 the lun~ 
No effects 

I«rtrnwt' 

L130 et 
al. 1995 
(abstract 
only) 

Coffogny 
et al 
1994 

Next Steps 

., 



ACUTE EXPOSURE GUIDELINE LEVELS 

(AEGLs) 


FOR 

DICHLORVOS 


(CAS Reg. No. 62-73-7) 


NAC/AEGL-49 

September 9-11, 2009 


ORNL Staff Scientist: Jennifer Rayner 

Chemical Manager: John Hinz 

Chemical Reviewers: Iris Camacho, Dieter Heinz 

Interspecies UF 

• 	 Humans are no more sensitive or less sensitive than 
laboratory species (Cervoni et a!., 1969; Pena·Chavarria ot ai, 1969; 
Hin. and Slomka 1970; Snow and Watson 1973; Snow 1973; Twomey 

2002a,b.c; MacGregor et al. 2005). 

lntraspecies UF = 1 
• 	 An intraspecies uncertainty factor not required to account 

for polymorph isms of dichlorvos "A"·esterases in the 
human popUlation or for differences in humans based on 
age, sex, or health status (Cavagna 1969; Cervon; et al. 1969; Pena· 

Chavarria ot a1. 1969; Cavegna 1970; Traverso et aI., 1989). 

ATTACHMENT 4 

Dichlorvos 

Common Synonyms: DDVP, Novatox, Vapona, 2,2­
dichloroethenyl dimethylphosphate 

Conversion 
I ppm= 9.17 mglm3 

I mglm3 
= 0.111 ppm 

Physical Characteristics: 
• 	 Liquid-colorless to amber 
• 	 Vapor Pressure = 1.2 x 10'2 mm Hg@ 20·C 

Uses: 
• 	 Internal and external organophosphate pesticide 

AEGL-l Values for Dichlorvos 

10­
30-minute 1 I-hour 4-hour 8-hour

minute 
O.I! ppm 0.11 ppm 0.11 ppm 0.11 ppm 0.11 ppm 
1 mi!;n' 1 mi!~1 i 1 mi!~1 1 mg;in' I mg;in' 

Key Study: Hunter, CG. (1970a) Dichlorvos: inhalational exposures 
with human subjects. Part I. Report No. TLGR0061.70. Sittingbourne, 
Shell Research Ltd. 
Menz, M., H. Luetkmeier, and K. Sachsse. 1974. Long-term exposure 
offactory workers. Arch. Environ. Health. 28:72-76. 

Toxicity endpoint: No clinical signs of organophosphate poisoning or 
signs of irritation in volunteers exposed for 3-7.7 hr to an average 
concentration of I mglm'; supported by no clinical signs of 
organophosphate poisoning or signs of irritation in workers exposed for 
8 months to -0.7 mgfm'­

Time scaling: None 

Uncertainty factors: A total uncertainty factor of 1 was applied to 
Interspecies: 1; Human data were used. 
Intraspecies: 1; Documented lack of variability in sensitivity 
among different age groups and genders, and no known genetic 
polymorphisms in DDVP-ase in the population. 

The AEGL level was held constant across all exposure time points. This 
approach is considered appropriate because humans exposed during 
working hours for 8 months to dichlorvos experienced no changes in 
effects during the exposure and 4 month follow-up period. 

http:TLGR0061.70


I 

AEGL-2 Values for Dichlorvos 

~~--~~~~~~~----~~~----~~~--I 

~~~~~~~~~=-I 

KeY,Study: Atis, S., U. Comelekoglu, B. Coskun, A. Ozge, Ersoz, and 
D. Talas. 2002. Electrophyisological and histopathological eval uation of 
respiratory tract, diaphragm, and phrenic nerve after dichlorvos 
inhalation in rats.lnha!. Toxico!. 14: 199·215 
Blair, D., K.M. Dix, PF. Hunt, E. Thorpe, D.E. Stevenson, and AJ. T 
Walker. 1976. Dichlorvos a 2-year inhalation carcinogenicity study in 
rats. Arch. Toxico!. 35:281-294. 

Toxicity endpoint Highest experimental exposure (5 mglm.1) without 
an AEGL·2 tier effect 

Time scaling: None 

Uncertainty rartors: A total uncertainty factor of I was applied to 
!n!5TI~~§: I; No mechanistic difterences in dichlorvos 
poisoning in animals and humans. Humans are no more sensitive 
and possibly less sensitive than laboratory species to dichlorvos. 
Intraspecies: 1; Documented lack of variability in sensitivity 
among different age groups and genders, and no known genetic 
polymorphisms in DDVP·ase in the population. 

The AEGL level was held constant across all exposure time points. This 
approach is considered appropriate because rats exposed for 2 years to 5 
mg/m) dichlorvos for 23 hr/d experienced no changes in effects during 
the exposure period 

New Data-

MacDonald 1982 
Male and female Wistar Rats (5/sex/group); 4 hour head-only exposure 

4 hr-LC5o > 198 mglmJ based ori mortality in the highest exposure 
groups; 13 of 40 died following exposure to 198-250 mg/m·. Total 
mortality for the study was 14 of 60 or 23%. 

Concentration Effect 

85 mg/m 10% mortality; lethargy, hypersensitivity to noise; 

(9.4 ppm) subdued 
142 mg/m Lethargy, hypersensitivity to noise; subdued; body 
(15.8 ppm) tremors i 

198 mg/m' 
Lethargy, hypersensitivity to noise; body tremors (22 ppm) 

206 mg/m Lethargy, hypersensitivity to noise; subdued; body 
(229 ppm) tremors; ataxia 

100% mortality; hypersensitivity to noise; splayed 
210 mg/mJ 

gait, hypothermia; hind leg paresis; pulmonary 
(233 ppm) 

congestion 

g~8m~~) 130% mortality; lethargy, hypersensitivity to noise; 


(oversaturated) subdued, ataxia 


AEGL·3 
Remain the same- Highest nonlethal experimental concentration 72 
mg/m', 8.0 ppm 
198 mg/m' less than 4·hr LC5t)' 66 mg/mJ

, 7.3 ppm 
206 mg/m' Discount 85 mg/mJ

, highest nonlethal experimental 
concentration, 206 mg/mJ

, 22.9 ppm 

AEGL-3 Values for Dichlorvos 

Key Study: Dean B.J. and E. Thorpe. 1972a. Cytogenetic studies with 
dichlorvos in mice and Chinese hamsters. Arch. ToxikoL 30:39·49. 

Toxicity endpoint: Highest experimental exposure and longest duration 
(72 mg/m) for 16 hr) witho~t mortality Supported by MacDonald 
(1982)- -LC",13 =66 mg/m 

Time scaling: None 

Uncertainty factors: A total uncertainty factor of I was applied to 
Interspecies: I; No mechanistic differences in dichlorvos poisoning in 
animals and humans. Humans are no more sensitive and possibly less 
sensitive than laboratory species to dichlorvos, 
Intraspecies: I; Documented lack of variability in sensitivity among 
different age groups and genders, and no known genetic polymorph isms 
in DDVP·ase in the population. 

The AEGL-3 values were kept constant across all time points because it 
is not expected that prolonged exposure would result in an enhanced 
effect based on subchronic human and chronic animal studies. 

Summary of AEGL Values for Dichlorvos 

Ex osure Duration 
IO-minute I 30-minute I·hour 4-hour 8-hour 

AEGL-I OJI ppm 0.11 ppm 011 ppm 0.11 ppm 0.11 ppm 
(Non· 
disahlinl!, I mg/m" I Ing/m-' I mg/m.1 I mg/mJ I mg/m' 

AEGL-2 0.56 ppm 0.56 ppm 056 ppm 0.56 ppm 0.56 ppm 

(Di,ablin~J 5mll:lm' 5 mlt/m·1 Smu/mJ Smwm' 5 mg/m.! 

AEGL·3 

(Lethal) 




Summary of AEGL Values for Dichlorvos 

Exposure Duration 
10-minute 30·minute I-hour 4-hour 8-hour 

AEGL-I 0.1 I ppm 0.11 ppm 0.11 ppm 0.11 ppm 0.11 ppm 
(Non w 

I mg!m' I mg/mJ I mg/rn.l I mg/m' I mg/m"dhabJin ) 
: AEGL-2 0.56 pplll 0.56 ppm 0.56 ppm 0.56 ppm 0.56 ppm 

(DillllblingJ 5mg/m' 5 mg;;no1 5mg/n,.' 5 mglm" 5mg/m' 

AEGL-3 8.0 ppm 8.0 ppm 8.0 ppm 8.0 ppm 

~, ,
(!.<thai) 72 mgltn" 72 mg/m" 72mjl,!m" 72 mg/m" 



ATTACHMENT 5 


ACUTE EXPOSURE GUIDELINE LEVELS (AEGLs) 


Dimethyl Phosphite 


NAC/AEGL-49 

September 9-11, 2009 


Research Triangle Park, NC 


ORNL StalTScientist: Cheryl Bust 

Chemical Manager: George ClIshmac 

Chemical Reviewers: David Freshwater and George Ruscb 

AEGL-l Values ror Dimethvl PhoSI)hite 
lO-min I 30-min I I-h I 4-h I 8-b 

NR I NR I NR I NR I NR 

NR: Not Recommended due to insutlicient data. Absence of AEGL-I 
values does not imply that concentrations below AEGL-2 are without effect. 

Limited human and animal data sets 

Structurally similar to organophosphate insecticides that inhibit 
cholinesterase activity 

However, DMP does not appear to be a cholinesterase inhibitor. 

Repeated-exposure lnhnlation studies In rats did not indicate 
systemic or cumulative toxic effects suggesting cholinesterase 
inhibition. 

Instead, clinical signs from both acute and repeated-exposure 
animal studies suggest that DMP is nn irritant 

EITects included lacrimation, exophthlilmos, respiratory 
distress, ocular opacities, cataracts, and pulmonary 
congestion. 

AEGL-2 values for Dimethyl Phosf}hite 

IO-minute 30-minute I-hour 4-hour 8-hour 

120 ppm 110 ppm 95 ppm 
I 

60 pplll 39 ppm 

Species: Mouse 
Concentration: 1575 ppm 
Time: 6 hours 
Endpoint: Clinicnl signs: labored breathing & ptosis 
Reference: Hazleton, 1962 

Time Scaling: 
C· • t k, where 0=3 when edrapolating to shorter time points und 0 = I 
when ellrnpolating to longer time points. 3D-min value adopted as IO-min 
vnlue. 

Uncerhlintv Factors: 
Intmspecies: 3 
lnterspecies: 3 

Considered sufficient because DMP is:m irritant and clinical signs :Jre likely 
caused by a direel chemical cffcct on the tissues. This type of portal-of-entry effect 
is not likely to vllry greatly between species or among individuals. 

lnterspecies UF is .. Iso considered sufficient because no clinicnl signs were noted in 
rats or guinea pigs e.posed to 1575 ppm for 6 hours 

Modifying Factor: 3: Sparse dat:lir.lse, POD is nominul concentr.. tion. 

Values considered protective: Excessive lacrimation. partially closed eyes, red 
nasal disdlarge, red-brown matcrinl around the nares, labored breathing, and 
unresponsiveness to sound stimuli were noted in rnts exposed to 843 ppm DMP 6 
hrlday for 5 day •• 

Extrapolating across time using n=1 or n=3, and llpplying , tolal uncert:linty 
file/or of to (no MF is uPlllie" because this i. a repeated-elposure study using 
analytical concentrations). yields values of 190 ppm for 10- and 30-min, 150 ppm 
for I-hr. 96 ppm for 4-hr, and 63 ppm for 8·hr. 



I rhos hite 

lO-minut. 4-hour 8-hour 

360 ppm 180 ppm 120 ppm 

Species: Mouse 
Concenlralion: 1575 ppm 
Time: 6 hours 
Endpoint: Clinical signs: labored breathing & ptosis 
Rererence: Ibzieton, 1962 

Time Scaling: 
C' x t = k, where n=3 when extrapolating to shorter time points and n = I 
when extr~polating to longer time points. 3D-min value :!dopted as 10-min 
vulue. 

Uncertainty F~lctors: 
Intraspecies: 3 
Interspecies: 3 

Considered suFficient because OM!' is an irritant and c1iniclll signs are likely 
caused by" direct chemical efrect on the tissues. This type or portal""r-entry errect 
is nollik.ly to vary greatly between species or among individuals. 

Interspecies UF is also consitlered sufficient bee.luse nO clinical signs were noted in 
rats or guinea pigs exposed to 1575 ppm ror 6 hours 

Modirying Factor: None: Errects noled at POD are below detinition or AEGL-3. 

Values considered proteclive: Dividing the I-hr rat Le,. o£>5112 ppm 
(Albright and Wilson Inc., 1985) by 3, yields an eslimated I-hr lethality Ihreshold 
of>\701 ppm. Applying" totnl uncertainty faclor of 10, yields a value of>170 
ppm; this concenlralion consistent wilh the derived l-hr AEGL-1 value. 

Note: Animal partiully lethal data points at 360 minutes are from repeated exposure 
studies. Lethality was 110t noted until after 14·27 days of exposure. 

Summary of AEGL values for Dimelhyl Phosphile 

Exposure Duration
Classification 

10-minute 30-minute I-hour 4-00ur I 8-honr 

AEGL-I 
(Nondi.a blin~) 

NR NR NR NR I NR 

AEGL-2 120 ppm 120 ppm 95 ppm 60 ppm 39 ppm 
(Disablin!!) 
AEGL-1 360 ppm 360 ppm 290 ppm 180 ppm 120 ppm 
(Lethal) 

No other standards or guidelines were located I'or dimethyl phosphite. 

Another ,,!>tion ror derivation of AEGL-3 

Species: Rat 
Concentration: 843 ppm 
Time: 6 hr/day for 5 days 
Endpoint: No mortality (one rat killed in extremis on day I at 943 ppm, 

next highest concentration lested) 
Reference: Biodynami;:s, 1980u 

Time Scaling: 
C' X t = k, where n=l when eXlrl1poluting to shorler time points and n = I 
when extrapolating to longer time points. 30-min value adopted as lO·min 
vulue. 

Uncertainty FlIetors: 
Intraspccies; 3 
rnterspecies: 3 

Summary or AEGL ynlues for Dimethyl Phosphite 

Exposltre Duration
Classificnlion 

10-0I;nule 30-minute I-hollr I ~-hour 8-hollr 

AEGL-I 
(Nondisubling) NR NR NR I NR NR 

AEGL-2 120 ppm 120 ppm 95 ppm 60 ppm 39 ppm 
(Disablin!!) _ 

AEGL·3 
360 Pplll 360 PI,m i 290 pplll 

I 
180 ppm 120 ppm 

(Lethal) 
193 ppm 193 Pl'm 154 ppm 96 ppm 63 PPIII 

http:nollik.ly


ATTACHMENT 6 

ACUTE EXPOSURE GUIDELINE LEVELS (AEGLs) 

Trimethyl Phosphite 

H3C-O- \'-O-CH3 

O'CH
3 

NAC/AEGL-49 

Septem ber 9-lI, 2009 


Research Triangle Park, NC 


ORNL Staff Scientist: Cheryl Bast 

Chemiclil Manager: George Cushmac 

Chemical Reviewers: David Freshwater and George Rusch 

AEGL-I Values for Trimethyl Phosphite 

IO-min 30-min l-h 4-h 8-h 

11 ppm 7.6 ppm 6.1 ppm 3.8 ppm 2.5 ppm 

Species: R"t 
Concentrntion: 10 ppm 
Time: 6 hr/day, 5 days/week, 4 weeks 
Endpoint: NOEL for clinical signs 
Reference: OiodYRl.mics, 1979 

Time Scaling: 
en x t::: k, where n=3 when extnl(lohlting to shurter time points nnll n = 1 
when extnlpolnting to longer time points. Time scaling wns used to derive 
the to-min value because the key study is repeated-exposure. 

Uncertainty F~lclors: 
Intraspecies: 3 

Considered sufficient because TMI' is an irritant and clinical signs arc likely 
cllused hy a direct chemic,,1 effeet on the tissues. This type of portal-of-entry elTeet 
is not likely to v~lry gre~ltly between species or among individuals. 

Interspecies: I 

An interspecies VF of 3 might normally be opplicd because TMP is an irritont. Vse 
of a total uncertainty faetor of 10 yields AEGL-I values that are not compotible 
with hUIIUIR occupational exposure datu (AEGL-I values derived with a totlll'VF 
of 10 ,,,e 3.3, 2.3,1.8,1.1, and 0.60 I.pm for 10-min, 30-min, I-hr, 4-hr, ond 8-hr, 
respectively). No effects were noted in workers repeatedly exposed up to 15 ppm. 

Limited human and animal data sets 

Structurally similar to organophosphate insecticides that inhibit 
cholinesterase activity 

However, TMP does not appear to be a cholinesterase inhibitor. 

A study of cholinesterase inhibition following intravenous 
administration ofTMP in rats, rabbits, and dogs ami ill vitro 
studies of cholinesterase inhibition potential showed that TMP 
does not inhibit cholinesternse activity. 

Repe:lted-exposure inhalation studies in rats did not indicate 
systemic or cumulative toxic elTects suggesting cholinesterase 
inhibition. 

Instead, clinical signs from acute and repellted-exposure animal 
studies suggest that TMP is an irritant. 

Effects included lacrimation, exophthalmos, respiratory 
distress, ocular opacities, cataracts, and pulmonary 
congestion. 

AEGL-2 values for Trimethyl Phosphite 

to-minute 30-minute I-hour 4-hour 8-hour 

110 ppm 77 ppm 61 ppm 38 pplll 25 ppm 

Species: Rat 
Concentration: 101 ppm 
Time: 6 hr/day, 5 days/week, ~ weeks 
Endpoint: Corneal opacities 
Reference: Biodynamics, 1979 

Time Scaling: 
C" x t = k, where n=3 when extrapolating to shorter time points and n = I 
when extnlpohlting to longer time points. Time scaling was used to derive 
the to-min value bec'lIIse the key study is repeated-exposure. 

Uncertainty Factors: 
Intrllspecies: 3 

Considered sufficient beclluse TMP is an irritant 'lnd clinical signs are likely 
caused by a direct chemical effect on the tissues. This type of portol-of-entry effect 
is not likely to vory greatly between species or omong individuals. 

Interspecies: I 

An interspecies VF of 3 might normally be applied because TMP is an irritont. Vse 
of a totlll uncertainty factor of 10 yields AEGL-2 vlllues that are not compatible 
with human occulmtional exposure datu (AEGL-2 values derived with a total VF 
of 10 are 33, 23,18,12, and 6.0 ppm for 10-min, 30-min, I-hr, 4-hr, and 8-hr, 
respectively). No effects were noted in workers repelltedly exposed up to 15 ppm. 



AEGL·3 values for Trimeth I Phosphite 
10-minute I 30·millute l·hour 4·hour 8·hour 

560 ppm ! 390 ppm 310 ppm 160 ppm 81 ppm 

Species: Mouse 
Concentration; 2150 ppm 
Time: 3 hours 
Endpoint: Estimated threshold for lethality (V, concentration causing 

up to 50% lethality) 
Reference: Hazleton, 1962 

Time Scaling: 
C" x t = k, where n=3 when extrapolating to shorter time points and n = 1 
when extrapolating to longer time points. 

Uncertainty F~lctors: 
Intraspecies: 3 
Interspecies: 3 

Considered sufficient because TMP i. an irritant and clinical signs are likely 
caused by a direct chemical erreet on the tissues. This type or portal·of·entry effect 
is not likely to vary greatly between species or among individuals. 

Villucs considered protective: 

Dividing the 4·hr rat LC"" of"10,000 ppm (Levin and Cabriel, 1973) by thr•• 
yields an estimated 4-hr lethulity thr••hold oeJOOO ppm; "pplying a total 
uncertainly raelor of 10, yields" 4·hr AEGL-3 value 0(300 ppm. 

No de"lh. were noted in r,,1s exposed to .pproximately 100 ppm TMP 6 hr/day, 
S days/week for 4 weeks (Biodym.nics, 1978, 1979; Mobil Oil, 1979). 

Chemical Toxicity 
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Kxtant standards and ouideline. for trimethyl phosphate 
E'f)OslIre Duration Guideline 

10 minute 30 minute 1 hour 4 hour 8 hour 

11 ppm 7.6 ppm 6.1 ppm 3.8 ppm 2.5 ppm
~ AEGL·I 

110 ppm 77 ppm 61 ppm 38 ppm 25 ppm
AKGL·2 

560 ppm 390 ppm 310 ppm 160 ppm 81 pplll
AEGL·3 

TLV·TWA 
i 2 ppm (ACGUl) 


MAC·Peak 

Category (The 2 ppm 

Netherlands) 
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METHYL IODIDE 

Used as a biocide prior to planting of crops such as strawberries and tomatoes 
Liquid injected into soil rapidly vaporizes 
Sweet, ethereal odor 

Human Studies: 
Clinical and case studies insufficient data to derive AEGL values 

Clinical studies available for the related chemical, chloride 

Animal Studies: 

and chronic 
Recent well-conducted toxicity studies available only from source ­

(U.S. EPA 2006) and discussed in 2009 issue ofInhalation 

METHYL IODIDE ATTACHMENT 7 

Metabolism 

Monohalomethanes are conjugated with the tripeptide glutathione. 
Glutathione is a detoxifying agent 
Protects cells from oxidizing agents which might otherwise damage them. 
Oxidizing agents react with the --SH group of cysteine of glutathione instead of 

doing damage elsewher€ .... 
Conjugation may be either enzymatic, via glutathione transferase, or non-enzymatic. 
Glutathione transferase activity is higher in rodent tissues than in human tissues 

**Mouse and rabbit more sensitive than rats to glutathione depletion 
For other monohalomethanes, enzymatic conjugation with glutathione is thought to 
vary no more than 3-fold in humans (Nolan et aL 1984). 

Modes of Action 
Lesions of the nasal passages, specifically the olfactory epltnellum 

Due to glutathione depletion in nasal tissue 
Neurotoxicity 

Due to modification of ion currents in nerve cells ~glUlatnlOne uepleuou 

METHYL IODIDE 

Uncertainty factors 

Uncertainty factors: 
Interspecies: 1 
Greater chemical uptake in rodents based on blood:air partition coefficients 

rat: 39; human 18 (Sweeney et al. 2009), and 
higher respiratory rate and cardiac output in rodents 

When inhaling similar concentrations of the related chemical methyl chloride, blood 
concentrations are higher in rats than in humans. 

_ chloride: human uptake one-half of that of rat at steady-state 
Tissue levels of glutathione transferase are in rodents than in humans. 
Rodents and rabbits are more sensitive than humans to glutathione denletion. 
Sensitive species: 

The rabbit fetus does not the of iodide. 

Intraspecies: 3 

Metabolism via glutathione conjugation is not expected to vary greatly among humans 

(Nolan et al. 1985). Furthermore, conjugation with glutathione may be non-enzymatic, 

which could further minimize individual differences. 
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METHYL IODIDE 

Time-scaling: 

The glutathione depletion which may be responsible for olfactory epithelial lesions and 
neurotoxicity is considered on a continuum with lethality. Therefore, all AEGL levels 
were time-scaled. The time-scaling value of n of 2.0 was calculated by entering four sets 
of acute toxicity data for rats into the Log Probit Model program. The threshold for 
lethality was set at the lower limit of the 95% confidence limit for each exposure 
duration. 

METHYL IODIDE 

AEGL-l: Animal Data (Rat) - Weight-of-evidence approach 
27 ppm for 6 hours: NOAEL for neurotoxicity (U.S. EPA 
100 ppm for I hour: no observable change, nasal passages (Reed et aI. 1995) 
100 ppm for 6 hours: no effect on respiratory parameters (DeLorme et al. 2009) 
25 ppm for 6 hours/day, 5 4 weeks: NOAEL for nasal lesions and 

neurotoxicity (Monsanto et a1. 1983) 
21 ppm for 6 hours/day, 5 days/week for 13 weeks: NOAEL for nasal lesions and 

other effects (U.S. EPA 2006) 

Point of departure: 27 ppm for 6 hours 
Uncertainty factors of I and 3 
To time-scale or not to time-scale? Values were time-scaled (C10 x t = k) 

Because POD was neurotoxicity and not irritation 
Time-scaled to 10 minutes - the value of n was based on 1-,4-, and 6-hour studies. 

8-hour value set equal to the 4-hour value based on subclu'onic NOAEL 

54 m 

METHYL IODIDE 

AEGL-2 

Key Study - Rat (Reed et al. 1995) 


lOO ppm for 0.5 hours: no observable change, nasal passages 
100 ppm for I hour: no observable change, nasal passages 
100 ppm for 2 hours: minimal lesions, olfactory 
100 ppm for 3 hours: slight lesions, olfactory 
100 ppm for 4 hours: moderate lesions, olfactory epithelium 
100 ppm for 6 hours: reversible lesions of the olfactory epithelium 

Point of departure was 100 ppm for 6 hours 
Uncertainty factors of 1 and 3 
Values were time-scaled (C20 x t k) 

Timc-scaled to 10 minutes - the value of n was based on 1-, 4-, and 6-hour studies. 

m 

METHYL IODIDE 
AEGL-3 

Key Studies with the Rat 
I-Hour study (Eastman Kodak Co. 1987) 

Mortalities of 20%, 60%, 90% at 1190 ppm, 1554 ppm, 1973 ppm, respectively 
4-Hour study (U.S. EPA 2006) 

Mortalities of 0%, 80%, 80%, 100% at 581 ppm, 710 ppm, 797 ppm, and 1198 ppm 
6-hour study (U.S. EPA 2006) 

Mortalities of 0%, 0%, and 4% at 27, 93, and 40 I ppm 
0.5 -6-hour study at 100 ppm (Reed et a1. \995) 

No mortalities 

All data sets entered into Log Probit Model program: 
Values set at the lower limit of the 5% response for lethality (the lower limit of the 
95% confidence limit). This value is similar to the benchmark dose, BMCLol . 

Values automatically time-scaled; time scaling value (n) 2.0 
Uncertainty factors of 1 and 3 



---------------- ----------------
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METHYL IODIDE 

Proposed Methyl Iodide AEGL Values 

ExposuJre Duration 

Classification I lO-minute 30-minute 1-hour 

AEGL-l 54 ppm 31 ppm 22 ppm 


AEGL-2 200 ppm 120 ppm 82 ppm 


AEGL-3 670 ppm 400 ppm 290 ppm 


AEGL-l: based on weight of evidence approach 
for clinical signs in the rat, 27 ppm for 6 hours. IntersDecies 
factors of I and 3, respectively, were applied. 
AEGL-2: based on reversible lesions of the olfactory epithelium, 100 ppm for 6 hours. 
Inter- and intraspecies uncertainty factors of 1 and 3, respectively, were applied. 
AI<:GL-3: based on 1-,4-, and 6-hour BMCLo5 values calculated with the Prohit 
Model program. Inter- and intraspecies uncertainty factors of I and 3, respectively, were 
applied 
Time-scaling: C1 x t = k 

METHYL IODIDE 

Comparison of LCso values for monohalomethanes rat data 

Chemical l-h LC,o 4-h LC,o Uncertainty Reference 
Factors 

Mel 1458 ppm 691 ppm 1,3 Eastman-Kodak 1987; 
U.S, EPA 2006 

MeBr 1880 ppm 780 ppm 1,3 Zwart et a!. 1992 ; 
Katoeta!. 1986 

MeCI 6-h repeat exposure to 5000 1,3 Morgan et a!. 1982; 
I ppm - no mortality Chellman et a!. 1986 

Species with levels of glutathione-S-lransferase (mouse) appear to be more sensitive 
to the of monohalomethanes. 

The values derived for MeCl are supported by clinical studies (200 ppm for 3-3.5 hours 
no effect; repeat exposure to 150 ppm for 7.5 hours = no effect). 

11 

METHYL IODIDE 

Comparison of AEGL values for monohalomethanes: 
10000 ,:-----, ­

METHYL IODIDE 
Chemical Toxicity - Animal Data 

Methyl Iodide 

AEGL-3 

AEGL-2 
AEGL-3 
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AEGL values reflect the known toxicity: MeI>MeBr>MeC!. 
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Current Phosgene AEGL Values 

Published in Volume 2 

Little species variability 

Steep concentration-response 

Time scaling: n = 1 

UF: 3 x 3 = 10 

AEGL-2: 


Key Study: Gross, P., W.E. Rinehart and T. Hatch. 1965. Chronic 

pneumonitis caused by phosgene: an experimental study. Arch 
Environmental Health 10:768-775. 

POD: Chemical pneumonia in rats (2 ppm; 1.5 hr); Chronic pneumonitis 
noted at lower cencentrations/durations 

AEGL-3: 

Key Study: Zwart, A., J.H.E. Arts and J.M. K10kman-Houweling. 1990. 
Determination of concentration-time-mortality relationships to replace LCso 
values. Inhalation Toxicology 2:105-117. 

Whole body study. Exposure atmospheres well-circulated in chamber. 

POD: Highest concentration causing no death in rats after a 10-min (36 
ppm) or 30-min (15 ppm) exposure. 
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Phosgene AEGL Values: Recent data considerations 

Steep concentration-response 

Time scaling: n = 1 

UF: 3 xl =3 

Rat lethality study: Pauluhn, J. 2006a. Acute nose-only exposure of rats to 
phosgene. Part I. Concentration x time dependence ofLCsos, non-Iethal­
threshold concentrations and analysis ofbreathing patterns. Inhalation 
Toxicology 18:423-435. 

Rat lung parameter study: Pauluhn, J. 2006b. Acute nose-only exposure of 
rats to phosgene. Part II. Concentration x time dependence of changes in 
bronchoalveolar lavage during a follow-up period of 3 months. Inhalation 
Toxicology 18:595-607. 

Dog study: Pauluhn, J. 2006c. Acute head-only exposure of dogs to 
phosgene. Part III. Comparison of indicators of lung injury in dogs and rats. 
Inhalation Toxicology 18:609-621. 

Dogs sacrificed 24-hr post-exposure 
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Pauluhn Data Conclusions: 

• 	 Dog is better model to extrapolate to humans (physiology of 
respiratory tract and acinar structure of the lung) 

• 	 For AEGL value derivation from rodent data, it is more appropriate to 
utilize rodent studies of at least 30-minutes so that a stable breathing 
pattern has been achieved. 

The validity of Haber's Law is complicated by the fact that high 
concentrations of phosgene stimulate protective reflexes in rodents; 
whereas, similar changes do not occur in humans and larger animals 
(dog). 

Thus, it may be difficult to extrapolate to humans from high phosgene 
exposure concentrations of short duration in rodents. 

Rats exhibited a transient decrease in respiration during the first 10-15 
minutes of exposure, leading to a decreased inhaled concentration of 
phosgene. 

Thus, the c x t products noted at short duration and high concentration 
may be higher than those obtained at longer exposure durations, 
suggesting an apparent lower toxicity at the short-duration x high­
concentration exposures. 

• 	 Pauluhn studies suggest that phosgene is slightly more toxic than 
found in older studies: Likely due to increased purity of phosgene 

• 	 Intraspecies UF of 3 and Interspecies UF of I justified 
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Intraspecies UF: 3 

eSteep concentration-response curve implies limited intra-individual 
variabili ty. 

Duration Concentration Mortality (Rats) 

10 min. 52.3 ppm 2110 
61.9 ppm 6110 

30 min. 13.4 ppm 4110 
16.7 ppm 10110 

1 hr. 7.4 ppm 4110 
11.8 p~m 10/10 

eMechanism of phosgene toxicity (binding to macromolecules and 
irritation) is not expected to vary greatly between individuals. 
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Interspecies UF: I 

Lethal and non-lethal toxicity data in multiple species suggest that smaller 
animals may be more susceptible to inhaled phosgene than larger animals_ 

LETHAL 

The LCT 50 values are essentially constant for monkeys, guinea pigs, 

mice, and rats, with values ranging from approximately 400 to 600 

ppm-mm_ 


Larger species appear to be between four to eight-fold less sensitive 

than rodents with regard to lethality_ 


These conclusions are complicated by the fact that only data from rat 

and mouse studies were consistently of high quality_ 


NON-LETHAL 


In rats, c x t products of between 48 ppm-min and 60 ppm-min 

induced increased protein in BAL fluid, and no increase was noted 

from 24-30 ppm-min_ 


In mice and hamsters, a c x t product of 48 ppm-min induced an 

increase ofprotein in BAL fluid, and no increase was noted at 24 

ppm-mm_ 


In dogs, a c x t product of 129 ppm-min was necessary to cause an 

increase in protein in BAL tluid, and no increase was observed at 63 

ppm-mm_ 


The CT product required to induce an increase in protein in BAL fluid in 
dogs is approximately two-fold greater than in rodents, and the NOAEL for 
increased BAL protein in dogs (63 ppm-min) is higher than the LOAEL 
values in rodents (48-60 ppm-min)_ 

With regard physiology of the respiratory tract and acinar structure of 
the lung, dogs are more similar to humans than rodents_ 

Collectively, these data suggest that an interspecies uncertainty factor ofno 
more than I is justified when extrapolating from rodents to humans 
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Mean LCT50 Values And BAL Protein for Various Species 
LCT50 LCT BAL Protein BAL Protein BAL Study 

Species (ppm· Study CTNOAEL CTLOAEL Quality 
min) Quality (ppm· min) (ppm· min) (Reference) 

Monkey 370 Poor. - - -
Guinea pig 488 No - - -

experimental 
details 

described. 
Mouse 550 GLP Study 24 ( 0.1 x 240) 48 (0.2 x 240) Well-conducted 

(Zwart et al., study, 
1990) analytical 

methods 
(Hatch et ai., 

1986) 
Rat 615 GLP Studies 24 (0.1 x 240) 48 (0.2 x 240) GLP Study 

I (Pauluhn, 30 (1 x 30) 60 (2 x 30) (Pauluhn, 
2006a; 2006b) 

Zwart et ai., 
I 1990) 

Hamster - - 24 (0.1 x 240) 48 (0.2 x 240) Well-conducted 
study, 

analytical 
methods 

(Hatch et ai., 
1986) 

Rabbit 1500 Poor. - - -
Dog 2100 No 63 (2.1 x 30) 129 (4.3 x 30) GLP Study 

experimental (Pauluhn, 
details 2006c) 

Goat 2600 descried. - - -
Sheep 3300 - - -
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AEGL-I Values for Phosgene 
IO-nlin 30-min I-h 4-h 8-h 

NR NR NR NR NR 

NR: Not Recommended due to insufficient data. Absence of 
AEGL-l values does not imply that concentrations below AEGL-2 
are without effect. 

No change from published values. 
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AEGL-2 values for Phosgene 

10-minute 30-minute I-hour 4-hour 8-hour 

2.0 ppm 0.67 ppm 0.33 ppm 0.067 ppm 0.033 ppm 

Species: Rat 
Concentration/Time: 2 ppm/ 30 min (10-min, 30-min, I-hr) 

0.2 ppm/4 hr (4-hr, 8-hr) 
Endpoint: Increased protein in BAL fluid 
Reference: Pauluhn, 2006b 

Time Scaling: 
Cn x t = k, where n= 1 

Uncertainty Factors: 
Intraspecies: 3 
Interspecies: 1 

Values considered protective: No significant·treatment-related effects 
were noted in rats exposed to 0.125 ppm phosgene 4 hours/day, 5 
days/week for 17 weeks (Franch and Hatch, 1986). 
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AEGL-3 values for Phos ene 

10-minute 30-minute 1-hour 4-hour 


5.0 ppm 1.7 ppm 1.3 ppm 0.33 ppm 0.16 ppm 

Species: Rat 

Concentration/Time: 5.0 ppm! 30 min (10-min, 30-min) 


3.9 ppm! 1 hr (1 hr, 4-hr, 8-hr) 
Endpoint: BMCLo5 
Reference: Pauluhll,2006a 

The 10-minute BCMLo5 value is not used to derive the 10-minute AEGL-3 
value because rats exhibit a transient decrease in respiration during the first 
10-15 minutes of exposure, leading to a decreased inhaled concentration of 
phosgene. 

Time Scaling: 
Cn x t = k, where n= 1 

Uncertainty Factors: 
Intraspecies: 3 
Interspecies: 1 

Values considered protective: No deaths were noted in approximately 
200 workers exposed to phosgene concentrations ranging from 50 to 300 
ppm· min (Kaerkes, 1992), and calculated AEGL-3 values range from 50 
to 79 ppm·min. 

No deaths were noted in rats exposed to phosgene 6 hrs/day at 
concentrations of 0.1 ppm (5 days/week), 0.2 ppm (5 days/week), 0.5 
ppm (2 days/week) or 1.0 ppm (1 day/week) for 4 or 12 weeks 
(Kodavanti et al.,1997). 
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Extant Standards and Guidelines for Phosgene 
Exposure Duration 

Guideline 10 min 30 min 1 hr 4 hr I 8 hr 
!AEGL-1 NR NR NR NR NR 
AEGL-2 2.0 ppm 0.67 ppm 0.33 ppm 0.067 ppm 0.033 ppm 
AEGL-3 5.0 ppm 1.7 ppm 1.3 ppm 0.33 ppm 0.16 ppm 

·ERPG-1 a NA 
ERPG-2a 0.5 ppm 
ERPG-3a 1.5 ppm 

• EEGL (NRC)O 
0.2 ppm 0.02 ppm 

(24-hr) 
NIOSH IDLHc 2 ppm 
NIOSH STELd 0.2 ppm (1S-min 

ceiling) 
NIOSHRELd 0.1 ppm 

(lO-hr) 
OSHA PEL-TWA e 0.1 ppm 
ACGIHTLV t 0.1 ppm 
MAK (Germany)g 0.1 ppm 
MAC (Netherlandst 0.02 ppm 
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Summary of AEGL Values for Phosgene [ppm1 

Classification lO-min 30-min I-hr 4-hr 8-hour Endpoint (Reference) 

AEGL-l NR NR NR NR NR -
NR NR NR NR NR 

AEGL-2 0.60 0.60 0.30 0.08 0.04 POD: 2 ppm, 1.5 hours. Chemical pneumonia rats 

Reference: Gross et ai., 1965 
n= 
UF 3x3 

2.0 0.67 0.33 0.067 0.033 lO-min, 30-min, & /-hrPOD: 2 ppm, 30 min. 
4-hr & 8-hr POD: 0.2 ppm, 4 hr. 
ILOAELfor increased protein in BALjluid ill rats, resolved by Day 7post-exposure. 

~eference: Pauluhn, 2006b 
1 I 
UF= 3x I 

AEGL-3 3.6 1.5 0.75 0.20 0.09 10-min POD: 36 ppm, 10-min 
30-min, I-hr, 4-hr, & 8-hr POD: 15 ppm, 30-min. 
iHighest concentration causing no mortality in the rat after a 10-, or 30-min 
~xposure 

lReference: Zwart et ai., 1990 
10=1 
1UF=3x3 

5.0 1.7 1.3 0.33 0.16 10-mill, 30-min POD: 5.0 ppm. 30-min,' 30-min rat BMCLo5 
I-hr, 4-hr, & 8-hr POD: 3.9 ppm, J-hr:.1-hr rat BMCL(i5 

Reference: Paululm, 2006b 
In I 
UF 3xI 
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Dr. Pauluhn's Comments on Revised TSD: 

"The modified derivation is very well justified. 

However, taking into account the spirit of the discussion we have had in 
April, I am not entirely sure whether the lowering of AEGL-2 for 4-hr and 8­
hr values meets the deliberations of the expert group. 

I attached some thoughts which may overcome this potential challenge: 

eThe AEGL-2 derivation utilizes two different time-dependent values for 
increased protein in BAL. Please be so kind to consider a slightly 
modified approach which could be justified as follows: 

Taking into account the BAL-protein from 30-min, 4-hr, and 6-hr 
(Hatch), the maximum non-lethal elevation of BAL-protein at the 
LCtO I level is 100-times the control level (the control is defined as 
1000/0; thus, 5% becomes 500%; BAL data were compared to the 
time-matched concurrent control). If one would take this as starting 
point to calculate the BMCxt at 5% level then the equation shown in 
the figure becomes log(500) = -1.36 + 1.7lx [x = empirical Cxt in 
mg/m3 x min]. 

Interestingly, this then gives a statistically derived BMC05 of 59 ppm 
x min, in other words, exactly that value which has been derived using 
the current approach for shorter exposure durations. However, this 
alternative approach would allow using the same factor for all time 
points as it considers empirical Cxt's covering almost the entire 
range." 

SUGGESTION: Use 30-min POD and time scale. 
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BAL-Protein 
• 1x6h - Rat (Hatch et al., 2001) 
• 1x4h - Rat (Pauluhn, 2006b) 
., 1x30min - Rat (Pauluhn, 2006b) 

-"­ y=."1.36-+: 1.71x; ~ = 0.98 
- - control data (100%) 

100 1000 

Concentration X Time (mg/m3 x min) 

LCt01 = 100-times the control level of BAL-protein. When using the BMCxt5-time 
the control then BMCx5% equivalent would be 59 ppm x min. 
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• While reading through the text, I thought that the justifications given for 
the uncertainty factor for AEGL-3 implicit that the only variability left 
is 'inhaled dose'. Then children become the critical subpopulation left. 
Commonly, the infant to adult human minute ventilation is adjusted 
by an UF of 2. In the light of the in depth of explanations given for the 
UFs used for both AEGL-2 and AEGL-3, a 'dosimetric UF' of2 
appears to be also defensible. 

SUGGESTION: Retain UF of3; Most consistent with SOP. 
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Extant Standards and Guidelines for Phos2ene 
Exposure Duration 

Guideline 10 min 30 min 1 hr 4 hr 8 hr 
AEGL-l NR NR NR NR NR 

·AEGL-2 2.0 ppm 0.67 ppm 0.33 ppm 0.067 ppm 0.033 ppm 
0.083 ppm* 0.042 ppm* 

·AEGL-3 5.0 ppm 1.7 ppm 1.3 ppm 0.33 ppm 0.16 ppm 
ERPG-la NA 

.ERPG-2a 0.5 ppm 
ERPG-3a 1.5 ppm 

• EEGL (NRC)b 
I 0.2 ppm 0.02 ppm 

(24-hr) 
NIOSHIDLHc 2 ppm 
NIOSH STELd 0.2 ppm (I5-min 

ceiling) 
NIOSHRELd 0.1 ppm 

(IO-hr) 
OSHA PEL-TWAe 0.1 ppm 
ACGIHTLyt 0.1 ppm 
MAK (Gennany)g 0.1 ppm 
MAC (Netherlands)h 0.02 ppm 

*30-min POD 
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Pallililm (2006a) vs. Zwart et al. (1990) rat lethality data 

Duration Concentration Mortality LC(ppm) 
(ppm) 

10-minutes 
12 0110 LCso = 82 ppm 
*36 0110 LC50 = 62ppm 
41.1 3110 
44.8 OlIO BMCLo5 55.6 ppm 

52.3 2110 BMCLo5 = 24.3 ppm 

61.9 6110 
74 3110 BMCOI = 60.8 ppm 

79 1110 BMCol 32.6 ppm 

87 4110 
91 9/10 
105 9/10 

30-minutes 12 0110 LC50 = 21 ppm 
12.6 4110 LC50 c-= 13.5 ppm 
13.4 4110 
**15 0110 BMCLo5 = 12.6 ppm 

16 1110 BMCLo5 = 5.0 ppm 
16.7 10110 
17 5110 BMCol 10.7 ppm 

21.4 9110 BMCol 7.4 ppm 

24 9110 

I-hour 6.4 1110 LC50 = 12 ppm 
7.4 4110 LC50 = 7.7 ppm 
8.8 2110 
9.0 0110 BMCLo5 7.8 ppm 

9.7 9110 BMCLo5 3. 9 ppm 
1/.8 10110 
12 9110 BMCoI 9.8 ppm 

BMCol 5.3 ppm 

* POD for 10-mm AEGL-3 
**POD for 30-min, I-hr, 4-hr, and 8-hr AEGL-3 
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Pauluhn, 2006a 

TABLE 1. Acute inhalation data for phosgene exposure in rats 
Exposure LCso(ppm) LCtso LCot (ppm) LCtot 
time (min) (ppm-min) (ppm-min) 

10 62.5 625 26 260 
30 13.5 402 7.2 216 
60 7.7 462 5.2 312 

240 2.1 504 1.3 312 

TABLE 2. Acute lethality data in rats exposed to phosgene 
Concentration Exposure No. animals/sex Mortality (rats) 

(ppm) duration M F 
(min) 

41.1 10 5 2 1 
44.8 10 5 0 0 
52.3 10 5 1 1 
61.9 10 5 3 3 

12.6 30 5 3 1 
13.4 30 5 3 1 
16.7 30 5 5 5 
21.4 30 5 5 4 

0 60 5 0 0 
7.4 60 5 2 2 
9.7 60 5 5 4 
11.8 60 5 5 5 

2.2 240 5 5 1 
2.7 240 5 5 4 
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Pauluhn, 2006b 


Adult male Wistar rats; Nose-only; GLP inhalation study 

30 min: 0.2, 0.5, 1.0,2.0 or 4.0 ppm 

240 minutes: to 0,0.05,0.1,0.2,0.4 or 1.0 ppm 

Observed for up to 84 days post-exposure; Interim sacrifices for 
bronchoalveolar lavage (BAL) and lung weights. 

No deaths occurred in any groups. 

Histopathology on day 84 showed similar lesions between treated and 
control rats in the lungs, 

At day 28 in the 1.0 ppm group (240 minutes), 5/6 rats had minimal to slight 
hypercellularity of the terminal bronchioles with occasional peribronchial 
inflammatory infiltrates and septal thickening. 

There was no evidence ofpersistent inflammatory responses such as chronic 
pneumoma. 

Statistically significant (p<0.0 1 or 0.05) increases in lung weight were 
observed in the rats treated with 4.0 ppm for 30 minute or > 0.4 ppm for 240 
minutes. 

In the BAL fluid, protein levels and polymorphonuclear leukocytes (PMNs) 
increased starting on post-exposure day 1 in rats exposed to ~ 2 ppm for 30 
minutes and> 0.2 ppm for 240 minutes. 

By 7 days post-exposure, parameters were similar to those of controls except 
in the highest concentration animals (1.0 ppm x 240 minutes). 
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TABLE 4. Group means (±SD of findings in rats exposed for 30 minutes to phosgene 
Lung wtlbody Protein in BAL Collagen in Neutrophilic 
wt (mg/l OOg ) (giL) BAL (mglL) granulocytes in 

BAL(%) 
Day 1 

Control*** 466.0 ± 13.9 0.194 ± 0.012 10.0 ± 2.7 0.111 ± 0.172 
0.2 475.2 ± 25.2 0.169 ± 0.020 12.2 ± 2.1 0.056 ± 0.136 
0.5 469.1 ± 11.0 0.181 ± 0.031 16.5 ± 4.8 0.111 ± 0.172 
1.0 483.0 ± 26.5 0.271 ± 0.064 9.67 ± 3.37 0.500 ± 0.506 
2.0 495.3 ± 21.6 0.685** ± 0.083 29.9* ± 4.2 1.44** ± 0.69 
4.0 561.4** ± 34.1 2.24** ± 1.01 250.3** ± 229.2 8.00** ± 3.14 

Day 3 
Control*** 453.5 ± 15.8 0.190 ± 0.075 10.6 ± 1.8 0.222 ± 0.272 
0.2 453.5 ± 11.9 0.184 ± 0.029 13.3 ± 1.9 0.278 ± 0.328 
0.5 452.0 ± 10.4 0.184 ± 0.023 10.5±3.4 0.056 ± 0.136 
1.0 464.2 ± 6.1 0.190 ± 0.022 13.7 ± 3.0 0.056 ± 0.136 
2.0 475.3 ± 19.6 0.252 ± 0.057 13.7 ± 6.0 2.39 ± 3.19 
4.0 538.6** ± 31.7 0.349 ± 0.207 22.4 ± 16.9 7.22 ± 10.36 

Day7 
Control*** 438.4 ± 16.5 0.163 ± 0.022 10.0 ± 5.3 0.222 ± 0.404 

0.2 437.1 ± 27.3 0.197 ± 0.019 12.2 ± 3.6 0.611 ± 0.647 
0.5 421.6 ± 15.7 0.198 ± 0.027 10.3 ± 4.6 0.111 ± 0.172 
1.0 441.4 ± 22.7 0.196 ± 0.016 12.6 ± 2.2 0.167 ± 0.279 
2.0 445.0 ± 12.7 0.169 ± 0.023 11.3 ± 2.5 0.222 ± 0.272 
4.0 4 .. 62 ± 11.4 0.174 ± 0.024 10.0 ± 4.9 0.278 ± 

0.443 
Day 28 
Control*** 402.7 ± 12.0 0.223 ± 0.025 11.5 ± 3.2 0.278 ± 0.251 

0.2 407.9 ± 19.6 0.218 ± 0.015 13.3±4.7 0.389 ± 0.491 
0.5 399.7 ± 18.2 0.210 ± 0.027 12.3 ± 4.9 0.167 ± 0.279 
1.0 385.3 ± 15.4 0.195 ± 0.024 12.4* ± 2.9 0.278 ± 0.534 
2.0 436.1 * ± 12.4 0.206 ± 0.019 11.9±3.7 0.444 ± 0.779 
4.0 418.1 ± 20.1 0.206 ± 0.024 19.4 ± 4.2 0.167 ± 0.279 

Day 84 
Control*** 334.6 ± 17.2 0.243 ± 0.025 10.3 ± 2.5 0.278 ± 0.328 
0.2 324.6 ± 13.7 0.298 ± 0.130 15.3 ± 5.1 0.056 ± 0.136 
0.5 336.4 ± 12.8 0.248 ± 0.020 14.3 ± 4.8 0.056 ± 0.136 
1.0 328.2 ± 15.7 0.236 ± 0.016 21.8** ± 5.0 0.056 ± 0.136 
2.0 330.3 ± 10.9 0.289 ± 0.020 12.4 ± 2.6 0.200 ± 0.298 
4.0 327.1 ± 9.8 0.262 ± 0.016 14.6 ± 2.7 0.167 ± 0.279 
a Data from Pauluhn, 2006b. 

* Statistically significant at p<O.05 or ** p<O.OI *** Control (0 ppm) exposure was 4-hour duration. 
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TABLE 3. Group means (±SD) of findings in rats exposed for 4 hours to phosgene 
Lung wt/body wt Protein in BAL Collagen in Neutrophilic 

(mg/lOOg) (gIL) BAL(mg/L) granulocytes in BAL 
(0/0) 

Day 1 
Control 466.0 ± 13.9 0.194 ± 0.012 10.0 ± 2.7 0.111±0.172 
0.1 479.2 ± 29.0 0.214 ± 0.037 13.7 ± 3.9 0.500 ± 0.459 
0.2 521.3 ± 40.0 0.905* ± 0.690 61.5 ± 81.1 4.00** ± 1.52 
0.4 571.5** ± 19.5 1.89** ± 0.65 141.7** ± 73.8 7.33** ± 3.80 
1.0 1023.0** ± 162.0 13.6** ± 3.0 3203.0** ± 870 36.9** ± 7.4 

Day 3 

Control 453.5 ± 15.8 0.190 ± 0.075 10.6 ± 1.8 0.222 ± 0.272 

0.1 472.2 ± 14.8 0.179 ± 0.025 7.32 ± 3.00 0.167 ± 0.408 
0.2 472.8 ± 21.2 0.216 ± 0.025 9.00 ± 1.75 0.444* ± 0.544 
0.4 536.9** ± 18.8 0.378* ± 0.084 35.6** ± 15.5 5.83 ± 3.32 
1.0 - - - ­

Day 7 

Control 438.4 ± 16.5 0.163 ± 0.022 10.0 ± 5.3 0.222 ± 0.404 

0.1 429.0 ± 13.4 0.169 ± 0.008 9.97 ± 4.63 0.167 ± 0.183 
0.2 432.6 ± 20.2 0.183 ± 0.029 11.9 ± 3.8 0.389 ± 0.328 
0.4 464.3 ± 20.7 0.175 ± 0.026 14.2 ± 3.7 0.167 ± 0.279 
1.0 627.8** ± 54.7 0.302 ± 0.082 49.3 ± 5.0 0.722* ± 1.611 

Day 28 

Control 402.7 ± 12.0 0.223 ± 0.025 11.5 ± 3.2 0.278 ± 0.251 

0.1 420.6 ± 20.7 0.204 ± 0.023 12.6 ± 3.8 0.111 ± 0.272 
0.2 420.1 ± 16.9 0.183 ± 0.020 14.7 ± 3.2 0.111 ± 0.172 
0.4 431.4* ± 9.2 0.212 ± 0.016 13.4* ± 1.8 0.222 ± 0.344 
1.0 438.3* ± 15.8 0.195 ± 0.026 13.9 ± 1.8 0.000 ± 0.000 

Day 84 

Control 334.6 ± 17.2 0.243 ± 0.025 10.3 ± 2.5 0.278 ± 0.328 

0.1 321.8 ± 13.2 0.257 ± 0.008 15.6 ± 4.7 0.111 ± 0.272 
0.2 324.0 ± 21.5 0.268 ± 0.032 21.4** ± 5.1 0.278 ± 0.251 
0.4 320.6 ± 23.3 0.276 ± 0.024 10.2 ± 2.8 0.000 ± 0.000 
1.0 - - - ­

a Data from Pauluhn, 2006b. 

* Statistically significant at p<O.05 or ** p<O.OI 

22 




Pauluhn, 2006c. 

Male and female beagles 

30 minute head-only exposure: 0 (5 dogs), 2.3, 4.1 or 8.8 ppm (4/group) 

Sacrifice 24-hr post exposure 

2.3 and 4.1 ppm: Signs of irritation: minor nasal discharge, salivation, and 
lacrimation 

4.1 and 8.8 ppm: Elevated BAL PMNs 

8.8 ppm: 
Labored breathing, reddened conjunctiva/mucosa and vomitus and rales on 
day I post-exposure. Pulmonary fibrinous inflammation, epithelial necrosis, 
hemorrhages, intra-alveolar fibrin exudation, minimal to slight focal septal 
thickening and positive Sirius-red reaction, Lung edema 
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Zwart et ala, 1990 


TABLE 5. Acute lethality data in rats and mice exposed to phosgene 

Concentration Exposure No. Mortality Mortality 

(ppm) duration animals/sex (rats) (mice) 
(min) M F M F 

12 10 5 0 0 0 0 
36 10 5 0 0 0 0I 
74 	 10 5 3 0 0 2 

! 79 10 5 1 0 1 3 
87 10 5 2 2 4 3 
91 10 5 4 5 5 5 
105 10 5 5 4 5 5 

12 30 5 0 0 0 5 
15 30 5 0 0 1 0 
16 30 5 1 0 4 5 i 

17 30 5 2 3 4 5 
24 30 5 5 4 2 3 

6.4 	 60 5 0 1 2 4 
8.8 	 60 5 0 2 3 5 
9.0 	 60 5 0 0 3 5 
12 60 5 4 5 4 5 
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Gross et aI., 1965 

Total of 118 male Wistar rats 


Exposed to 0.5 to 4.0 ppm phosgene for 5 minutes to 8 hours 


Exposures were varied to give CT products between 12 and 360 ppm-min 


Exposure to high concentrations of phosgene (2 ppm for 90 min) produced 

chemical pneumonia 


Exposure to lower concentrations produced "chronic pneumonitis." 
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TABLE 6. Summary of lethal animal inhalation studies with phosgene 
Concentration (ppm) Time Species Effect Reference 

vanous 30 min Dog LCso= 66 ppm Boyland et a1., 1946 
! various 30 min Dog LCso= 61-70 ppm Underhill, 1920 

i 
various 60 min Dog LCso 42 ppm Boyland et aL, 1946 

vanous 8 min Rat LCso= 92 ppm Boyland et aI., 1946 
12, 37,75, 80,88, 93, or 106 10 min Rat LCso= 82 ppm Zwart et aI., 1990 

41,44,52, or 61 10 min Rat LCso 62 ppm Pauluhn, 2006a 
I 
i 12, 15, 16, 17, or 25 30 min Rat LCso= 21 ppm Zwart et aI., 1990 

12, 13, 17, or 22 30 min Rat LCso = 13.5 ppm Pauluhn, 2006a 

Various 32 min Rat LCso = 17 ppm Boyland et aI., 1946 
6.4, 8.8, 9.0 or 12 60 min Rat LCso = 12 ppm Zwart et aI., 1990 

7.3,9.6, or 12 60 min Rat LCso = 7.7 ppm Pauluhn, 2006a 

Various 64 min Rat LCso= 11 ppm Boyland et aI., 1946 
2.2 or 2.7 240 min Rat LCso 2.1 ppm Pauluhn, 2006a 

10, 15, 25, 35, 50, 70 or 90 5 min Mouse LCso= 33 ppm Kawai, 1973 

Various 8 min Mouse LCso = 77 ppm Boyland et aI., 1946 
12, 37,75, 80, 88, 93, or 106 10min Mouse LCso 79 (m) and 60 (t) Zwart et aI., 1990 

ppm 

12, 15,16,17,or25 30 min Mouse LCso = 19 (m) and 11.5 (t) Zwart et aI., 1990 
ppm 

1.0,2.0,3.0,6.0,9.0 or 13.5 30 min Mouse LCso = 5.1 ppm Kawai, 1973 
I 

vanous 32 min Mouse LCso 15 ppm Boyland et aI., 1946 
6.4,8.8,9.0 or 12 60 min Mouse LCso = 9.5 (m) and 5.0 (t) Zwart et aI., 1990 

ppm 

Various 64 min Mouse LCso= 7 ppm Boyland et aI., 1946 

Various 8 min guinea pig LCso= 43 ppm Boyland et aI., 1946 
Various 32 min guinea pig LCso= 13 ppm Boyland et a1., 1946 
Various 64 min guinea pig LCso= 11 ppm Boyland et aI., 1946 
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TABLE 7. Summary of non-lethal animal inhalation studies with phosgene 
Concentration (ppm) Time 

oor 60 10 min 

137,244,435 or 773 10 min 

oor 490 to 611 10min 
oor 8 20 min 

oor 22 20 min 

0, 2.1,4.3 or 8.8 30 min 
*dogs sacrificed 24-hr post-

exposure 
.2, .5, 1.0,2.0 or 4.0 30 min 

0.8,0.9,2.5, or 3 60 min 
2 90 min 

0,0.05,0.1,0.2, O. 240 min 

0,0.1,0.5 or 1.0 240 min 

oor 1.0 240 min 

oor 0.5 240 min 

0, 0.25 or 0.5 240 min 
0.1 to 0.5 240 min 

0,0.125,0.25,0.5 or 1.0 240 min 

0,0.05, 0.125,0.25,0.5 or 1.0 240 min 
0, 0.1,0.2, 0.5 or 1.0 240 min 

0, 0.1,0.2, 0.5 or 1.0 240 min 

oor 1.0 240 min 

oor 1.0 240 min 

oor 1.0 420 min 
0.125 or 0.25 for 

17 days 

0, 0.1,0.2,0.5 or 1.0 0.1 ppm for 5 days/week; 
0.2 ppm for 5 days/week; 
0.5 ppm for 2 days/week; 
1.0 ppm for I day/week 

6 hrs/day for up to 12 weeks 
0, 0.1,0.2, or 0.5 0.1 and 0.2 ppm for 5 

days/week; 0.5 ppm for 2 
days/week 

6 hrs/day for up to 12 weeks 

Species 

Pig 


sheep 

sheep 
mouse 

mouse, rat 

and guinea 


pig 

dog 


Rat 

Rat 
Rat 
Rat 

Rat 

Rat 

Rat 

Guinea pig 
mouse 

Rat 


Rat 

rat, mouse 


and hamster 

rabbit and 

guinea pig 


Rat 


Rat 


Rat 

Rat 


Rat 


Rat 


Effect Reference 
LOAEL ?::: 60 ppm, based on increased lung Brown et aI., 2002 

wet weight, mortality 
LOAEL ?::: 137 ppm based on pulmonary Keeler et aI., 1990a 

edema, shallow breathing 
LOAEL> 490 ppm based on lung edema Keeler et aI., 1990b 

LOAEL ?::: 8 ppm, based on acidosis, clinical Sciuto et aI., 2001 
signs and 1 body wt., '" lung ww/dw 
LOAEL?::: 22 ppm, based on i LFP Sciuto, 1998 

LOAEL= 4.3 ppm, based on increased PMNs Pauluhn, 2006c 
in BAL fluid 

NOAEL = 2.1 ppm 
LOAEL = 2.0 ppm, based on clinical signs Pauluhn, 2006b 

and ~ body wt., i LFP 
NOAEL = 1.0 ppm 

Moderate Pneumonitis Gross et a1., 1965 
Chemical pneumonia Gross et aI., 1965 

LOAEL 0.2 ppm, based on based on clinical Pauluhn, 2006b 
signs and! body wt., i LFP 

NOAEL = 0.1 ppm 
LOAEL =0.5 ppm based on decrease in NK Burleson and Keyes, 

cell activity 1989 
NOAEL = 0.1 ppm 

LOAEL?::: 1.0 ppm based on ! body wt., i Ehrlich et aI., 1989 
lungwts 

LOAEL?::: 0.5 ppm based on i LFP and lung Jaskot et aI., 1989 
wts, 

LOAEL> 0.25 ppm based on l' LFP Slade et al., 1989 
LOAEL = 0.15 ppm based on i phenobarbital lIIing et aI., 1988 

induced sleeping times 
NOAEL=O.IO 

LOAEL = 0.25 ppm based on i PMNs in Currie et aI., 1987a 
lavage fluid 

NOAEL = 0.125 ppm 
LOAEL> 0.05 ppm based on ! ATP in lungs , 1987b 

LOAEL = 0.2 ppm based on i LFP Hatch et aI., 1986 
NOAEL = 0.1 ppm 

LOAEL = 0.5 ppm based on i LFP Hatch et al., 1986 
NOAEL = 0.2 ppm 

LOAEL> 1.0 ppm based 011 .j. ,1986 
lungwts 

LOAEL> 1.0 ppm based on i d Currie, 
edema 1985 

LOAEL> 1.0 ppm based on i lung wts Franch and Hatch, 1986 
LOAEL 0.25 ppm based on i lung wts and i Franch and Hatch, 1986 

NPSH and G6PD activity 
NOAEL = 0.125 ppm 

LOAEL = 0.1 ppm based on reversible lung Kodavanti et al., 1997 
histopathology; t lung displacement volume 

NOAEL none 

LOAEL = 0.1 ppm based on decreased Selgrade et aI., 1995 
bacterial clearance after infection with S. 

zooepiemicus 
NOAEL = none 
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ATTACHMENT 9 

AEGLsfurMONOCROTOPHOS 
(CAS Reg. No. 141-66-2) 

NAC/AEGL Meeting 49 

Research Triangle Park, NC 


September 9·11,2009 


MONOCROTOPHOS 

• organophosphate insecticide; cholinesterase (ChE) inhibitor 

• no longer used in any registered pesticide products in the United States 

2 



Human Data 

• No inhalation toxicity data 

Animal Data 

Lethality Data 


----.-.---,! Mortality in Rats Following Acute Inhalation Exposure to Monocrotophos I, 

Exposure I Comments I Source
I (mg/m3) I 

I-hr LCslI : 94 oand ~; 18 rats/gronp, 70.3% Sachsse et. al. 1974 

4-br LCso: 80 technical grade 


oand ~; 18 rats/gl"oup, 70.3% 
technical grade ! 


4-hr LCso: 63 no details; original study unavailable ACGIH,2002 

I-hr LCso: 163 0; 10 rats/group, 61-64% technical Newell and Dilley, 1978 

I-hr LCso : 176 grade 


~; 10 rats/group, 61-64% technical 
Igrade 
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Animal Data 

Non Lethal Effects 


• 	 Newell and DiJley (1978): rats exposed 1 hr to monocrotophos (97 to 308 mg/m3
) 

o 	 signs of cholinergic poisoning (lacrimation, salivation, defecation, muscle 
fasciculations) 

o 	neither exposure-response data nor severity/incidence data were provided 

o 	 not stated which, if any, of the exposures were without lethality 

AEGLI 

AEGL-1 values for monocrotophos 
Classificatio~ I to-min 30-min I-h i 4-b 8-h 

AEGL-l I NR NR NR I NR NR 
NR: Not Recommended. Absence of AEGL-l values does not Imply that concentratIOns below the 
AEGL-2 arc without effect. 

Not recommended; insufficient data. 
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AEGL-2 

AEGL-2 values for monocroto bos 
assification to-min 30-min 1-b 4-b 8-b 

GL-2 0.32 0.22 0.17 0.15 0.073 

• Exposure-response data are insufficient regarding an AEGL-2 critical effects 
and POD 

• Assume steep exposure-response l-elatiollship by analogy to other OPs 

• AEGL-2 values derived as 3-fold reduction of AEGL-3 values 

7 

AEGL-3 

:1 AEGL-3 values for mono.croto.pho.s (m 1m3
) 	 !I 

il Classificatio.n IO-min 130-min II-h 4-h IS-h 

IIAEGL-2 0.95 I 0.66 I 0.52 0.45 I 0.22 

Key Study: 	 Sachsse, K., Ullmann, G., Vo.ss, G., Hess, R. 1974. Measurement o.f inhalatio.n 
to.xicity o.f aeroso.ls in small labo.ratOl·Y animals. In: Duncan,W.A.M., ed. 
Experimental Model Systems in Toxico.logy and Their Significance in Man. 
Proceedings o.f the Euro.pean So.ciety fOi' the Study o.f Drug To.xicit},. XV: 
239-251. 

Critical Effect/POD: Lethality thresho.ld estimated as a 3-fo.ld reductio.n o.fthe I-ho.ur and 4­
hour rat LCso values o.f94 mg/m3 and 80 mg/m3 (31.3 and 26.7 mg/m3 respectively) 

Time Scaling: Default expo.nents of n = 3 applied for extrapolating to. sho.rter time points; n =:: 

1 applied fo.r extrapo.lating to. lo.nger expo.sure durations 

Uncertainty Factors: To.tal UF = 30 
Interspecies: 3; The underlying mechanism o.f o.rgano.pho.sphate to.xicity is similar across 
species; additio.nally, humans may have some pro.tective advantage due higher plasma ChE 
and red blo.od cell ChE activity which are less critical targets and may serve as a buffer against 
OP-mediated cho.linergic toxicity. . 

Intraspecies: 10; due to. kno.wn genetic Po.lymo.rphisms in activity levels o.f enzymes invo.lved in 
deactivation o.f OPs as well as gender and age-related variability in the toxic resPo.nse to. 
organo.phosphates. 

http:thresho.ld
http:aeroso.ls


Chemical Toxicity - TSD Animal Data 
Monocrotophos 

1000.00 

100.00 

10.00 

'" .g, 
E 

1.00 

0.10 

0.01 

0 	 60 120 180 240 300 360 420 480 
Minutes 

Comparison of Proposed AEGL Values for Monocrotophos and 

Dicrotophos (expressed as mg/m3

) 


Classification 10 min 30 min 1 hr 4 hr 8 hr 
AEGL-l I 

I Monocrotophos NR NR NR NR NR 
Dicrotophos NR NR NR NR NR 

·AEGL-2 
I Monocrotophos 0.32 0.22 0.17 0.15 0.073 
Dicrotophos 0.17 0.17 0.17 0.17 0.083 

•AEGL-3 
I Monocrotophos 0.95 0.66 0.52 0.45 0.22 
Dicrotophos 0.50 0.50 0.50 0.50 0.25 
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ACUTE EXPOSURE GUIDELINE LEVELS 

FOR 


METIIAMIDOPHOS 


National Advisory Committee for AEGLs Meeting 49 

Research Triangle Park, NC 


September 9-11, 2009 


ORI\TL Staff Scientist; 

Sylvia S. Talmage 


Chemical Manager: 

Henry Anderson 


Chemical Reviewers: 

Paul Tobin 

Robert Benson 


METHAMIDOPHOS 

Properties 

Organophosphate pesticide 
Liquid; low vapor pressure 

Data Base 

Human studies: no data 
Acute aerosol studies with rats 
Lethality studies perfomled in two different laboratories showed diverse results 

Indicate difficulty in sampling and measuring aerosol 
rat: 4-hour LCso of63.2-76.5 mg/m3 (Sangha 1984) 
rat: 4-hour LCso of 213 mg/m3 (Pauluhn 1986) 

Non-lethal, 5-day repeat-exposure study (Pauluhn 1986): 
lA, SA mg/m>: DO clinical signs; no plasma, erythrocyte, or brain ChE inhibition 
33.1 mg/m': slight tremor following exposure; brain ChE 33% of control value. 

Oral studies: genotoxicity, carcinogenicity, reproductive/developmental results negative 

METHAMIDOPHOS 
ATTACHMENT 10 

4-hour with male and female rats (Pauluhn 1986) 

Concentration (melm 3) Effect 
11.4 No clinical signs, no mortality 

124.3 , No clinical signs, no mortality 
45.0 Tremor, reduced motility, no mortality 
195.5 Clinical signs, mortality 311 0 

241,7 Clinical signs, mortali!}' 8/10 

350.3 Clinical signs, 9/10 

METHAMIDOPHOS 

Metabolism 

Oral studies only 

Rapidly absorbed, distributed to tissues, metabolized, and excreted 

Metabolized ultimately to phosphoric acid and CO2 


Metabolized primarily by hydrolysis; not b,y A-esterases or carboxylesterases, 

enzymes that show age-related differences (Moser 1999; Padilla et a1. 2000) 

Considered non-cumulative 
~80% of a near-lethal intravenous dose to rats (8 mg) excreted within 24 hours 

cholinergic signs peaked at 20-60 minutes 
correlated with AChE activity inhibition in the brain (15-20% of control) 

Rat brain and plasma ChE spontaneously reactivated ill vitro 

Mode of Action 
Cholinesterase activity inhibition 

Erythrocyte acetylcholinesterase activity inhibition biomarker for nervous system 
Sustained action of neurotransmitler acetylcholine 

Plasma cholinesterase is butyl or pseudocholinesterase 

Signs and symptoms of acetylcholinesterase activity inhibition 

Tremor, staggering, reduced motility, dyspnea ... 




METHAMIDOPHOS 


.' 
 Uncertainty }<'actors 


ModifYing factor: 2 


Interspecies uncertainty factor: 3 

Rats and humans rapidly metabolize methamidophos 


Intraspecies uncertainty factor: 3 

No difference insensitivity between adult and juvenile rats (oral study) 


Total modifYing/uncertainty factor: 20 


Time-scaling 


No time-scaling information 


Choice of Study 


Pauluhn (1986) study showed consistency in dose-response data; 

measured values correlated with nominal values 


METIIAl\UDOPHOS 

Data for Derivation of AEGL-I 

Study: Paululm 1986 

Endpoint: No clinical in rat at 11.4 mg/rn] for 4 hours 

Although· this endpoint is below the definition of an AEGL-l, the next higher exposure 
of 24.1 mg/m] was used as the AEGL-2 because the next higher exposure after that was 
the threshold for mortality (45 mg/m') 

Time-scaling: Cn x t k where n 3 and I for shorter and longer exposure durations 

AEGL-l Values for Metbamidophos 
lO-min I 30-min I I-b I 4-b I 8-bour 

1.1 mg/m3 l.llng/m' 0.9~ I 0.57 mg/m' I 0.29 mg/m' 1 1 

METHAMIDOPHOS 

Data fOI' Derivation of AEGL-2 

Study: Pauluhn 1986 

Endpoint: No clinical signs in rat at 24.3 mg/m3 for 4 hours 

Although this endpoint is below the defmition of an AEGL-2, the next higher exposure 
of 45 mg/m3 was the threshold for mortality 

Time-scaling: Cn x t = k where n 3 and I for shorter and longer exposure durations 

AEGL-2 Values for Melhamidopbos 
10-min I 30-min I I-b I 4-b I 8-bour 

2.4 mg/m3 I 2.4 IUg/m3 I 1.9 mg/m3 I 1.2 mg/m3 I 0.61 mg/m] 

METHAMIDOPHOS 

Data for Derivation of AEGL-3 

Study: Pauluhn 1986 

Endpoint: 4-hour BMCLo5 of 56.27 mg/m' 
(BMCol was 10\.54 mglm') 

Time-scaling: cn x t k where n 3 and I for shorter and longer exposure durations 
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~, METHAMlDOPHOS 

... Proposed AEGL Values for Methamidophos . 
Exposure Duration 

~""-" '''~ 

Classification IO-minute I 30-minute I-hour 4-hour 8-hour 
I 

AEGL-I 1.1 mg/ml 1.1 rug/rul 0,90 mg/ru] 0.57 rug/rul 0.29 rug/ml 
" f----""-'" 

AEGL-2 2.4 rug/ml 2.4 mg/ml l.9 mg/ml 1.2 rug/ml 0,61 rng/ml 
" 

1----- ,,-,,'-f..-", 

AEGL-3 5.6 mg/ml 5.6 mg/ml 4.5 mg/m) 2.8 mg/ml 1.4 mg/ml 


All endpoints based on Pauluhn (1986) 

AEGL-I: 4-hour exposure of rats to 11.4 mg/ml 


AEGIJ-2: 4-hour exposure of rats to 24.3 

AEGL-3: 4-hour BMCL05 for rats of 56.27 mg/m) 


Time scaling used default values of n = 3 and I for sh0l1er and longer exposure 
durations, respectively. 

METHAl\ffi)OPHOS 


Category graph of toxicity data and AEGL values 
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ACUTE EXPOSURE GUIDELINE LEVELS 

(AEGLs) 


FOR 

MEVJNPHOS 


(CAS Reg. No. 7786-34-7) 


NACIAEGL-49 

September 9-11, 2009 


ORNL Staff Scientist: Jennifer Rayner 

Chemical Manager: Daniel Sudakin 

Chemical Reviewers: Paul Tobin, Jim Holler 

Issues 
Extremely limited data 
No new data available 
Low vapor pressure likely precludes significant inhalation 
exposure 
Explore route-to-route extrapolation 

ATTACHMENT 11 

Mevinphos 

Common Synonyms: Phosdrin, Crotonic acid, 

Conversion 
1 ppm= 9.17 mg/mJ 

1 mg/m3= 0.11 ppm 

Physieal Characteristics: 
• Liquid-pale yellow-orange 
• Vapor Pressure 1.28 x 10.4 mm HG @ 20DC 

Uses: 
• Organophosphate pesticide 

Uncertainty Factors 

I nterspecies 3- variability in the tOXIC response is primarily a function of 
varying cholinesterase activity levels and types ofcholmesterase . 
present; humans have greater levels of plasma cholmesterase wah which 
to bind anticholinesterases such as mevinphos than do other species. 
This decreases the dose to critical targets. 

Intraspecies 10- the documented variability in sensitivity among . 
different age groups and genders, and the known genetIC polymorphlsms 
in A-esterasesjustii'y retention of the intraspecies uncertainty factor of 
10. 



I 
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ANIMAL DATA 
SpKJCIII< (.OOl"flllOlifton (ppm) 

t;xpo:r.!Iurl" 
Tim(' 

Ji:fffi!t R..r. 

Rat ~~;3mglL 1.32 ppm 
0.80 ppm 

4 hr MaleLC,. 
Female LC,() 

U.s. EPA 
1999 

0.0098 m./l 1.08I'Pm Combined LC,o 
Rat 98mglm' 1.078 ppm I hr LCj() ACGIH 

8-10 ppm 2003 
Rat 0.053 mglL \.83 ppm I hr 17% mortality Kodama et 

0.087 mg/l 9.57 ppm 33% mortality .1. 1954 
0.130 mg/L 14.3 ppm 50% mortality 
0.173 mglL 19 ppm 500.'0 monality 
0346mi1L 38 ppm lOO%morta\ity 

~ 0.24 mgll 26.64 ppm up to I 1O~15 ··min~ miosis, ear twitching, Kodamaet 
hr '" chewing al. 1954 

15-40 min- la.crimation, 
salivation, tremors 
40-60 min- respiratory dlstress, 
convulsions. death 

AEGL-2 Values for Mevinpbos 

Key Study: Kodama, JK" M.5 Morse, H.H. Anderson, MK Dunlap, 
and CH. Hine. 1954. Comparative toxicity of two vinyl-substituted 
phosphates. Arch. Ind. Hyg. Occup. Med. 9: 45-61 

Organophosphate poisoning exhibits a steep exposure-response curve 
(NRC 2003). One of six rats died after a I hour exposure to 5.83 ppm, 
and all rats died after exposure to 38 ppm of mevinphos (Kodama et al. 
1954). 

Rationale: In the absence ofempirical data, and in accord with 
AEGL derivation guidelines for chemicals with steep dose­
response curves (NAS 2001), the AEGL-2 values for mevinphos 
were set at one-third ofthe AEGL-3 values. 

AEGL-l Values for Mevinpbos 

10­
minute 

30-minute 8-hour 

NR NR NR 

AEGL- I values were not derived due to insufficient data. Absence of an 
AEGL-l value does not imply that exposure below the AEGL-2 
concentration is without adverse etfects. 

AEGL-3 Values for Mevinpbos 

Key Study: Kodama, J.K., M.S Morse, H.H. Anderson, M. K. Dunlap, 
and CH. Hine. 1954. Comparative toxicity of two vinyl-substituted 
phosphates. Arch. Ind. Hyg. Occup. Med. 9: 45-61 

Toxicity endpoint: The AEGL-3 values were based upon the I-hr 
BMC4l of 1.87 ppm (17 mg/m') used as an estimate of lethality 
threshold in rats 

Time scaling: C" x t = k, n 3 or I 

lJncertainty factors: A total uncenainty factor of 30 was applied to 
Interspecies: 3; variability in the toxic response is primarily a 
function of varying cholinesterase activity levels and types of 
cholinesterase present; humans have greater levels of plasma 
cholinesterase with which to bind anticholinesterases such as 
mevinphos than do other species. This decreases the dose to 
critical targets. 
Intraspecies: 10; the documented variability in sensitivity 
among diflerent age groups and genders, and the known genetic 
poiymorphisms in A-esterasesjustitY retention ofthe 
intraspecies uncertainty factor of 10. 
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Summary of AEGL Values for Mevinphos Extant Standards and Guidelines 
Guidcllne 

ll}mmute JO minute 
E1 lure Durafi6. 

I hour "'hour 8hQtl:t 

: AEGL·I NR NR 'lR NR NR 

lO-minute 

NR 

4-hour 

NR 

8-hour 

NR 
; AEGL·2 

AEGL-3 

0.037 ppm 
(0.34 mglm') 

0.11 ppm 
(Ulmglm') 

0.020 ppm i 
(0.24 mg/m') , 

0.079 ppm 
(0.72 mglm') 

0.011 ppm 
(0.20 mg/m') 

0.062 ppm 
(0.57 mg/m') 

0.0053 ppm : 0.0078 ppm 
(0.071

(0.049 mg/m') ; ';'glm') 

0.016 ppm 
0.0078 ppm 

(0.072
i (0.1$ mglm') 

..~~,
0.01 ppm 

li~;H~A 
I 

(skin) 01 
Ing/m \ 

i PEL-STEL 
'(OSHA) 

0.Q3 prill (skin) 0.3 
rn"'m 

! 

~R Not Recommended Absence of 
the AEGL-2 are without effect 

JL~ I values does not imply that concentrations below 

i::~SHI 
4 ppm 
37 rng/m' 

REL·TWA 
(NIOSII) 

0,01 ppm 
(skin) 0,1 
mgJm·~ 

REL­
STEL 

!, CNIOSHI 

0,03 ppm (skin) 0.3 
mg!m'~ 

! 
'TLY-TWA 
; (ACGIII) 

!, 

II MAK(GermaIlY) 

0,01 ppm 
0,1 mgim'

I(skin, IFV) 
0,01 ppm 

(skin) I I 
0,1 mg/m 

MAC~Th," 0,0) ppm 
Netherlan'. 0,1 mg/m' 
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ACUTE EXPOSURE GUIDELINE LEVELS 

FOR 


PHOSPHAMIDON 


National Advisory Committee for AEGLs Meeting 49 

Research Triangle Park, NC 


September 9-11, 2009 


ORNL Staff Scientist: 
Sylvia S. 

Chemical Manager: 
Ed Bernas 

Chemical Reviewer: 
Susan Ripple 

PHOSPHAMIDON 

Properties 
Organophosphate pesticide 
Liquid; low vapor pressure 

Data Base 
Human studies: no data 
Acute aerosol studies with rats, mice, and guinea 
All acute studies perfonned in same laboratory (Sachsse et al. 1974; 

rat: 4-hour of 135 mg/ml 

mouse: 4-hour LC50 of <30 mg/ml 

guinea pig: 4-hour LCso of 1300 


Repeat-exposure study, 42 days, 4 hours/day (Battelle Institute 1965) 
rat: 0.5 mg/m3 resulted in "temporary inhibition of erythrocyte cholinesterase" 

Subchronic study, 6 hours/day (Industrial Bio-Test Laboratories, Inc. 
rat, guinea pig, beagle dog: no efIect at 125 

Genotoxicity and oral carcinogenicity studies: not genotoxic or carcinogenic 
Oral developmental/reproductive studies with rats, mice, rabbits: not teratogenic 

PHOSPHAMIDON ATTACHMENT 12 

Metabolism 
Oral studies . 
Metabolized by oxidation, hydrolysis and glutathione conjugation 
Considered non-cumulative 

Mode of Action 
Cholinesterase activity inhibition 

Erythrocyte acetylcholinesterase activity inhibition biomarker for nervous system 
Sustained action of neurotransmitter acetylcholine 

Plasma cholinesterase is butyl or pseudocholinesterase 
Glutathione-S-transferase depletion in mouse brain 

Signs and symptoms of acetylcholinesterase inhibition 
Not described in inhalation studies 
Oral studies: tremors, ataxia, salivation, emesis .... 

J 

PHOSPHAMIDON 

Modifying/Uncertainty Factors 

Modifying factor: 2 based on sparse data base and conflicting data 

Interspecies uncertainty factor: 3 

Rat was intermediate in sensitivity to mouse and guinea pig 


Intraspecies uncertainty factor: 10 

No chemical-specific data on human 


Total modifying/uncertainty factor: 60 

Higher modifying/uncertainty factors conflict with the repeat-exposure data 

Time-scaling 

No time-scaling information 
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PHOSPHAMIDON 

Data for Derivation of AEGL-l 

No data available 
AEGL-I values not recommended 

lO-min 30-min 
NR NR 

NR Not recommended. 

PHOSPHAMIDON 

Data for Derivation of AEGL-2 

No data available 
Divide AEGL-3 values by 3 

hamidon 

0.25 m 

Values supported repeat exposure study (Battelle Institute 1965) 
Temporary inhibition of erythrocyte cholinesterase activity in rats 0.5 

, 4 hours/dav. 5 rl~H~f..,~~I, 

6 

PHOSPHAMIDON 

Data for Derivation of AEGL-3 

Rat considered the more reoresentative 

whole-body inhalation with rats (Sachsse et al. 

value of 135 mJdm3 (C.L. of 113-170 mg/m3); no further data 


value divided by 3 (Rusch et a!. 2009) 
factor = 180 (2x3x3xI0) 

AEGL-3 Values for Phosphamidon 

IO-min I 30-min I l-h I 4-h I 8-honr 


1.5 mg/m3 1.5 mg/m3 I 1.2 mg/m3 I 0.75 mg/m3 I 0.38 mg/m3 


PHOSPHAMIDON 

Proposed AEGL Values for Phosphamidon 
JI 

Exposure Duration 

lO-minute 30-minute I-hour 4-hour1 

NR 

AEGL-l: In absence of suitable data, AEGL-l values are not recommended. 
AEGL-2: The AEGL-2 values were derived by dividing the AEGL-3 values bv 3. 
AEGL-3: Based on threshold for lethality the 4-hour LC<n divided bv 3 

Time exposure 
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PHOSPHAMIDON 

Category graph of toxicity data and AEGL values 

1 0000. 0 -~"-'-""--"r'-"-"" -".'.'--'..1'-"-..,,,.,.,.,,.,.,.,,,.-...... .................... ,... ,. "",. 


• No Effect 
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~ 
('I") Disabling
E~ 10.0 'jf·····"-..··..........-·..·/-......-·-·..·---·-I···-·,,..·..·.... ~l----- ..---... ··1 
 • 

AEGl-3 Some Lethality 

1.0 1=:=J=~--=i=====+====f==+==t=l • 
Lethal 

AEGL-2 

0.1 ',:1:::: ..--··,··..·•••..·,,·· .. 1·..·............·..............··,,·1,····-_ ............... -!, ................,...........,.. +. •·••........··"..·..·1···..····........··......,,···· 
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ACUTE EXPOSURE GUIDELINE LEVELS 

(AEGLs) 


FOR 

FENAMIPHOS 


(CAS Reg. No. 22224-92-6) 


NAC/AEGL-49 ' 

September 9-11, 2009 


ORNL Staff Scientist: Jennifer Rayner 

Chemical Manager: George Woodall 

Chemical Reviewers: Paul Tobin, Jim Holler 

Uncertainty Factors 

Interspecies 3- variability in the toxic response is primarily a 
function of varying choJinesterase activity levels and types of 
eholinesterase present; humans have greater levels of plasma 
eholinesterase with whieh to bind anticholinesterases sueh as 
mevinphos than do other species. This decreases the dose to 
critical targets. 

Intraspecies 10- the documented variability in sensitivity 
among different age groups and genders, and the known genetic 
polymorphisms in A-esterases justifY retention of the 
intraspecies uncertainty factor of 10. 

ATTACHMENT 13 

Fenamiphos 

Common Synonyms: Nemacur, Phenamiphos, 

Conversion 
1 ppm= 12.4 mg/m3 

1 mg/m3 
= 0.08 ppm 

Physical Characteristics: 
• Solid-white crystals 
• Vapor Pressure - I x 10.7 mm Hg @25°C 

Uses: 
• Organophosphate pesticide- no longer used in the U.S. 

ANIMAL DATA-Inhalation 

SllCcies 
Concentration 

Wpm) 
El:IJ05Ure 

Time 
Erreci Reference 

2.32 No erred 
6.00 5% mortality; (1IlO) 
6.96 30% mortality, (6/20) 

R.! 
mole 

8.24 
11.2 

1 hI' 
60% mortAlity, (12/20) 
65% mortality, (13/20) 

Kimmel'le: 
1972 

\3.2 95% mortAlity' (19120) 
14.96 100% mortality, (20110) 
8.8 Le .. 

2.32 Noeffut 
5.60 Cholineslerase activity inhibilion 
8.40 S'%~ motiality; (1120) 
9.36 ('''olinuterftSf activity inhibition 

, Ral 
female 

1\.84 
13.6 

I hI' 
35% mortality, (7110) 
60% mortality, (12120) 

Kimmerte 
1972 

14.8 90% mortality; (18110) 
15.6 90% mortality, (18110) 
25.6 100% mortality, (201l0) 
II L~ 

6.64 Chotintsttl'ase Activity inhibition 
9.52 20% mortality, (l/IO) 

Rat 
male 

11.6 
11.85 

1 hr 
60% mortAlity, (6110) 
90% mo,1ality, (9/(0) 

Thyssen 
1979. 

20 100% mortality, (10110) 
10.5 LC", 
6.64 CholinesterftSe ftftivity inhibition 
9.52 Cholinesterase activity inhibition 

Rat 
female 

11.6 
11.85 

I hI' 
70% mortality, (7110) 
90% mortality, (9/10) 

Thy.... 
1979. 

20 100% mortality, (10110) 
10.4 LC" 
4.56 Cholinesterase activity inhibition 

Rae 
m.1e 

4.96 
8.0 

4hr 
{:bolinestuase activity inhibition 
6O~. mortality, (6/10), LC" 

,'hysscn 
1979. 

! 12.4 100% mortality, (101l0) 
4.56 Cholineste"ase a('tivity inhibition 

Rat 
female 

4.96 
8.0 
12.4 

4 hi" 
10% mortality, (1/10) 
50% mortality, (SIlO); LC", 
90% mortality, (9/10) 

Thyssen 
1979. 

15.28 100% mo,1ality,(IO/101 

Rat 
8 

4 hr Less than .he Ley, LJ.S.£PA 
1999 
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AEGL-l Values for Fenamiphos 

10­
30-minute I-hour 4-hour 8-hour

minute 

NR NR NR NR NR 

No AEGL-I values were established because tbe AEGL-I values were too close to 
or exceeded AEGL-2 values" 

AEGL-2 Values for Fenamiphos 

Key Study: Thyssen, J I979a" SRA 3886 (Nemacur active 
ingredient) acute inhalational toxicity studies" Report no. 8210. 
Unpublished study prepared by Bayer AG, Institut fuer Toxikologie, 
Germany" 

Data were insufficient for empirical derivation of AEGL-2 values for 
fenamiphos. Organophosphate poisoning exhibits a steep exposure­
response curve (NRC 2003). One of twenty male rats died after 
exposure to 6.0 ppm, 6120 died after exposure to approximately 7.0 ppm, 
and 12/20 died after exposure to 8.24 ppm. All 20 rats died after 
exposure to 14.96 ppm (Kimmerle 1972)" In a study by Thyssen 
(I 979a}, 2/l0 male rats died after exposure to 9.52 ppm for I hour, 6/10 
died after exposure to 11.6 and 9110 died after exposure to 1 1.85 ppm" 
Female rats had 70% mortality at 11.6 ppm and 90% mortality after 
exposure to 11.85 ppm for 1 hour In a 4-hour study by Thyssen 
(1979a), male rats experienced 60% mortal ity at 8.0 ppm and 100% 
mortality at 12A ppm, and female rats experienced 50% mortality at 8.0 
ppm, 90% mortality at 12.4 ppm, and 100% mortality at 15.28 ppm 
The lack of experimental data and the steep exposure-response 
relationship justify estimating A EGL-2 values by a 3-fold reduction of 
AEGL-3 values (NRC 2001) 

" 

Key Study Kimmerle, G. J972. Acute inhalation toxicity study with 
Nemacur active ingredient on rats. Unpublished report Bayer AG, 
Wuppertal. Germany" 

Toxicity endpoint: Male and female rats exposed to 2"32 ppm for I 
hour did not exhibit any effects of toxicity. 

Time scaling: C" x t =k, where n 4.8. 

IJncertaintv factors: 
Interspeci~s: 3; variability in the toxic response is primarily a 
function of varying cholinesterase activity levels and types of 
cholinesterase present; humans have greater levels of plasma 
cholinesterase with which to bind anticholinesterases such as 
fenamiphos thall do other species. This decreases the dose to 
critical targets. 

10; the documented variability in sensitivity 
among different age groups and genders, and the known genetic 
polymorph isms in A-esterases justify retention of the 
intraspecies uncertainty factor of 10. 

AEGL-3 Values for Fenamiphos 

Key Study: Thyssen, 1. 1979a. SRA 3886 (Nemacur active ingredient) 
acute inhalational toxicity studies. Report no. 8210. Unpublished study 
prepared by Bayer AG, Institut fuer Toxikologic, Germany" 

Toxicity endpoint: 4-hr BMCLul of3.7 ppm used as an estimate of 
lethality threshold in female rats" 

Time scaling: en x t = k, where n 4.8. 

Uncertainty factors: 
Interspecies: 3; variability in the toxic response is primarily a 
function of varying cholinesterase activity levels and types of 
cholinesterase present; humans have greater levels of plasma 
cholinesterase with which to bind anticholinesterases such as 
fenamiphos than do other species. This decreases the dose to 
critical targets. 
Intraspecies: 10; the documented variability in sensitivity 
among different age groups and genders, and the known genetic 
polymorphisms in A-esterasesjustify retention of the 
intraspecies uncertainty factor of 10. 



Summary of AEGL Values for Fenamiphos Extant Standards and Guidelines 

Ex osure Duration 
JO-minute 30-minute I-houf 4-l1ouT 8-hour 

NR NR NR NR NR 

AEGL-t 

AECiJ.-2 

I\f.GL-J 

REL-TWA 
(NI()SI])r 

TJ.V-TWA 
{ACOII!)h 

MAC-Pen" 
C{ltCf!,(Jry 

tTIx: 
Nctlll..'Tlnnd:d 



ACUTE EXPOSURE GUIDELINE LEVELS 

FOR 


AUTOMOTIVE GASOLINE (UNLEADED) 


National Advisory Committee for AEGLs Meeting 49 
Research Triangle Park, NC 
September 9-11, 2009 

ORNL Staff Scientist: 
S. 

Chemical Managers: 

John Hinz 


Calvin Willhite 


Chemical Reviewers: 

George Woodall 


Ralph Gingell 


GASOLINE 
- Issues ­

Identification of Issues 

• 	 Base assessment on whole fuel vs. most volatile sunset of components? 
All constituents volatile (VP = 220/675 ~ all evaporate ~ whole fuel 

• 	 Representative Mol Wt for mixture - one value vs. many? 
73 for "light ends" VS. 80 for "vapor" VS. 114 for "octane" ~ 108 average 
1.56 fold impact on conversion mg/m3 ~ ppm. . ... 108~ 4.42 

• 	 CAS No.? 
86290-86-5 VS. 8006-61-9 vs. "mixture" 

Uptake / Metabolism / Toxicity Issues 

• Lipophilic solvents ~ quickly reach steady state blood & tissue ~ time scaling 
• Component toxicity additive ... P450 competition 
• Inhalation toxicity low ... acute endpoint usually narcosis 

GASOLINE ATTACHMENT 14 
- Context-

Frame of reference - previous AEGL risk assessments 

Complex hydrocarbon mixture 
AEGL assessment base on whole fuel, not a subset of constituents 

Time: .ill:. 4 hrs end point 
AEGL: (mg/m3

) 

I mild ~ - - - - - - 290 - - - - - - - - - - ~ RDso 
II moderate ~---------- 1100 ----------~ "woe" 6 studies 
III death ~------- ND ----------~ no data 
Toluene 
AEGL: 
I mild ~ - - - - - - - - - - 750 - - - - - - - - ~ <notable discomfort 
II moderate ~ - - - - - - - - 4500 - - - - - - ~ NOAEL, narcosis (rat) 
III death ~ - - - - - - - - - - 16,900 - - - - - - - - -7 lethal threshold (rat) 
Xylenes 
AEGL: (mg/m3) 
1 mild ~ - - - - - - - - 560 - - - - - - -- - - -7 eye irritation 
II - moderate ~ - - - - - - - - - - 4000 - - - - - - - - - ~ incoordination (rat) 
1lI death ~ - - - - - - - - - - 10,800 - - - - - - - - ~ lethal threshold (rat) 

GASOLINE 
- Properties ­

Volatile and flammable at ambient temperature 
Whole gasoline: C)-C lI hvrlrn""rhrmQ 

Vapor: hydrocarl 
VP: 275 475 mm He: (cU 20°C 

Defined as 
Complex mixture ofhydrocarbons of paraffms, cycloparaffms, aromatic 

and olefmic hydrocarbons with carbon numbers predominantly in the to Cll 

range. 
Complex substance made by blending various refinery streams with many 
hydrocarbon components. 

Representative mol wt: 73 - 1]4 
Contains various additives oflow volatility compared with LMW hydrocarbons 

MTBE methyl t-butyl etber 
TAME - t-amyl methyl ether 
ETBE etbyl ether 
TBA - t-butyl alcohol 
EtOH ethanol 
etc .... 



GASOLINE 
- Data Base-

Older studies: no details 

Drinker et al. (1943): 
4-minute to 8 hour studies with whole gasoline and gasoline vapor. Does not 

meet U.S. EPA ethical standards 

Davis et al. (1960): (wholly vaporized gasoline .... ) 
30-minute exposures to three blends of gasoline vapor - conjunctival eye 

irritation measured photographically; graded + I to +4 
200 ppm (600 mg/m3): 

very slight eye irritation (+ I) in two of three exposures; (-4) in third 
exposure 

500 ppm (1500 mg/m3): 
very slight eye irritation (+ I [highest score]) in all three exposures 

1000 ppm (3000 mg/m3): 
slight to intermediate eye irritation (+I and +2); one subject graded +3 in 
one of three exposures, but reported no subjective eye irritation 

GASOLINE 
- Data Base-

studies with the rat at the limit concentration of 5000 mg/ill" vapor 
toxicologically significant effects 

Repeat-exposure vapor studies with rats and mice 
No toxicologically significant effects 

Subchronic studies with rat: 
Rat: 20,000 and 22,500 mg/m3 vapor distilled at 154°F (Schreiner et al. 
Monkey: 6350 mg/m3 wholly vaporized gasoline (Kuna and Ulrich 1984) 
v" No toxicologically significant effects 

Chronic toxicity/Carcinogenicity study with the rat: 
20,000 mg/m3 vapor (Benson et al. 2004) 
v" Survival unaffected; neuropathology unaffected; transient change in 

activity 

Developmental/Reproductive toxicity 20,000 mg/m3 vapor: 
v" Generally negative; ! weight gain of dams 

Genetic toxicity assays: generally negative 

GASOLINE 

Metabolism 

No study on mixtures 
Individual components metabolized lOcnrome P-450/2El 
PBPK models use a 1,,~n~rI ~nnr~~' competitively inhibited 

additive ..... 

Mode of Action 

Slightly irritating - contact eye and nose irritation 
Central nervous system depression (narcosis) 

lipophilic chemicals partition into neuronal membranes and myelin 
disrupt ability of neurons to propagate action potential and repolarize 

GASOLINE 

Uncertainty Factors 

Interspecies uncertainty factor: 
No data on species variability; no sensitive species apparent 

blood:air partition coefficients for rats and mice greater uptake 
i.e., higher blood concentration -+ higher target tissue concentration than 

humans 

Intraspecies uncertainty factor: 3 
For chemicals with anesthetic action, the minimum alveolar concentration differs 
approximately 3-fold among humans 

Total uncertainty factor: 3 

Higher modifying/uncertainty factors conflict with the subchronic and chronic data 

Time-scaling 

No time-scaling information 
Many volatile hydrocarbons approach steady-state in the blood within 2 hours 



• 

GASOLINE 

Data for Derivation of AEGL-l 

Key Davis et al. 1960 

Point of departure: slight eye irritation during a 30-minute exposure to 3000 mg/m' 

Interspecies uncertainty factor: not applicable 
Intraspecies uncertainty factor: 3, subjective and objective eye irritation did not vary 

greatly among the tested subjects 

Time-scaling: Not applicable; there is adaptation to the slight eye irritation that defines 
the AEGL-l. 

Support: no toxicologically significant effects were observed in rats exposed to 5000 
mg/m' for 4 hours. 

GASOLINE 
Data for Derivation of AEGL-2 

Consideration: Human study: Davis et al. (1960) - CODccotratiOI1$ not higb enough to cauu natcosis. 

Acute rodeut studies: no effect in rat duriog 4~bour exposure to 5000 mglmJ 


Key Study: Schreiner et al. 2000 

Point of departure: NOAEL for neurotoxicity (no tremors, lethargy) in rats 
to 22,500 mg/ml for 6 hours/day, 5 days/week for 90 days. Although this 

endpoint may be below the defmition of an AEGL-2, no higher concentrations were 
tested. 

Uncertainty factors 
Interspecies: I, higher blood:air partition coefficients in rodents for many 

hydrocarbons 
Intraspecies: 3, the minimum alveolar concentration for narcosis due to solvent 
inhalation differs approximately 3-fold among individuals. 

Time-scaling: none, but could be applied 

"'"[he AEGL-2 value is bigber than 1110 nftbe lower explosive limit (LEL) of gasoline in air (LEL =141000 ppm). 
Therefore, safety eODsidt'.ratiom against bazard of explosion must be taken into account. 
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GASOLINE 

Data for Derivation of AEGL-3 

No studies with measured concentrations addressed the threshold for lethality. 

AEGL-3 Values for Automotive Gasoline 
lO-min 30-min I-h 4-h 8-h 

ND ND ND ND ND 
ND = not determined. AEGL-3 values were not determined due to insufficient data. 

11 

GASOLINE 
- Summary-

Proposed AEGL Value's for Automotive Gasoline 

Exposure Duration 

Classificati to-min 30-min I-h 4-b 

AEGL-I 1000 1000 mg/m3 1000 mg/m3 1000 mg/m3 

AEGL-2 * 17500 7500 mg/m' * 7500 mg/m3 * 7500 mg/m3 '"* 
-----+------=--~=---

ND ND ND ND 
higher than 1110 of the lower explosive limit (LEL) of gasoline in air (LEL 14,000 ppm). 

conlsid~lratilons against hazard of explosion must be taken into account. 
deterrnined. 

AEGL-l: Exposure of human subjects to 3000 mg/m3 resulted in slight to intermediate 
eye irritation. For irritants with an irritation mode of action, an intraspecies 
uncertainty factor of 3 is sufficient. The same value was used across all exposure 
durations because there is adaptation to the slight irritation that defines the AEGL-l. 

AEGL-2: Exposure of male and female rats to 22,500 mg/m3 for 6 hours/day was 
without a significant toxicological effect. Intraspecies and intraspecies uncertainty 
factors of 1 and 3 were applied. No time scaling. 

AEGL-3: AEGL-3 values were not determined because studies that addressed the 

threshold or lethalitv were not available. 
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GASOLINE 
Data for Derivation of AEGL-2 

Key Study: MacFarland et al. 1984 
Gasoline was completely volatilized (molecular weight 108) 
Both rats and mice were exposed, 6 hours/day. 5 day/week for 103-113 wecks 
Concentrations of 67, 292, and 2056 ppm (295, 1290, 9080 mg/m}) 

Point of departure: NOAEL for any relevant human toxic effects in a chronic study 

Uncertainty factors?? 
Interspecies: 1, higher blood:air partition coefficicnts in rodents for many 

hydrocarbons 
Intraspecies: 1 or 3, the minimum alveolar concentration for narcosis due to solvent 
inhalation differs approximately 3-fold among individuals. 

Time-scaling: none, but could be 

AEGL-2 Values for Automotive Gasoline 
lO-min I-h 4-h 8-h 

3000 mg/m3 3000 mg/m3 

9100 mQ./m3 * 9100 mg/m" * 
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ATTACHMENT 15 


ACUTE EXPOSURE GUIDELINE LEVELS 

FOR 


CADMIUM 

(CAS Reg. No. 7440-43-9) 


ORNL Staff Scientist: lennifer Rayner 

Chemical Manager: Susan Ripple 


Chemical Reviewers: George Woodall, 

Marcel van Raaij 



Cadmium 

• Conversion 
• 1 ppm= 4.6 mg/m3 
• 1 mg/m3= 0.22 ppm 

• Physical Characteristics: 
• Solid-silver-white, blue-tinged lustrous metal 

• Uses: 
• Consumer and industrial materials 
• Nickel-cadmium batteries, electroplating 

• Pigments in plastics, ceramics, glasses 



Human Exposure 
• Inhalation of cadmium containing particles, 

cigarette smoke, fumes/dust in occupational 
setting 

• 	Fumes/Dust - cough, respiratory irritation, 
dyspnea, fatigue, nausea, pulmonary edema, 
pulmonary fibrosis, renal damage, death 

• 	Beton et al. (1966)-Estimated 8.6 mg/m3 for 5 
hours caused pulmonary edema in 5 workers 
and death in 1 worker (severe pulmonary 
edema, alveolar metaplasia of the lungs and 
bilateral cortical necrosis of the kidneys) 



Acute Animal Exposu re 

• 	Exposure Time: 1-6 hours 
• 	Species: Rabbit, rat 
• 	CdCI2, CdO, CdS, dust, fumes, pigments 

• Concentrations:O.07-112 mg/m3 

• 	Effects: Glutathione activity changes, 
inflammatory cell influx, pneumonitis, 
increased lung weight 



Repeat Dose Animal Exposure 


• 	Exposure Time: 2 wk-20 wk 
• 	Species: Rat, mouse 
• 	CdCI2, CdO aerosol 
• Concentrations:O.025-10 mg/m3 

• 	Effects: Inflammatory cell influx, pulmonary 
fibrosis, increased lung weight, renal tubule 
swelling, epithelium degeneration and necrosis, 
ataxia, mortality 



Uncertainty Factors 

• Interspecies 3, Intraspecies 3-For acute 
exposures-direct acting irritant (inflammatory 
cell influx, pneumonitis, respiratory irritation) 

• Chronic exposures­
• Systemic effects 
• Other factors-diet, age, sex, health status, genetic 

background 

• Time Scale: en x t = k, where n = 3 or 1 



AEGL-l Values for Cadmium 


• Species: Rat 
• Concentration: 0.55 mg Cd/m3 

• Time: 6 hours 
• Endpoint: Enzyme changes, no other 

effect 
• Reference: Takenaka et al. 2004 
• Support: Single dose at 0.45 mg/m3 for 2 


hours caused increased lung weight and 

pneumonitis in rats (Grose et al. 1987) 
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AEGL-2 Values for Cadmium 


• 	 Species: Rat 
• 	 Concentration: 5.3 mg Cd/m3 

• 	 Time: 3 hours 
• 	 Endpoint: Delayed weight gain, increased- lung weight, 

protein content, DNA content, cuboidal alveolar cells, 
inflammatory cells, and focal areas of interstitial 
thickening 

• 	 Reference: Buckley and Bassett 1987 
• 	 Support: Single dose at 4.5 mg/m3 caused pneumonitis, 

increased lung weight (Grose et al. 1987) 
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AEGL-3 Values for Cadmium 

• Species: Rat 
• Concentration: LCso 112 mg Cd/m3 

• Time: 2 hours 
• Endpoint: Threshold of lethality (37.33 mg 


Cd/m3) 
• Reference: Rusch et al. 1986 
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Classification 

AEGL-l 
(Notable 
Discomfort) 

AEGL-2 
(Disabling) 

AEGL-3 
(Lethal) 

AEGL Values for Cadmium 
(mg/m3) 

Exposure Duration 

lO-min 30-min I-hr 4-hr 8-hr 

0.13 0.13 0.10 0.063 0.041 

1.4 0.96 0.76 0.40 0.20 
8.5 5.9 4.7 1.9 0.93 

AEGL-1 Takenaka et al. 2004, 0.55 mg Cd/m3 for 6 hours 
AEGL-2 Buckley and Bassett 1987 5.3 mg Cd/m3 3 hr 
AEGL-3 Rusch et al 1986 2 hr LC50, threshold of lethality 



Guideline 

AEGL-l 

AEGL-2 

AEGL-3 

PEL-TWA 
(OSHA)a (fume) 

PEL-TWA 
(OSHA)b (dust) 

IDLH (NIOSH)C 

TLV-TWA 
(ACGIH)d 

MAC-Peak 
Category (The 
Netherlandsy 

10 min 

0.13 

1.4 

8.5 

Extant Standards and Guidelines for Cadmium 

Exposure Duration 

30 min 1 hr 

0.13 0.10 

0.96 0.76 

5.9 4.7 

4 hr 

0.063 

0.40 

1.9 

9mg/m3 

8hr 

0.041 

0.20 

0.93 
0.1 mglm3 

0.3 mg/m3C 

0.2 mg/m3 

0.6 mg/m3C 

0.01 mg/m3I 
0.002 mglm3R 

0.005 mg/m3 



,
• 

ATTACHMENT 16 


AEGLs for RED PHOSPHORUS 
(CAS Reg. No. 7723-14-0) 

NAC/AEGL Meeting 49 

Research Triangle Park, NC 


September 9-11, 2009 


RED PHOSPHORUS 

• 	 an allotropic form of phosphorus 

• 	 red phosphorus reacts very slowly with water vapor and air to form 
phosphine and various phosphorus oxyacids 

• 	 used as a military obscurant/screen - red phosphorus/butyl rubber 
(RPIBR) smoke 

o military smokes contain 	~51)/o butyl rubber, -1.25% insulating oil, 
~1% talc or silica 

• 	 other uses include manufacturing of pyrotechnics, safety matches, and 
fertilizers. 

2 



Summar\' of Lethal Toxicity of Red Pbospborus or Red Pbosphorusillutyl Rubber Smoke in Animals 
Species 

Rat 
Exposure 

Ct of 67685-451680 
mg/ml;60-240 min' 

2720-6420 mg/llIl 
1 hr' 

1210 mg/ml; 4 hrs' 

680 mg/ml; 30 min' 
670 mg/ml; 30 min' 

2000-3150 mg/ml; I hr' 

450-2130 mg/ml; 1 brb 

, 

NOAEL: not identified 

LOAEL : 2720 mp/ml; 1 hr (20% lethality) 

LC~o: 4597 mg/m 


20% lethality 


20% lethality 

80% lethality 


NOAEL: 2200 mg/ml; 1 hr 

LOAEL: 2620 mg/ml; 1 hr (6% lethality) 


NOAEL: 450 mg/ml ; 1 hr 

LOAEL: 870 mg/ml; 1 hr (20·;'. Icth'llity) 

LCsn: 1217 mg/ml (as phosphorus) 


~. ""1kC!Ill: 3846 mg/m) (as phosphoric acid) .. 
""'llll-'" mglm', I h,' NOAEL, III .."m', I b, 

_ 

Rabbit 
. 

'----... 

Species 
Dog 

ltat 

Mouse 

Rabbil 
Guinea 
pig 

Effects (lethality) Reference 
NOAEL: 1128 mg/m'; 60 min Weimer et aI., 1977 
LOAEL: 1537 mg/ml; 60 min (10% lethality) 

LOAEL: 136 m;/m3 
; 1 hr (2% lethality) 

: LCso: 271 mg/m (as pbospborus) 
.. . I LC5lI: 856 mg/ml (as phosphoric acid) 

1450-2130 mg/m ; 1 hr" INOAEL: ­ l. LOAEL: 450 mg/lm ; 1 br (10% letbality) 
, : LCso: 1689 mg/m (as phosphorus) 

I LCSII : 5337 mg/ml (as phosphoric acid) 

Ballou, 1981; Burton et al., 1982 

Ballou, 1981; Burton et aI., 1982 

Marrs, 1984 

Aran),i, 1983 

Ballantyne, 1998 

.~IBallantyne, 1998 

Ballantyne, 1998 

I 

~~-.-. .-~ 

Summary of Nonlethal Toxicity of Red I'hosphorus or Red Phosphorus/Rutyl Rubber Smokc in Animals 
I ExposureICt of 45570-451,680 

mgfml; 30·240 Olin' 

Ct of 67685-451680 
mg/ml; 60-240 min' 

2000·3150 mg/ml; 1 hr' 

10110 mg/ml; 3.5 brs' 

450-2130 mg/ml; 1 brb 

11-870 mg/ml; 1 hr" 

450-2130 Tg/m'; 1 hr" 
120 mg/m ; 5 min,' 

36 mg/ml; 1 hrb 

Effects 
NOAEL: not identified 
LOAEL:1519 mg/ml; 311 min.(respirator)' distress); 1882 
me/ml: 240 min.(conjunctivitis) 
NOAEL: not identified 
LOAEL: 1128 mg/ml; 60 min (respiratOr)' distress) 
1813 mg/ml; 180 min. (conjunctivitis) 

DO deaths; no additional information 

compromised alveolar maeropbage function 

NOAEL: not identified 
: LOAEL: 450 mg/ml; 1 br (laryngeal nnd tracbeal 

innammation) 
NOAEL: not identified 
LOAEL: 111 mg/ml; 1 br (m~ulmonary congestion) 
all exposure tested resulted in Icthalitv 
no deaths (exposure to 352 mg/m' for 10 min. caused 40% 
lethality) 

no deaths; mild to moderate histopathology in larynx, 
trachea, and lungs; I-hr exposure to 52 mg/ml caused 45% 
lethality 

Reference 
Weimer et al., 1977 

Weimer et aI., f977 

Aranri, 1986 

Aran),i et ai, 1988 

Ballantyne, 1998 

Ballantyne, 1998 

Ballan.!-yne, 1998 
Weimer et aI., 1977 

Ballantyne, 1998 
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AEGL-3 


AEGL-
10-min 


85 


Key Study: 	 Ballantyne, B. 1998. Acute inhalation toxicity of red phosphorus smoke. 
Toxic Subst. Mech.17:2S1-266. 

Critical Effect/POD: 	 I-hr BMLCos of 469 mg/m3 for rats used as an estimate of the 
lethality threshold and POD for AEGL-3 derivation. 

Time Scaling: 	 n = 3 when extrapolating to shorter time points and n = 1 when 
extrapolating to longer time points using the Cn x t k equation 
(NRC, 2001). 

Uncertainty Factors: Total UF = 10 
lnterspecics: 3; responses of the dug, rabbit and guinea pig represented extremes; sueh 

variability would normally warrant an interspecies uncertainty factor of 10 
but would result in AEGL-3 values inconsistent with human data (IS-minute 
exposures to 100-700 mg/m3 produced ocular and nasal irritation but no 
lethalities). The inters)lecies variability is primarily the result of the extreme 
sensitivity of guinea pigs. 

lntraspecies: 3; ; toxicodynamic aspect of exposure to red phosphorus is a greater 
determinant of the toxic response than is toxieokinetics, which justifies an 
intraspecies uncertainty factor of 3. 

Extant Standards and Guidelines for Red Phosphorus (mg/mJ) 
I Exposure Duration 

Guideline 10 min 30 min 1 h 4 h I 8 h 
AEGL-l NR NR NR NR Nt<. 
AEGL-2 20 14 11 2.8 I 1.4 
AEGL-3 85 59 47 12 5.9 
EEGL 40 (IS-min) 10 2 (6-hrs) 
PEGL I 1.0 

I SPEGL 4.0 (IS-min) 1.0 0.2 (6-hrs) I 
•PPEGL 0.1 

9 
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Intraspecies 

Bold= Key Studies 
-----. 
DIChlorvos Species 

Human 

Human 

Human 

Human 

Rat 

Rat 

Mouse 

Mouse 

Mouse 

Guinea Pig 

Human 
2-7 years 

Human 
38-64 years 

Human 
Labor and 

Concentration 

1 
43.4-52 

0.5 

0.7 (avg.) 

85-250 

1-15 

218 

30,55 

64,72 

35,55,75 

0.04-0.21 

0.1-0.28 

0.095-0.25 

ATTACHMENT 17 

--------~ 

Exposure Effect Reference 

Studies-Inhalation (mg/mJ) 
2-7 hr LPChE up to 50% ; no clinical symptoms Hunter 1970a 

10 min-4 hr Upper respiratory irritation; chest tightness, Hunter 1970b 
~PChE up to 50%-10 min 

5 hr/nt, 4 ntlwk No signs of toxicity; plasma ChE activity IPCS 1978 
for 2 wk inhibited by 34%; erythrocyte ChE activity 

unaffected; 
8 months LPChE 60%, LRBC ChE 35%; no clinical Menz et al. 

symptoms 1974 

4hr 
LCso > 198 mg/mJ based on 13 of 40 died 
following exposure to 198-250 mg/m3 

MacDonald 
1982 

1-5: Pulmonary morphology changes 

45 min ::: 10: dyspnea; i salivation; excessive 
urination and defecation; alveolar 

Atis et al. 2002 

degeneration 

4hr Hind leg paresis; body tremors; lethargy; 
subdued; splayed gait 

MacDonald 
1982 

------------------ ­

16 hr No cholinergic effects 
Dean and 
Thorpe 1972b 

16 hr Cholinergic effects Dean and 
Thorpe 1972a 

20 min Miosis; salivation; lacrimation; AChE L24.7­
46%, BChE ~48-69% 

Taylor et al. 
(2008) 

Repeat Studies-Inhalation (mg/mJ) 
~16 hr/d for 18- Cavagna et a1.

No PchE or RBC ChE inhibition 
33 days 	 1969 

Cavagna et a1.
~16 hr/d LPChE 32-75%, no clinical signs 

1969 

or at No PChE or RBC ChE inhibition Cavagna et a1. 
least 5 d 1969 

http:0.095-0.25
http:0.1-0.28
http:0.04-0.21


----------

----------- ---------- --------

----------

-----------

~~- ,-~~~ 

postpartum 

women 


0.05 	 continuously for 

24 hour


Human 	 Cavagna et al.
followed by 18 No PChE or RBC ChE inhibition 

infants 	 1970
hours/day for 4 

days 
~-

Studies-Oral (mg/kg) 
0.1-32 Hine and 

Human Slornka, 1970; 
16-62 yr 	 Single oral RBC ChE t 15-65% 

Slomka andN=107 males 
Hine 1981 

Human 6, 12 Patients were malnourished and had severe 
16-75 yr Single oral anemia Pena-Chavarria ct 

N=108 male capsule RBC ChEt25+% ofbaseline; briefmild al. 1969 

and female headache, no <;liE:ical signs 
~~~~~~-

Human 1,3,6, 12 Cervoni et al.
N=705 male 	 Single oral No clinical signs; tPChE and tRBC ChE 

1969and female 

11,22 11 :Moderate-severe toxicity Snow and 


Dog 	 Single oral 
22:Mild-fatal toxicity Watson 1973 

15;35 15 :Miosis, muscle twitch in 1 rat 
Twomey

Rat 	 Single oral 35: 4/9 killed for humane reasons; Clonic 2002a,b,c
convulsions, muscle twitch 

Reproductive Developmental Studies 
0.25-6.25 Maternal ChE inhibition NOAEL 0.25 

23 hr/d, 7/d wk, Maternal effects NOAEL 1.25 Thorpe et al. 
Rabbit GDl-28 No effects on fetal resorptions, late fetal 1972 

deaths, litter size 
0.25-6.25 1.25-6.25 : Maternal-PChE t33-73%, RBC 

23 hr/d, 7/d wk, 	 Thorpe et al. 
Rat 	 t29-88%, brain ChE t28-83% 

GDl-20 	 1972
No developmental toxicity observed 

1.9, 3.0, 4.6 4 d, mating or 4 d Maternal-PChE t90-94% Casebolt et aL
Mouse 	 premating- No cholinergic signs, no developmental 1990

parturition 	 effects 

http:1.25-6.25
http:0.25-6.25
http:0.25-6.25


1 

30,55 16 br/d 
Dean and 

Mouse 	 or No effect on reproductive parameters 
Thorpe 1972b 

2.1,5.8 23 br/d for 4 wk 
Intraspecies 	 Traverso et ai. (1989) conducted a study showing that DDVP is metabolized by an "A"-esterase (DDVP-ase) that is 

normally distributed in the population and is distinct from the polymorphic paraoxonase based on heat sensitivity and 
inhibitory effects of Cd++, Hg++, and Ag ++. Studies on the therapeutic efficacy ofDDVP for the treatment of intestinal 
parasites included male and female patients ranging in age from 16-75. Some of the patients were severely debilitated 
and suffering from malnutrition and severe anemia with hemoglobin levels as low at 3.3 g1dL (Cervoni et aI., 1969; 
Pena Chavarria et al. 1969). No clinical symptoms or signs of organophosphorus poisoning were observed in the 
patients, and no differences in response to treatment were observed in the patients based on sex, age, or health status. 
Plasma ChE and erythrocyte ChE activities were not inhibited in eight children (2-7 years old) exposed to 0.04-0.21 
mg/m3 DDVP for ~16 br/d for 18-33 days (Cavagna et aI., 1969). No cholinergic signs or effects on ChE activity was 
observed in newborn infants exposed by inhalation to DDVP at 0.05 mglm3 continuously for 24 hours followed by 18 
hourslday for 4 days (Cavagna et aI., 1970). In view of this evidence, an intraspecies uncertainty factor is not required 
to account for polymorphism of the DDVP "A"-esterase in the human popUlation or for differences in humans based on 
age, sex, or health status. 

http:0.04-0.21


------- -----

R, .-1-",Dichrotophos Species Concentration Exposure Effect 
(mg/m3

) , 

Adult Studies 
480 Not lethal 

Kettering
720 4/5 killed

Rat Ihr Laboratory
8lO (38.2%) Not lethal 

1965
860 115 killed 

1 hr LCso Sachsse et al. 
Rat 90 

4hr LCso 1974 
250 Hyperglycemia at 4 hr; sedation at 8 hr 
1250 Hypothermia at 4 hr; sedation at 8 hr

Rat unspecified U.S. EPA 2005
2500 Hypoglycermia, hypothermia at 4 hr; ataxia at 

8hr 
ReproductivelDevelopmental Studies- No Data 

Intraspecies The default intraspecies uncertainty factor of lO was maintained for dicrotophos AEGL-3 values. The underlying 
lO mechanism of organophosphates is inhibition of cholinesterase by phosphorylation of the esteratic site of the enzyme. 

Cholinesterases in the blood and tissues are known to be instrumental in limiting the amount oforganophosphate 
compounds reaching critical targets such as brain ChE and acetylChE at cholinergic synapses. Genetic polymorphism 
has been shown for A-esterases (paraoxonase/arylesterase) in blood and liver of humans. Individuals expressing forms 
with low hydrolyzing activity are considered to be more susceptible to organophosphate anticholinesterase poisoning. 
About 3% ofindividuals possess genetically determined low levels ofplasma cholinesterase and these individuals may 
exhibit greater sensitivity to some anticholinesterase compounds. Evidence for gender and age-related variability in the 
toxic response to organophosphates has been reported for humans (summarized in NRC, 2003). In the absence of 
chemical-specific data showing that dicrotophos would act contrary to other organophosphate cholinesterase inhibitors, 
an intraspecies uncertainty factor of lO was retained. 

I 



Fenamiphos Species Concentration Exposure Effect Reference 
(mg/m3

) 

Adult Studies I 

Rat male 29-187 1hr LC50 110 Kimmerle 1972 

Rat female 29-320 1hr LC50 150 Kimmerle 1972 

Rat male 83-250 1 hr LCso 131 Thyssen 1979a 

Rat female 83-250 1 hr LCso 130 Thyssen 1979a 

Rat male 57-155 4hr LC50 100 Thyssen 1979a 

Rat female 57-191 4hr LC50 100 Thyssen 1979a 


ReproductivelDevelopmental Studies- All oral studies (mg/kg) 
 I 

0.1-1.0 GD 6-18 Not fetotoxic or embryotoxic, No effect on Hazleton
Rabbit 

Gavage maternal reproductive parameters Raltech 1982 
0.1-2.5 GD 6-18 2.5: 25% maternal mortality, ~weight gain and Becker 1986; 

Rabbit 
Gavage food consumption, cholinergic effects u.S. EPA 1999 

0.3-3.0 GD 6-15 3.0: cholinergic signs observed within 30 min of
Rat Schlueter 1981

Gavage treatment 
0.25-3.0 GD 6-15 3.0: Tremors, 6 deaths, ~weight gain and food AstroffandRat 

Gavage consumption Young 1998 
0.15-1.5 3-gen study 

Rat 1.5: ~weight gain in F2 males u.S. EPA 1999 
Diet 


.- 0.17-3.2 2-gen study 0.73: ~RBC ChE in 4-day old pups and adults 

diet 2.8,3.2: Fl pup ~weight gain, FO and Fl ~weight
Rat Eigenberg 1991 

gain during lactation, ~adult plasma and brain 
cholinesterase 

Intraspecies Individual variability in plasma cholinesterase activity is well documented (NRC 2003). This variability includes age­
10 related differences (neonates are more susceptible than adults), gender differences (females tend to have approximately 

10% lower plasma and red blood cell cholinesterase activity), and genetic variations in plasma cholinesterase activity. 
This genetically determined variability, sometimes resulting in greatly reduced (64% of normal) activity ofplasma 
cholinesterase may impart deficiencies in ability to detoxify organophosphates such as fenamiphos. Additionally, 
polymorphic variability in A-esterases such as paraoxonasel arylesterase, may also contribute to individual variability 
in organophosphate ester detoxification processes (NRC 2003). 



---------------

Malathion Species Concentration Exposure Effect Reference 
(mg/m3) 

Adult Studies 
Rabbit 6-123 6hr 123: JPChE 38-41 %; JRBC ChE 38-49% Weeks et al. 

(MMAD (Dermal and oral exposure) 1977 
12Jlm) 

Rat >5200 4 hr LCso U.S. EPA 2000 
Mice 6900 5 hr JPChE 45%, highly variable Berteau et al. 

(MMAD= 1976 
1.5-2.0 Jim) 

Rat adult 5-450 mg/kg gavage 93.7: BMDLIO 10% JRBC ChE U.S. EPA 2006 
Rat (PNDl1) 5-450 mg/kg gavage 31% Tremors U.S. EPA 2006 

13.6:BMDLIO (male) 10% !RBC ChE 

--------------­
ReEfoductive/Deveiopmental Studies- No Data 

Intraspecies To account for the documented variability in sensitivity among different age groups and genders, and the known 
10 genetic polymorphisms in A-esterases. 
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Methami- Species Concentration Exposure Effect Reference 

dophos (mg/m3

) 


Adult Studies 

Rat 60-319 1 hour Calculated LCso (males): 377 Sangha 1983 


Calculated LC50 (females): 76.5 


Calculated LCso (females): 241 

Rat 19-173 4 hours Calculated LCso (males): 63.2 Sangha 1984 


Rat 11.4-350.3 4 hours Calculated LCso ! 213 Pauluhn 1986 

Rat 104-504 6 hours No clinical signs Pauluhn 1986 


33.1 Slight tremor following exposure 


PND70 


preweanling PND17 


Rat 0.1-204 2-gen 0.1 :Parental and developmental NOAEL IPCS 2002; 


Rat-oral 1-8 mg/kg Single dose, 6: EDso for tremors Moser 1999 


Rat- 1-8 mg/kg Single dose, 5: EDso for tremors Moser 1999 


~. ReproductivelDevelopmental Studies- All oral studies (mg/kg) 

Rat 0.15-1.6 2 gen 0.5:Parental and developmental NOAEL IPCS 2002; 


HSDB 2004 


204: Reproduction NOAEL HSDB2004 
Rabbit 0.1-2.5 GD6-15 2.5: ! weight gain PCS 2002; 

HSDB2004 
Rat 0.3-3 GD6-17 1: Developmental NOAEL PCS 2002; 

HSDB2004 
Rat 1-2 mglkg GD6-15 1-2: Fetotoxicity PCS 2002; 

HSDB 2004 
Mouse 004-4 mglkg GDI6-LD21 Developmental delay PCS 2002; 

Intraspecies Infants and juveniles may be more sensitive to organophosphate pesticides than adults. An acute oral dosing study 
with adult and juvenile rats failed to show differences in sensitivity to methamidophos (Moser 1999). Based on repeat-
dose oral studies with adult and juvenile rats, the U.S. EPA (2006) identified an FQPA value of2 to protect children. 
The FQPA value corresponds to an intraspecies uncertainty factor. Because there were no differences in sensitivity 
between adult and juvenile rats in the acute oral dosing study, an intraspecies uncertainty factor of 3 is adequate. 
Although age-related sensitivity is not apparent based on the acute and repeat-exposure oral studies, humans are known 
to differ in sensitivity to the toxic effects of organophosphate pesticides. There is no data on differences among 
humans regarding metabolism of methamidophos. 

HSDB 2004 

3 
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Methyl Species Concentration 
Parathion (mg/m3

) 

Rat 
185 
170 

Rat 
34 

108 
Rat 134 

168 
163 

Rat 106 

Rat 
200 
120 

Rat 
257 
287 

Rat 
0.9-9.7 

Exposure 

4hr 

4hr 

4hr 

4hr 
1.5 hr 

Ihr 
4hr 
Ihr 

6 hr/d, 5 dlwk for 
3wk 

Effect 

Adult Studies 
Male LCso 
Female LC50 

Male LCso 

2 males dead at 98 min. 

3 males dead at 120-129 min. 

5 males, 4 females dead at 43-96 min. 

100% mortality prior to schedule termination; 
tremors, salivation, miosis, lacrimation, labored 
breathing 
Male LC50 

Male LC50 

Male LC50 

Female LCso 
9.7: Brain and plasma cholinesterase activity 
decrease, clinical sings, decreased weight gain 

IReference 

Thyssen 1979 

Molnar et al. 
1980 
U.S. EPA 1998 

U.S. EPA 1998 

Kimmerle and 
Lorke 1968 
ATSDR2001 

Thyssenand 

Mohr 1982 


Reproductive/Developmental Studies- No data 
Intraspecies The documented variability in sensitivity among different age groups and genders, and the known genetic 
10 polymorphisms in A-esterases justifies retention of the intraspecies uncertainty factor of 10. 
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Mevinphos specIes IConcentration Exposure Effect Reference 
(mglm3t 

Adult Studies 
Rat 12 4hr Male LCso U.S. EPA 1999 

7.3 	 Female LCso 
9.8 Combined LCso 

Rat 9.8 1hr LCso ACGIH2003 
I---~~ 

Rat 53-346 1 hr Female LCso 132 	 Kodama et aI. 
1954 

-~~~~ ~~~~~-

Rat 240 Up to 1 hr 	 10-15 min- miosis, ear twitching, i chewing Kodama et al. 1954 
15-40 min-lacrimation, salivation, tremors 
40-60 min- respiratory distress, convulsions, death 

ReproductivelDevelopmental Studies- All oral studies (mg/kg) 
~~~~-

Rabbit 0.05-1.5 GD7-19 0.5 :Maternal LOAEL 	 U.S. EPA 1999 
0.05: Maternal NOAEL 
l.~:_pevelopmental NOAEL 

Rat 0.20-1.25 GD6-15 0.75: Maternal LOAEL U.S. EPA 1999 
0.2: Maternal NOAEL 
1.0: Developmental NOAEL 

Rat 	 0.05-0.5 2 gen 0.05: Paternal LOAEL U.S. EPA 1999 
Paternal NOAEL not established 
0.1: Maternal LOAEL 
0.05: Maternal NOAEL 
0.5: Developmental LOAEL 
0.1: Developmental NOAEL 

Intraspecies 	 The documented variability in sensitivity among different age groups and genders, and the known genetic 

10 polymorphisms in A-esterases justifY retention of the intraspecies uncertainty factor of 10. 


http:0.20-1.25


Monocrotophos Species Concentration Exposure Effect Reference 
(mg/m3) 

Adult Studies 
Rat 94 1 hr 1-hr LCso Sachsse et. al. 

80 4-hr LCso 1974 
Rat 63 4hr 4-hr LCso ACGIH2002 
Rat 163 Ihr I-hr LC so Newell and 

176 I-hr LCso Dilley 1978 
ReproductivelDevelopmental Studies- No Data 

Intraspecies Genetic polymorphisms in some individuals result in enzymes with low hydrolyzing activity and greater susceptibility 
10 to organophosphate poisoning. About 3% of individuals possess genetically determined low levels ofplasma 

cholinesterase that may result in greater sensitivity to anticholinesterase compounds. These contribute to a decreased 
potential for preventing interaction of cholinesterase inhibitors with critical targets. Additionally, evidence for gender 
and age-related variability in the toxic response to organophosphates has been reported for humans and animals. 



-------------
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R £­Parathion Species Concentration Exposure Effect 
(mg/m3) 

Adult Studies 
115 Ihr LCso Kimmerle and Ratma1e 
31.5 4hr LC50 Lorke 1968 

r-----------­

30 4hr LCso IUCLID 2000 
Rat 

12 Tremors 
31-230.5 4hr 84: LCso NIOSH 1974 Rat male 

3-4 2hr Lethal to rats Deichmann et 
Rat 

al. 1952 
l34 1hr Acute cholinergic symptoms Pau1uhn et al. 

Rat 
63 Plasma cholinesterase activity inhibition 1987 

ReEroductiveIDeve10Emental Studies- No Data 
Intraspecies The documented variability in sensitivity among different age groups and genders, and the known genetic 
10 polyrnQrphisI11sin A-esterases justifies retention of the intrasEecies uncertaintx factor of 10. 



______ 

.. 


Phorate Species 	 Concentration Exposure Effect Reference 
(mg/m3) 

Adult Studies 
Female LCso =11 
Male LCso =60 Newell and Rat 11-170 1 hr 
Salivation, lacrimation, exophthalmos, defecation, Dilley 1987 
urination, and muscle fasciculations 

ReproductivelDevelopmental Studies 
0.15 1 hr/d, GD 7- 1.94 Maternal toxicity (50% mortality; ail had Newell and 

Rat 0.4 14 tremors, lacrimation, and exophthalmos); substantial Dilley 1978 
1.94 	 fetal mortality (31 % vs. 7.4% for xylene controls). 

Intraspecies The documented variability in sensitivity among different age groups and genders, and the known genetic 
L-10 polymorphisms in A-esterases justify using the intraspecies default uncertainty factor of 10. 
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unidon Species Concentration ExposureIPhosplu (mg/m3) 

Rat 160 (nose-only) 1 hour 
180 (nose-only) 4 hours 

Rat 
102 (nose-only) 4 hours 

135 (whole- 4 hours 
body) 

Mouse 30 1 hour 
<30 4 hours 

Guinea 2500 1 hour 
pig 1300 4 hours 

Effect 

Adult Studies 
LCso 
~~50 
Cholinergic signs 
LCso 
LCso 

LCso 
~~.50 
LCso 
LCso 

ReproductivelDeve10p~f!ntal Studies-Oral Studies 
------- ----r-­

Rabbit 1-10 mg/kg Gavage 

Rat 1-4 mg/kg Gavage 

r-----------­
Rat 5-50 ppm 2 gen, Diet 

f--------- f----------- ----­

Mice 15 or 35 ppm Water gestation 

Mice 35 ppm Water 30 or 60 
d 

10: Maternal toxicity not affecting reproductive or 
fetal parameters 
Maternal toxicity at higher doses resulting in 
developmental delays and ~ fetal body weight 
50: ~ litter size and survival, tremors, 
hyperactivity 
30: ~ pup weight, tremors, hyperactivity 
5: NOAEL 
35: ~ implants, litter size, fetal weight, i 
resorptions 
30 d: ~ implants, litter size, fetal weight, i 
resorptions 
60 d: No effects 

Reference 

Sachsse et at 
1974 
Sachsse et al. 
1980 

Sachsse et al. 
1974 
Sachsse et al. 
1974 

IPCS 1986; 
HSDB 2004 

IPCS 1986; 
HSDB 2004 
IPCS 1986; 
HSDB 2004 

-
IPCS 1986; 
HSDB 2004 
IPCS 1986; 

• 

HSDB 2004 

-
In:raspecies There is little information on metabolism differences among humans. The U.S. EPA (U.S. EPA 2006) identified infants 
10 and juveniles as populations susceptible to the toxicity of organophosphate pesticides. However, no information was 

provided for phosphamidon specifically. 



I --- _.- -.a- _. --~-

Dichlorvos 	 Relative
0-1.9 mg/m3 2.0-4.9 mg/m3 5.0-9.9 mg/m3 10.0-29.9 mg/m3 30-49.9 mg/mJ 50-250 mg/m3 Reference 

Potency I 

Human 1: ~PChEup No effect No effect No effect Upper Upper Hunter 0.677: 
to 20% 	 respiratory respiratory 1970a,b Female 

irritation-lO irritation; brain ChE 
min; ~PChE chest 
up to 50%- 4hr tightness, 

~PChE up to 
50%-10 min 

Dog NO NO NO NO NO NO 
Rabbit NO NO NO NO NO NO 
Rat l:Trachea 2: Trachea cell 5:A1veolar 10-15: alveolar NO 85-206: Atis et al 

cell cilia cilia loss interstitial degeneration; i cholinergic 2002; 
loss thickening cholinergic signs signs MacDonald 

2l0:Mortality; 1982 
Mouse NO NO NO NO 30: No effect 64,72: OP Dean and 

intoxication Thorpe 

-
1 972a,b 

Guinea Pig NO 
~ 

NO NO NO 35: ~ RChE 55-75:~ R.ChE Taylor et al 
~ 24.7% 41-46%, 2008 

cholinergic cholinergic 

-
signs signs 

~--

Oral 0-5 	 11-15 16-20 
~ 

20-25 
-~ 

26+
5-10 mg/kg 

mwk2 	 mg/kg mglkg mg/kg mg/kg 
Human 

~ -

1,3: No 6:No effect 
-~ 

12:No effect NO 22:No effect 32: ~RChE 	 SIomkaand 
Hine 1981; effect 	 65% 
Pena-Chavarria 
etaL 1969; 
Cervoni et al. 
1969 

Dog NO NO 
-

11 :Moderate-
- ~ 

NO 22:Mild-fatal NO 	 Snow and 
Watson 1973 severe toxicity 	 toxicity 

Rat NO NO 
-~ 

l5:Miosis, NO NO 35: 4/9 killed 	 Twomey 
2002a,b,cmuscle twitch in for humane 

1 rat reasons; 
I Clonic 

-



Human I 0.03 mglkg for 0.3 mglkg for 120 ND ND IND­ . 
muscle twitch IND IMacGregor 2005 I 

120 days: days: lRChE 
tRChE greater greater than 20% 
than 10% 

Rat, Mouse, 0.02 mglkg for 0.1 mglkg for 90 ND ND ND ND MacGregor 2005 

Dog, 
Monkey 

90 
days:1RChE 
greater than 

days: lRChE 
greater than 20% 

10%; 

I--c-­
Interspecies Humans (n=29) exposed once to 1 mg/m3 or 43.4-52.0 mg/m3 dichlorvos exhibited 1-50% plasma cholinesterase activity inhibition after 
1 10 minutes to 7 hours (Hunter 1970a,b). Nose and throat irritation was noted by those exposed to 43.4-52.0 mg/m3

• Rats exposed to 1­
2 mg/m3 for 45 minutes experienced shorter trachea epithelial cells and loss of cell cilia (Atis et al. 2002). At 10-15 mg/m3

, clinical 
signs including dyspnea, increased salivation, excessive urination and defecation were observed. Lethargy, hypersensitivity to noise, 
body tremors, ataxia, and death were observed in rats exposed to 85-250 mg/m3 for 4 hours (MacDonald 1982). Guinea pigs exposed to 
35-75 mg/m3 exhibited miosis, salivation, and lacrimation (Taylor et al. 2008). Mice did not exhibit any cholinergic signs after a 16 
hour exposure to 30 or 55 mg/m3 but did after a 16 hour exposure to 64 or 72 mg/m3 (Dean and Thorpe 1972a,b). Mice exhibited hind 
leg paresis, body tremors, lethargy, and splayed gait after exposure to 218 mg/m3 for 4 hours (MacDonald 1982). According to 
MacGregor et al. (2005), the lowest dose causing greater than 10% inhibition of erythrocyte ChE activity was 0.02 mglkg at 
90 days in animals compared with 0.03 mglkg in humans at 120 days. The lowest repeat dose causing greater than 20% ChE 
activity inhibition in animals was 0.1 mglkg and the next lowest dose was 0.19 mglkg compared with 0.30 mglkg as the 
lowest dose and 1.0 mglkg, the next lowest in humans. Humans are no more sensitive or possibly less sensitive than 
laboratory species to dichlorvos. 
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Dichrotophos 	 1001-1500 1501-2000 Relative- ]
0-100 mglm3 101-500 mglm3 501-1000 mglm3 	 2001-2500 mglm3 Reference

mglm3 mglm3 Potency _ 
Human ND ND ND ND ND ND ND 
Dog ND ND ND ND ND ND 
Rabbit ND ND ND ND ND ND 
Rat 90:1 hrLCso, 250:Hyperglyce 720:80% 1250: ND 2500: Kettering 

4 hrLCso 	 mia at 4 hr; mortality Hypothermia at Hypoglycermia, Laboratory 
sedation at 8 hr 860:20% 4 hr; sedation at hypothermia at 4 1965; 

mortality 8hr hr; ataxia at 8 hr 	 Sachsse et al. 
1974, U.S. 
EPA 2005 

Mouse ND ND ND ND ND ND 
Guinea Pig ND ND ND ND ND ND 
Interspecies Chemical-specific data with which to assess species variability in the toxicity of inhaled dicrotophos are unavailable (data are limited to 
3 rats). The variability in the toxicity of dicrotophos and other organophosphate cholinesterase inhibitors is, in part, dependent upon the 

interaction with other less critical targets such as plasma ChE, carboxylesterases, and red blood cell ChE. In this respect, these 
cholinesterases may function as an effective repository for organophosphate ChE inhibitors and serve as a buffer against cholinergic­
mediated adverse effects. Plasma ChE in humans is twice that ofmice and four times that of rats. Human plasma ChE also accounts for 
a greater portion of blood ChE relative to animal species; specifically, approximately 50% oftotal blood ChE activity in humans is in the 
form of the noncritical plasma ChE. Further, baseline RBC ChE activity is higher in humans relative to animal species which provides 
an additional protective advantage. 

-­

Modifying Data deficiencies; data for only one species (rat), conflicting lethality data, and no exposure-response data for nonlethal effects. 
Factor 2 



r-penamiphos 

Human 
Dog 
Rabbit 
Rat 

Mouse 
Guinea Pig 
~.. 

Interspecles 
3 

Relative0-15 mg/m3 15-75- mg/m3 75-129 mg/m3 130-175 mg/m3 175+mg/m3 Reference Potency ! 

ND ND . ND ND ND 0.315: Female . 
ND ND ND ND ND brain CbE 
ND ND ND ND ND 
ND 19+: tChE 110: 1 hr male LC50 150: 1 hr female LCso 186+: 90- Kimmerle 

100: 4 hr LCso 131: 1 hr male LCso 100% 1972; 
130: 1 hr female LCso mortality Thyssen 

1979a 
ND ND ND ND ND 
ND ND ND ND ND 
Variability in responses is primarily a function of varying cholinesterase activities and types ofcholinesterase. Humans have 
greater levels ofplasma cholinesterase than do other species which allows for greater binding of anticholinesterase compounds 
such as fenamiphos, thereby decreasing the availability of the compound to critical targets such as brain cholinesterase. 
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Malathion 1001-1500 1501-2000 2001-2500 2500+

0-100 mg/m3 101-500 mg/m3 501-1000 mg/m3 	 Reference

mg/m3 mg/m3 mg/m3 mg/m3 


Human ND ND ND ND ND ND ND 
c---------	 --­

Dog 67.5 :lacrimation, ND ND ND ND ND ND Hazleton 
Mild LChE and Holland 

1949 
Rabbit ND 123: LChE 810: sneezing ND ND ND ND 	 Hazleton 

and Holland 
1949; 
Weeks et al. 
1977 

Rat 67.S-moderate ND ND ND ND ND >5200: 4- Hazleton 
LChE hrLC50 and Holland 

I 

100: LOAEL 1949; U.E. 

LChE EPA 2000 


Mouse ND ND ND ND ND ND 6900: LChE Berteau et 

al. 1976 


Guinea Pig 	 67.5 :lacrimation ND 810: rhinorrhea ND ND ND ND Hazleton 

and Holland I 

1949 
Relative 0.003: Female brain ChE 
Potency I 

Interspecies To account for the differences in serum carboxylesterase levels between humans and rats. The uncertainty factor application and 
3 rationale are the same as those applied in the derivation of other organophosphate anticholinesterases (NRC 2003). I 

Other In humans, hepatic carboxylesterase activities appear similar to those in rat liver. Unlike rats, however, humans lack detectable 
information levels ofmalathion carboxyl esterase activity in the serum; the enzyme is also absent in human erythrocytes. About 30% of blood 

donors had detectable levels ofmalathion carboxylesterase activity in serum, activity ranging from 0.1 to 7.2 units/mL; no relation 
to age, sex, or race was noted. Positive correlations between serum ALT [alanine aminotransferase] and malathion 
carboxylesterase activities were noted among 46 hospital patients. In addition, activities of the two enzymes in the serum of a 
patient hospitalized for acetaminophen poisoning were observed to rise and decline in parallel, with the peak being reached on day 
4. These data suggest that the low level of malathion carboxylesterase activity found in some human serum is a reflection of liver 
damage. The lack ofmalathion carboxylesterase activity in healthy human serum may underlie a significant deviation of 
pharmacokinetics from the rodent model. [C]linicalliterature [indicates] that safety ofmalathion to humans may have been 
overestimated by acute toxicity data on rats. It has been suggested that rats may not be a proper model and that another species 
with less extrahepatic carboxylesterase activity may be more appropriate. I 
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Methami-	 101-150 151-200 201-250 251-300
0-50 mglm3 	 51-100 mglm3 301+ mglm3 Reference

dophos mglm3 mglm3 mglm3 mglm3 

Human ND ND ND ND ND ND ND 
Dog ND 

---

ND ND ND ND ND ND 
Rabbit ND ND ND ND ND ND ND 
Rat 33:10% 56-83:10-80% ND 160-196: 30- 213:4-hr LCso 50% 377:1-hr Sangha 

mortality 	 mortality; 100% 241:1-hr LCso mortality LCso; 1983, 
63.2:4-hr male mortality 350.3: 90% 1984; 
LCso mortality Pauluhn 
76.5: 4-hr 	 1986 
female LC50 


Mouse ND ND ND ND ND ND ND 

Guinea Pig ND ND ND ND ND ND ND 


--:-- ­
Relative 1.000: Female brain ChE 

Potency 

Interspecies Methamidophos is rapidly metabolized and excreted in rats and humans as indicated by oral dosing studies (Moser 1999; 

3 Garofalo et al. 1973). 
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Methyl 51-100 	 201-250 Reference Relative 
0-50 mg/m3 	 101-150 mg/m3 151-200 mg/m3 251-300 mg/m3 

Potencyparathion mg/m3 mg/m3 

Human ND ND ND ND ND ND No data 
Dog ND ND ND ND ND ND 
Rabbit ND ND ND ND ND ND 
Rat 34:4hrmale ND 108-134 (4hr): 185,200: 4 hr ND 257: I hr Male Thyssen 1979; 

LCso 	 20-30% male LCso LCso Molnar et al. 
mortality 170: 4 hr 287:1 hr Female 1980; U.s. 
106(1.5 hr): Female LCso LCso EPA 1998; 
100% mortality 168 (4hr): 90% Kimmerle and 
120: 1 hr male mortality Lorke 1968; 
LCso 163(4hr): 100% ATSDR2001 

mortality 
Mouse ND ND ND ND ND ND 
Guinea Pig ND ND ND ND ND ND 
Interspecies Variability in the toxic responses is primarily a function of varying cholinesterase activity levels and types ofcholinesterase 
3 present; humans have greater levels of plasma cholinesterase with which to bind anticholinesterases such as parathion than do 

other species. This decreases the dose to critical targets. 



Mevinphos 51-100 101-150 151-200 Reference Relative
0-50 mg/m3 201-250 mg/m3 251+mg/m3 

mglm3 mg/m3 mg/m3 Potency 
Human ND ND ND ND ND ND No data 
Dog ND ND ND ND ND ND 
Rabbit ND ND ND ND ND ND 
Rat 12: 4 hrmale 53-87: 17- 132: 1 hr 173:50% 240:10-15 min- mild 346:100% u.s. EPA 

LC50 33% female LC50 mortality cholinergic signs mortality 1999; 
7.3: 4 hr mortality 15-40 min- moderate ACGllI 
female LC50 cholingergic signs 2000; 
9.8:1 hr LC50 40-60 min- Kodama et al. 

respiratory distress, 1954 
convulsions, death 

Mouse ND ND ND ND ND ND 
Guinea Pig ND ND ND ND ND ND 
Interspecies Variability in the toxic response is primarily a function of varying cholinesterase activity levels and types of cholinesterase 
3 present; humans have greater levels ofplasma cholinesterase with which to bind antichlolinesterase agents such as mevinphos 

than do other species. 



Monocrotophos 0-50 mg/m3 51-100 mg/m3 101-150 
mg/m3 151-200 mg/m3 Reference Relative 

Potency 
Human ND ND ND ND No data 

~-

Dog 
~-

ND ND ND ND 
~-~ ~~1----­ ~--~-

~-

Rabbit ND ND ND ND 
~~- --~~~ 

Rat ND 4-hr LCso: 63 ND I-hr LCso: 163 Sachsse et. 
l-hr LCso: 94 I-hr LCso: 176 al. 1974; 
4-hr LCso: 80 ACGIH, 

2002; 
Newell and 
Dilley, 
1978 

~- - ~~~-

Mouse ND ND ND ND 
-~ 

Guinea Pig ND 
--- ­

ND ND ND 
- ­ --

Interspecies 	 Chemical-specific data with which to assess species variability in the toxicity of inhaled monocrotophos are unavailable (data are 
3 	 limited to rats). The variability in the toxicity ofmonocrotophos and other organophosphate cholinesterase inhibitors is, in part, 

dependent upon the interaction with other less critical targets such as plasma ChE, carboxylesterases, and red blood cell ChE. In 
this respect, these cholinesterases may function as an effective repository for organophosphate ChE inhibitors and serve as a 

I buffer against cholinergic-mediated adverse effects. Plasma ChE in humans is twice that ofmice and four times that of rats. 
Human plasma ChE also accounts for a greater portion ofblood ChE relative to animal species; specifically, approximately 50% 
of total blood ChE activity in humans is in the fonn of the noncritical plasma ChE. Further, baseline RBC ChE activity is higher 
in humans relative to animal species which provides an additional protective advantage. 

Modifying 	 Data deficiencies; free-standing LCso values for only one species (rat) 
Factor 2 



Parathion 	 Relative
0-50 mg/m3 51-100 mg/m3 101-150 mg/m3 151-200 mg/m) Reference 

Potency 
Human ND ND ND ND No data 
Dog ND ND ND ND 
Rabbit ND ND ND ND 
Rat 4-hr LCso: 31.5 ~PChE: 63 1-hr LCso: 115 ND NIOSH 1974; 

4-hr LCso: 30 4-hr LCso: 84 Cholinergic 	 Kimmerle and 
Lorke 1968; Tremors: 12 	 symptoms: 134 
IUCLID 2000; 
Deichmann et al. 
1952; Pauluhn et 
al. 1987 

Mouse ND ND ND ND 
Guinea Pig ND ND ND ND 
Interspecies The mechanism of action of organophosphate anticholinesterases is well understood and their effect on cholinergic systems is 
3 consistent across species. 



---------- -----

----- -----

-- --------

-----

101-200 Reference RelativePhorate 0-10 mglm3 11-20 mglm3 21-50 mglm3 51-100 mglm3 

mglm3 	 Potency 
•Human 	 NO NO NO NO NO No data I 

Dog 
----

NO NO NO NO NO 

Rabbit NO NO NO NO NO


1------	 ------- ------ ­

Rat 	 50% Matemal Female LCso: 11 Male LCso: 60 Newell and 

mortality, fetal Dilley 1987 

mortality: 1.94 


Mouse NO NO NO NO NO 

Guinea Pig NO NO NO NO NO 

Interspecies The mechanism of action of organophosphate anticholinesterases is well understood and their action on cholinergic systems shown 

3 to be the same across species. Variability in responses is primarily a function of varying cholinesterase activity and types of 


cholinesterase. Humans have been shown to have greater levels of plasma cholinesterase than do other species which allows for 
greater binding of anticholinesterase compounds. This decreases the availability ofthe compound to critical targets (e.g., brain 
cholinesterase). Therefore, the interspecies uncertainty is limited to 3 as opposed to the default value of 10.

'----­



-------------
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Phosamidon 501-1000 1001-1500 1501-2000 2001-2500 2501+
0-100 mglm3 101-500 mglm3 Reference

mglm3 mg/m3 mglm3 mg/m3 mglm3 

Human 
i--­

Dog ND ND ND ND ND ND ND 
Rabbit ND ND ND ND ND ND ND 
Rat ND 1-hr LCso: 160 ND ND ND ND ND Sachsse et 

4-hr LCso: 180 al. 1974, 

4-hr LCso: 102 1980 

(nose-only) 

4-hr LCso: 135 

(whole-body) 


Mouse 1-hr LCso: 30 ND ND ND ND ND ND Sachsse et 
4-hr LC;so: >39 al. 1974 

Guinea Pig ND ND ND I-hr LCso: 1300 ND 4-hr LCso: ND Sachsse et 
2500 al. 1974 

Interspecies Interspecies uncertainty factor of 3 was applied. Rats were more sensitive to the toxicity ofphosphamidon than guinea pigs, but not 
3 as sensitive as mice. The increased sensitivity of the mouse compared with the rat in the inhalation study of Sachssee et al. (1974) 

may be related to the higher respiratory rate ofmice compared with rats and to the higher levels of glutathione-S-transferase found 
in mouse tissues (Griem et at 2002). 

Modifying Sparse data base and conflicting values reported for 1 and 4-hour exposures. 
Factor 2 
Metabolism Metabolism ofphosphamidon may also involve conjugation with glutathione. Addition of phosphamidon to human erythrocytes in 

vitro depressed glutathione reductase and glucose-6-phosphate dehydrogenase and increased the level of reduced glutathione, 
glutathione peroxidase, glutathione-S-transferase, superoxide dismutase, and catalase (Datta et al. 1992). In human plasma, 
glutathione reductase, glutathione peroxidase, glutathione-S-transferase, glucose-6-phosphate dehydrogenase, superoxide dismutase 
and levels of reduced glutathione were significantly depressed. Significant depletion of brain glutathione-S-transferase activity was 
observed following injection of mice with phosphamidon at 2.0 mglkg/day for seven days (Naqvi and Hasan 1991) 



I 

I 
i 

I Chemical I[Cla~sificationL IO-minute I 30-minute I I-hour I. 4-hour r 8-hour I End(!oint {Reference} I 
0.11 ppm 0.11 ppm 0.11 ppm 0.11 ppm 0.11 ppm No effects in human volunteers exposed for 3-7.7 

AEGL-l 
1 mg/m3 1 mg/m3 1 mg/m3 1 mg/m3 1 mg/m3 hours to I mg/m3 (Hunter 1970a) 

0.56 ppm 0.56 ppm 0.56 ppm 0.56 ppm 0.56 ppm Highest experimental exposure without an AEGL-2 
AEGL-2 

5 mg/m3 5 mg/m3 5 mg/mJ 5 mg/m3 5 mg/m3 effect, 5 mg/m3 (Atis et al. 2002) 
8.0 ppm 8.0 ppm 8.0 ppm 8.0 ppm 8.0 ppm Highest experimental exposure without a lethal effect, Dichlorvos AEGL-3 

72 mg/m3 72 mg/m3 72 mg/m3 72 mg/m3 72 mg/m3 72 mg/m3 (Dean and Thorpe 1972a) 
Interspecies No mechanistic differences in dichlorvos poisoning in animals and humans. Humans are no more sensitive and possibly less 
1 sensitive than laboratory species to DDVP. 
Intraspecies Documented lack of variability in sensitivity among different age and health groups and genders, and the absence of genetic 
1 polymorphisms in DDVP-ase in the population. 
AEGL-l NR NR NR NR NR Not recommended due to insufficient data. 

0.17 mg/m] 0.17 mg/m3 0.17 mg/m3 0.17 mg/m] 0.083 mg/m] Derived by 3-fold reduction of the AEGL-3 values 
AEGL-2 

(Nlt~,-~QO 1L 
0.50 mg/m] 0.50 mg/mJ 0.50 mg/m3 0.50 mg/m] 0.25 mg/m.! Lethality threshold estimated as 3-fold reduction of 1­

AEGL-3 hr and 4-hr LCso values (90 mg/m]) in rats (Sachsse et 
aI., 197£1) 

Chemical-specific data with which to assess species variability in the toxicity of inhaled dicrotophos are unavailable (data are 
limited to rats). The variability in the toxicity of dicrotophos and other organophosphate cholinesterase inhibitors is, in part, 
dependent upon the interaction with other less critical targets such as plasma ChE, carboxylesterases, and red blood cell ChE. 

Interspecies In this respect, these cholinesterases may function as an effective repository for organophosphate ChE inhibitors and serve as 
Dicrotophos 3 a buffer against cholinergic-mediated adverse effects. Plasma ChE activity in humans is twice that ofmice and four times 

that of rats. Human plasma ChE also accounts for a greater portion of blood ChE relative to animal species; specifically, 
approximately 50% of total blood ChE activity in humans is in the fonn of the noncritical plasma ChE. Further, baseline 
RBC ChE activity is higher in humans relative to animal species which provides an additional protective advantage. 
Genetic polymorphisms in some individuals result in enzymes with low hydrolyzing activity and greater susceptibility to 
organophosphate poisoning. About 3% of individuals possess genetically detennined low levels of plasma cholinesterase 

Intraspecies 
that may result greater sensitivity to anticholinesterase compounds. These contribute to a decreased potential for preventing 

10 
interaction of cholinesterase inhibitors with critical targets. Additionally, evidence for gender and age-related variability in 
the toxic response to organophosphates has been reported for humans and animals. 


Modifying limited and conflicting lethality data; limited data regarding non-lethal effects 

Factor 2 


J 




Cbemical 	 Classification IO-minute 30-minute I-bour 4-bour 8-bour Endpoint (Reference) 

AEGL-l NR NR NR NR NR Not recommended due to exceeding AEGL-2 values 
0.080 ppm 0.063 ppm 0.053 ppm 0.040 ppm 0.037 ppm Derived by 3-fold reduction ofthe AEGL-3 values 

AEGL-2 (0.99 mg/m3
) (0.78 mglm3

) (0.66 mglm3
) (0.50 mg/m3

) (0.46 mg/m3
) (NRC 2001; Thyssen 1979a) 

0.24 ppm 0.19 ppm 0.16 ppm 0.12 ppm 0.11 ppm Derived based upon a 4-hr BMCLo5 of 3.7 ppm in rats 
AEGL-3 (3.0 mg/m3

) (2.4 mg/m3
) (2.0 mg/m3

) (1.5 mg/m3
) (1.4 mg/m3

) (Thyssen 1979a) Fenamiphos 
Variability in the toxic response is primarily a function of varying cholinesterase activity levels and types of cholinesterase

Interspecies 
present; humans have greater levels ofplasma cholinesterase with which to bind antichlolinesterase agents such as 

3 
fenamiphos than do other species. 

Intraspecies The documented variability in sensitivity among different age groups and genders, and the known genetic polymorphisms in 
10 A-esterases justify retention of the intraspecies uncertainty factor of 10. 

AEGL-l IS mg/m;! IS mg/m.! IS mg/m.:l IS mg/m3 15 mg/m.! Sporadic clinical signs in rats (US EPA 2000) 

AEGL-2 ISO mg/mJ 150mg/m;! 120 mg/m j 77 mg/m} 50 mg/m' Clinical signs in rats (US EPA 2000) 

500 mg/mJ 500 mg/mJ 390 mg/m3 250 mg/m3 140 mg/m) Highest experimental concentration (Berteau et al. 
AEGL-3 1976) 

Malathion Interspecies To account for differences in carboxylesterase levels between humans and rats. 

3 

to account for the documented variability in sensitivity among different age groups and genders, and the known genetic 
Intraspecies polymorphisms in A-esterases. The uncertainty factor application and rationale are the same as those applied in the 
10 derivation of other organophosphate anticholinesterases (NRC 2003). 

AEGL-l NR NR NR NR NR Not recommended due to insufficient data 
2.1 mg/mJ 1.5 mg/m3 1.2 mg/m3 0.73 mg/m3 0.37 mg/m j Derived by 3-fold reduction of the AEGL-3 values 

AEGL-2 
(NRC, 2001; U.S. EPA, 1998) 

6.4 mg/m3 4.4 mg/m3 3.5 mg/m3 2.2 mg/m3 1.1 mg/m3 Derived based upon a 4-hr BMCLo5 of 66.6 mg/m
j 

for
AEGL-3

Methyl lethality in rats (U.S. EPA, 1998) 
Parathion variability in the toxic responses is primarily a function of varying cholinesterase activity levels and types of cholinesterase

Interspecies 
present; humans have greater levels of plasma cholinesterase with which to bind anticholinesterases such as parathion than 

3 
do other species. This decreases the dose to critical targets. Therefore, the interspecies uncertainty factor is limited to 3. 

Intraspecies the documented variability in sensitivity among different age groups and genders, and the known genetic polymorphisms in 
10 A-esterases justifies retention of the intraspecies uncertainty factor of 10. 



Chemical 	 Classification 

AEGL-l 
AEGL-2 
AEGL-3 
Interspecies

Methamido­
3phos 
Intraspecies 
10 
Modifying 
Factor 2 
AEGL-l 

AEGL-2 

AEGL-3 

Monocroto- Interspecies 
phos 3 

Intraspecies 
10 

Modifying 
Factor 2 

IO-minute 30-minute I-hour 4-hour 8-hour Endpoint (Reference) 
1.1 mg/mJ l.l mg/m' 0.90mg/m' 0.57 mg/ml 0.29mg/m.l No clinical signs ~ rat (Pauluhn 1986) 
2.4 mg/m' 2.4 mg/m.! 1.9 mg/m.! 1.2 mg/m' 0.61 mg/m} No clinical signs -rat (Pauluhn 1986)* 

5.6 mg/m3 5.6 mg/m3 4.5 mg/m' 2.8 mg/mj 1.4 mg/mj 4-hour BMCl-os ~ rat (Pauluhn 1986) 

Based on rapid metabolism in both rats and humans (Moser 1999; Garofalo et al. 1973) 

Based on no differences in sensitivity to acetylcholinesterase activity inhibition between juvenile and adult rats (Moser 
1999). 

Conflicting data 

NR NR NR NR NR Not recommended; insufficient data 
---­

AEGL-2 values estimated by a 
0.32 0.22 0.17 0.15 0.073 one-third reduction of AEGL-3 values 

lethality threshold estimated as a 3-fold reduction of 
0.95 0.66 0.52 0.45 0.22 I-hour and 4-hour rat LCso values of 94 mg/m3 and 80 

. mg/m3 (31.3 and 26.7 mglm3 respectively) (Sachsse et 
aI., 1974); 

Chemical-specific data with which to assess species variability in the toxicity of inhaled dicrotophos are unavailable (data are 
limited to rats). The variability in the toxicity of dicrotophos and other organophosphate cholinesterase inhibitors is, in part, 
dependent upon the interaction with other less critical targets such as plasma CbB, carboxylesterases, and red blood cell CbB. 
In this respect, these cholinesterases may function as an effective repository for organophosphate CbB inhibitors and serve 
as a buffer against cholinergic-mediated adverse effects. Plasma CbB activity in humans is twice that of mice and four times 
that of rats. Human plasma CbB also accounts for a greater portion ofblood CbB relative to animal species; specifically, 
approximately 50% of total blood CbB activity in humans is in the form of the noncritical plasma CbB. Further, baseline 
RBC CbB activity is higher in humans relative to animal species which provides an additional protective advantage. 
Genetic polymorphisms in some individuals result in enzymes with low bydrolyzing activity and greater susceptibility to 
organophosphate poisoning. About 3% of individuals possess genetically determined low levels ofplasma cholinesterase 
that may result greater sensitivity to anticholinesterase compounds. These contribute to a decreased potential for preventing 
interaction of cholinesterase inhibitors with critical targets. Additionally, evidence for gender and age-related variability in 
the toxic response to organophosphates has been reported for humans and animals. 
limited and conflicting lethality data; limited data regarding non-lethal effects 



Chemical Classification IO-minute 30-minute I-hour 4-hour 8-hour Endpoint (Reference) 

AEGL-l NR NR NR NR NR Not recommended due to insufficient data 
0.0053 ppm Derived by 3-fold reduction of the AEGL-3 values 0.037 ppm 0.026 ppm 0.021 ppm 0.0078 ppm 

AEGL-2 (0.049 (NRC 2001) (0.34 mg/m3
) (0.24 mg/m3

) (0.20 mg/m3
) (0.071 mg/m3

)
mg/m3

) 

0.11 ppm 0.079 ppm 0.062 ppm 0.016 ppm 0.0078 ppm Derived based upon a l-hr BMCLo5 of 1.87 ppm for 
AEGL-3 

Mevinphos (1.0 mg/m3
) (0.72 mg/m3

) (0.57 mg/m3
) (0.15 mg/m3

) (0.072 mg/m3
) lethality in rats (Kodama et al. 1954) 

Variability in the toxic response is primarily a function of varying cholinesterase activity levels and types of cholinesterase
Interspecies 

present; humans have greater levels of plasma cholinesterase with which to bind antichlolinesterase agents such as 
3 

fenamiphos than do other species. 
Intraspecies The documented variability in sensitivity among different age groups and genders, and the known genetic polymorphisms in 
10 A-esterases justify retention of the intraspecies uncertainty factor of 10. 
AEGL-1 NR NR NR NR NR Not recommended due to insufficient data 

2.8 mg/m.! 1.9 mg/m) 1.5 mg/m3 0.96 mg/m3 0.48 mg/m} BMCOI (28.9 mg/m.!) for tremors in rats exposed for 4 
AEGL-2 

hrs; UF= 3 x 10 (NlOSH, 1974) 
3.6 mg/m.! 2.5 mg/m.! 2.0 mg/m.! 1.3 mg/mJ 0.63 mg/m.! BMCol (37.5 mg/m.!) for lethality in rats exposed for 4 

AEGL-3 
Parathion ------------ ..... _....... hrs (N10SII,!2Z4) 


variability in the toxic responses is primarily a function of varying cholinesterase activity levels and types of cholinesterase

Interspecies 

present; humans have greater levels ofplasma cholinesterase with which to bind anticholinesterases such as parathion than 
3 

do other species. This decreases the dose to critical targets. Therefore, the interspecies uncertainty factor is limited to 3. 
Intraspecies the documented variability in sensitivity among different age groups and genders, and the known genetic polymorphisms in 
10 A-esterases justifies retention of the intraspecies uncertainty factor of 10. 
AEGL-1 NR NR NR NR NR Not recommended due to insufficient data 

0.073 0.050 mg/m.! 0.040 0.010 0.0050 Derived by 3-fold reduction ofthe AEGL-3 values 
AEGL-2 

mg/m3 mg/m) mg/m3 mg/m) (NRC, 2001; Newell and Dilley 1978) 
0.22 mg/m3 0.15 mg/mJ 0.12 mg/m.! 0.031 0.015 mg/m.! Derived based on the 1-hr LCso of 11 mg/m.! in female 

AEGL-3 mg/m} rats (Newell and Dilley 1978) Phorate 
the default value of 10 was considered unnecessary since variability in toxic response to phorate is primarily a function of

Interspecies 
varying cholinesterase activity levels and types of cholinesterase present; humans have greater levels of plasma

3 
cholinesterase with which to bind anticholinesterases than do other species. This decreases the dose to critical targets. 

Intraspecies Thee documented variability in sensitivity among different age groups and genders, and the known genetic polymorphisms in 
10 A-esterases justifies use of the default intraspecies uncertainty factor of 10. 



Chemical Classification IO-minute 30-minute I-hour 4-bour 8-bour Endp~i;;'-t(R~ference) 

Not Not Not Not Not Insufficient data 
AEGL-l recommend recommende recommend recommend recommende 

ed d ed ed d 
AEGL-2 0.50 mg/mJ 0.50 mg/mJ 0040 mg/mJ 0.25 mg/mJ 0.13 mg/m.l AEGL-3 values divided by 3 

1.5 mg/m3 1.5 mg/m3 1.2mg/m3 0.75 mg/mJ 0.38 mg/m3 Four hour LCso in the rat divided by 3 (Sachsse et al. 
AEGL-3 

1980)
Phosamidon 

Interspecies 
the rat was intermediate in sensitivity between the mouse and guinea pig 

3 

Intraspecies 


based on the absence of data on differences in human metabolism 
10 

Modifying 


based on sparse and disparate data 
Factor 2 

AEGL-l NR NR NR NR NR Insufficient data 


120 ppm 95 ppm 60 ppm 

120 ppm 39 ppm 

AEGL-2 (540 (430 (270 Labored breathing and ptosis in mice (Hazleton, 1962) 
(540 mg/m3

) (180 mg/m3
)

mg/m3
) mg/m3

) mg/mJ) 


360 ppm 290 ppm 180 ppm 

360 ppm 120 ppm Labored breathing and ptosis in mice. No mortality 

AEGL-3 (1600 (1300 (800
Dimethyl (1600 mg/m3

) (540 mg/m3
) (Hazleton, 1962) 

mg/m3
) mg/m3

) mg/m3
)Phosphite 

Interspecies 
no clinical signs were noted in rats and guinea pigs exposed to 1575 ppm for 6 hr. 

3 
Intraspecies DMP is irritating, and much of the toxicity is likely caused by a direct chemical effect on the tissue; this type of portal-of­
3 entry effect is not expected to vary greatly between species or among individuals. I 

Modifying 
ISparse data base and nominal concentration point-of-departure (AEGL-2) 

Factor 3 I 

11 ppm 7.6 ppm 6.1 ppm 3.8 ppm 2.5 ppm 
AEGL-l NOEL for clinical signs in rats (Biodynamics, 1979) 

(56 mg/m3
) (39 mg/m3

) (31 mg/m3
) (19 mg/m3

) (13 mg/m3
) 


110 ppm 61 ppm 38 ppm 

77 ppm 25 ppm

Trimethylph AEGL-2 (560 (310 (190 Corneal opacities in rats (Biodynamics, 1979) (390 mg/mJ) (128 mg/mJ) osphite mg/m3
) mg/m3

) mg/m3
) 

560 ppm 310ppm 160 ppm 
390 ppm 81 ppm Estimated 3-hr lethality threshold in mice (Hazleton, AEGL-3 (2900 (1600 (820

(2000 mg/m3
) (410 mg/m3

) 1962)
mg/m3

) mg/m3
) mg/m3

),­



Although an interspecies UF of 3 might normally be applied because TMP is an irritant, use of a total uncertainty factor of 10
Interspecies 

yields AEGL-2 values that are not compatible with human occupational exposure data (AEGL-2 values derived with a total 
I 

UF of 10 are 33, 23, 18, 12, and 6.0 ppm for lO-min, 30-min, I-hr, 4-hr, and 8-hr, respectively). No effects were noted in
(AEGL-2) 

workers repeatedly exposed up to 15 ppm (ACGIH, 1991). 
Interspecies 

Irritating, toxicity is likely caused by a direct chemical effect on the tissue 
3 
Intraspecies 

Irritating, type of portal-of-entry effect is not expected to vary greatly between species or among individuals. 
3 

-------­



"' 


OP Table LCso Data 

OP Adult Adult Adult Adult Adult Juvenile Adult Oral Juvenile Intra- References 
Male LCso Male Female Female Combined data Data Oral species 

CEL LCso CEL LCso Data 
Dichlorvos ND 0.436 ND 0.458 4-hr: > 198 ND ND ND 1 MacDonald 

(10%) (11%) 1982 

Dicrotophos ND ND ND ND 1 hr: 90 ND ND ND 10 Sachsse et al. 
4 hr: 90 1974 

Fenamiphos 1 hr: 110, 0.928 1 hr: 130, 0.984 4 hr: 100 ND ND ND 10 Kimmerle 
131 (0%) 151 (0%) 1972; 

Thyssen4 hr: 100 4 hr: 100 
1979a 

Malathion ND 115 ND 121 4 hr: >5200 ND 93.7 13.6 10 U.S. EPA 
(3%) (8%) 	 mg/kg: mg/kg:B 2000,2006 

BMDLIO MDLIO 
10% tRBC (PNDll 
ChE male) 

10% 
tRBC. 
ChE 

Methamidophos 1 hr: 377 0.292 1 hr: 241 0.310 4 hr: 213 ND 6mg/kg: 5 mg/kg: 3 Sangha 
4 hr: 63.2 (8%) 4 hr: 76.5 (11%) ED50 for ED50 for 1983,1984; 

Pauluhntremors tremors 
1986(PNDI7) 

Methyl Parathion 1 hr: 200 ND 1 hr: 287 ND ND ND ND ,. ND 10 Thyssen 
1 hr: 257 4 hr: 170 1979; 

Molnaret al.4 hr: 185 
1980;4 hr: 34 
Kimmerle4 hr: 120 
and Lorke 
1968; 
ATSDR 
2001 I 

Mevinphos 4 hr: 12 ND 4 hr: 7.3 ND 4 hr: 9.8 ND ND ND 10 U.S. EPA i 

1 hr: 132 	 1999; 
ACGIH 
2003; 
Kodamaet 
a1. 1954 

Monocrotophos ND ND ND ND 1 hr: 94 ND ND ND 10 Sachsse et 



... . 


...... 

1 hr: 163 aL J 974; 

Ihr:176 ACGIH, 

4 hr: 80 2002; 

4 hr: 63 Newell and 
Dilley, 1978 

Parathion Ihr:115 ND ND ND 4 hr: 30 ND ND ND 10 NIOSH 
4 hr: 31.5 1974; 

4 hr: 84 Kimmerle 
and Lorke 
1968; 
IUCLID 
2000; 
Pauluhn et 
al. 1987 

Phorate I hr: 60 ND 1 hr: 11 ND ND ND ND ND 10 Newell and 
Dilley 1987 

Phosphamidon ND ND ND ND 1 hr: 160 ND ND ND 10 Sachsse et at 

4 hr: 180 1974,1980 

4 hr: 102 
4 hr: 135 

. 1 hr mouse: 30 
4 hrmouse: >30 
1 hr gp: 2500 

-----------­ .~.c ... 
4 hr gp: >1300 

----------­

Methyl Paraoxon ND ND ND ND ND ND ND ND ND ND 
TEPP ND ND ND ND ND ND ND ND ND ND 
CEL= (mg/kg/day) Comparative Effect Level=lowest dose where a maximal response [brain cholinesterase inhibition] of 15% (compared to control) occurred 
Relative Potency factors for female brain cholinesterase activity 
Rat data except where noted 
PND= postnatal day 
ND= no data 
Concentration mg/m3 except where noted 
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Inhalation D cs.. 
OP Human Dog Rabbit Rat Mouse Guinea Pig 	 Inter- References 


species 

I--Dichlorvos 1-52: ND ND 4 hr LCso > 198 64-218: 35- 1 Hunter 

Respiratory OP 75:!RChE 	 1970a,b; 
MacDonaldirritation; intoxicatio cholinergic 
1982; Dean !PchE up to 	 n signs 
and Thorpe 

500/0-10 min I 972a,b; 
Taylor et a1 
2008 

Dicrotophos ND ND ND 1 hr LCso 90 ND ND 3 
----

Sachsse et al. 
19744:l1rLCso 90 

3 ­Fenamiphos ND 	 ND ND 1 hr male LC so 110,131 ND ND Kimmerle 

I hr female LCso 150, 130 	 1972; 
Thyssen4 hr LCso 100 
1979a I,----­

Malathion ND 	 67.5 :lacrimation, 123:!ChE 4-hr LCso>5200 6900:!Ch 8lO: 3 Hazleton and 

Mild !ChE 810: E rhinorrhea Holland 
1949; U.S. sneezing 
EPA 2000, 
2006; Berteau , 
et al. 1976; 
Weeks et al. 
1977 

Methamidophos ND ' ND ND 1 hrmale LC50 377 ND ND 3 Sangha 1983, 

4-hr male LCso 63.2 1984; 
Pauluhn 1986 1 hr female LCso 241 

4-hr female LCso 76.5 
4-hr LCso 213 

Methyl Parathion ND ND ND 1 hr male LCso 200 ND ND 3 Thyssen 
I 1 hr male LCso 257 1979; Molnar 

et al. 1980; 4 hr male LCso 185 
Kimmerle4 hr male LCso: 34 
and Lorke 

4 hr male LCso 120 
1968;

I hr female LCso: 287 ATSDR 2001 
4 hr female LCso 170 

Mevinphos ND ND ND 4 hrLCso 9.8 ND ND 3 U.S. EPA 


4 hr male LCso: 12 1999; 

ACGIH
1 hr female LCso: 132 
2003;4 hr male LCso 7.3 



..,. -, .. .. 

Monocrotophos ND ND ND 	 1 hrLCso 94 
1 hr LCso: 163 
1 hr LCso 176 
4 hrLCso 80 
4 hr LCso 63 

Parathion ND ND ND 	 4 hr LCso 30 
I hr male LCso 115 
4 hr male LCso 31.5 
4 hr male LCso 84 

Phorate ND ND ND 	 1 hr male LCso: 60 
1 hr female LCso 11 

Phosphamidon ND ND ND 	 I-hr LCso: 160 
4-hr LCso: 180 

," 4-hr LCso: 102 
(nose-only) 
4-hr LCso: 135 (whole­

-
body) 

Methyl Paraoxon ND ND ND ND 
TEPP ND ND ND ND 
ND= no data 
Concentration mg/m3 

Kodama et al. 
1954 

ND ND 3 Sachsse et. al. 
1974; 
ACGIH, 
2002; Newell 
and Dilley, 
1978 

ND ND 3 NIOSH 1974; 
Kimmerle 
and Lorke 
1968; 
IUCLID 
2000; 
Pauluhn et al. 
1987 

ND ND 3 Newell and-
Dilley 1987 

1-hr LCso: I-hr LCso: 10 Sachsse et al. 

30 2500 1974,1980 

4-hrLCso: 4-hr LCso: 
>30 1300 

ND ND ND ND 
ND ND ND ND 
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BMDS 2.1 - ten Berge exT 

Model and Batch Processing 
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www.epa.govlncealbmds 

Concentration x Time modeling 

• CxT modeling primarily used in the context of 
acute inhalation exposures 

• 	Both concentration and duration of exposure 
important for estimating risk 

• 	Haber's Law· , CxT = k 
• Motivation for development of exT models 

• Assumes consistency across chemicals (Le., linear' 
relationship between concentration and time) 

2 

www.epa.govlncealbmds


Concentration x Time modeling 

• 	ten Berge equation; CnXT =k 

• 	Suggested by ten Berge et al. (1986) as 
alternative to Haber's Law 

• Observed that CT was not a good parameter for 
predicting response 

• cnT predicted response very well 

• The value of n indicates which variable 
influences response more: 

• n > 1, concentration dependent 

• n < 1, time dependent 

ten Berge model in BMDS 2.1 

• 	Represents a unique type of model within BMDS 
• Allows more than one explanatory variable to 

influence response (e.g., dose and time) 

• 	 Implementation in BMDS (C language) faithfully 
recreates original ten Berge program 

• Originally written in Visual Basic 

4 



Mathematical formulation in BMDS 

• General form: 

• 	 bo, b1 ' ... are model parameters estimated via maximum likelihood 
methods 

• 	 C =concentration, T =time, and x =some other explanatory variable 

• 	 ~(u) = some transformation on explanatory variable: identity, u; logarithmic, 
In(u); or reciprocal, 1/u 

• 	 Ij (C, T,x) = interactions (products) of the fiC), ~(T), fiX) terms 
• 	 The number of product terms cannot exceed the number of explanatory 

variables divided by 2 (rounded down) 
• 	 Currently, the model allows 5 explanatory variables and 2 product terms 

Mathematical formulation in BMDS 

• 	Model formulation of most interest for acute 
exposure modeling: 

z =bo+bI In(C) +b2 In(T) 

• Can be rearranged as: 

6 



Formatting data for ten Berge model 

• Data format 
• Can create data sets in excel or other spreadsheet 

applications and copy/paste into BMDS 

• Data needs to be formatted so data is presented in 
sequential columns (i.e., column 1 = dose, column 
2 = number of subjects, etc.) 

• Data set needs at minimum: 
• Total number of subjects 

• Number of affected subjects 

• 2 explanatory variables 
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Formatting data for ten Berge model 

E!' File Edit Vjf!I!H Tools WII100ws Help 

100 10 217 10 


100 20 235 10 


4 100 30 226 10 


5 100 40 225 10 


100 50 227 10 


100 60 238 


iI 200 5 240 10 


200 10 234 10 1 


10 200 20 239 10 ; 


11 200 30 23B 10 ' 


iz 200 40 233 


13 200 50 23B 10 ; 


8 




Select "Conc x Time" from Model Type 

menu 


20 10 0 


4 100 30 226 10 


5 100 40 


100 50 


100 60 


100 


100 10 


10 200 20 


11 200 30 238 10 


• 12 200 40 233 10 2 


13 200 50 238 10 


ten Berge model is automatically 
selected 

222 10 


100 10 217 10 


100 20 235 10 


100 30 226 10 


100 40 225 10 


100 50 227 10 


1Oil . 60 238 10 


200 240 10 


t 200 10 234 10 


10 200 ' 20 239 10 


n 200 30 238 10 


12 200 40 233 10 2 


U 200 50 238 10 2 ' 


9 
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ten Berge model Option Screen 

11 

Running the ten Berge model 

• To run the model, the user must: 
• Make the appropriate column aSSignments for: (1) number of 

subjects, (2) incidence, and (3) explanatory variables 

• Choose transformations to apply to explanatory variables 

• Choose explanatory variables to include as main effects 

• Choose product terms to include 

• Choose model (Probit or Logistic) to use 

• Decide which estimates and confidence intervals the model 
should estimate (e.g., value for one explanatory variable, 
give values for the other explanatory variables and probability 
of response) 
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Make appropriate column selections 


Make appropriate column selections 
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Choose appropriate transformations 
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Choose Main Effects to include in model 
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Choose Product Terms to include in 

model 


Choose which model to use 
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Choose model calculations of interest 

• 	 In the Model Option Screen, the user can 
request estimates and confidence limits for the 
following: 

• A value of one of the explanatory variables, given 
the probability of response and specified values for 
the other explanatory variables 

• The probability of response given specified values 
for all the explanatory variables 

• The ratio between the coefficients of two 
explanatory variables 

Choose model calculations of interest 
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Select model options for calculations of 

interest 


Select model options for calculations of 

interest 
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ten Berge model output 

(Vecl!I:um: l..0; Date: l.Z/26J2006i 
C: \U,ep!l\BKJ)S21 \Data\ t'.~t:rg~\ tentelllU:g. (d) 
,:tICl 	 C: \U••pe.\BlQ)$:U \De.ua\ tl!l!lBerge\ten.tenBrq.pl.t 

1'1::1. Aug Zl. .14: l.3: 39 2009 

Jlethoc! ot KaxilllUJl!; L1kel1hood accocd.ing to: 
D.J. TinnilY, 1.977. Ytobit AnaJ.ytne, CII• .tn:1.<ia~ Un1"",,,.nty Pcaaa. 

Kodel.: P(yl, v2, •.• ) .. L1nk(BO·.. 13J."'v1 + 52",,,2 + ... J 

Ll.tiJI: l.i!:I 'Cl.thec LUii'll; 0.1: Probl.t 

,,1, vZ, , •• are the vatlablel!l (eran.stot:Jllat1ons o.t: the l.Dput paZ:l9JII.etll:!t:i:!I) 


J,fI.a.J:;J.ec ot input. 

To!:.al nu-.her ,of ob,",vae'on, 

Tutu nuJlhltz: of VA1U!!'t!I .. a 
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ten Berge model output - parameter 
estimations 

Ch.1-Squar«: .. 25.39: 

tleql:/!!o"'. ot Fr••floa 39 


flO '" "Ii. S2.se~OOl. t tor BO ~ -0.63 

IH .. .s.5.l0«:-OOl. t. to'" 51. "" a.72 

82 • 4.7'13ce··OOl. t. tOt; 82: • S.37 


covlu::iance 

"'et:1e.nce 


eovcu;:1e,nce 


PtOb.:b1l1ty ot 

The pted1et.1on 

9.5 .. eOl'lf:1d.enc-,r, 	 the !cMido.x:d Hotae.l DeV1e.te 
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ten Berge model output - results of 

calculations of interest 


:::~:~:~on or ;:P,?:::?,,~!,=''''. , 
Tiae_:a1n 

I!;"Uae.ted ExpO:!lUtICJp. 
l>"ev1"" COI:I:llapondiOQ' to 

Lo,,",~ 11.1t Expoeure...,Pp.. 

Upper. 11:a1e txpo1ll'ure""'pp 

Probabil1ty of correct aodel (p~v&lUI!) iI!I O.954515() 

'The p:r:adu::tl.on or t:Ju, .ad.l 18 e:uI't:1ei-ent.. U15e tor: el!ltJ.aO!l.t::um. 01: the 

95\- eontidencl!! li.d tal tl'U! !ltanda:Cd tfora&l DevJ.ete 
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ten Berge model output - results of 
calculations of interest 

PJ,;obl!ll.b111ty or 

1"he: pred\ctl.on UDe tOI: e!lti.Jult:1.on ot: tb« 

95'0 VQnt'1o:1ence 


Xl!lctm.lI.tion ot 
!xpOIJUt • ..,Pp.. 
TiJ&e_fIIil'l: 

Level ot InterICl.'lt 1.960000B 

11:1 0.51545050 

t:e:/ltll.!ileion coett1c:lents 

Rat:!. 0 bet_en coefficiente 

.£xpastll':II-PJnt 

Dev:!.at.e Correepond1nq to Cont1denee Level. ot rnter:el5t. _ 1.9150000 

R«uo 1.154502 
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ten Berge plots 
Conlour of Conlanl Probability 

''''''''',...................•_------------------, 


'<B<l3 

''''''''' 

'''''''' 
,~~-----------~---~ 

om 10 '00 

Tin 

For this example, the contour line represents the logarithm of the dose 
resulting in 50% mortality (i.e., the LC50) plotted against the logarithm of 
exposure duration 
n =1.15 (n =b1/b2 =0.5510/0.4773). indicating that exposure concentration 
influences response to a greater degree than exposure time 
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ten Berge plots 
Probability of Response 

" 
" 

~ 01 

§. 115 

4) 0.5 
0: 
o Q4 

~ 03 

1000 

Concentration 

For this example. the red line represents the probability of response plotted 
against exposure concentration when exposure time = 45 minutes 

28 



New Features/Models in BMDS 2.1 

Interface: New and Enhanced 

New Modeling Capabilities 

Session feature facilitates batch runs and summary reports 


• Lognormal option (continuous exponential models) 
• Setting background to zero for data with no control group 


Dichotomous Models 

• Dichotomous Hill Model 
• New Background DoselResponse Models 


Continuous Models 

• Exponential Models 


Repeated Response Measures 

• Toxicodiffusion Model (version 2.1) 


Concentration X Time 

• Ten Berge Model 


Problem Reports: New "eTicket" &"Problem Log" features 


Problem Reporting 

_10__Dose _ ... (BM08)I.....1Ie_ 
:-..:.:::.-.:.~.,:-..::!'"..~:..,""::"""'_M____,.._~...._ 
#,, __,,___"£N<'J"'_~"'~_I!NOB_ 
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, 
• Batch Runs (e.g., several models, one data set) 
" " • DO NOT use spaces in naming files or variables 
" " , • DO NOT use directory/file names> 100-225,." 

characters" " " • DO use specific, identifiable directory/file names " ,. 
" -c:\data\methanoI\ERF\male-AUC-Lymphoma
" " ,." -DO name variables in files consistently and 
" generically 
,." ,. - e.g., Dose, N, Effect,. 
'" ,. 
.." 

m.~:>·lOfI"~dllO< 


r,.u:l!~('<"ntT~d.!oo; 


m",I~;I'",,.,.,,,da>< 


m.I~PII(lIT.ds< 


.j;t.oIufl1$\.o....c"noer m"h....4UC¥n!"";n. ~ 


:,.P,o-hLt mel~pr.om.d.a:.c 


WsiLu!l m.h.... WC-wmp' ....../'M,w, 


_MYI"'I"'" 

lcll'rt~f.\Jhopt 

LcQL:.g....CCd...I\"'" 
l&\IPro:..o.<..uIlopl 

","..db,q~.).. I,....ltopt 

E1l t<'I",Ib*,~c~,<=D"'aultopt 

E1l Plet.llOo1'4~".Ql)': El".d 

E1l .....ib"~C.,..wil"PI EllllcI. 

Batch Runs - Setting up a "Sessionu 

• DO use specific, identifiable session names 
- C:\Sessions\Continuous\ConstV-1 Std-Down-Restrict.ssn 

- C:\Sessions-Dichotomous\BMD10-restrict.ssn 

• DO let BMDS automatically assign the out file name 

• ONLY need to change data file in a completed session! 

http:m.I~PII(lIT.ds


,t,.Ufldodullope>-1 , 
"" 

'50'" '""'" "" 
I~OOIl ""1~ ,-"" 1.,.,." 

,...,1e-009 ;l....rn;e 

00049SOS 

0054,2:"17 20(>1(;6 00;:,0454 

~\1221' -112337 -liIS3027 -2JI:,174 

5 79431~-OO5 

"'<i ",.,"'''' "". """ "',," "'". 
"''' "" ",," "'''' "'., An., "''' "''''"''' "''' 36'1/i1l1 

An" ."''' 
'Z' 11.l7 $,17 11i1'" '" , 

il.4S31 tl.~31l.. 01" ExlTlntt " 
'"'" '" 5lt 1?It' 48U15;< 4(10167 

I'IMDL 441401 

512664 ,,­
~Al:nl.J;'" CI!,,,;~, SIotJ.. Fedo, 


Se.aleefl~idualol!ntIl"'$t tJ !l~2 ,(;272 




Sample Documentation of BMD Analysis 
(Exported from BMDS summary to Excel Spreadsheet) 

Goodness of fit p 
value 

Gamma 0.7446 

Logistic 0.4837 

LogLogistic 0.4538 

LogProbit 0.2652 

Multistage 0.0855 

Probit 0.7587 

Weibull 0.9994 

Quantal-
Linear 0.0000 

AIC 

361.607 

363.957 

362.982 

364.271 

367.736 

362.057 

360.400 

423.594 

Scaled 

Residual 


0.632 

-0.416 

0.920 

1.161 

-1.868 

-0.272 

-0.087 

0.000 

BMD 

66.04 

69.58 

68.18 

66.14 

48.02 

66.88 

64.24 

BMDL 

57.63 

61.19 

59.79 

58.68 

44.14 

58.32 

55.21 

17.68 15.65 

3S 

Future BM OS Models &Features 

• Multitumor model (MS_combo) 

• Dichotomous and Continuous model trend test 

• Lognormal distribution for more models 

• "Hybrid" feature for continuous models 

• User defined output summary tables 

• Improved export (e.g., Excel) features 

• Feature for improving initial parameter estimates 

• User-friendly access to more R programs (e.g., 
CatReg) 

• BMD model averaging 
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Useful Links 

• National Center for Environmental Assessment 
• BMOS Main Website ­

http://www.epa.gov/ncea/bmds/ 

• BMOS Training Website ­
http://www.epa.gov/ncea/bmds/training/index.html 

• RIVM Netherlands 
• PROAST software Website ­

http://www.rivm.nllen/food n utriti ona ndwater/foodsafety/ proast. jsp 
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---------------------

t:" NAC/AEGL Meeting 49: September 9-11,2009 
I1f(ruV€ 

Chemical: fvt' rtLi1E.5 ~ rftej4tlft 1ft'CAS Reg. No.: 

Action: Proposed ____ Interim_____ Other_____-_­

Chemical Manager: Staff SCIentist: 
INAC Member EGL2 AEGL3 LOA INAC Member iAEGLI AEGL 2 AEGL3 LOA 

Henry Anderson ~ohn Hinz 

Marc Baril ~im Holler 

Lynn Beasley Clarion Johnson 

!Alan Becker plenn Leach 

Robert Benson Richard Niemeier 

Edward Bernas Mattias Oberg 

Iris Camacho Susan Ripple 

George Cushmac George Rusch, 
Chair 

Richard Erickson Daniel Sudakin 

Neeraja Erraguntla Marcel vanRaaij 

David Freshwater George W oodal\ 

Ralph Gingell Alan Woolf 

TALLY 

PASS! FAIL 

~ UN;"rl'M I v 
10 Min 30 Min 1 Hr 4Hr 8Hr 

AEGLI , ( ) , ( ) , ( ) , ( ) , ( ) 

AEGL2 , ( ) , ( ) , ( ) , ( ) , ( ) 

AEGL3 , ( ) , ( ) , ( ) , ( ) , ( ) 

LOA 

* = :dO% LEL 

** ~ 50% LEL 

***:: ~100% LEL 

*Safety consideratIOns agamst the hazard(s) of exploslOn(s) must be taken mto account. 
** and ***Extreme safety considerations against the hazard(s) of explosion(s) must be taken into account. 

NR= Not Recommended due to 

AEGL 1 Motion by: --.:Iii~=-_~-:::......:.._____ ~Secondby:_~~~~~~~_____ 
AEGL 2 Motion by: __________ Second by: ________________ 
AEGL 3 Motion by: _________ Second by: ___________ 

LOA Motion by: ----:'ff'-------:.,-..-----­

~~~ 
Approved by Chair:Z:;tIZZFO: ~V'h:. Date:·cr11k1 



AppendixB 

National Advisory Committee (NAC) 

for Acute Exposure Guideline Levels (AEGLs) for Hazardous Substances 


April 14-16,2009 

Meeting-48 Highlights 
Hilton- Old Town Alexandria 

1867 King Street 
Alexandria, VA 

INTRODUCTION 

Chairman George Rusch opened the meeting by calling for an introduction of all committee 
members and guests. George mentioned that even after 48 meetings, there is still a high level of 
interest in the AEGL Process. This interest is evidenced by the presence of all committee members, 
as well as visitors from several foreign countries. 

The draft NACIAEGL-47 meeting highlights were reviewed. George Woodall suggested including a 
statement indicating that he would forward the acrylonitrile TSD to NCEAIIRIS for review. Bob 
Benson requested corrections to the allyl alcohol summary (change nasal irritation to nasal 
inflammation and deleting benchmark language when referring to tenBerge probit calculations). 
George Rusch requested correction of the AEGL-3 vote count for dichlorvos. A motion to accept 
the minutes as written with the aforementioned corrections was made by Dieter Heinz (second by 
Gail Chapman) and passed unanimously (Appendix A). The Final NACIAEGL-47 meeting 
highlights are included as Appendix B. 

Marcel van Raaij announced that the OECD 403 (acute toxicity) guidelines have been revised to 
incorporate the cn x t protocol. 

Susan Ripple pointed out that some organizations may assign specific risk values to AEGL values 
(AEGL values are being run through Probit analysis). During the discussion of whether AEGL 
values should be used beyond Risk Management Planning (RMP) as they are originally intended for 
such assessments as probit analyses, there was clear consensus in the NAC AEGL Committee 
regarding the use of the actual AEGL values. The NACIAEGL is not in a position to tell other risk 
assessors how they may, or may not, use these values. However, because the AEGL-3 value 
includes as part of its definition terminology the "threshold for lethality above which we would 
expect to see some lethality in community members", some non-toxicologist assessors may 
arbitrarily assume the AEGL-3 is the Lethal Concentration 0% (LCo) for humans. 
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There is a clear need to make sure that these assessors understand that there is no attempt to quantify 
the risk to humans in terms of traditional risk assessment targets (e.g. 1 x 10.6 or 1 in 1000, etc.) but 
rather that the AEGL-3 value is a strictly health-based number based on the toxicology data 
available. Although these assessors may choose to make various assumptions on their part for risk 
management planning purposes, they should clearly understand that their assumptions for risk may 
NOT be assigned to the AEGL values or the definitions ofthose values. Clearly, AEGLs are strictly 
health-based estimates of thresholds for the target endpoint. 

The highlights of the NACIAEGL-48 meeting are summarized below along with the Meeting 
Agenda (Attachment 1) and the Attendee List (Attachment 2). The subject categories of the 
highlights do not necessarily follow the order listed in the NAC/AEGL-48 Agenda. 

CHEMICAL LIST 

Ernest Falke announced that the NAC/AEGL will essentially be finished with the chemical list at 
NAC-49 (September, 2009); it is likely that no new chemicals will be addressed after September, 
2009. Unleaded gasoline and carbon dioxide, not on the original list, will be addressed in 
September, 2009. The EPA management has directed that emphasis shift to finalization and 
publication ofTSDs through the COT process. 

CHEMICAL REVISITS/STATUS UPDATES 

No Data Chemicals 

Cheryl Bast (ORNL) provided a status update for Diacetylmorphine, Fluoroacetate saits, Methyl 
fluoroacetate, Methoxyethylmercuric acetate, Monofluoroacetic acid, Paraquat, Phencyclidine, 
Sodium fluoroacetate, Tetraethylpyrophosphate, Tetramethylenedisulfotetramine, and Tungsten 
hexafluoride. These chemicals have no data and will be placed in holding status. Susan Ripple 
made a motion (seconded by Dieter Heinz) to validate that these chemicals have insufficient data to 
derive AEGL values. The motion passed unanimously by a show ofhands (Appendix C). 

Methyl Iodide (CAS No. 74-88-4) 

Staff Scientist: Sylvia Talmage, ORNL 

Chemical Manager: Alan Becker, Florida A & M Univ. 


AEGL-48 
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A status update was provided by Sylvia Talmage. The PBPK modeling results for methyl iodide 
will be published in an upcoming issue ofInhalation Toxicology. Methyl iodide will be addressed at 
NAC-49 (September, 2009). 

Arsenic Pentoxide (CAS No. 1303-28-2) 

Arsenic Trichloride (CAS No. 7784-34-1) 


Staff Scientist: Robert Young, ORNL 
Chemical Manager: Roberta Grant, Texas 

Bob Young discussed a possible approach for derivation of AEGL values for arsenic pentoxide and 
arsenic trichloride (Attachment 3). Chemical-specific data are not available for derivation of AEGL 
values; therefore, an elemental equivalence approach was discussed. After a discussion of the 
assumptions inherent in this approach, a motion was made by Roberta Grant and seconded by Susan 
Ripple to place arsenic pentoxide and arsenic trioxide in holding status due to insufficient data. The 
motion passed unanimously by a show of hands (Appendix D). 

Ricin (CAS No. 9009-86-3) 

Staff Scientist: Robert Young, ORNL 
Chemical Manager: Jim Holler, ATSDR 

Bob Young discussed new ricin data (Gomez et aI., 2009) presented in a poster session at the Society 
of Toxicology meeting in March, 2009 (Attachment 4). The new data, from acute inhalation toxicity 
studies in both rats and mice, suggest that the currently proposed ricin AEGL values (key study is 
Griffiths et aI, 1995) may be too high. After a discussion of the new data, a motion was made by 
John Hinz and seconded by George Woodall to reconsider the ricin values at a future AEGL meeting 
and place the ricin TSD in holding status. The motion passed unanimously by a show of hands 
(Appendix E). Bob Young will contact the authors of the Gomez poster to obtain a study report. An 
attempt will also be made to determine why there is an apparent difference in inhalation toxicity 
between the Gomez and Griffiths studies. 

REVIEW of PRIORITY CHEMICALS 

Selected Cyanide Salts 

Sodium Cyanide (CAS No. 143-33-9) 
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Potassium Cyanide (CAS No. 151-50-8) 

Calcium Cyanide (CAS No.592-01-8) 


Staff Scientist: Cheryl Bast, ORNL 

Chemical Manager: Ralph Gingell, Shell Health Services 


Cheryl Bast presented a summary of the available data and an overview of the development of 
proposed AEGL values for the selected cyanide salts (Attachment 5). In the absence of appropriate 
chemical-specific data for the title cyanides, the use of AEGL-l, AEGL-2, and AEGL-3 values for 
hydrogen cyanide was proposed to obtain AEGL-l, AEGL-2, and AEGL-3 values, respectively for 
the title cyanide salts. The use of hydrogen cyanide as a surrogate for the cyanide salts was deemed 
appropriate because qualitative (clinical signs) and quantitative (adjusted rat oral LD50 values) data 
suggest that the cyanide moiety is responsible for acute toxicity of the cyanide salts. The hydrogen 
cyanide AEGL values were used as target values for calculating the concentrations of cyanide salt 
needed to generate the hydrogen cyanide AEGL values. Calculations assumed 25 degrees C and 
760 mm Hg and complete hydrolysis (one mole of NaCN and KCN will each yield one mole of 
HCN, and one mole ofCa(CNh will yield two moles ofHCN). 

A motion was made by Richard Niemeier and seconded by Dieter Heinz to accept the AEGL-I, 
AEGL-2, and AEGL-3 values as proposed for sodium cyanide, potassium cyanide, and calcium 
cyanide. The motion passed. (Sodium Cyanide: Appendix F: 24 yes; 0 no; 0 abstain), (Potassium 
Cyanide: Appendix G: 24 yes; 0 no; 0 abstain), (Calcium Cyanide: Appendix H: 24 yes; 0 no; 1 
abstain). Calvin Willhite will provide material to revise and expand the mechanism of action 
section of the TSD. 

,AEGL VALUES FOR METAL CYANIDE SALTS* 
i,Compound Classification lO-min 30-min l-hr 4-br 8-br 

I I 
Sodium AEGL-l 5.0 mg/m' 5.0 mg/m' 4.0 mg/m' 2.6 mg/m' 2.0 mg/m' 

Cyanide AEGL-2 34 mg/m' 20mg/m' 14 mg/m3 7.0 mg/m3 5.0 mg/m3 


AEGL-3 54mg/m3 42 mg/m3 30mg/m3 17 mg/m3 I3 mg/m3 


i 
Potassium I AEGL-l 6.6 mg/m' 6.6 mg/m' 5.3 mg/m' 3.5 mg/m' 2.7mg/m' 

Cyanide AEGL-2 45 mg/m' 27 mg/m' 19 mg/m3 9.3 mg/m3 6.6 mg/m3 


AEGL-3 72 mg/m' /56 mg/mo 40mg/m; 23 mg/mJ 18 mg/m.l 


Calcium AEGL-l 4.7 mg/m' 4.7 mg/mJ 3.8 mg/mJ 2.4 mg/m' 1.9 mg/m.l 

Cyanide** AEGL-2 32 mg/m j 19 mg/m' 13 mg/m' 6.6mg/mJ 4.7 mg/m.! 


AEGL-3 51 mg/m' 39 mg/m' 28 mg/m' 16 mg/m' 12 mg/m' 

I 

~ "'These aIrborne concentratIOns WIll produce the eqUIvalent AEGL values for hydrogen cyamde. 
~ """ Although the adjusted rat oral LC value for calcium cyanide is much greater (suggesting a less toxic 

compound) than would be expected on a molar basis for CN, the production of two moles of HCN was 
assumed per mole of calcium cyanide. This assumption will yield protective AEGL values. 
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Phosgene Oxime (CAS No.1794-86-1) 

Staff Scientist: Robert Young, ORNL 
Chemical Manager: Jim Holler, ATSDR 

Robert Young summarized the limited data set data for phosgene oxime (Attachment 6). 
Draft AEGL-I values (0.17 mg/m3 at all time points) were based on awareness (ocular, nasal and 
dermal sensation) of the chemical by human volunteers exposed to 1 mg/m3 for lO-minutes 
(Malatesta et al., 1983). An intra species UF of 3 was proposed because direct contact irritation is 
not expected to vary among individuals. A modifying factor of 2 was proposed for limited data. No 
time scaling was proposed (direct contact irritation). Draft AEGL-2 values (0.50 mg/m3 at all time 
points) were based on unpleasant/intolerable irritation of eyes, nasal tissue, and skin in human 
volunteers exposed to 3 mg/m3 for I-minute (Malatesta et al., 1983). An intra species UF of3 was 
proposed because direct contact irritation is not expected to vary among individuals. A modifying 
factor of2 was proposed for limited data. No time scaling was proposed (direct contact irritation). 
Draft AEGL-3 values were not recommended due to insufficient data. After extensive discussion, a 
motion was made by Calvin Willhite and seconded by John Hinz to base AEGL-3 values on the 
highest nonlethal exposure (500 mg/m3 for 30 minutes) reported by Malatesta et al. (1983) for mice, 
guinea pigs and rabbits. Malatesta et al. (1983) observed agitation, respiratory difficulty, and intense 
lacrimation in these animals during the 30-minute exposure to phosgene oxime at concentrations of 
100-500 mg. The uncertainty factor for interspecies extrapolation was limited to 3 because all the of 
species tested responded similarly. The uncertainty factor of 3 for individual variability was 
considered sufficient for direct-contact damage attributed to the actions of the parent molecule. A 
modifying factor of 2 was applied for data deficiencies. In the absence of an empirically derived 
exponent (n), temporal scaling from the 30-minute experimental duration to AEGL-specific 
durations was performed using n = 3 when extrapolating to shorter time points and n = 1 when 
extrapolating to longer time points using the ext = k equation (NRC, 200 I). The motion passed. 
(Appendix I: 18 yes; 2 no; 4 abstain). Concern that a larger MF was warranted was expressed by 
those abstaining or voting no. 

A motion was then made by Calvin Willhite and seconded by Marc Baril for derivation of 
both AEGL-I and AEGL-2 values. AEGL-I values were based on awareness of the chemical as 
determined by ocular, nasal and dermal sensations by volunteers exposed for 10 minutes to 1 mg/m3 

(Malatesta et al., 1983). This sensory perception was not considered to be disabling. The use of data 
obtained from exposures of informed human volunteers eliminates the animal-to-human 
extrapolation concerns allowing an interspecies uncertainty factor of 1. Because the initial effects of 
phosgene oxime appear to be the result of direct-contact with exposed tissue (eyes, nasal mucosae, 
skin), an uncertainty factor of 3 was considered sufficient to account for possible individual 
variability. Metabolism and disposition processes would not be critical in such immediate 
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responses. Because rigorous empirical data regarding exposure concentration-duration relationship 
are not available for phosgene oxime, and because more severe effects appear to occur with 
increasing concentration, time scaling where n = 1 in the relationship C' x t = k was applied to obtain 
AEGL values for time points greater that 10 minutes. A modifying factor of 2 was applied in 
derivation of the AEGL-l values to account for limited information on the inhalation toxicity of 
phosgene oxime as well as the lack of me tho do logic detail in the Malatesta et al. (1983) report. 
AEGL-2 values were based upon the same point-of-departure (POD) used for deriving AEGL-l 
values; irritation (ocular, dermal, nasal) in volunteers exposed to phosgene oxime at a concentration 
of 1 mg/m3 for 10 minute (Malatesta et aI., 1983). No uncertainty factor for sensitive individuals 
was applied with the implication that the exposure may result in effects approaching AEGL-2 
severity for these individuals. This approach was considered more defensible than utilizing notable 
irritation reported by Malatesta et al. (1983) for volunteers exposed to 3 mg/m3 for only 1 minute. 
Data from volunteers precluded application of an interspecies uncertainty factor greater than 1. As 
for AEGL-1 derivation, a modifying factor of 2 was applied for overall data deficiencies as well as 
study deficiencies. Time scaling was applied as described for AEGL-1; C' x t = k, where n=1. The 
motion passed. (Appendix I: 20 yes; 0 no; 4 abstain). 

AEGL Values for phos~ene oxime eX)'!ressed as mglm3 [ppm) 

Classification lO-min 30-min I-h 4-h 8-h Endpoint (Reference) 

AEGL-I 0.17 0.056 0.D28 0.0069 0.0035 Awareness (ocular, 
(N ondisab ling) [0.036] [0.012] [0.0059] [0.0014] [0.00074] nasal, dermal sensation) 

by human volunteers; I 
mg/m3 for 10 min.; 
UF=I x 3; MF=2; n=l 

! (Malatesta et al., 1983) 
AEGL-2 0.50 0.17 0.083 0.021 0.010 Unpleasant irritation 
(Disabling) [O.OIl] [0.036] [0.017] [0.0044] [0.0021] (ocular, nasal, dermal) 

in human volunteers at 
3 mgfm3 for 1 min.; 
UF=I x 1; MF=2; n=1 
(Malatesta et aI., 1983) 

AEGL-3 36 25 \3 3.1 1.6 Highest nonlethal 
(Lethality) [7.6] [5.3] [2.7] [0.65] [0.34] exposure in animals 

(500 mgfm3 for 30 min.; 
UF= 3 x 3' MF=2' n=l 
(Malatest; et aI., i983) ! 

Perfluoroisobutylene (CAS No. 382-21-8) 

Staff Scientist: Cheryl Bast, ORNL 
Chemical Manager: George Rusch, Honeywell 
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Cheryl Bast provided a review of the available data and draft AEGL values for perfiuoroisobutylene 
(PFIB) (Attachment 7). Data were insufficient for derivation of AEGL-l values; therefore, draft 
AEGL-l values were not recommended. In the absence of appropriate chemical-specific data, the 
draft AEGL-3 values were divided by 3 to derive draft AEGL-2 values for PFIB (NRC, 2001). This 
approach is justified by the steep concentration-response curve observed in several animal studies. 
No rats died when exposed to 0.25 ppm PFIB for 4 hours; whereas 100% lethality (2/2) was noted at 
0.5 ppm for 4 hours (DuPont, 1966). No mortality was noted in rats exposed to 228 ppm PFIB for 
0.25 min and 100% mortality (1011 0) was noted at 468 ppm. No mortality was noted in rats exposed 
to 20 ppm PFIB for 5 min and 911 0 rats died at 32 ppm. In rats exposed for 10 minutes, no mortality 
was noted at 10 ppm and 811 0 rats died at 20 ppm (Smith et aI., 1982). No mortality was noted in 
mice exposed to 98 ppm PFIB for 1 minute; whereas, 6/6 mice died at 116 ppm (Fusheng et aI., 
1992), and no mice died when exposed to 10 ppm for 10 minutes and 10/10 mice died at 65 ppm 
(Bide et aI., 2000). Finally, no mortality was noted in rats, mice, guinea pigs, and rabbits exposed to 
approximately 0.70 ppm PFIB for 2 hours; whereas, 10/10 rats, 10/10 mice, 4/5 guinea pigs, and 3/3 
rabbits died when exposed to 1.5 ppm (Pau1et and Bernard, 1968). The highest concentration 
causing no mortality in rats exposed to PFIB for 4-hours (0.25 ppm) was used as the point-of­
departure for draft AEGL-3 values (DuPont, 1966). Clinical signs noted at this concentration 
included face washing, hyperemia, sneezing, hypernea, dyspnea, and decreased responsiveness. 
There was 100% mortality (6/6) at the next highest concentration tested (0.5 ppm). Inter- and 
intraspecies uncertainty factors of3 each were applied (total 10). The interspecies UF of3 was 
considered sufficient because lethality data available for several animal species suggest little 
interspecies variability; LCso values for given exposure durations were well within a factor of3). 
Reported I-min LC50 values are 107 ppm for mice (Fusheng et aI., 1992) and 122 ppm for rats 
(Smith et aI., 1982); 10-minute values are 11.8 ppm for mice (Bide et aI., 2000) and 17 ppm for rats 
(Smith et aI., 1982); 15 minute values are 6.1 ppm for mice and 6.7 ppm for rats (Karpov, 1977); and 
reported 2-hour values are 0.98 ppm (Paulet and Bernard, 1968) and 1.6 ppm for mice (Karpov, 
1977), 1.05 ppm for rats and guinea pigs (Paulet and Bernard, 1968), and 1.20 ppm for rabbits 
(Karpov, 1977). The intraspecies UF of3 was supported by the steep concentration-response curve 
for PFIB (described above for AEGL-2), implying limited intraspecies variability. Values were 
scaled across time using the Cn x t = k, relationship where the exponent, n, was the chemical-specific 
value of 1.0, derived from rat LCso data ranging from 0.25 to 120 minutes. 

After discussion, a motion was made by Richard Niemeier and seconded by Dieter Heinz to accept 
values as presented except that the interspecies uncertainty factor be reduced to 1 (total UF 3). 
This UF reduction is warranted because of essentially no variability in lethality data from rats, mice, 
guinea pigs, and rabbits. The motion passed. (Appendix J: 23 yes; 0 no; 0 abstain). 
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Summaryof AEGL Values for PFIB 
Endpoint 

Classification to-min 30-min I-b 4-b 8-b (Referencel 
AEGL-1 NR I NR NR NR NR Insufficient data 

(Nondisabling) 
AEGL-2 0.67 ppm 0.22 ppm 0.11 ppm 0.028 ppm 0.014 ppm 1/3 the AEGL-3 

(Disablin~) (5.5 m~/m3) (1.8 mg/m3
) (0.90 mg/m3

) (0.23 mg/m3
) (0.11 mg/m3

) values. 
AEGL-3 2.0 ppm 0.67 ppm 0.33 ppm 0.083 ppm 0.042 ppm Highest concentration 
(Lethal) (16mg/m3

) (5.5 mg/ml) (2.7 mg/ml) (0.68 mg/ml) (0.34 mg/ml) causing no lethality in 
rats (0.25 ppm; 4-hr). 
100% mortality at 
next concentration 
(0.5 ppm) tested 
(DuPont, 1966) 

Carbofuran (CAS No. 11563-66-2) 

Staff Scientist: Robert Young, ORNL 
Chemical Manager: Paul Tobin, U.S. EPA 

Carbofuran was postponed to a future NAC/AEGL meeting. 

Oxamyl (CAS No. 23135-22-0) 

Staff Scientist: Sylvia Talmage, ORNL 
Chemical Manager: Paul Tobin, U.S. EPA 

Data on oxamyl, the first of three N-methyl carbamates discussed, was presented by Sylvia Talmage 
(Attachment 8). The N-methyl carbamates are neurotoxicants; uptake results in reversible inhibition 
of acetylcholinesterase, the enzyme responsible for the termination of the biological activity of the 
neurotransmitter acetylcholine at various nerve endings. All three chemicals are solids with low 
vapor pressures. Human oral dosing studies were available for all three N-methyl carbamates. The 
data base for oxamyl AEGL consideration consisted of one- and 4-hour inhalation lethality studies 
with the rat. The chemical was inhaled as a dust or powder. 

The point ofdeparture for the AEGL-I was a 4-hour study in which rats inhaled 4.9 or 24 mg/m3 

(US. EPA 2000). Slight symptoms of cholinesterase activity inhibition were observed at the 4-hour 
point of departure of 4.9 mg/m3

. In the absence of data describing effects consistent with the 
definition of an AEGL-2, the AEGL-2 values were derived by dividing the AEGL-3 values by 3. 
The AEGL-3 values were based on the calculated BMCLo5 of 22 mg/m3 in a 4-hour GLP study with 
the rat (Kelly 2001). Initially, interspecies and intraspecies uncertainty factors of3 and 3.48, 
respectively, for a total of 10 were proposed. The uncertainty factors were based on comparative 
cholinesterase activity inhibition following oral dosing in humans and juvenile and adult rats (U.S. 
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EPA 2007). The uncertainty factors from oral dosing were suggested because N-methyl carbamates 
do not have a port of entry effect, are expected to be rapidly absorbed, and do not require activation. 
The oxamyl-specific interspecies inhalation uncertainty factor was based on differences in modeled 
red blood cell values for cholinesterase activity inhibition between rats and humans following oral 
dosing. Based on comparative brain acetylcholinesterase activity inhibition in post-natal day 11 
juvenile rats and adult rats, the U.S. EPA calculated a Food Quality Protection Act safety factor of 
3.48 to protect children, the most sensitive population. The resulting values were time-scaled (Cn x t 
=k) from the 4-hour data point using an n value of 1.6 derived from three lethality studies involving 
exposure durations of 1 and 4 hours. After discussion, the Committee considered an intraspecies 
uncertainty factor of 10, used for the organophosphate AEGL derivations, more appropriate. The 
lO-minute through 8 hour exposure duration values were AEGL-l: 1.2,0.60,0.39,0.16, and 0.11 
mg/m3

; AEGL-2: 1.8,0.90,0.57,0.24, and 0.16 mg/m3
; AEGL-3: 5.3,2.7, 1.7,0.73, and 0.28 

mg/m3
. It was moved by John Hinz and seconded by Alan Becker to accept the values. The motion 

passed ((Appendix K: 20 yes; 1 no; 1 abstain). 

Following acceptance of the U.S. EPA oral-dosing-based uncertainty factors for methomyl, the 
oxamyl motion of the previous day was rescinded. Daniel Sudakin explained that the N-methyl 
carbamates are not a substrate for the A-esterases that metabolize the organophosphates. The A­
esterases show great inter-individual variation; whereas there was little variation in metabolism of 
carbamates in the human oral dosing studies. It was moved by John Hinz and seconded by Marc 
Baril to accept the AEGL values as originally presented (total uncertainty factor of 10 and time 
scaling with an n value of 1.6). The motion passed (Appendix L: 18 yes; 1 no; 2 abstain). 

Summary of AEGL Values for Oxamyl 

Endp,m! j
~Classification IO-min 30-min I-h 4-h 8-h (Referencel 

AEGL-l 3.6 mg/m3 1.8 mg/m3 1.2 mg/m3 0.49mg/m' 0.32 mg/m3 Slight symptoms of 
(Nondisabling) cholinesterase 

activity inhibition ­
rat (U.S. EPA 2000) 

AEGL-2 5.3 mg/m3 2.7 mg/m3 1.8 mg/m3 0.73 mg/m3 0.47 mg/m3 One-third of the 
(Disabling) AEGL-3 values 
AEGL-3 16 mg/m' 8.2 mg/mj 5.3 mg/m' 2.2 mg/mj 1.4 mg/mJ 4-hour BMCLo5 for 
(Lethal) lethality - rat (Kelly 

2001) 

Methomyl (CAS No. 16752-77-5) 

Staff Scientist: Sylvia Talmage, ORNL 
Chemical Manager: Paul Tobin, U.S. EPA 

Data on the N-methyl carbamate, methomyl, were presented by Sylvia Talmage (Attachment 9). All 
inhalation studies used the rat as the test species and all studies were 4 hours in duration. Methomyl 
was inhaled as a vapor, powder, or liquid aerosol. The study of Ta'naka et al. (1987) in which rats 
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inhaled 9.9 mg/m3 methomyl for 4 hours was rejected as the basis for the AEGL-l due to 
questionable acetylcholinesterase activity measurements. In the absence ofdata that met the 
definition of an AEGL-l, an AEGL-I was not recommended. A study conducted by DuPont (1966) 
in which rats showed clinical signs of cholinesterase activity inhibition during inhalation of 44 
mg/m3 of methomyl powder was suggested as the basis for the AEGL-2. In light of the steep 
concentration-response curve, the Committee instead decided to derive the AEGL-2 values by 
dividing the AEGL-3 values by 3. The DuPont (1966) study was used as support for the AEGL-2 
values. The AEGL-3 was based on the calculated 4-hour BMCLo5 of 157.3 mg/m3 from the study of 
DuPont (1991). The highest concentration of326 mg/m3 was omitted from the calculation in order 
to improve the fit ofthe data to the concentration-response curve. The BMCLo5 was divided by 
interspecies and intraspecies uncertainty factors of5 and 3.05, respectively, for a total of 15. These 
methomyl-specific uncertainty factors were based on oral dosing studies with methomyl (as 
described for oxamyl above). In the absence of time-scaling information, the 4-hour value of 10.48 
mg/m3 value (157.3/15) was time-scaled to the shorter and longer exposure durations using default 
uncertainty factors of 3 and 1, respectively. Because the key study was 4 hours, the 10-minute 
AEGL-3 was set equal to the 30-minute AEGL-3. It was moved by Dieter Heinz and seconded by 
John Hinz to accept the values as proposed. The motion passed (Appendix M: AEGL-I: 19 yes; 0 
no; 1 abstain; AEGL-2: 16 yes; 0 no; 4; abstain; AEGL-3: 15 yes; 2 no; 3 abstain), 

Summary of AEGL Values for Methomyl 

Endpoint 
Classification lO-min 30-min l-h 4-h 8-h (Reference) 

AEGL-I Not Not Not Not Not Insufficient data 
(Nondisabling) recommended recommended recommended recommended recommended 

AEGL-2 7.0mg/m3 7.0 mg/m3 5.7 mg/m3 3.3 mg/m3 1.7 mg/m3 One-third of the 
(Disabling) AEGL-3 values 
AEGL-3 21 mg/mJ 21 mg/mJ 17mg/mJ to mg/mJ 5.2 mg/mJ 4-hour BMCLo5 
(Lethal) for lethality - rat 

(DuPont 1991) 

Not recommended: absence of AEGL-l values does not 1mply that exposure below AEGL-2 levels 1S Without effect. 

Aldicarb (CAS No. 116-06-3) 

Staff Scientist: Sylvia Talmage, ORNL 
Chemical Manager: Paul Tobin, U.S. EPA 

Data on the third N-methyl carbamate, aldicarb, were presented by Sylvia Talmage (Attachment 10). 
The data base for aldicarb is relatively sparse. In the absence of data that meets the definition of an 
AEGL-l, an AEGL-l was not recommended. Data that addressed the definition of an AEGL-2 were 
also sparse. Based on the steep concentration-response curve, the AEGL-2 values were calculated 
by dividing the AEGL-3 values by 3. The key study for derivation of AEGL-3 values was reported 
by Union Carbide Corp. (UCC 1985). Rats inhaled a liquid aerosol of aldicarb for 4 hours. 
Concentrations ranged from 0.82 to 46.3 mg/m3

• The calculated BMCLo5 was 0.97 mg/m3
• 

Interspecies and intraspecies uncertainty factors of2 and 2, derived by U.S. EPA (2007) and based 
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on oral dosing as described above for oxamyl, were suggested. For consistency with the prior two 
N-methyl carbamates, the intraspecies uncertainty factor was raised to 3 for a total of 6. Time 
scaling utilized the default n values of 3 and 1 for shorter and longer exposure durations, 
respectively. Because data were available from a study of short duration (Risher et at 1987), time­
scaling included the 10-minute value. It was moved by Marcel van Raaij and seconded by George 
Woodall to accept the values as proposed. The motion passed (Appendix N: 18 yes; 0 no; 3 
abstain). 

Summary of AEGL Values for Aldicarb 

Endpoint 
Classification 10-min 3D-min l-h 4-h 8-h (Reference) 

AEGL-l Not Not Not Not Not Insufficient data 
(Nondisabling) recommended recommended recommended recommended recommended 

AEGL-2 0.16 mg/m' 0.11 mg/m' 0.087 mg/ms 0.053 mg/mj 0.027 mg/m; One-third of the 
(Disabling) AEGL-3 values 
AEGL-3 0.47 mg/m; 0.32 mg/m; 0.26mg/m; 0.16 mg/m; 0.081 mg/m' 4-hour BMCLo5 

(Lethal) for lethality rat 
(UCC 1985) 

Not recommended: absence of AEGL-l values does not Imply that exposure below AEGL-2 levels IS wIthout effect. 

Following acceptance of AEGL values for all three N-methyl carbamates, the relationship among the 
AEGL-3 values at the 4-hour time point was compared to the calculated 4-hour LC50 values. For 
a1dicarb, oxamyl, and methomyl, the 4-hour LC50 values are 3.9, 56, and 258 mg/m3

, respectively. 
Compared with the 4-hour AEGL-3 values of 0.16, 2.2, and 10 mg/m3

, respectively, the relationship 
held. 

Perchloryl Fluoride (CAS No. 7616-94-6) 

Staff Scientist: Dana Glass, ORNL 
Chemical Manager: Glenn Leach, U.S. ACHPPM 

Glenn Leach, the chemical manager, presented several scenarios for development of AEGL values 
(Attachment 11). Human data were not considered in deriving values because the clinical study 
addressed odor, and the exposure was ofunknown duration. Acute studies with the dog, rat, mouse, 
and guinea pig (Greene et al. 1960) showed that perchloryl fluoride is a direct contact irritant as well 
as a systemic toxicant. Methemoglobinemia was observed in all animals exposed to high 
concentrations ofperch lory 1 fluoride. A second acute study with the rat (Dost et al. 1974) was 
presented, but details of exposure were lacking. Both studies addressed lethal concentrations. No 
acute data were available for detennination ofAEGL-l and AEGL-2 values. The AEGL-l values 
were derived from the concentration, 24 ppm, at which dogs and rats were exposed for 6 hours/day, 
5 days/week for 26 weeks. At this concentration, all animals survived, exhibited no clinical signs, no 
signs of irritation and the only long-tenn effect observed was increased fluoride deposition in the 
bone and urine over the course of the 26 weeks. Therefore, this may be considered a no-effect level 
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over an eight hour period. The POD, 24 ppm, was divided by interspecies and intraspecies 
uncertainty factors of 3 and 10, respectively, for a total of 30. An interspecies uncertainty factor of 3 
was appropriate as lethality values among dogs, rats, and mice differed by less than a factor of 3. An 
intraspecies uncertainty factor of 10 was considered appropriate because infants are considerably 
more susceptible to methemoglobinemia than healthy adults. In the absence of time-scaling 
information, the 6-hour value was time-scaled to the shorter and longer exposure durations (Cn x t 
k) using the default values of3 and 1, respectively. Because ofuncertainty in time-scaling from an 
6-hour exposure duration to 10 minutes, the 10-minute value was set equal to the 30-minute value. 
Because of the steep concentration-response curve for lethality in the key study (Greene et al. 1960), 
AEGL-2 values were derived by dividing the AEGL-3 values by three. The committee chose a 4­
hour exposure of two dogs to 224 ppm (Greene et al. 1960) as the point of departure for AEGL-3. 
Dogs survived the next highest exposure of 425 ppm, but this concentration was above the 4-hour 
LCso of 385 ppm for the rat. The 4-hour 224 ppm concentration was divided by interspecies and 
intraspecies uncertainty factors of 3 and 10, respectively, for a total of 30. The interspecies 
uncertainty factor of 3 was justified based on the fact that LCso concentrations for the dog, rat, and 
mouse in the key study were within a 3-fold factor of each other. The intraspecies uncertainty factor 
of 10 was used because the fetal hemoglobin of infants is considerably more sensitive to oxidation to 
methemoglobin than the hemoglobin of adults. In the absence of time-scaling information, the 4­
hour value of7.5 ppm was time-scaled to the shorter and longer exposure durations (Cn x t = k) 
using the default values of3 and 1, respectively. Because of uncertainty in time-scaling from a 4­
hour exposure duration to 10 minutes, the 10-minute value was set equal to the 30-minute value. A 
motion was made by Bob Benson and seconded by John Hinz to accept the values. The motion 
passed (Appendix 0: 19 yes; 0 no; 1 abstain). 

Summary ofAEGL Values for Perchloryl Fluoride 

Endpoint 
Classification 10-min 30-min I-h 4-h 8-h (Reference) 

AEGL-l 1.8 ppm 1.8 ppm 1.5 ppm 0.92 ppm 0.60 ppm NOEL in dog and 
(Nondisab ling) rat (Greene et aI., 

1960) 
AEGL-2 5.0 ppm 5.0 ppm 4.0 ppm 2.5 ppm 1.2 ppm One-third of the 

(Disabling) AEGL-3 values 
AEGL-3 15 ppm 15 ppm 12 ppm 7.5 ppm 3.7 ppm 4-hour hour non­
(Lethal) lethal value in the 

dog (Greene et al. 
1960) 

Tellurium Hexafluoride (CAS No. 7783-80-4) 

Staff Scientist: Jennifer Rayner, ORNL 
Chemical Manager: Roberta Grant, Texas 

Cheryl Bast presented the data set and proposed AEGL derivation for tellurium hexafluoride 
(Attachment 12). Draft AEGL-l values were not recommended due to insufficient data. In the 
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absence of empirical data, draft AEGL-2 values were set at one-third ofthe AEGL-3 values. The 
steep concentration response is evidenced by the fact that rabbits, guinea pigs, rats, and mice 
exposed to 5, 10, 25, 50, and 100 ppm tellurium hexafluoride for 4 hr all died. All mice exposed to 5 
ppm for 1 hr died. All animals exposed to 1 ppm for 1 or 4 hr survived (Kimmerle, 1960). The 
highest concentration causing no mortality in a rabbit, guinea pig, rats, and mice (1 ppm for 4 br) 
was used to derive draft AEGL-3 values (Kimmerle 1960). An intraspecies uncertainty factor of 3 
was proposed because tellurium hexafluoride is highly irritating and corrosive, and much of the 
toxicity is likely caused by a direct chemical effect on the tissue; this type of portal-of-entry effect is 
not expected to vary greatly among individuals. An interspecies uncertainty factor of 1 was 
proposed because the limited data suggest that the rabbit, guinea pig, rat, and mouse are similarly 
sensitive to the acute effects of tellurium hexafluoride. A modifying factor of 10 was applied to 
account for the potential effects of tellurium and the sparse database. Thus, the total adjustment is 
30. To obtain conservative and protective AEGL values in the absence of an empirically derived 
chemical-specific scaling exponent, temporal scaling was performed using n=3 when extrapolating 
to shorter time points (10-, 30-, and 60-min) and n 1 when extrapolating to longer time points (8 
br) using the en x t = k equation. The 30-minute AEGL-3 value was adopted for the 10-minute 
value due to the added uncertainty of extrapolating from a 4 hr time point to 10-minutes. After 
discussion, a motion was made by Bob Benson and seconded by John Hinz to accept AEGL values 
as presented with the exception that the 10-minute AEGL-3 value be derived by time scaling. Time 
scaling from 4-hr to 10-min is supported by a 1 hr study in multiple species exposed to 1 ppm 
(Kimmerle 1960). This exposure resulted in hyperpnea in all animals, a non life-threatening 
endpoint. Extrapolating that value and applying the total adjustment (uncertainty and modifying 
factor) of30 yields a value of2 ppm-min, suggesting that the proposed AEGL-3 1O-min value 
(0.097 ppm x 10 min 0.97 ppm-min) is protective. The motion passed (Appendix P: 19 yes; 2 no; 
oabstain). 

Summary of AEGL Values for Tellurium Hexafluoride 

Endpoint 
Classification IO-min 30-min l-h 4-h 8-h (Reference) 

AEGL-I 
(Nondisabling) 

NR NR NR NR NR Insufficient data 

AEGL-2 
(Disabling) 

0.032 ppm 
(0.32 mg/m3 

) 

0.022 ppm 
(0.22 mg/m3 

) 

O.otS ppm 
(0.18 mg/ml) 

0.011 ppm 
(0.11 mg/ml) 

0.0057 ppm 
(0.056 mg/ml) 

One-third of the 
AEGL-3 values 

I (NRC 2001) 
Highest 
concentration 

!AEGL-3 
(Lethal) 

0.096 ppm 
(0.95 mg/m3 

) 

0.067 ppm 
(0.66 mg/m3 

) 

0.053 ppm 
(0.52 mg/ml) 

0.033 ppm 
(0.33 mg/m3

) 

0.017 ppm 
(0.17 mg/ml) 

causing no mortality 
in a rabbit, guinea 
pig, rats, and mice 
(1 ppm, 4-hr) 
(Kimmerle, 1960) 

Not recommended: absence of AEGL-I values does not Imply that exposure below AEGL-2 levels IS WIthout effect. 

SPECIAL PRESENTATIONS 
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Discussion of Data for Gasoline AEGLs 

Presenter: Russell White, American Petroleum Institute 

Russell White discussed the past, present, and future composition of gasoline and then discussed 
gasoline toxicology (Attachment 13). The American Petroleum Institute has sponsored studies on 
acute, subchronic, and chronic toxicity as well as studies on reproductive and developmental 
toxicity, neurotoxicity, genotoxicity, and neurotoxicity. Test materials included whole gasoline 
liquid, whole gasoline vapor, and various refinery streams. Dr. White provided the NAC with a CD 
containing study data that will be useful in deriving AEGL values for gasoline. Discussion of a draft 
AEGL TSD for gasoline will be scheduled for NACA9. 

Discussion of New Phosgene Data 

Presenter: Jiirgen Pauluhn, Bayer HealthCare 

Jilrgen Pauluhn discussed recent phosgene data (Attachment 14). Key discussion points included the 
fact that the apparent increased toxicity in recent studies is likely due to purer phosgene (no HCI 
contaminant), rodent vs. non-rodent animal models, time scaling (n=1 confirmed), delayed edema, 
and consistency of acute data with subchronic data. The new data suggest that the dog may be more 
appropriate than the rat as an animal model for phosgene risk assessment. There is an instant, 
although transient, change in breathing reflex in the rat; therefore, exposures of less than 30 minutes 
may result in false negative responses. The recent data also suggest that with regard physiology of 
the respiratory tract and acinar structure of the lung, dogs are more similar to humans than rodents. 
The NAC voted (unanimously by a show of hands; Appendix Q) to reconsider phosgene at the next 
meeting. The TSD should be re-written to incorporate the new data. 

Discussion of Route to Route Extrapolation 

Presenters: George Rusch (Honeywell) and Jiirgen Pauluhn (Bayer HealthCare) 

George Rusch and JUrgen Pauluhn both discussed route to route extrapolation as it pertains to risk 
assessment. 

Dr. Rusch discussed factors influencing dose for food/drinking water vs. gavage vs. inhalation 
routes, and presented an example calculation (Attachment 15). He then discussed limitations of oral 
to inhalation extrapolation (often do not know (l or p; toxicity of chemical can alter minute volume 
during exposure); uptake in upper respiratory system will lead to different distribution than uptake in 
lung; for poorly soluble particles, poor clearance from lung can lead to higher dose and for poorly 
soluble particles poor uptake from digestive system can lead to lower dose; oral uptake initially 
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enters entrohepatic circulation; whereas, inhalation uptake is into systemic circulation, and oral 
dosing often underestimates the toxicity by inhalation). 

Dr. Pauluhn discussed absorption profile, metabolism (toxification vs. detoxification), 
toxicophoresis (GI vs. lung), and physiological responses specific to the respiratory tract 
(Attachment 16). He concluded that GI-tract dosing due to particles deposited in the extra-thoracic 
region have to be considered, non-inhalation routes do not necessarily predict what happens 
following inhalation, and that in the absence of PK-data and knowledge about the critical toxic 
mechanisms one should not extrapolate from oral to inhalation exposure (alternatively an adjustment 
factor of at least 25 must be applied). 

ADMINISTRATIVE MATTERS 

Future Meetings: 

September 9-11, 2009: Research Triangle Park, NC 


All items in the agenda were discussed as thoroughly as the time permitted. The meeting highlights 
were prepared by Cheryl Bast, Sylvia Talmage, and Robert Young, Oak Ridge National Laboratory. 
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Richard Erickson Daniel Sudakin y Y'/ Ii It IT 
Neeraja Erraguntla Marcel vanRaaij y y y y y y 
David Freshwater iGeorge Woodall y --r y y y y 
Ralph Gingell ~Ian Woolf y yy 'I y 

TALLY ~/~ ~~ ao~ 
PASS/FAIL f f f 

~(mg/mJ) 10Min 30Min 1 Hr 4Hr 8Hr 

AEGLI I ( nit ) ,(rll'l ) IHI't ) ,(tilL ) ,( r(A. ) 

AEGL2 ,( J'),.0 ) ,( I ~O ) ,( qs ) ,( ~D ) ,( 3« ) 

AEGL3 ,( J',a ) ,( I 'fJ ) '(/~(/ ) ,( Cf (, ) ,( "3 ) 

LOA 

* = :dO% LEL 

** = ~ 50% LEL 

*** = ~lOO% LEL 

*Safety considerations against the hazard(s) of explosion(s) must be taken mto account. 
** and ***Extreme safety considerations against the hazard(s) of explosion(s) must be taken into account. 

t 
NR= Not Recommended due to__'-_~_--J1"'---'tL...~'__·________.-'-"- _ 

AEG L 1 Motion by: -:...,;12..;.,.;I;..:.I'-7I'...;;l;..::I!=--______ Second by: -..:..I..JCI.:...;....L_I..-.,.-C,_:i-"L._---­

AEGL 2 Motion by: ___l-+-______ Second by: __~..l..I--_____ 
AEGL 3 Motion by: --~'LI~------ Second by: ___f'______ 
LOA Motion by: ---:w-----#--:;---- Second by: _--:'~------

Approved by Chair: bl.!...ZJ<;e; ~~ Date: q/q/tJCf 



__ 

NAC/AEGL Meeting 49: September 9-11,2009 Appendix D 

Chemical: ,f2,Me-rH''IL fHoS,fH (1"£ CAS Reg. No.: I ~ I - L.f. S - '} 

Action: Proposed ~ Interim Other'----=-- ---- ------­

Chemical Manager: cV5fJl1"c Staff Scientist: ;tf S-r 
NACMember AEGLI AEGL2 ~EGLJ LOA INAC Member ~EGLI iAEGL2 IAEGLJ LOA 

Henry Anderson 'I y y ~ohn Hinz y y y 
Marc Baril 

Lynn Beasley 

y 
y 

'I 
'I 

.., 
Y 

lJim Holler 

Clarion Johnson I 
'/ 
f) 

y 
t4 

y 

" 
• 

Alan Becker 'I 'i "i Glenn Leach 
fl t1 /J 

lRobert Benson 'I "1 y Richard Niemeier y y t 
iEdward Bernas y y y i Mattias Oberg f y 1 
Iris Camacho (1 A A . Susan Ripple 

I y y y 
,George Cushmac 'I '/ y George Rusch, 

Chair 'j '/ '/ 
!Richard Erickson '/ 'I 'I Daniel Sudakin 

)4 fJ 17 
rNeeraja Erraguntla y y 'I Marcel vanRaaij 'I y 'I 
David Freshwater y y 1 peorge Woodall y y 'f 
Ralph Gingell 

"I "1 'I 
iiAlan Woolf 'I y 1 

TALLY ;)Pho ;}Itp,11/" 

PASS/FAIL f ( f 

PPM, (mg/mJ) 10 Mill 30 Min 1 Hr 4Hr 8Hr 

AEGLI , ( ) ),( 7." ) ,( ('. I '(3. B'-) '(;l.r)II 
AEGL2 , ( liD ) ,( 1)'1 ) ,( ~ I ) ,( 3 f ) ,( ~:J ) 
AEGL3 '(5'0 ) ,( 3Cfd ) ,( 31t' ) ,( /60 ) '(fl ) 

LOA 

* = ~10% LEL 

** = ~ 50% LEL 

*** = ~100% LEL 

*Safety consIderatIOns agamst the hazard(s) of exploslOn(s) must be taken mto account. 
** and ***Extreme safety considerations against the hazard(s) of expJosion(s) must be taken into account. 

NR= Not Recommended due to 
-----------------~ 

AEGL 1 Motion by: ~ Second by: ----I~:...=-~~-::Ioc:r.,u.r:;.IC:z::::...__ 

AEGL 2 Motion by: 't Second by: -f 

AEGL 3 Motion by: ___~,.,..-__~___ Second by: --~,rD;~;------
LOA Motion by: _~.--___---- Second by: _________ 


Approyedby_Chair: LV~Q:~~~""""'~-oLO_"__ Date: Cf/q/"Cf 



Appendix E 

CAS Reg. No.: '1'1 ... ,. ~ .. '+Chemical: Me 'f/f't L 10Pile 

Action: Proposed if Interim____ Other____~~-

staff S'Clenf ISt :Chemical Mana2er: 
AECU l.\EGU LOA NACM~mber AEOLl AEGLl AEGU lOA

"'AC l\IIember AEGU 

!Henry Anderson y y y John Hinz y Y Y 
~arc Baril y y y !Jim Holler I' y .y 
Lynn Beasley 'I 'y -y •Clarion lohnson )q f}­ A 
Alan Becker 'I y ')I ; Glenn Leacll 

I 1'1 A­ ri 
RAJbett Benson 'f> I' (J' 

~chard Niemeier y y y 
Edward Bernas y y y [Mattias Oberg 

-t y Y 
Iris Camacho 

It f) Pr 
Susan Ripple y y y 

peorge Cushmac 
'I y 1'1 

George Rusch. 
Chair r y y 

Richard Erickson y y y Daniel 8udakin }4.1 It A 
Neeraja Erraguntla 

lDavid Freshwater 
'/ 
y 

y 
y 

y 
y 

Marcel vanRaaij 

, George Woodall 
-I 
'I 

y 
y 

Y 
r 

Ralph Gingell -y ,Y Y Alan Woolf y y y 
" 

• TALLY 

PASSfFAIL 
/~ drf, 
v' ( 

I~ 

I 
~ 

l\{p~(mglmJ) 10 Min ' 30 Min '1 Hr 41lr 8Hr 

AEGLI '<0'+ ) ,( .3 I ) ,( ;J.~ ) , ( 
II 

) ,( 1/ ) 

AEGL2 , <;),q() ) ,( I~ ) .( W) ,( 'rl ) ,( ~9 ) 

AEGL3 ,< f:'1() ) 4'O,(~) ,(;;~~) ,<.1IE>
J .. .,.". ­

,C';!.l_v __ 
) 

LOA 

.:dOo;... LEL'" 

** -:e 50% LEL 


*,u "" ~ 1000/0 LEL 

"'Safety (;onslderatlons agaInst the hazard(s) ofexploston(s) must be taken Into account. 
** and """"'Extreme safety considerations against the hazard(s) of explosion(s) must be taken into account 

NR- Not Recommended due to ___~___________~__ 

AEGLI Motion by: --:;..~~~~~....:;' Second by: ~bI.~'"#-.~_'----__~__ _ '
AEGL2 Motion by!_'_~'f-R Second by: -----,-Lr---'____ 
AEGL3 Motion by: ~__~~___~__ Second by: ~......'~J.i_:___._._ 
LOA Motion bv: s'pl'nDif hv~ ­

c0/c0'd 0SI7L.179sc0c ~d3 £0:cc 600c-61-1JO 



-------------------------------------

NAC/AEGL Meeting 49: September 9-11, 2009 AwendixE-

Chemical: fHoS&€lfe (rlGw 1117"14) CAS Reg. No.: 7$ .-'t'+; ~ .r>I ~;:"'-.lf-
f"A'I/,-'/it.-T vv-.... 

Action: Proposed Interim Other ~G. VIS' I Ii (Jf F I rll1'l ftto:lG£ Nt:. 
V IH.ve;.s .i)'1t.se.D Orl -Me-V JA7"A 

Ch . I M FALke StaffS'clen fIS t : .dAS-remlca anager: 
NACMember f.\EGLl f.\EGL2 AEGL3 LOA I)'jACMember f.\EGLl f.\EGL2 AEGL3 LOA 

Henry Anderson )ohn Hinz y y '/ y y f 
Marc Baril )im Hollery 't "i y y '/ 
Lynn Beasley Clarion Johnson y .." Y fr fJ A 
Alan Becker Glenn Leach y y y It It If 
Robert Benson i Richard Niemeier y y y y y'I 
Edward Bernas Mattias Oberg y y'I Y 'I y 
Iris Camacho Susan Ripple 

, 
1't tA A Y y Y 

George Cushmac George Rusch, 
'I y 'Y Chair y y y 

Richard Erickson Daniel Sudakin y '{< y ;4 fI A 
iNeeraja Erraguntla y -~ y IMarcel vanRaaij y y yI 

f 

David Freshwater IGeorge Woodall y 'i Y 'I y y 
Ralph Gingell Alan Woolfy y 'I y y '/ 

TALLY 

PASS/FAIL 

PPM, (mg/mJ) 10 Min 30Min 1 Hr 4Hr 8Hr I 

AEGLI , ( , ( ) ,( Nil ) , ( , ( rvc.)tJ~ ) I'fft. NIL ) 
AEGL2 ,( !t. "l ) ,( 0/7?) ,( dj3~ ) ,( () ,tt,,) '(0,0,+' . 

AEGL3 ,('7.'t ) ,( ?' ) ,( \. '3 ) ,(0,33) ,(0.") 

LOA 

* =;dO% LEL 


** = ~ 50% LEL 


*** = ~lOO% LEL 

*Safety conSideratIOns agamst the hazard(s) of exploslOn(s) must be taken mto account. 

** and ***Extreme safety considerations against the hazard(s) of explosion(s) must be taken into account. 


NR= Not Recommended due to 

AEGL 1 Motion by: _-"~_--;--=--....;'_____ Second by: _~6~~;...;...·.:..:o..o==_____ 

AEGL 2 Motion by:____J+-_____ Second by: ---1-1------­
AEGL 3 Motion by: ___Lir]j:.....-_____ Second by: __.....:11:..-_____ 

LOA Motion by: --.".---"""'-"'7"'--- Second by: :--________ 


Approved by Chair: A ~:~ Date: 

http:i)'1t.se


Chemical: () , c/l.rT(lI'IIDS CAS Reg. No.: ,,.,., ,,:,~C-?- Appendix G 


Action: Proposed . /" Interim~___ Other~______ 


Chemical M ftnft~e...: H•1'12 StaffS·CleOt·ISt : /lAY/'leA.. 

iNAc M~mbcr ~EGLl iAEGLl ~EGL3 iL:.OA It'o/ACMclI'Il:Jer IAEGLl ~EGLl ",EGU ~OA 


Henry Anderson ~ohn Hinl:.
'I y y 1- 'I y 
!Marc Baril tIim Holler'I 'f Y 'I y Y 
lLynn Beasley IClarion Johnson ,y 'I 'I f'I It Ii 
!Alan Becker 1G~lenn Leach

'1 1- f\ It 111 
Robert Benson ...., " '!RIchard Niemeier~ j y "ty'1 
jEdward Bernas Mattias Oberg '1 'f I" 'I i y 
~ris Camacho Susan Ripple f\ f\ y ., t 
George Cushmac lGeorge Rusch, ..., yi 'I 1 "" [chair " 1­
IRichard Erickson ....., Daniel Sudakin
'f 'I 11 ~ R 
lNeeraja Erraguntla lMarcelvanRaaij'I 'I 1 
[David Freshwater .., ..., beorge Woodall 

'f 

"'y ..., 
y 

yV 
Ralph Gingell .., !Alan Woolf 'I "1 -.J" " 

TALLY 

:PASSI FAil 

~ 

PPM.~ 10 Min 30 Min 1 Hr 49r 8Hr 

AEGLI I ( riI- If- ) ,( fiR.. ) .( nt- ) '(Nit. ) ·'(rilL), .... ~ '.i.... 
A~"" 


AEGL2 
 .(<!S:~) .(~ , ( ;.;(il,) .(~ •(11~~fJ) ...... .... 
AEGL3 '(~l~l ,( NSI~\ ·(~17.~ .(~) .(~)

h"~~ 
LOA 

'" "" 2:10% LEL 

U - 2; 50%, LEL 
i 

*** "" 2:100°/. LEL' 

*Safety consIderations agamst the hazard(s) ofexploslon{s) must be taken iQto account. 

** and ""'''''Extreme safety considerations against the hazard(s) ofexpioslo.n(s) must be taken into aCCOLlnt. 


NR= Not Recommended dQe tO~...:I~:::;;;:.;..:~~f'I--~Rc-~---=:fi~_______ 

AEGL 1 Motion by: U Second by: --&i~I?__/.-:?_____
Id Z __ 
AEGL 2 Motion by:___-I-+-_~~~~_ Second by: ----1-+----__ 

AEGL 3 Motion by: _---IVlL-___:=_::_"....-- Second by: __-lilE:.....--____~ 

LOA Motioo by: " '/7Second by: 


Annrnvprf hv ('... R...• Z" j/JIfJnTf'f). (-(J,t7l a JII.IA 
p0/~0'd 0Sp~p9S202 tld3 SS:t2 6002-9t-1JO 



NAC/AEGL Meeting 49: September 9-11,2009 Appendix H 

Chemical: ytIJr4't:;.(l.ntJ-IHds CAS Reg. No.: ~'a.s-- 9":1-'1 


Action: Proposed ~ Interim____- Otber~_-__-~ 


Chemical Manaller: B£rI.sPN Staff Scientist: Yo uriG 
!lilAC Member IAEGl.l iAEGU ~EGL3 LOA [NAC Member iAEGLl AEGL 2 ~EGLJ ILOA 

!ReIllY Anderson JOM Hinzy y 'I y 
Marc Batil ~im Holler y y 
lLynn Beasley !Clarion Johnson 


~Ian Becker IGlenn Leach
y y y 
Robert Benson Richard Niemeier Y y y y 

Edward Bernas Mattias Oberg y
Iy 
ris Camacho [Susan Rippler4 yt y 

George Cushmac 1 
Richard Erickson Daniel Sudaldny 
[Neeraja Erraguntla y y y Marcel vanRaaij y 

David Freshwater George Woodall
'I y 
Ralph Gingell ,Alan Woolf

'I Y 
, 

TALLY $~ 

PASSI FAIL f 
~ 

PPM,~ 10 Min 30 Min IHr 4 Hr 8Hr 

AEGLl '(riA) ( riA.. ) .( ftt. ) 
1 (f'/I't ) ,( I'I./l. ) I 

AEGLl ,(i,'t-n, ) I(O~
v. • '(It$..) • (0# 7-if) I(~) 

AEGL3 ). ,( f· 3 ,( tI,';>') ,(%.."71.~ ,( ~~I!.~ " .;~~~ 
LOA 


w = 2:10% LEL 


."'= ~ 50% LEL 


Hz ... 2! 100% LEL 


•Safety consIderahons agaInst the hazard(s) of explo810n(s) must be taken· mto account. 

"'* and u*Extreme safety considerations against the hazatd(s) of explosion(s) must be taken into account. 


NR= Not Recommended due to_---=-~=-- _ _JIJr::..=..~__=:.!=___________4-;:, 
, r-e~AEGLI Mott~OD bbY: ---IM-+~.::;.:~=:...:;..:~----- SSecoDdd bbY: ~------=--..;...:;;----

AEGL2 o lOn y:_____J--=..____ eton y: ::M +__ tr --. 
AEGL3 Motion by: __________ Second by: -: :--~-+--~---
I,()A Motinn hv t ~ ...."n. ..A ....... 

v0/c0'd 0£vl.v9£c0c ~d3 ££:lc 600c-91-1JO 



-

__ 

--------------------

NAC/AEGL Meeting 49: September 9-11, 2009 


Chemical: IIIe7H II 1'1 II tI f Ii 0 J CAS Reg. No.: I0 ~ "S"* ... c:I1, - , Appendix I 

Action: Proposed_..;:./ Interim____ Other_______ 

Ch . ,., \e"1t St ff S· f t -r; I""AGtremlca1Mana~er: p." s a clen ,IS: 14'­
INAC Member AEGLl f'\EGL2 ''''' LOA INAC Member f'\EGLl EGLJ . LOAIAEGLJ 

Henry Anderson ~ohn Hinzy ( /'I 'i f 
lMarc Baril ~im Hollery y "7 'I 'Y '/ 

IClarion Johnson *1 1 A A A 
IGlenn Leach ' "i'/ " 1 ~ IT 11 
Richard Niemeier 11 y "'/ '1 y y 
Mattias Oberg 'j y y ~ ~ I,

~ris Camacho Susan Ripple 
A f\ A "'I '-t "i 

George Rusch, ~ y yY Y Chair 1 Y 
Daniel Sudakin y y y 11 A Ii 
Marcel vanRaaij y yf I of f 

David Freshwater George Woo 'I 'f I' f'I I' 
Ralph Gingell Alan Woolf y y '7' )'1'1 i 

TALLYI 1"~6 
, 

,{,/,,= 'Vt& 
PASS/FAIL f ( 1LJ 

"...-...... 


PPM,~ 10Min 30 Min 1 Hr 4Hr 


AEGLI ) )'(~I4- ) , (-;;1,Lf ,( I. cr ,( I,;' ) ,(d,'/) 
, AEGL2 '(ttl S' ) ,( tf.~) ,( :3. <; ) ,(~, 3 ) ,(/, , ) 

AEGL3 )10. (1/IIIt /0 ,(. ) ~,I '(filii) ..:s, I '(lflii ) :J.,~,(PR ) 
LOA 

** = :<!: 50'% LEL 


*** = <!: 100% LEL 


*Safety consideratIOns agamst the hazard(s) ofexplosion(s) must be taken into account. 

** and **~Extreme safety considerations against the hazard(s) ofexplosion(s} must be taken into account. 


NR= Not Recommended due to 


AEGL 1 Motion by: Second by: ---Irt
~ ....~c;..I-·=:::...;....~;;;.:'=----
AEGL 2 Motion by: __--j''--______ Second by: ___-:-+/_____ 

AEGL 3 Motion by: _~J.£Z-______ Second by: ___....
+-c...____ 

LOA Motion by: ---,--~r------ S,econd by: _________ 


Approved by Chair:,,6~:-t.~:lLL Date:.....~"",f1IA~'iI-'__ ~hl fd'1 



-------------------------------------

NAC/AEGL Meeting 49: September 9-11, 2009 


Chemical:*"~E.VI'" (HOS CAS Reg. No.: i)"1'''3'f~ry Appendix J 

Action: Proposed ~ Interim____ Other_-L...JH~'_L...s;f--:l:..:...f'I,......;;G:~ 

Ch '1Manager: Staff S· f t : -;,Ai ,." A (jemlca 1\ IfI €t'l Sd I' clen IS 


INAC Member ~EGLl ~EGL2 ~EGLl LOA NACMember !\EGLl !\EGL2 !\EGLl ~OA 


Henry Anderson John Hinz f 'I 
lMarc Baril )im Hollery 'I 
iLynn Beasley Clarion Johnson y ;1 
IAlan Becker Glenn Leach y f) 

IRobert Benson lRichard Niemeier 
"'Y f 

Edward Bernas • Mattias Oberg y y 
Iris Camacho Susan Ripple 

f1 "7 
George Cushmac Oeorge Rusch, yChair 

IRichard Erickson .Daniel Sudakin i 


'I 
fjf 

~eeraja Erraguntla [Marcel vanRaaij f y 
David Freshwater IGeorge Woodall 'i 'I 
Ralph Gingell Alan Woolf i'/ '1 

TALLY U~6 
PASS/FAIL HouJ ric;, 

PPM, (mglmJ) 10 Min 30 Min 1 Ur 4Ur 8Ur 

AEGLl , ( ) , ( ) ,( ) ,( ) , ( ) 

AEGL2 , ( ) , ( ) , ( ) , ( ) , ( ) 
i 

AEGL3 , ( ) , ( . ) , ( ) , ( ) , ( ) 

LOA 

* = ;?:10% LEL 


** =;?: 50% LEL 


*** = ;?:lOO% LEL 


*Safety conSIderations agamst the hazard(s) of exploslon(s) must be taken mto account. 

** and ***Extreme safety considerations against the hazard(s) of explosion(s) must be taken into account. 


'¥- {LAC€' ,,., t/O(J 'Ff' C,., ...,..t1"~7 've. -r~ L"cK dF Pt1-#J. 
NR= Not Recommended due to . 

AEGL 1 Motion by: Wa~ Second by: -..,.U.,....,,&w;"""· ____""""""1­

AEGL 2 Motion by: Second by: _________ 

. AEGL 3 Motion by: Second by: _________ 


LOA Motion by: --;t--;;-- . Second by: 


Approved by Chair: .. h .k,~~t?t Date: q Ltot' q 



-
NAC/AEGL Meeting 49: September 9-11, 2009 


Appendix K Chemical: I JlQSfH Ii" (Iorl CAS Reg. No.: \;. ~H· ~1-' 

Action: Proposed / Interim____ Other_______ 


Ch . anager: a clenf ISt: (I1tH"~
emlca1M St ff S· 
~ACMember AEGLl IAEGL2 AEGLJ LOA ~ACMember AEGLl AEGL2 AEGLJ ~OA 

iHenry Anderson ~ohn Hinzy 'f 'I 'I 'I "I 
Marc Baril Jim Holler I ( ( 'I t Y 
Lynn Beasley Clarion Johnson 7 .Y Y ~ Jet M 
Alan Becker .Glenn Leach y y y It ~ 11 
Robert Benson !Richard Niemeier 't y 'f if' I I 
Edward Bernas ,Mattias Oberg y y 'I f' f I 
Iris Camacho !Susan Ripple y ytA f1- f\. 7 
George Cushmac George Rusch, y 'I Y ,Chair '/ y ~ 
Richard Erickson !IDaniel Sudakin'I 'f Y ft rr ;1 
Neeraja Erraguntla Marcel vanRaaij ,.,
'I 'I Y N Ii 
David Freshwater iGeorge Woodall y 'f Y ¥ "/ /

. !Ralph Gingell !Alan Woolf'( y y y y 1 


TALLY fhi, I~ ~ 
PASS/FAIL t t f 

PPM, (mg/m.!) 10 Min 30 Min . 1 Hr 4Hr 8 Hr 

AEGLI , ( rl(L.) '(rill ) ,( Nit ) , ,( tfa.. ) , ( ffll. ) 

AEGL2 

AEGL3 

'(0 ,"->? ) 
, ( 1.1 ) 

.~ 37 )
• .( ,., ) 

, ( 3ct )
• 

.(t7~ 

, ( ,11 ) 
• ( D , S'"I'}) 

,( 01'j ), 
.(tr;~y) 

LOA 

* = :dO% LEL 

** = ~ 50% LEL 

*** = :dOO% LEL 

. *Safety consIderatIOns agamst the hazard(s) of exploslOn(s) must be taken mto account. 
** and ***Extreme safety considerations against the hazard(s) of explosion(s) must be taken into account. 

NR= Not Recommended due to_...;;;L_~__f+--,a:::..::z.>"-'<.1111....tl--________ 

AEGL 1 Motion by: -4~""""'''-''-'''--''-...&...I.<e----_- :.......==-___
Second by: -..,.(h#4.:....:::~.
AEGL 2 Motion by:__________ Second by: _________ 
AEGL 3 Motion by: __________ Second by: _________ 

LOA Motion by: -!:~"l:dy: 

Approved by Chair:,.6, ~o:-1~~""""_'5~..:..;...a.-..__ Date:qj,p1 



APpendix L 

C:0"d ltJlOl 

CAS Reg. No.: ~ ~ ':). ~ Cf ""':2 - aChemical: FEf'/IlA IIJlt)S 


Action: proposed, __~ Interim____ 
__ Other_~__......_-­

Staff Scientist'. ,4,Ity Ac;'f..Ch . ana2er:ennca1M 
LOA AEGLl AEGL]NACMember iAEGLl ~EGU AEGU NACMember ~ECL3 ~OA 

1 
 IQhnHinz
Heruy Anderson i i A- I} f, 
Marc Baril i 'Y Y lim Holler '/ ""/ Y 

Lynn Beasley Clarion lohnson


" ,..j 'I fr fi A 
Alan 'Becker '( Glenn Leach

i '1 )' A f'r f} 
Robert Benson Richard Niemeier y t " .1 y 
Edward Bernas y Mattias Oberg y '" y '/ 'I 
ris Camacho Susan Ripple .A (t A 'I -{ " ' ,[George Cushmac ~eorge Rusch. ...., Y 'i~hair " i I ~ 

lRichard Erickson paniel Sudakin ~.'i. 'i 
Neeraja Erraguntla ~cel. vanRaaij 

y 
y" ., 

A 

'I 
yy " '1 Y ~ 

David Freshwater ~eorge Woodall'I 1 
Ralph GingeII .., Alan Woolf y'I Y 'I Y " 

TALLY 

PASS/FAIL 

~ 
10 Min 30 Min I HI' 4Hr 8 a..PP~~ 

AEGLI .( niP---) _ .( Mit) II .( 'V''() ,( 1111{) ,( /liP) 
AEGL2 .. ~) ~,1P (AI ......a..~ " L ~ , t fIJI t ~ , )

I. o"T7' ~I ," Y'':''~ JJW.7(/ ·et v J t7.~?/ • . ~- - ~,'f')' .7v' 

AEGL3 ' ,(-;.() ;(~.-t):~ .,.. ~;:.v" I.' .("'1.~' 1,~'t'-;'7-} ~ LOA 


.. - ~lO% LEL 


*>\' ~ 500/. LEL 


*>\,,,, - l!! 1000/0 LEL 

" 

.*Sa.fety conslderatlons agamst the hazard(s) ofexplosion(s) must be taken roto account 

.... and .nExtteme safety considerations aga.inst tbe bazard(s) ,of explosion($) must be taken into account. 


NR= Not Recommended dne to 
~------~--~--~~---------------

AEGLI MonOnbY:_,~~~~~~~L-______ SeeOndby:~
AEGL2 Motion by; ______~___________. Second by; ___~____~ 

AEGL3 Motionby; __________________~ Second by: ____~____ 
LOA Motion by: _-:--_____--::-__ Second by: _~____~___ 

A AI A 

tld3 v[:lC: 600C:-[0-nON 



NAC/AEGL Meeting 49: September 9-11, 2009 
fJtJ'1'Q,A-fI7IHC: blJS?Llrlc 1J",9tJ _~ , -5 AppendixM 


Chemical: IMfrIft (()rfl..E'f,lel) CAS Reg. No.: ~coC- ~/- 9 


Action: Proposed V Interim____ Other_______ 

emlca1M St ffS'clen IS : tCh . anager: a f 
iNAC Member ~EGLl AEGL2 ~EGLl LOA IfNAC Member ~EGLl ~EGL2 IAEGLl LOA 

lHenry Anderson y [John Hinz y 
lMarc Baril I~im Hollery y 
Lynn Beasley Clarion Johnson y t1 
Alan Becker y Glenn Leach A 
Robert Benson Richard Niemeier y -y 
Edward Bernas Mattias Oberg y y 
Iris Camacho Susan Ripple A y 
George Cushmac George Rusch, y 'IChair 
jRichard Erickson Daniel Sudakin 'I fI 
~eeraja Erraguntla Marcel vanRaaij y'I 
iIJavid Freshwater George Woo y y 
jRalph Gingell Alan Woolfy y 

TALLY ~ 'dtf~ ~~c 
PASS/FAIL f f f 

PPM, (mglm'» 10 Min 30Min 1 Hr 4Hr 8Hr 

AEGLI ,(?3IJ ) '(1')36) ,( ?34 ) ,('?~ ) , (?JO ) 

AEGL2 V; VJ Soo ) "'fi?5t» ) '1;(/jStJeJ) 1't(~Stki) .."., ('?SlJa) 


AEGL3 ) , ( , ( ) )
,( ND tfJ ) til ) '(til ,(til) 

LOA 

* = ~10% LEL 

** = ~ 50% LEL 

*** = ~ 100% LEL 

*Safety considerations against the hazard(s) ofexploslon(s) must be taken mto account. fltt>l-"d IS f/16JIE./I 7/fArI - y" 
** and ***Extreme safety considerations against the hazard(s) of explosion(s) must be taken into account1tft. l4l-¥E/l EX/£4.5111i 

NI: rtrr IC7E/ltff ,"'IiO I/rllpL r/I(L.l"1ltt EX,tpsVtllfP. S?etYhflUJ tJI1IT{Ut.. =: >?J*\ 
NR= Not Recommended due to ~;}, tlO(J 1M') 

AEGL 1 Motion by: ----J~U!.-~~- =-~=.,.ji--_--'-=~___ Second by: --J~u;;. 

AEGL 2 Motion by:___!+-______ Second by: ---J-t-----­
AEGL 3 Motion by: __---IdIJ.L..-______ Second by: __--'!:.'>V______ 

LOA Motion by: _-=-_____~-- Second by: _________ 


Approved by Chair:,4 dUO:---I-~<"';;'~---':;"':?"";'~--L...L-"_ Date: qIttI~ 

http:J~U!.-~~-=-~=.,.ji
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Appendix N 
Chemical: Cfil,." IlJI'1 

Action: Proposed .; Interim__...,......._ Other___~-,--_~ 


Ch . t2 t/ft..15
emlca1Mana2er: stafr Scientist; "'I 
ACMembl!:f AEGLl AEGLl ~EGL3 LOA INAC Member ~EGLI ~GLl IAtGLl LOA 

!Hen.ry Anderson ~ohnHiuzy y y y yI r 
[tdarc Baril ~im Holler1 '/ Y y y 'I 
J..,ynn Beasley Clarion, Johnsoni '/ 'J ~ IJ A 
!Alan Becker plenn Leacny 'Y '/ fJ It fJ 
Robert Benson Richard Niemeiery y y y y 
IEdward Bernas !MattillS ObergA 11 A " :t y y 
lTis Camacho Susan Ripple/J .A fl y I' Y 
rGeorge Cushmac lGeorge Rusch,
'1 1 Y !chair y y 'Y 

Richard Erickson . !Daniel SudakinIi A- 19 It 11 A 
lNeeraja Emiguntla Marcel vanRaaijy y y y y-'I
David Freshwater lGeorge Woodall'I y y y 'I "I 
Ralpn Gingell IAlan Woolf

f\ r1 fJ 'I y y 

TALLY 1717 I~ % 
PASS! :fAIl 

,-. 
/ .I' ! 


PPM~ 10 Min 30 Min lllr 4Hr 8Hr 


AEGLI ,(o.,~ ) '(0,13) '(a. JG ) 1 (0.0' '3) ; (0. 6 '+1 ) 

AEGL2 ,( l,t) )(0,'1') '(01"> '(O,'f'O) ,( Oi ,,-0) 

AEGL3 '(~15 ) ,eS., ) '(If·? ) 1 ( /" ) ( '1/.,.3 )1 

WA 

* ... ~lO'% LEL 


...... =~ SO% LEL 


*** =:dOO% LEL 


*Safety consideratIons agams[ the hazard(s) ofexploslOn(s) must be taken .mto account 

** and n*Extreme safety considerations against the hazard(s) of explosion(s) must be taken into account. 


NR~ Not Recommended due to________~__-----__ 

Second by: _~'~~~ ____ 


AEGL2 Motion by:__V~~--L...I:lII...... _ __~_ 


AEGLI Motion by: ---.....;~=.;.;;;,.;...;::~.____ __'" 0#/1.-;... 

1;: ____ Second by: __...,_,.~~..:;a,,::~ 


AEGL3 Motion by: _~~uc...!!L;.._~____ Second by: __-/II.~~IIOoS.Ii......t=\:,=..;;'~~_ 


LOA Motion by: __ . Sl:cond.bv: 

TOTAL P.02 

http:Sl:cond.bv


f70'd ltilOl Appendix 0 
17 '1 ?- '?; -	 I "I- - ()Chemical: f2e.tJ "",Sl'fIII/l v-s CAS R ego N0.: 


~ Interim,____ Other_____- ­Action: P ..oposed 


Chemical Manager: l£MI1 StaffSeientist: "'"I,"'r/(; 

IA£GL2 1.0A.INAC Mtil1bel" jAEGLl IAEGL2 IAEGLJ LOA iNACMembtl" iAEGl..l IA&GLJ 

Henry Anderson 	 ~ohn Hinzy y 't y 'i Y 

lMarc Baril y ~im Holler' y y y
yf 
iL'ynn Beasley y y y !clarion Johnson I p. . '11 

jAlan Becker !Glenn Leach " 


fA,. Ari A· 	 A 
Robert Benson 	 IRichard Niemeier y y y 	 .Y Y" 	 V 
Edward Bernas I 	 Mattias Oberg

.f I' I' 	 l' '/ t 
Iris Camacho 	 Susan Ripple

f\ t' A -y 'I Y 

George Cushmac IlGeorge Rusch, 


y y 1 !chair' 'I y y 

[Richard Erickson Daniel Sudakln
y 	 r1 t\ '1\'I -! 
lNeentia Erragwltla 	 Marcel vanRaaij y y y 	 N Ii y 
David Freshwater 	 IPeorge Woodally '/ "t 	 'Y 'I- 'I 
Ralph Gingell 	 ,A,lan Woolff f f 	 't '/ Y 

TALLY Ill/IS Ie!,? I'IJ, 
PASS/FAn vi f f 

~ 

PPM,~ 10 Min ,...;, 1 Hr 4Hr SUr30~ 

AEGL1. fbV(,. ) ~( fIII/II:") 13.e"] .( ,....) 0,13 ,C..-_) O.q?,( ••) 

A£GL2 ) ) ) ;•( d(1 ,( J.«t: •(. 11 	 .( 1.4- )( ~I' )
AEGLJ '(f,:( ) .( ,51 ) .( 1f1 ) , ( I 'f1-o ) '($.' ) 
LOA 

* = <1:10% LEL 


** "" 2: 50% LEL 


*** = ~lOO% LEL 


*Safcty con~lIderatlOns agamst the bazard{s) of expil)Slon(s) must be taken mto account. 

U and h*Extreme safety consideratiOIlS against the hazard(s) ofcxplosion(s) must be taken into account. 


NR= Not Recommended due to .~J(¢~=~ 

AEGLI Motion by; __I!III!~ij;L-_--=- Second by; _....jJlr...s.....;~;;....'
____ 	 ---I.,_~__ 

AEGL2 	 Motion by!__________ Second by: _-----:J_...::::;.__~_ 

Motion by: __________ Second by: _________
AEGL3 


LOA Motion by: -~-.r'_____ Second by: --:::-______ 
~ ___ 

A /.111 H 	 .a * riff ~ I .. I .. .., 
f70/f70'd 	 tld3 ££:lc 600c-91-1JO 
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