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1.0 INTRODUCTION

PNS owns and operates a Mobile Pipe Reactor (MPR). The MPR is used to manufacture ammonium
polyphosphate fertilizer (i.e. 10-34-0 Fertilizer), or other ammonium polyphosphate blends, for its
clients who are agricultural retail facilities and sell agriculture chemicals to the end user (i.e. farmer).
The ammonium polyphosphate fertilizer is manufactured by blending anhydrous ammonia with
phosphoric acid in the MPR. The resulting ammonium polyphosphate solution is blended with water
and discharged to a “wet well.” Once in the wet well the product is cooled in a packed tower
evaporative cooler/scrubber. The product is then further cooled in a non-contact heat exchanger while
at the same vaporizing the liquid ammonia that is an input to the MPR. The anhydrous ammonia, water,
and phosphoric acid are provided by the Client. At any given client Facility, the anhydrous ammonia or
phosphoric acid is stored in either: stationary storage tank(s); commercial truck(s); or railcar(s).

The PNS MPR is designed to operate at a maximum rate of 1,400 |b/min (42 T/hr) of finished product,
although it is more typically operated at 1,200 Ib/min (36 T/hr). The emissions from the process are
discharged from the evaporative packed tower cooler/scrubber. A process flow diagram for the process
is provided in attached Figure 1.

2.0 EMISSIONS

The toxic pollutant emissions that may occur from the process are un-reacted ammonia and fluoride,
which is an impurity in the phosphoric acid. The PNS MPR has been stack tested to define the emissions
from the process.

2.1 Ammonia
Ammonia emissions are based on an April 2011 stack test when the MPR was running at a rate of 36
T/hr. A summary of the stack test data is provided below.

Chart 1: Summary of Ammonia Emission Rates

PARAMETER RUN 1 RUN 2 RUN 3 AVERAGE
Concentration (ppm) 260 302 263 275
Emission Rate (lb/hr) 9.9 11.5 10.0 10.5

The emission rates reported in Chart 1 above are short-term emission rates because they reflect an
average concentration over the 1.5 hour time period of the test. These emission rates are appropriate
for evaluating acute impacts. The long-term emission rates that may be used to evaluate chronic
impacts will be much smaller because the MPR is not present at a specific location for any extended
period of time. Typically, the MPR will be set up and operated at a client facility for several days at a
time and will be present at a particular client’s facility for no more than several times per year.



Consistent with the Notice of Construction Application, the long-term emission rate was developed
based on the total length of time that the MPR will operate over the year (710 hours) divided by the
total number of hours in a year (8,760). The long-term (i.e. annual average) emission rate is calculated
as follows.

LTER = STER + 710/ 0

Where:

LTER = Long-term emission rate averaged over 1 year
STER = Short-term emission rate from test data
710 hr = Total operational time for all 5 sites

8,760 hr = 24 hr/day x 365 days/yr

Thus, the long-term emission rate is calculated as 0.85 Ib/hr based on the stack test data which
represents the packed tower scrubber and demister pad and best management practice control
technology. The total ammonia MPR emissions over the course of a year based on the stack test data

are 3.7 tons (10.5 Ib/hr * 710 hours * ton/2000 Ib).

2.2 Fluoride

Fluoride emissions were also measured during the same stack test and process rate. A summary of the
stack test data is provided below.

Chart 2: Summary of Fluoride Emission Rates

PARAMETER RUN 1 RUN 2 RUN 3 AVERAGE
Concentration (ppm) 0.07 0.10 0.06 0.08
Emission Rate (Ib/hr) 0.003 0.004 0.002 0.003

The emission rates shown in Chart 2 are less than the Small Quantity Emission Rate (SQER) for Fluorine
Gas (2.08 Ib/24-hr) assuming the unit operates for 24-hours as demonstrated below.

ER (24— hr) = 0.003 b/, ~x24hr/, . =0003 b/, avg

If fluoride was the only toxic pollutant emitted by the MPR then no additional analysis is required to
demonstrate compliance with WAC Regulation 173-460-1. However, because both ammonia and



fluoride are respiratory irritants, and the ammonia emission rate exceeds the SQER, fluoride must also
be modeled to determine a Hazard Index relevant to respiratory irritation.

Also, the fluoride emission rate described above is based on a test conducted using a railcar of super-
phosphoric acid containing a specific quantity of fluoride contamination. The fluoride contamination in
any one railcar can vary to some extent. This issue was addressed by conducting an analysis of the
maximum potential fluoride contamination that may be present in any one railcar (see Section 2.3.3 of
the Technical Support Document submitted as part of the Notice of Construction Permit Application.)
The analysis resulted in an adjustment of the short-term emission rate from 0.003 Ib/hr to 0.016 Ib/hr.

The emission rate used to evaluate chronic fluoride impacts was determined in a manner similar to
ammonia and resulted in a long-term emission rate of 1.30E-3 Ib/hr of fluoride based on the adjusted
short-term emission rate.

2.3 Tier Il Analysis Emission Rates

PNS has submitted a Notice of Construction Permit Application in conjunction with this Tier Il Report.
The Washington Department of Ecology (WDE) has selected the emission rates described in Sections 2.1
and 2.2 as BACT for the mobile pipe reacting process. = The emission rates used to perform the Tier Il
analysis are summarized below.

Chart 3: Summary of Emission Rates Used in the Tier Il Risk Analysis

BASE EMISSION RATE

TOXIC Type of Value EMISSION RATE INPUT TO
POLLUTANT i TIER 11 DISPERSION MODEL
Emission Rate (Ib/hr) Basis
Ammonia Acute 10.5 PNS Stack Data - BMP 10.5
Chronic 0.85 PNS Stack Data - BMP 0.85
Acute 0.016 PNS Stack Data A.dJu.steq for I?osmble Fl 0.016
. Contamination in Acid
Fluoride PNS Stack Data Adjusted for Possible FI
Chronic 1.30E-3 ack bata Adjusted for Fossible 1.30E-3

Contamination in Acid

2.4 Stack Parameters

The stack parameters that were used to support the air dispersion modeling are based on the average
stack parameters for all the test data except the stack diameter is adjusted to the diameter of the actual
stack. (The stack test was performed with the aid of a temporary stack).

Chart 4: Stack Parameters

PARAMETER VALUE
Stack Height Above Ground (ft) 14
Equivalent Stack Diameter (ft) 7.4
Stack Temperature (°F) 159
Stack Flow Rate (ft3/min) 23,421




2.5 Fugitive Ammonia Emissions from Railcars

The analysis also included the fugitive emissions from railcars that supply the ammonia used in the
reacting process at all of the sites. Ammonia may be released from stationary railcars as fugitive
emissions from valves, flanges, and pressure relief valves (PRVs). Some of the facilities may already have
provisions in existing air permits that address these emissions. Regardless of whether a facility has an
existing permit provision for ammonia storage in railcars, the Tier Il analysis included these emissions.

With the exception of fugitive emissions from PRVs, the factors used to estimate emissions are based on
emission factors promulgated for the Synthetic Organic Chemical Manufacturing Industry (SOCMI), due
to a lack of any information applicable to the agricultural chemical blending and distribution industry.
The emissions from PRV’s were refined for this application by identifying the maximum leakage rate that
manufacturers of PRVs for anhydrous ammonia adhere to as an industry standard.

PRVs for anhydrous ammonia railcars are required to meet the leakage standards of API 527. That
current standard requires that PRVs be manufactured with a maximum leakage rate of 0.0085 cubic
meters per 24-hour period, or 0.00035 m>/hr, for PRVs in service at pressures of 115 to 1000 psig
(Consolidated, Revision 4).

The vapor pressure of anhydrous ammonia at 78 °F (298.5 °K, the maximum expected ambient
temperature during railcar storage operations) is approximately 110 psia (758,420 Pa) based on
Handbook of Vapor Pressure Volume 4 (Yaws, 1995). It can be reasonably inferred from Department of
Transportation regulations and professional experience, that the quantity of anhydrous ammonia in
single railcar will not typically exceed 32,000 gallons; which provides a headspace of 2,000 gallons (7.57
m?) in a 34,000 gallon railcar. The moles of ammonia in such a system calculated from the ideal gas law
are 2,339 moles. The resulting ammonia vapor concentration in the headspace is 5,262 g/m”.

The emission rate from a leaking PRV is thus given by the concentration times the flow rate as:

3
5,262 -2 x 0.00035 =~ = 1.842 Z, or 0.00406 Ib/hr.
m hr hr

This emission factor was used with the SOCMI factors for other valves and flanges to determine the total
ammonia emissions resulting from a railcar. A more detailed description of the railcar fugitive ammonia
emission calculation process is provided in Section 7.1 of the Technical Support Document submitted
with the Application for Notice of Construction.

The railcar fugitive emissions were modeled as 7 separate volume sources located on the rail spurs with
the following parameters.



3.0

3.1

Chart 5: Railcar Fugitive Release Parameters

PARAMETER VALUE UNIT

Emission Rate 0.0008 g/sec

Release Height 2.29 Meters
Length of Side 3.05 Meters
Building Height 4.57 Meters
Initial Lateral Dimension 0.71 Meters
Initial Vertical Dimension 2.13 Meters

MODELING PROCEDURES

Common Modeling Parameters

The modeling parameters that were common to each of the locations include the following:

Nk wNe

10.

11.

12.

13.

14.

15.

16.
17.

AERMOD Version 12060 was used to conduct the modeling;

AERMET Version 11059 was used to process the meteorological data;

AERSURFACE Version 08009 was used to process the land use data;

AERMAP Version 11103 was used to process the terrain data;

BPIP Version 04272 was used to calculate downwash;

Five years of meteorological data were evaluated spanning the time period of 2007 — 2011;

The maximum 24-hour average concentration was determined for comparison to the ASIL
values for ammonia and fluoride;

The maximum 1-hour average concentration was determined for the evaluation of acute
impacts, the maximum 2-hour average concentration was determined for evaluation of the
ATSDR acute toxicity endpoint, and the maximum annual average concentration was
determined for the evaluation of chronic impacts;

TD-3505 meteorological data from the closest airport to each location was used for surface
data;

Radiosonde meteorological data from Spokane International Airport was used as the upper air
data for all locations;

The seasonal Albedo, Bowen Ratio, and Surface Roughness were determined by AERSURFACE
from 12 sectors using land use data (NLCD 1992) from the USGS Seamless Server.

Digital elevation data used for each location were the Shuttle Radar Topography Mission (SRTM)
1 arc-second data and processed by AERMAP;

A common datum of WGS-84 was used as a reference for all building, stack, and receptor grid
locations;

Short-term (acute) ammonia and fluoride emission rates were those described in Section 2.3;
Long-term (chronic) ammonia and fluoride emission rates were those described in Section 2.3;
Stack parameters were those described in Section 2.4; and

Modeled receptors consisted of a fence line receptor grid extending from fence line or property
boundary to 600 meters with a grid spacing of 10 meters out to 350 meters, and 25 meters out
to 600 meters.



3.2 Site Specific Modeling Parameters

3.2.1 NuChem Ltd.
The MPR will be operated at the NuChem Ltd. site located in Central Ferry, Washington as shown in
attached Figure 2. The proximate coordinates of the MPR stack are as follows:

e latitude: 46.631553
e Llongitude: -117.801265

TD-3505 data from the Pullman/Moscow Regional Airport was used as the surface data set. Diagram 1
shown below shows the wind rose of the site. The upper air data was from Spoken International Airport
as previously described.

Diagram 1: Wind Rose Created with Pullman/Moscow Airport Data (2007 — 2011) at NuChem, Central Ferry

~Googlcearth

Imagery Date 0 vl 201 m : Eyealt 195km

The maximum background ammonia emissions at this facility have been estimated by RME to be 3.44
Ib/24-hr in a separate permit application document which includes the fugitive emissions from 7
ammonia railcars. There are no sources of fluoride emissions from this facility other than the MPR.

The MPR location at this site was subjected to downwash from nearby tanks and the reactor itself.
These structures were geo-coded and downwash was considered in the modeling. The annual average
Albedo, Bowen Ratio, and Surface Roughness determined from AERSURFACE are summarized as follows.
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Chart 6: Modeling Parameters for NuChem Site

SEASON ALBEDO BOWEN RATIO SURFACE ROUGHNESS
Winter 0.18 0.73 0.022

Spring 0.15 0.32 0.032
Summer 0.2 0.52 0.122
Autumn 0.2 0.73 0.12

3.2.2 Two Rivers Terminal LLC, Moses Lake
The MPR will be operated at the Two Rivers Terminal site located in Moses Lake, Washington as shown
in attached Figure 3. The proximate coordinates of the MPR stack are as follows:

e latitude: 47.125029
e longitude: -119.202023

TD-3505 data from the Grant County Airport was used as the surface meteorological data. A wind rose
created from this data is shown in Diagram 2 below.

Diagram 2: Wind Rose Created with Grant County Airport Data (2007 — 2011) at Two Rivers, Moses Lake

L —
’wo Riverss-Moses'liake, '}
ey =

’

There are no other sources of ammonia or fluoride emissions at this facility except for the ammonia
railcars supplying the ammonia. The fugitive emissions from 7 ammonia railcars were considered in the
modeling. There are multiple large tanks and buildings in the vicinity of the MPR location that will
create downwash. The structures were geo-coded and considered in the modeling analysis. The annual

11



average Albedo, Bowen Ratio, and Surface Roughness determined from AERSURFACE are summarized as

follows.
Chart 7: Modeling Parameters for Two Rivers-Moses Lake Site
SEASON ALBEDO BOWEN RATIO SURFACE ROUGHNESS
Winter 0.18 0.94 0.036
Spring 0.17 0.52 0.044
Summer 0.18 0.71 0.051
Autumn 0.18 0.94 0.044

3.2.3 CPS, Moses Lake
The MPR will be operated at the CPS site located in Moses Lake, Washington as shown in attached
Figure 4. The proximate coordinates of the MPR stack are as follows:

e latitude: 47.123188
e longitude: -119.198636

TD-3505 data from the Grant County Airport was used as the surface meteorological data set. A wind

rose created from this data is shown in Diagram 3 below.

Diagram 3: Wind Rose Created with Grant County Airport Data (2007 — 2011) at CPS, Moses Lake

NEVCPT Moses Lake




There are no other sources of ammonia or fluoride emissions at this facility except for the ammonia
railcars supplying the ammonia. The fugitive emissions from 7 ammonia railcars were considered in the
modeling. There are a few large tanks and buildings in the vicinity of the MPR location that will create
downwash. The structures were geo-coded and considered in the modeling analysis. The annual
average Albedo, Bowen Ratio, and Surface Roughness determined from AERSURFACE are summarized as
follows.

Chart 8: Modeling Parameters for CPS-Moses Lake Site

SEASON ALBEDO BOWEN RATIO SURFACE ROUGHNESS
Winter 0.18 0.94 0.036

Spring 0.17 0.52 0.044
Summer 0.18 0.71 0.051
Autumn 0.18 0.94 0.044

3.2.4 Two Rivers Terminal LLC, Pasco
The MPR will be operated at the Two Rivers Terminal site located in Pasco, Washington as shown in
attached Figure 5. The proximate coordinates of the MPR stack are as follows:

e Latitude: 46.336119
e Llongitude: -119.111333

TD-3505 data from the Tri-Cities Airport was used as the surface meteorological dataset. A wind rose
created from this data is shown in Diagram 4 below.

Diagram 4: Wind Rose Created with Tri-Cities Airport Data (2007 — 2011) at Two Rivers, Pasco
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There are no other sources of ammonia or fluoride emissions at this facility except for the ammonia

railcars supplying the ammonia. The fugitive emissions from 7 ammonia railcars were considered in the
modeling. There are a few large tanks and buildings in the vicinity of the MPR location that will create
downwash. The structures were geo-coded and considered in the modeling analysis. The annual
average Albedo, Bowen Ratio, and Surface Roughness determined from AERSURFACE are summarized as

follows.
Chart 9: Modeling Parameters for Two Rivers-Pasco Site
SEASON ALBEDO BOWEN RATIO SURFACE ROUGHNESS
Winter 0.18 0.92 0.069
Spring 0.16 0.55 0.078
Summer 0.18 0.69 0.085
Autumn 0.18 0.92 0.078

3.2.5 Helena Chemical Company, Pasco

The MPR will be operated at the Pasco Terminal site located in Pasco, Washington as shown in attached
Figure 6. The proximate coordinates of the MPR stack are as follows:

e Latitude: 46.264231
e longitude: -119.095399

TD-3505 data from the Tri-Cities Airport was used as the surface meteorological dataset. A wind rose

created from this data is shown in Diagram 5 below.

Diagram 5: Wind Rose Created with Tri-Cities Airport Data (2007 — 2011) at Helena, Pasco
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The maximum ammonia background emissions at this facility have been estimated by RME to be 5.18
Ib/24-hr in a separate permit application document, which includes the fugitive emissions from 7
ammonia railcars. There are no known background sources of fluoride emissions from this facility.

The MPR location at this site was subjected to downwash from nearby tanks and the reactor itself.
These structures were geocoded and downwash was considered in the modeling. The annual average
Albedo, Bowen Ratio, and Surface Roughness determined from AERSURFACE are summarized as follows.

Chart 10: Modeling Parameters for Helena-Pasco Site

SEASON ALBEDO BOWEN RATIO SURFACE ROUGHNESS
Winter 0.18 0.92 0.069

Spring 0.16 0.55 0.078
Summer 0.18 0.69 0.085
Autumn 0.18 0.92 0.078

4.0 TOXICOLOGICAL ENDPOINTS

RME identified multiple toxicological endpoints for ammonia and fluoride.

4.1 Ammonia
Various agencies and organizations have developed acute and chronic exposure endpoints for ammonia
as shown in Chart 11 below.
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Chart 11: Summary of Ammonia Toxicity Values

Agency

Averaging
Time

Acute Value
(ug/m’)

Acute Value
(ppmv)

Chronic Value
(ng/m’)

Chronic Value
(ppmv)

Comments

ATSDR

2 hours - acute;
annual - chronic

1,184

1.70

70

0.10

The Acute MRL is based upon a 50 ppm exposure endpoint for
irritation with an uncertainty factor of three (3) for the use of an
LOAEL and ten (10) for human variability. The Chronic MRL is based
on a study of workers that showed no difference in lung function or
prevalence of symptoms between the exposed individuals and the
control group. The health effects for which the MRL is reportedly
protective of are aggravation of self-reported symptoms of cough,
wheeze, nasal irritation, eye irritation, and throat soreness. The
NOAEL was adjusted to continuous exposure from 8 hours/day, 40
hours per week with an uncertainty factor of 10 for sensitive
individuals, and 3 for lack of reproductive and developmental studies.

EPA (RfC)

Annual

N/A

N/A

100

0.14

The RfC is based on the same study as the ATSDR Chronic MRL with
the same uncertainty factors. The only difference is how the
occupational exposure was adjusted to a continuous exposure.

California
OEHHA Toxic
Hot Spot RELs

1 hour-acute;
annual - chronic

3,200

4.59

200

0.29

The Acute REL is based on 3 studies including the single study used by
ATSDR to develop its Acute MRL. OEHHA adjusted the exposure
concentration to 1-hour values. The odor threshold is reported at 17
ppm. The Chronic REL is based on the same study used by ATSDR
and EPA to develop their chronic exposure endpoints without the
additional modifying factor of 3. OEHHA obtained good agreement
between its REL and animal studies.
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Agency Averaging Acute Value | Acute Value | Chronic Value Chronic Value Comments
Time (ug/m’) (ppmv) (ng/m’) (ppmv)
The AEGL-1 value of 30 ppm for all time points is supported by
observations that humans reported similar intensities of response
NRC (AEGL-1 1h 2 7 N/A N/A
C (AEGL-1) our 0,89 30 / / after exposure to 50 ppm for 10 min. in 2 hours. Odor can be
detected between 5 to 53 ppm.
Recommended exposure limit is based upon a statement by AIHA
ACGIH/NIOSH 15 min/8 hours 24,380 35 17,414 25 that 300 to 500 ppm for 30 to 60 minutes has been reported as a
maximum short exposure tolerance.
OSHA 8 hours N/A N/A 34,828 50 Permissible exposure limit is based upon current OSHA standards.
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The source of the Tier | WDE acceptable source impact level (ASIL) endpoint of 70.8 ug/m?® as a 24-hour
average could not be identified from the available information. The value is closest to the ATSDR
Chronic MRL of 70 ug/m? for an annual average exposure of 24 hours per day for 365 days per year. For
this Tier Il analysis, RME proposes to use the California Office of Environmental Health Hazard
Assessment (OEHHA) Reference Exposure Levels (RELs) for both acute and chronic exposures. It is
RME’s opinion that these values are best supported by the scientific literature. The OEHHA REL acute
value is based on a 1-hour exposure, whereas the ATSDR Acute MRL is based on a 2 hour exposure. The
OEHHA Acute REL is based on three studies, whereas the ATSDR Acute MRL is based on a single study.
Likewise, the OEHHA Chronic REL is better supported because OEHHA was able to obtain good
agreement with its value based on the same human study used by ATSDR and EPA, and they were able
to support their chronic exposure endpoint with good agreement from animal studies. Finally, it is
noted that ATSDR specifically states in bolded lettering on its website “that MRLs are not intended to
define clean up or action levels for ATSDR or other Agencies”
(http://www.atsdr.cdc.gov/mrls/index.asp).

4.2 Fluoride

There are fewer exposure endpoints developed for fluoride than ammonia, especially for acute
exposures. The available information is summarized in Chart 12 below. The data in Chart 12 suggest
that the OEHHA chronic exposure REL of 13 ug/m?, developed for continuous inhalation exposures to
fluoride and hydrogen fluoride, is the basis for the WDE 24-hour average ASIL for fluoride containing
chemicals (also 13 ug/m?). It also appears that the 24-hr average ASIL value for fluorine gas (15.8 ug/m?)
is based on the ATSDR 24-hr MRL (15.6 ug/m® with no rounding). For this Tier Il analysis, RME proposes
to use the AEGL-1 value for fluorine gas expressed as fluoride to evaluate acute exposures. This
concentration is more consistent for a 1-hr exposure duration than the ATSDR MRL which is very similar
to the chronic OEHHA REL. The AEGL-1 value is protective of sensitive individuals to mild irritation,
which is the health effect of concern for short-term exposures to fluoride and fluorine gas.

RME proposes to use the OEHHA REL to evaluate chronic exposures because this is the only non-worker
chronic exposure endpoint available for fluoride. The OEHHA chronic REL is protective of more serious
long-term health effects including increased bone density.
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Chart 12

: Summary of Fluoride Toxicity Values

Agency Averaging Acute Value Acute Value Chronic Value Chronic Value Comments
Time (ng/m’)* (ppmv) (ng/m’)* (ppmv)
The Acute MRL was developed from a study where five volunteers
were exposed to different concentrations of fluorine gas. The MRL
ATSDR - For 24 hours - is based on a NOAEL of 10 ppm for irritation to humans. The
. 2 7.8 0.01 N/A N/A . L
Fluorine Gas acute NOAEL was adjusted by a factor of 10 for human variability and
from a 15-minute exposure to a 24-hr exposure by multiplying the
15-minute exposure concentration by 0.25 hr/24 hr.
EPA (RfC) Annual N/A N/A N/A N/A USEPA has not published a RfC for fluorine.
. . The Chronic REL is based on a study of 74 fertilizer plant workers
California .
. and an unexposed control group of 67 subjects. A benchmark
OEHHA Toxic . . _— .
Hot Spot RELS - Annual - concentration of 0.37 mg/m3 was derived by fitting the probit
P . . N/A N/A 13 0.02 model to the log dose via the use of USEPA's BMDS (version 3.1).
For Fluoride or chronic . .
The exposure period was adjusted from 8-hr/day, 5 days/week to
Hydrogen - .
Fluoride continuous, and an uncertainty factor of 10 was used for human
variability. An Acute REL has not been developed.
The AEGL-1 is the airborne concentration of substance above
which it is predicted the general population, including susceptible
individuals, could experience noticeable discomfort, irritation, or
certain asymptomatic, non-sensory health effects. The AEGL-1 is
NRC (AEGL-1)- . L
. based on the same study that ATSDR used with a human variability
For Fluorine 1 hour 1,321 1.7 N/A N/A P
Gas factor of 3 and a modifying factor of 2 to address the short

exposure duration and limited data set of the study. The NRC
states that the concentration is protective for exposures up to 8
hours because at mildly irritating concentrations adaptation to
slight sensory irritation occurs.
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Agency Averaging Acute Value Acute Value Chronic Value Chronic Value Comments
Time (ng/m’)* (ppmv) (ng/m’)* (ppmv)
NIOSH - For 8 hour-TWA N/A N/A 78 0.1 None.
Fluorine Gas
OSHA - For 8 hour-TWA N/A N/A 78 0.1 None.
Fluorine Gas
NOTES:

1. Mass per volume concentration reported as Fluoride.
2. The ATSDR Acute MRL for Hydrogen Fluoride is 0.02 ppmv.
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5.0 MODELING RESULTS

Each site was modeled using Lakes Environmental’s AERMOD View™ Version 8.1.0. The output from the
modeling is shown graphically in Diagrams 6 — 21 and the results are summarized in Table 1 of Appendix
A. The results show that the emission rates for fluoride and ammonia result in offsite concentrations
that are well below the toxicological endpoints recommended by ATSDR, EPA, OEHHA, and the NRC
(AEGL-1) for the 1% hour, 2" hour, and annual average concentrations at each facility, with the
exception of the 1 hour and 2 hour average ammonia concentrations for the CPS-Moses Lake Facility
and the 2 hour average ammonia concentration for the Helena-Pasco Facility. Offsite ammonia
concentrations at these two (2) facilities exceed the acute toxicological endpoint concentration values
for residential land use based on one or more of the different agency toxicological endpoints, but the
land use where the concentrations occur is industrial. The model results for each site are as follows.

5.1 Nuchem Ltd.

Ammonia and fluoride emissions for the NuChem location were evaluated for the 1 high 1-hour
average concentrations, 1* high 2-hour average concentrations (ammonia only), 1st high 24-hour
average concentrations, and annual average concentrations for the years 2007 — 2011. The results are
described in the following diagrams and discussion.

Diagram 6: 1% High — 1 Hour Concentrations of Fluoride (Comparison to NRC Value of 1,321 ug/ms)

Industrial area where
highest offsite value of

1.57 ug/m? occurs,
23.05 meters from the
property boundary.

Imagery,
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Diagram 7: 1% High — 1 Hour Concentrations of Ammonia (Comparison to Cal OEHHA Value of 3,200 ug/mg)
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5.1.1 Fluoride

Modeling results for the 1* high — 1 hour average concentrations of fluoride were compared to the NRC
AEGL-1 concentration for a 1-hour averaging period and show that the concentrations beyond the
property line are well below the toxicological endpoint of 1,321 pg/m®. The highest offsite
concentration is 1.57 pg/m’, located 23 meters from the property boundary. (The AEGL-1 is the
airborne concentration of substance above which it is predicted the general population, including
susceptible individuals, could experience noticeable discomfort, irritation, or certain asymptomatic, non-
sensory health effects.) Although not shown in a specific diagram, the 1** high — 24 hour concentrations
of fluoride were compared to the ATSDR toxicological endpoint for a 24 hour averaging period and show
that the concentrations beyond the property boundary are well below the threshold of 7.8 pg/m>. The
highest offsite concentration is 0.44 pg/m?, and is located on the property boundary. Finally, none of
the annual average concentrations of fluoride exceed the California OHHEA chronic Relative Exposure
Level (REL) of 13 pg/m?>. The values for each year are listed in Table 1 of Appendix A.

5.1.2 Ammonia

Modeling results for the 1** high — 1 hour average concentrations of ammonia were compared to the
California OEHHA 1-hr average acute REL (3,200 pg/m?) and show that the concentrations beyond the
property line are well below this toxicological endpoint. The highest offsite concentration is 1,054
pg/m?, located 23 meters from the property boundary. Modeling results for the 1% high — 2 hour
average concentrations of ammonia were compared to the ATSDR 2-hour average toxicological endpoint
(1,184 pg/m?). The highest offsite concentration is 923 pg/m?® and is located 4 meters from the
property boundary.

For the purposes of completeness, the 1* high 24-hour average concentrations of ammonia were
compared to the Tier | WDE 24-hour average ASIL concentration (70.8 pg/m’). As expected, the
modeled concentrations exceed the ASIL value with a high offsite concentration of 289 ug/m®. This
concentration occurs 8 meters from the property boundary. The concentrations above the ASIL extend
190 meters from the property boundary. Finally, the highest annual average concentration of ammonia
(including onsite concentrations) do not exceed the California OHHEA chronic REL of 200 pg/m?, the EPA
chronic RfC of 100 pg/m?, or the ATSDR chronic MRL of 70 pg/m>. The values for each year are listed in
Table 1 of Appendix A.

5.1.3 Summary

Overall, the emissions from the PNS mobile pipe reactor result in offsite concentrations of ammonia and
fluoride that are well below any relevant toxicological endpoints. Although the offsite 24-hr average
concentrations exceeds the WDE Tier | ASIL for ammonia, the Tier | ASIL appears to be based on ATSDR's
Chronic MRL for an annual average exposure, and thus, is inappropriate for evaluating a 24-hr average
concentration in a Tier Il risk assessment.

5.2 Two Rivers Terminal LLC, Moses Lake
Ammonia and fluoride emissions for the Two Rivers Moses Lake location were evaluated for the 1* high
1-hour average concentrations, 1* high 2-hour average concentrations (ammonia only), 1st high 24-hour
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average concentrations, and annual average concentrations for the years 2007 — 2011. The results are
described in the following diagrams and discussion.

Diagram 9: 1% High — 1 Hour Concentrations of Fluoride (Comparison to NRC Value of 1,321 ug/m3)
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highest offsite value of
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Diagram 11: 1* High — 2 Hour Concentrations of Ammonia (Comparison to ATSDR Value of 1,184 p.g/ma)

Industrial area where
highest offsite value of
431 pg/m? occurs, 28
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5.2.1 Fluoride

Modeling results for the 1* high — 1 hour average concentrations of fluoride were compared to the NRC
AEGL-1 concentration for a 1-hour averaging period and show that the concentrations beyond the
property line are well below the toxicological endpoint of 1,321 upg/m®. The highest offsite
concentration is 0.86 pg/m?, located 8 meters from the property boundary. (The AEGL-1 is the airborne
concentration of substance above which it is predicted the general population, including susceptible
individuals, could experience noticeable discomfort, irritation, or certain asymptomatic, non-sensory
health effects.) Although not shown in a specific diagram, the 1* high — 24 hour concentrations of
fluoride were compared to the ATSDR toxicological endpoint for a 24 hour averaging period and show
that the concentrations beyond the property boundary are well below the threshold of 7.8 pg/m®. The
highest offsite concentration is 0.11 pg/m>, and is located on the property boundary. Finally, none of
the annual average concentrations of fluoride exceed the California OHHEA chronic REL of 13 pg/m>.
The values for each year are listed in Table 1 of Appendix A.

5.2.2 Ammonia

Modeling results for the 1° high — 1 hour average concentrations of ammonia were compared to the
California OEHHA 1-hr average acute REL (3,200 pg/m?®) and show that the concentrations beyond the
property line are well below this toxicological endpoint. The highest offsite concentration is 572 pg/m?,
located on the property boundary. Modeling results for the 1°* high — 2 hour average concentrations of
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ammonia were compared to the ATSDR 2-hour average toxicological endpoint (1,184 pg/m?). The
highest offsite concentration is 431 pg/m? and is located 28 meters from the property boundary.

For the purposes of completeness, the 1* high 24-hour average concentrations of ammonia were
compared to the Tier | WDE 24-hour average ASIL concentration (70.8 pug/m®). The modeled offsite
concentrations are just below the ASIL value with a high property boundary concentration of 70.2
pg/m>. Finally, the highest annual average concentrations of ammonia (including onsite concentrations)
do not exceed the California OHHEA chronic REL of 200 ug/m3, the EPA chronic RfC of 100 ug/m3, or the
ATSDR chronic MRL of 70 ug/m?®. The values for each year are listed in Table 1 of Appendix A.

5.2.3 Summary

Overall, the emissions from the PNS mobile pipe reactor result in offsite concentrations of ammonia and
fluoride emissions that are well below any relevant toxicological endpoints. Additionally, the offsite 24-
hr average concentrations do not exceed the WDE Tier | ASIL for ammonia.

5.3 CPS, Moses Lake

Ammonia and fluoride emissions for the CPS Moses Lake location were evaluated for the 1st high 1-hour
average concentrations, 1st high 2-hour average concentrations (ammonia only), 1st high 24-hour
average concentrations, and annual average concentrations for the years 2007 — 2011. The results are
described in the following diagrams and discussion.

Diagram 12: 1* High — 1 Hour Concentrations of Fluoride (Comparison to NRC Value of 1,321 p.g/ms)
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Diagram 13: 1° High — 1 Hour Concentrations of Ammonia (Comparison to Cal OEHHA Value of 3,200 p.g/m3)

Industrial area where
highest offsite value of
5,562 pg/m? occurs at
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M
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Diagram 15: 1* High — 2 Hour Concentrations of Ammonia (Comparison to ATSDR Value of 1,184 p.g/ma)
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5.3.1 Fluoride

Modeling results for the 1* high — 1 hour average concentrations of fluoride were compared to the NRC
AEGL-1 concentration for a 1-hour averaging period and show that the concentrations beyond the
property line are well below the toxicological endpoint of 1,321 pg/m®. The highest offsite
concentration is 7.06 pg/m’ located on the property boundary. (The AEGL-1 is the airborne
concentration of substance above which it is predicted the general population, including susceptible
individuals, could experience noticeable discomfort, irritation, or certain asymptomatic, non-sensory
health effects.) Although not shown in a specific diagram, the 1* high — 24 hour concentrations of
fluoride were compared to the ATSDR toxicological endpoint for a 24 hour averaging period and show
that the concentrations beyond the property boundary are below the threshold of 7.8 ug/m®. The
highest offsite concentration is 4.41 pg/m?>, and is located on the property boundary. Finally, none of
the annual average concentrations of fluoride exceed the California OHHEA chronic REL of 13 pg/m>.
The values for each year are listed in Table 1 of Appendix A.

5.3.2 Ammonia

Modeling results for the 1°* high — 1 hour average concentrations of ammonia were compared to the
California OEHHA 1-hr average acute REL (3,200 ug/m®). Concentrations above this endpoint extend 4
meters onto an adjacent industrial property. The highest offsite concentration is 5,562 ug/m?® located
on the property boundary. This concentration is less than the American Conference of Governmental
Industrial Hygienist (ACGIH) 8-hr Threshold Limit Value of 17,414 ug/m>. Modeling results for the 1%
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high — 2 hour average concentrations of ammonia were compared to the ATSDR 2-hour average
toxicological endpoint (1,184 pg/m?). The highest offsite concentration is 5,753 pug/m? and is located on
the property boundary. Two-hr average concentrations above the ATSDR Acute MRL extend up to 43
meters (141 feet) onto the neighboring industrial property.

For the purposes of completeness, the 1* high 24-hour average concentrations of ammonia were
compared to the Tier | WDE 24-hour average ASIL concentration (70.8 pg/m®). As expected, the
modeled concentrations exceed the ASIL value with a high offsite concentration of 2,896 pg/m>®. This
concentration occurs on the property boundary within an industrial complex. Finally, the highest annual
average concentrations of ammonia (including onsite concentrations) do not exceed the California
OHHEA chronic REL of 200 pg/m?, the EPA chronic RfC of 100 pug/m?®, or the ATSDR chronic MRL of 70
pg/m>. The values for each year are listed in Table 1 of Appendix A.

5.3.3 Summary

The emissions from the PNS mobile pipe reactor result in offsite concentrations of fluoride that are well
below any relevant toxicological endpoints. The ammonia concentrations offsite do exceed the acute
toxicological endpoints recommended by the California OEHHA and the ATSDR. However,
concentrations that exceed the recommended acute toxicological endpoints occur on industrial property
and the concentrations do not exceed the ACGIH 8-hr TLV. The annual average ammonia concentrations
(both on and offsite) do not exceed any relevant chronic toxicological endpoints. Finally, although the
offsite 24-hr average concentrations exceed the WDE Tier | ASIL for ammonia, the Tier | ASIL appears to
be based on ATSDR’s Chronic MRL for an annual average exposure, and thus, is inappropriate for
evaluating a 24-hr average concentration in a Tier |l risk assessment.

5.4 Two Rivers Terminal LLC, Pasco
Ammonia and fluoride emissions for the Two Rivers Pasco location were evaluated for the 1° high 1-
hour average concentrations, 1° high 2-hour average concentrations (ammonia only), 1st high 24-hour
average concentrations, and annual average concentrations for the years 2007 — 2011. The results are
described in the following diagrams and discussion.
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Diagram 16: 1* High — 1 Hour Concentrations of Fluoride (Comparison to NRC Value of 1,321 ug/m3)
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Diagram 17: 1° High — 1 Hour Concentrations of Ammonia (Comparison to Cal OEHHA Value of 3,200 p.g/ma)
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Diagram 18: 1* High — 2 Hour Concentrations of Ammonia (Comparison to ATSDR Value of 1,184 p.g/ma)
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5.4.1 Fluoride

Modeling results for the 1* high — 1 hour average concentrations of fluoride were compared to the NRC
AEGL-1 concentration for a 1-hour averaging period and show that the concentrations beyond the
property line are well below the toxicological endpoint of 1,321 pg/m®. The highest offsite
concentration is 1.34 pg/m’ located on the property boundary. (The AEGL-1 is the airborne
concentration of substance above which it is predicted the general population, including susceptible
individuals, could experience noticeable discomfort, irritation, or certain asymptomatic, non-sensory
health effects.) Although not shown in a specific diagram, the 1* high — 24 hour concentrations of
fluoride were compared to the ATSDR toxicological endpoint for a 24 hour averaging period and show
that the concentrations beyond the property boundary are well below the threshold of 7.8 pg/m®. The
highest offsite concentration is 0.57 pg/m?> and is located on the property boundary. Finally, none of the
annual average concentrations of fluoride exceed the California OHHEA chronic REL of 13 pg/m®. The
values for each year are listed in Table 1 of Appendix A.

5.4.2 Ammonia

Modeling results for the 1* high — 1 hour average concentrations of ammonia were compared to the
California OEHHA 1-hr average acute REL (3,200 pg/m?) and show that the concentrations beyond the
property line are well below this toxicological endpoint. The highest offsite concentration is 882 pg/m?
located on the property boundary. Modeling results for the 1° high — 2 hour average concentrations of
ammonia were compared to the ATSDR 2-hour average toxicological endpoint (1,184 pg/m?). The
highest offsite concentration is 806 pg/m? and is located on the property boundary.
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For the purposes of completeness, the 1% high 24-hour average concentrations of ammonia were
compared to the Tier | WDE 24-hour average ASIL concentration (70.8 pg/m®). As expected, the
modeled concentrations exceed the ASIL value with the high offsite concentration of 374 ug/m®. This
concentration occurs on the property boundary, but is located entirely within an industrial complex.
The concentrations above the ASIL extend 168 meters from the property boundary. Finally, the highest
annual average concentrations of ammonia (including onsite concentrations) do not exceed the
California OHHEA chronic REL of 200 ug/ma, the EPA chronic RfC of 100 ug/ma, or the ATSDR chronic
MRL of 70 ug/m3. The values for each year are listed in Table 1 of Appendix A.

5.4.3 Summary

Overall, the emissions from the PNS mobile pipe reactor result in offsite concentrations of ammonia and
fluoride concentrations that are well below any relevant toxicological endpoints. Although the offsite
24-hr average concentrations exceeds the WDE Tier | ASIL for ammonia, the Tier | ASIL appears to be
based on ATSDR’s Chronic MRL for an annual average exposure, and thus, is inappropriate for evaluating
a 24-hr average concentrations in a Tier Il risk assessment.

5.5 Helena Chemical Company, Pasco

Ammonia and fluoride emissions for the Helena Pasco location were evaluated for the 1* high 1-hour
average concentrations, 1% high 2-hour average concentrations (ammonia only), 1st high 24-hour
average concentrations, and annual average concentrations for the years 2007 — 2011. The results are
described in the following diagrams and discussion.

Diagram 19: 1* High — 1 Hour Concentrations of Fluoride (Comparison to NRC Value of 1,321 pg/ms)
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Diagram 20: 1* High — 1 Hour Concentrations of Ammonia (Comparison to Cal OEHHA Value of 3,200 p.g/ma)
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5.4.1 Fluoride

Modeling results for the 1* high — 1 hour average concentrations of fluoride were compared to the NRC
AEGL-1 concentration for a 1-hour averaging period and show that the concentrations beyond the
property line are well below the toxicological endpoint of 1,321 pg/m®. The highest offsite
concentration is 2.08 pg/m?® located on the property boundary. (The AEGL-1 is the airborne
concentration of substance above which it is predicted the general population, including susceptible
individuals, could experience noticeable discomfort, irritation, or certain asymptomatic, non-sensory
health effects.) Although not shown in a specific diagram, the 1** high — 24 hour concentrations of
fluoride were compared to the ATSDR toxicological endpoint for a 24 hour averaging period and show
that the concentrations beyond the property boundary are well below the threshold of 7.8 pg/m>. The
highest offsite concentration is 0.47 ug/m?> and is located on the property boundary. Finally, none of the
annual average concentrations of fluoride exceed the California OHHEA chronic REL of 13 pg/m®. The
values for each year are listed in Table 1 of Appendix A.

5.4.2 Ammonia

Modeling results for the 1* high — 1 hour average concentrations of ammonia were compared to the
California OEHHA 1-hr average acute REL (3,200 pg/m?) and show that the concentrations beyond the
property line are well below this toxicological endpoint. The highest offsite concentration is 1,358
pg/m?® located on the property boundary. Modeling results for the 1* high — 2 hour average
concentrations of ammonia were compared to the ATSDR 2-hour average toxicological endpoint (1,184
pg/m®). The highest offsite concentration is 1,346 pug/m?® and is located on the property boundary.
Two-hr average concentrations above the ATSDR Acute MRL extend up to 3.5 meters (12 feet) onto the
neighboring industrial property. The concentrations on the neighboring industrial property are
significantly less than the ACGIH 8-hr TLV of 17,414 ug/m’.

For the purposes of completeness, the 1* high 24-hour average concentrations of ammonia were
compared to the Tier | WDE 24-hour average ASIL concentration (70.8 pg/m®). As expected, the
modeled concentrations exceed the ASIL value with the high offsite concentration of 303 ug/m®. This
concentration occurs on the property boundary. The concentrations above the ASIL extend 202 meters
from the property boundary. Finally, the highest annual average concentrations of ammonia (including
onsite concentrations) do not exceed the California OHHEA chronic REL of 200 pg/m?, the EPA chronic
RfC of 100 pg/m?, or the ATSDR chronic MRL of 70 ug/m®. The values for each year are listed in Table 1
of Appendix A.

5.4.3 Summary

The emissions from the PNS mobile pipe reactor result in offsite concentrations of fluoride that are well
below any relevant toxicological endpoints. The ammonia concentration offsite do not exceed the acute
toxicological endpoints recommended by the California OEHHA, but do exceed the 2-hr ATSDR acute
MRL. However, concentrations that exceed the ATSDR acute MRL occur on industrial property and the
concentrations do not exceed the ACGIH 8-hr TLV. The annual average ammonia concentrations (both
on and offsite) do not exceed any relevant chronic toxicological endpoints. Finally, although the offsite

34



24-hr average concentrations exceed the WDE Tier | ASIL for ammonia, the Tier | ASIL appears to be
based on ATSDR’s Chronic MRL for an annual average exposure, and thus, is inappropriate for evaluating
a 24-hr average concentration in a Tier Il risk assessment.

6.0 RISKASSESSMENT

The Tier Il risk assessment was completed by computing an acute Hazard Index (HI) and a chronic HI.
The acute HI was computed by dividing the appropriate modeled concentrations of ammonia and
fluoride by their respective acute toxicological endpoints to calculate an acute Hazard Quotient (HQ).
The two hazard quotients were summed to obtain an acute HI. The acute HI was computed for different
combinations of the acute toxicological endpoints because RME does not know which endpoint WDE
will determine to be the most appropriate. (RME was directed to carry each of the endpoints through
the analysis during the development of the Protocol.) The results of the acute Tier Il risk assessment are
detailed in Table 2 of Appendix A.

The only two sites with acute Hls for residential exposures greater than 1 are the CPS-Moses Lake site
and the Helena Pasco site. The acute HI for the CPS Moses Lake site is 4.86 using the ATSDR acute MRL
for ammonia and the NRC AEGL-1 for fluoride, and 1.74 using the California OEHHA acute REL for
ammonia and the NRC AEGL-1 for fluoride. The acute HI for the Helena-Pasco site is 1.14 if the ATSDR
acute MRL is used as the toxicological endpoint for ammonia. However, as discussed in Section 4, the
ATSDR did not intend for its MRLs to be used as regulatory action levels or cleanup standards, which also
means that they should not be used to support permitting actions. Further, the HI’s occur on property
that is industrial in its use. If the ACGIH TLV is used as the toxicological endpoint for ammonia, the Hl
becomes 0.09 for the CPS-Moses Lake site and 0.01 for the Helena-Pasco site.

An approach similar to that described above for the acute HI was used to compute a chronic HI, except
that the highest annual average concentration and chronic toxicological endpoints were used to
compute the HQs for the two chemicals. The results of the chronic Tier Il risk assessment are detailed
in Table 3 of Appendix A. The risk assessment results show that the chronic offsite HI for all sites
ranged from a low of 0.07 for the Two Rivers-Moses Lake site to a high value of 0.35 at the Two Rivers-
Pasco site.

7.0 CONCLUSIONS AND OPINIONS

The results of the Tier Il Risk Assessment can be summarized as follows.

1. The emissions from the PNS mobile pipe reactor will not result in a chronic HI greater than 1 at
any of the sites where PNS intends to operate.

2. The emissions from the PNS mobile pipe reactor will not result in an acute HI greater than 1 at

any of the sites where PNS intends to operate when the land use of the area is considered in the
analysis.
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3. If the area around the CPS-Moses Lake site were residential in nature, the acute HI would range
from 4.86 (based on the ATSDR acute MRL) to 1.74 (based on the California OEHHA acute REL).
However, as previously noted, ATSDR did not intend for its MRLs to be used as action levels by
regulatory agencies.

4. If the area around the Helena-Pasco site were residential in nature, the acute Hl would be 1.14 if
the ATSDR acute MRL is used as the toxicological endpoint for ammonia in the analysis.
However, as previously noted, ATSDR did not intend for its MRLs to be used as action levels by
regulatory agencies.
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TABLE 1: SUMMARY OF AMMONIA AND FLUORIDE AIR DISPERSION MODELING RESULTS

PARAMETER

Central Ferry

Moses Lake - CPS

Moses Lake - Two Rivers

Pasco - Helena

Pasco - Two Rivers

Fl ug/m’ | NH3 pg/m’

Fl pg/m’ | NH3 pg/m’

Fl pg/m’ | NH3 pg/m’

Fl pg/m’ | NH3 pg/m’

Fl pg/m’ | NH3 pg/m’

Highest Offsite or Prope

rty Boundary Concentration

Comparison Value' 1,321 3,200 1,321 3,200 1,321 3,200 1,321 3,200 1,321 3,200

1st High 1-H Avg.

Cinclg e 1.57 1,054 7.06 5,562 0.86 572 2.08 1,376 1.34 882

Comparison Value® NA 1,184 NA 1,184 NA 1,184 NA 1,184 NA 1,184

1st High 2-H Avg.

cznclg e NA 923 NA 5,753 NA 431 NA 1,346 NA 806

Comparison Value® 7.8 NA 7.8 NA 7.8 NA 7.8 NA 7.8 NA

1st High 24-H Avg.

Cinclg ourave 0.44 289 4.41 2,896 0.11 70.16 0.47 303 0.57 374
Highest Annual Average Concentration For All Receptors (Always Occurs Onsite)

Comparison Value® 13 200 13 200 13 200 13 200 13 200

2007 - Ann. Avg.

Conc nn. Ave 0.011 20.3 0.010 16.2 0.011 12.9 0.020 19.2 0.029 221

2008 - Ann. Avg.

Conc nn. Ave 0.012 21.5 0.010 17.3 0.009 13.6 0.024 21.4 0.031 24.2

2009 - Ann. Avg.

Conc nn. Ave 0.009 20.1 0.011 18.1 0.012 13.9 0.017 17.1 0.026 20.4

2010 - Ann. Avg.

Conc nn. Ave 0.011 21.8 0.009 16.8 0.011 14.2 0.018 18.2 0.026 20.5

2011 - Ann. Avg.

Conc nn. Ave 0.009 21.4 0.008 16.1 0.008 14.1 0.023 19.9 0.033 25.0

NOTES:

1. Comparison value for Fluoride based on the National Research Council Acute Exposure Guideline Level (AEGL)-1; comparison value for Ammonia based

on the California Office of Environmental Health and Hazard Assessment (OEHHA) acute Reference Exposure Level (REL). Both endpoints have a 1-hr

averaging period.

2. Comparison value for Ammonia is based on the ATSDR acute MRL with a 2 hour averaging period.

3. Comparison value for Fluoride is based on the ATSDR acute MRL with a 24-hour averaging period.

4. Comparison value for Ammonia and Fluoride based on the Cal OEHHA REL.

NA = Not Available

TABLE 1: Page1of1




TABLE 2: ACUTE RISK ASSESSMENT

Central Ferry

FI Concentration

Endpoints NH3 Concentration NH3 AHQ? 3 FI AHQ® AHI
1 pg/m3
pg/m3
ATSDR® / NRC’ 922.78 0.78 1.57 0.001 0.78
Cal OEHHA® / NRC 1,053.59 0.33 1.57 0.001 0.33
ACGIH® / NRC 263.40 0.02 1.57 0.001 0.02
Moses Lake - CPS
. . 2 FI Concentration 4
Endpoints NH3 Concentration NH3 AHQ 3 FI AHQ AHI
1 ug/m3
pg/m3
ATSDR® / NRC’ 5,752.68 4.86 7.06 0.005 4.86
Cal OEHHA® / NRC 5,562.33 1.74 7.06 0.005 1.74
ACGIH® / NRC 1,390.58 0.08 7.06 0.005 0.09
Moses Lake - Two Rivers
. . 2 FI Concentration 4
Endpoints NH3 Concentration NH3 AHQ 3 FI AHQ AHI
1 ug/m3
pg/m3
ATSDR® / NRC’ 431.29 0.36 0.86 0.001 0.36
Cal OEHHA® / NRC 572.07 0.18 0.86 0.001 0.18
ACGIH® / NRC 143.02 0.01 0.86 0.001 0.01
Pasco - Helena
. . 2 FI Concentration 4
Endpoints NH3 Concentration NH3 AHQ 3 FI AHQ AHI
1 pg/m3
pg/m3
ATSDR® / NRC’ 1,345.92 1.14 2.08 0.002 1.14
Cal OEHHA® / NRC 1,375.60 0.43 2.08 0.002 0.43
ACGIH® / NRC 343.90 0.02 2.08 0.002 0.02
Pasco - Two Rivers
. . 2 FI Concentration 4
Endpoints NH3 Concentration NH3 AHQ 3 FI AHQ AHI
1 pg/m3
pg/m3
ATSDR® / NRC’ 806.36 0.68 1.34 0.001 0.68
Cal OEHHA® / NRC 882.02 0.28 1.34 0.001 0.28
ACGIH® / NRC 220.51 0.01 1.34 0.001 0.01
Notes:

1. Maximum offsite or fenceline modeled NH3 concentration for the relevant averaging period.

2. NH3 AHQ is derived by dividing the NH3 concentration by the toxicological endpoint for NH3.

3. Maximum offsite or fenceline modeled FL concentration for the relevant averaging period.

4. FL AHQ is computed by dividing the FL concentration by the toxicological endpoint for FL.

5. AHl is computed by summing the NH3 AHQ and the FL AHQ.

6. ATSDR acute toxicological endpoint based on a 2-hour average concentration is 1,184 ug/m3 for NH3.

7. NRC AEGL-1 for FL is 1,321 pg/m">.

TABLE 2: Page 10of2




8. Cal OEHHA acute REL for NH3 is 3,200 pg/m">.

9. ACGIH and NIOSH standard for 8-hr TWA concentration of NH3 is 17,414 pug/m3. The 8-hr TLV was used as a
conservative endpoint.
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TABLE 3: CHRONIC RISK ASSESSMENT

Central Ferry

Fl Concentration

Endpoint NH3 Concentration NH3 HQ® 3 FlHQ! HI°
ug/m3" ug/m3
ATSDR® / Cal OEHHA 21.83 0.31 0.01 0.0009 0.31
EPA8/ Cal OEHHA 21.83 0.22 0.01 0.0009 0.22
Cal OEHHA9/ Cal OEHHA 21.83 0.11 0.01 0.0009 0.11
Moses Lake - CPS
. Fl Concentration
Endpoint NH3 Concentration NH3 HQ? 3 FIHQ* HI°
ug/m3* ug/m3
ATSDR® / Cal OEHHA’ 18.08 0.26 0.01 0.0008 0.26
EPAS/ Cal OEHHA 18.08 0.18 0.01 0.0008 0.18
Cal OEHHAQ/ Cal OEHHA 18.08 0.09 0.01 0.0008 0.09
Moses Lake - Two Rivers
Fl Concentration
Endpoint NH3 Concentration NH3 HQ® 3 FlHQ! HI°
ug/m3" ug/m3
ATSDR® / Cal OEHHA’ 14.19 0.20 0.01 0.0009 0.20
EPA8/ Cal OEHHA 14.19 0.14 0.01 0.0009 0.14
Cal OEHHA9/ Cal OEHHA 14.19 0.07 0.01 0.0009 0.07
Pasco - Helena
. Fl Concentration
Endpoint NH3 Concentration NH3 HQ? 3 FIHQ* HI?
ug/m3* ug/m3
ATSDR® / Cal OEHHA’ 21.43 0.31 0.02 0.0018 0.31
EPAS/ Cal OEHHA 21.43 0.21 0.02 0.0018 0.22
Cal OEHHAQ/ Cal OEHHA 21.43 0.11 0.02 0.0018 0.11
Pasco - Two Rivers
Fl Concentration
Endpoint NH3 Concentration NH3 HQ® 3 FlHQ! HI°
ug/m3" ug/m3
ATSDR® / Cal OEHHA’ 24.17 0.35 0.03 0.0025 0.35
EPA8/ Cal OEHHA 24.17 0.24 0.03 0.0025 0.24
Cal OEHHA9/ Cal OEHHA 24.17 0.12 0.03 0.0025 0.12

Notes:

1. Highest of the modeled annual average NH3 concentrations for years 2007 - 2011.

2. NH3 HQ computed by dividing the modeled NH3 concentration by the relevant toxicological endpoint for NH3.

3. Highest of the modeled annual average FL concentrations for years 2007 - 2011.

4. FLHQ computed by dividing the modeled FL concentration by the relevant toxicological endpoint for FL.

©O© 00N O U

. Hl computed by summing the NH3 HQ and the FL HQ.
. ATSDR chronic MRL for NH3 is 70 pug/m3.

. Cal OEHHA chronic REL for FL is 13 pg/m3.

. EPA RfC for NH3 is 100 pg/m3.

. Cal OEHHA chronic REL for NH3 is 200 pg/m3.
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APPENDIX A. ATSDR MINIMAL RISK LEVELS AND WORKSHEETS

The Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) [42 U.S.C.
9601 et seq.], as amended by the Superfund Amendments and Reauthorization Act (SARA) [Pub. L. 99—
499], requires that the Agency for Toxic Substances and Disease Registry (ATSDR) develop jointly with
the U.S. Environmental Protection Agency (EPA), in order of priority, a list of hazardous substances most
commonly found at facilities on the CERCLA National Priorities List (NPL); prepare toxicological
profiles for each substance included on the priority list of hazardous substances; and assure the initiation

of a research program to fill identified data needs associated with the substances.

The toxicological profiles include an examination, summary, and interpretation of available toxicological
information and epidemiologic evaluations of a hazardous substance. During the development of
toxicological profiles, Minimal Risk Levels (MRLs) are derived when reliable and sufficient data exist to
identify the target organ(s) of effect or the most sensitive health effect(s) for a specific duration for a
given route of exposure. An MRL is an estimate of the daily human exposure to a hazardous substance
that is likely to be without appreciable risk of adverse noncancer health effects over a specified duration
of exposure. MRLs are based on noncancer health effects only and are not based on a consideration of
cancer effects. These substance-specific estimates, which are intended to serve as screening levels, are
used by ATSDR health assessors to identify contaminants and potential health effects that may be of
concern at hazardous waste sites. It is important to note that MRLs are not intended to define clean-up or

action levels.

MRLs are derived for hazardous substances using the no-observed-adverse-effect level/uncertainty factor
approach. They are below levels that might cause adverse health effects in the people most sensitive to
such chemical-induced effects. MRLs are derived for acute (1-14 days), intermediate (15-364 days), and
chronic (365 days and longer) durations and for the oral and inhalation routes of exposure. Currently,
MRLs for the dermal route of exposure are not derived because ATSDR has not yet identified a method
suitable for this route of exposure. MRLs are generally based on the most sensitive chemical-induced end
point considered to be of relevance to humans. Serious health effects (such as irreparable damage to the
liver or kidneys, or birth defects) are not used as a basis for establishing MRLs. Exposure to a level

above the MRL does not mean that adverse health effects will occur.
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MRLs are intended only to serve as a screening tool to help public health professionals decide where to
look more closely. They may also be viewed as a mechanism to identify those hazardous waste sites that
are not expected to cause adverse health effects. Most MRLs contain a degree of uncertainty because of
the lack of precise toxicological information on the people who might be most sensitive (e.g., infants,
elderly, nutritionally or immunologically compromised) to the effects of hazardous substances. ATSDR
uses a conservative (i.e., protective) approach to address this uncertainty consistent with the public health
principle of prevention. Although human data are preferred, MRLs often must be based on animal studies
because relevant human studies are lacking. In the absence of evidence to the contrary, ATSDR assumes
that humans are more sensitive to the effects of hazardous substance than animals and that certain persons
may be particularly sensitive. Thus, the resulting MRL may be as much as 100-fold below levels that

have been shown to be nontoxic in laboratory animals.

Proposed MRLs undergo a rigorous review process: Health EffectssMRL Workgroup reviews within the
Division of Toxicology, expert panel peer reviews, and agency-wide MRL Workgroup reviews, with
participation from other federal agencies and comments from the public. They are subject to change as
new information becomes available concomitant with updating the toxicological profiles. Thus, MRLs in
the most recent toxicological profiles supersede previously published levels. For additional information
regarding MRLs, please contact the Division of Toxicology, Agency for Toxic Substances and Disease

Registry, 1600 Clifton Road NE, Mailstop F-32, Atlanta, Georgia 30333.
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MINIMAL RISK LEVEL (MRL) WORKSHEET

Chemical Name: Ammonia

CAS Number: 7664-41-7

Date: July 2004

Profile Status: Third Draft Post-Public

Route: [ X ] Inhalation [ ] Oral

Duration: [ X]Acute[ ]Intermediate [ ] Chronic
Graph Key: 14

Species: Human

Minimal Risk Level: 1.7 [ ] mg/kg/day [ X ] ppm

Reference: Verberk MM. 1977. Effects of ammonia in volunteers. Int Arch Occup Environ Health
39:73-81.

Experimental design: The study examined the effects of exposure to ammonia in a group of

16 volunteers. Eight of them (experts) knew the effects of ammonia from the literature, but had had no
personal contact, whereas the remaining eight subjects (non-experts) were students from a non-science
faculty and were not familiar with ammonia or experiments in laboratory situations. All members of a
group were exposed on the same day to one of the concentrations tested (50, 80, 110, or 140 ppm). The
testing was repeated with a 1-week interval. Immediately before and after exposure, vital capacity, forced
expiratory volume, and forced inspiratory volume were measured. During exposure, each subject
recorded subjective feelings every 15 minutes as no sensation (0), just perceptible (1), distinctly
perceptible (2), nuisance (3), offensive (4), or unbearable (5). No statistical analysis was performed and
there was no group exposed to air only. A few weeks after the experiments, the subjects were tested to
measure (pre-existing) non-specific reactivity of the airways to exogenous stimuli.

Effects noted in study and corresponding doses: None of the participants was hypersusceptible to non-
specific irritants. Results of the pulmonary function tests after exposure were not statistically
significantly different from pre-exposure values. For the non-experts, there was a clear increase in the
number of reported symptoms for smell, eye irritation, throat irritation, cough, and general discomfort as
the exposure concentration increased. The latter was not as clear for the experts. The number of
symptoms recorded with a score >3 (nuisance) for smell, eye irritation, nose, throat, and urge to cough for
the 50, 80, 110, and 140 ppm exposure groups was 2, 2, 7, and 11 , respectively, for the experts and 6, 12,
18, and 29, respectively, for the non-experts. It should also be mentioned that the subjective responses
appeared more pronounced in the non-expert group than in the expert group.

Dose and end point used for MRL derivation: 50 ppm for mild irritation to the eyes, nose, and throat in
humans exposed to ammonia gas for 2 hours.

Because the effects observed were local irritation effects, they were not time-dependent (but rather
concentration-dependent), an adjustment to 24-hour exposure was not necessary.

[ ]NOAEL [X]LOAEL
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Uncertainty Factors used in MRL derivation:

[ X] 3 foruse of a minimal LOAEL
[ ] 10 for extrapolation from animals to humans
[ X] 10 for human variability

Was a conversion used from ppm in food or water to a mg/body weight dose?
N/A

If an inhalation study in animals, list the conversion factors used in determining human equivalent dose:
N/A

Other additional studies or pertinent information which lend support to this MRL: Although the Verberk
et al. (1977) study has limitations (no statistical analysis, subjective end points, no control group), it
demonstrates that concentrations of 50 ppm ammonia can produce minimal discomfort in healthy
members of the general population and therefore, should be avoided. Additional relevant information is
provided by a study by Ferguson et al. (1977). In that study, a group of six healthy volunteers, not
previously accustomed to working in an ammonia environment, were exposed 5 days/week to 25 ppm

(2 hours/day), 50 ppm (4 hours/day), or 100 ppm (6 hours/day) of ammonia, or to 50 ppm of ammonia

6 hours/day for 6 weeks. End points monitored included subjective and objective measures of eye and
throat irritation as well as pulse rate, respiration rate, pulmonary function (FVC, FEV), assessment of
neurological function (reflex, balance, and coordination), and body weight. The exposure protocol
consisted of a pre-exposure evaluation by a physician, 3 hours of exposure (this conflicts with exposure
data on table 2 of the study and mentioned above), a mid-point physician’s observation, lunch break,

3 additional hours of exposure, and a third physician’s observation 30 minutes after exposure ceased. The
conjunctiva and mucosa of the nose and throat were examined by a physician before and after each daily
exposure and the degree of irritation noted was described as mild, moderate, or marked. Exposure to
ammonia had no significant effect on the measures of respiratory function or in the neurological tests
conducted. The results of the evaluations of irritation conducted by the physician showed no significant
differences between the exposure groups, including the 0 ppm exposure group (pre-exposure). All
subjects experienced some watering of the eyes and a sensation of dryness in the nose and throat and there
was one observation of definite redness in the mucosa of the nose after a 6-hour exposure to 100 ppm
during which time, there was an excursion to 200 ppm ammonia. No redness was observed in this subject
the following morning. Throughout the study, the physician observed 6 cases of eye irritation, 20 of nose
irritation, and 9 of throat irritation, and most cases appeared to have occurred the first week of the study
during exposure to 50 ppm. It is difficult to determine in this study a NOAEL or LOAEL for irritation
due to the different exposure durations experienced by the subjects, but it would appear that an exposure
concentration of 100 ppm ammonia for 6 hours caused no significant changes in the vital functions
measured and that 50 ppm can cause eye, nose, and throat irritation.

NIOSH (1974) reviewed 15 studies of case reports in which subjects were exposed to very high, but
unquantified, concentrations of ammonia. The 15 reports provided a representative array of documented
clinical findings including death, permanent eye lesions, and chronic respiratory symptoms, as well as
acute lower and upper respiratory symptoms. The only quantitative information available was that a
worker died 6 hours after estimated exposure to 10,000 ppm ammonia for an unspecified time (Mulder
and Van der Zalm 1967). Studies with volunteers, also reviewed by NIOSH (1974), generally used
concentrations of ammonia much higher than those in the studies by Verberk et al. (1977) or Ferguson et
al. (1977) and/or exposure durations of only minutes. For example, exposure to a concentration of

500 ppm for 30 minutes caused respiratory irritation graded as severe by 2 out 7 subjects (Silverman et al.
1949). Four out of 6 volunteers exposed to 50 ppm ammonia for 10 minutes graded the irritation as
“moderate” and none described it as “discomforting” or “painful” (MacEwen et al. 1970). All of the
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subjects rated the odor as “highly penetrating” at 50 ppm and 3 subjects gave the same rating to 30 ppm.
IBT (1973) exposed 10 subjects to 32, 50, 72, and 134 ppm for 5 minutes and the frequency of positive
findings was as follows: at 32 ppm, 1 subject complained of dryness of the nose; at 50 ppm, 2 subjects
complained of dryness of the nose; at 72 ppm, 3 subjects experienced eye irritation, 2 had nasal irritation,
and 3 had throat irritation; and at 134 ppm, 5 subjects had signs of lacrimation, 5 had eye irritation, 7 had
nasal irritation, 8 had throat irritation, and 1 had chest irritation.

Collectively, the available information from studies in humans supports the 50 ppm exposure level from
the Verberk et al. (1977) study as a minimal LOAEL for irritation in acute studies. In general, studies in
animals have used higher exposure concentrations. For ammonia, a corrosive irritant gas that affects the
portal of entry and produces irritation of the eyes and respiratory tract, use of human data should be
preferred over animal studies.

Agency Contact (Chemical Manager): Nickolette Roney, MPH
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MINIMAL RISK LEVEL (MRL) WORKSHEET

Chemical Name: Ammonia and Ammonium Compounds
CAS Number: 7664-41-7

Date: July 2004

Profile Status: Third Draft Post Public

Route: [ X ] Inhalation [ ] Oral

Duration: [ ]Acute [ ] Intermediate [ X ] Chronic
Graph Key: 47

Species: Humans

Minimal Risk Level: 0.1 [ ]mg/kg/day [ X | ppm

Reference: Holness DL, Purdham JT, Nethercott JR. 1989. Acute and chronic respiratory effects of
occupational exposure to ammonia. Am Ind Hyg Assoc J 50:646-650.

Experimental design: The study evaluated sense of smell, prevalence of respiratory symptoms (cough,
bronchitis, wheeze, dyspnea, and others), eye and throat irritation, and lung function parameters (FVC,
FEV,, FEV//FVC, FEFs,, and FEF75) in humans exposed for an average of 12.2 years in a soda ash plant
(Holness et al. 1989). The cohort consisted of 52 workers and 35 controls. The subjects were assessed on
two workdays: on the first workday of their workweek and on the last workday of their workweek.
Spirometry was performed at the beginning and end of each work shift, so that each worker had four tests
done. To determine the exposure levels, exposed and control workers were sampled over one work shift;
the average sample collection period was 8.4 hours. All of the participants in the study were males.

Effects noted in study and corresponding doses: Analysis of the results showed no significant differences
in the prevalence of reported symptoms, but the exposed workers reported that exposure in the plant
aggravated some of their reported symptoms (cough, wheeze, nasal complaints, eye irritation, and throat
discomfort). Odor threshold was not affected by exposure to ammonia and there were no significant
differences in baseline lung functions between exposed and control subjects. Analysis of each worker
separately showed no significant relationship between the level of ammonia exposure and changes in lung
function. Also, when the workers were divided into groups of individuals that were exposed to low
(<6.25 ppm), medium (6.25-12.5 ppm), and high (>12.5 ppm) ammonia levels, no significant association
was found between reporting of symptoms, decline in baseline function, or increasing decline in function
over the work shift and exposure to ammonia. Furthermore, no association was evident between
increasing years of exposure and decreasing lung function. However, the power of the indices of both
level and length of exposure is low because only eight workers were in areas with relatively high
ammonia exposure.

The MRL was calculated by adjusting the NOAEL of 9.2 ppm (the mean TWA exposure concentration)
for continuous exposure (9.2 x 8/24 hours x 5/7 days) and dividing by an uncertainty factor of 10 for the
protection of sensitive individuals. A modifying factor of 3 was used for the lack of reproductive and
developmental studies.

Dose and end point used for MRL derivation: 9.2 ppm for no significant alterations in lung function in
chronically exposed workers.

[ X]NOAEL [ ]LOAEL
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Uncertainty Factors used in MRL derivation:

[ 1 10 foruse of a LOAEL
[ ] 10 for extrapolation from animals to humans
[X] 10 for human variability

Modifying Factors used in MRL derivation:

[X] 3 for lack of reproductive and developmental studies

Was a conversion used from ppm in food or water to a meg/body weight dose?
N/A.

If an inhalation study in animals, list the conversion factors used in determining human equivalent dose:
N/A.

Other additional studies or pertinent information which lend support to this MRL: Earlier studies
summarized by NIOSH (1974) found that workers accustomed to 20 ppm ammonia did not complain of
irritation symptoms, but showed slight redness in the conjunctiva. Those not accustomed had eye and
respiratory discomfort and irritation. Another report stated that air levels below 5 ppm were associated
with barely noticeable eye irritation. In yet an additional report, concentrations of 15-28 ppm in the work
area produced slight eye irritation. More recent data reported respiratory effects associated with chronic-
duration exposure to pollutants, including ammonia, in livestock confinement buildings and an increase in
respiratory symptoms (such as bronchial reactivity/hyperresponsiveness, inflammation, cough, wheezing,
or shortness of breath) and/or a decrease in lung function (such as forced expiratory volume in the first
second [FEV ¢], maximum expiratory flow rates [MEFs, and MEF;], and maximal mid-expiratory flow
rate [MMEF]) in farmers exposed to ammonia levels of 2.3-20.7 ppm (Choudat et al. 1994; Cormier et al.
2000; Donham et al. 1995, 2000; Heederik et al. 1990; Reynolds et al. 1996; Vogelzang et al. 1997,
2000). The farmers were also exposed to other possible respiratory toxins, such as dust and endotoxins.
A cross-sectional study of male workers at two fertilizer factories in Saudi Arabia showed a significant
association between exposure to ammonia gas and respiratory symptoms and bronchial asthma (Ballal et
al. 1998). No continuous exposure levels could be calculated for these workers because the number of
days worked per week was not provided. There were no chronic-duration inhalation studies in animals.

Agency Contact (Chemical Manager): Nickolette Roney, MPH
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Human health assessment information on a chemical substance is included in the IRIS database
only after a comprehensive review of toxicity data, as outlined in the IRIS assessment development
process. Sections | (Health Hazard Assessments for Noncarcinogenic Effects) and 11
(Carcinogenicity Assessment for Lifetime Exposure) present the conclusions that were reached
during the assessment development process. Supporting information and explanations of the
methods used to derive the values given in IRIS are provided in the guidance documents located on

the IRIS website.

STATUS OF DATA FOR Ammonia

File First On-Line 05/01/1991

Category (section)
Oral RfD Assessment (1.A.)
Inhalation RfC Assessment (1.B.)

Carcinogenicity Assessment (I1.)

Status Last Revised
no data

on-line 05/01/1991
no data

_ 1. Chronic Health Hazard Assessments for Noncarcinogenic Effects

_L.A. Reference Dose for Chronic Oral Exposure (RfD)

Substance Name — Ammonia
CASRN — 7664-41-7

Not available at this time.

__1.B. Reference Concentration for Chronic Inhalation Exposure (RfC)
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Substance Name — Ammonia
CASRN — 7664-41-7
Last Revised — 05/01/1991

The inhalation Reference Concentration (RfC) is analogous to the oral RfD and is likewise based on
the assumption that thresholds exist for certain toxic effects such as cellular necrosis. The
inhalation RfC considers toxic effects for both the respiratory system (portal-of-entry) and for
effects peripheral to the respiratory system (extrarespiratory effects). It is expressed in units of
mg/cu.m. In general, the RfC is an estimate (with uncertainty spanning perhaps an order of
magnitude) of a daily inhalation exposure of the human population (including sensitive subgroups)
that is likely to be without an appreciable risk of deleterious effects during a lifetime. Inhalation
RfCs were derived according to the Interim Methods for Development of Inhalation Reference Doses
(EPA/600/8-88/066F August 1989) and subsequently, according to Methods for Derivation of
Inhalation Reference Concentrations and Application of Inhalation Dosimetry (EPA/600/8-90/066F
October 1994). RfCs can also be derived for the noncarcinogenic health effects of substances that
are carcinogens. Therefore, it is essential to refer to other sources of information concerning the
carcinogenicity of this substance. If the U.S. EPA has evaluated this substance for potential human
carcinogenicity, a summary of that evaluation will be contained in Section Il of this file.

__1.B.1. Inhalation RfC Summary

Critical Effect Exposures™> UF MF RfC
30 1 1E-1

Lack of evidence of NOAEL: 6.4 mg/cu.m (9.2 ppm) mg/cu.m

decreased pulmonary NOAEL(ADJ): 2.3 mg/cu.m

function or changes NOAEL(HEC): 2.3 mg/cu.m

in subjective

syptomatology LOAEL: None

Occupational Study

Holness et al., 1989

Increased severity of NOAEL: None

rhinitis and pneumonia

with respiratory LOAEL: 17.4 mg/cu.m (25 ppm)
lesions LOAEL(ADJ): 17.4 mg/cu.m

LOAEL(HEC): 1.9 mg/cu.m
Rat Subchronic
Inhalation Study
Broderson et al., 1976

*Conversion Factors: MW = 17.03 Holness et al., 1989: Assuming 25C and 760 mm Hg, NOAEL (mg/cu.m) = 9.2 ppm X
17.03/24.45 = 6.4 mg/cu.m. The NOAEL is based on an 8-hour TWA occupational exposure. MVho = 10 cu.m/day, MVh = 20
cu.m/day. NOAEL(ADJ) = 6.4 mg/cu.m x (MVho/MVh) x 5 days/7 days = 2.3 mg/cu.m.

Broderson et al., 1976: Assuming 25C and 760 mm Hg, the LOAEL (mg/cu.m) = 25 ppm X
17.03/24.45 = 17.4 mg/cu.m. The LOAEL(HEC) was calculated for a gas:respiratory effect in the
ExtraThoracic region. MVa = 0.14 cu.m/day, MVh = 20 cu.m/day, Sa(ET) = 11.6 sq. cm., Sh(ET) =
177 sq. cm. RGDR(ET) = (MVa/Sa) / (MVh/Sh) = 0.1068. NOAEL(HEC) = 17.4 x RGDR = 1.9
mg/cu.m.

~__1.B.2. Principal and Supporting Studies (Inhalation RfC)
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Holness, D.L., J.T. Purdham and J.R. Nethercott. 1989. Acute and chronic respiratory effects of
occupational exposure to ammonia. Am. Ind. Hyg. Assoc. J. 50: 646-650.

Broderson, J.R., J.R. Lindsey and J.E. Crawford. 1976. The role of environmental ammonia in
respiratory mycoplasmosis of rats. Am. J. Pathol. 85: 115-130.

Holness et al. (1989) investigated production workers exposed to ammonia in a soda ash facility. All
of the available 64 production workers were invited to participate and 82% agreed to be evaluated.
The control group consisted of 31 other plant workers from stores and office areas of the plant
without previous exposure to ammonia. The mean age of the workers was 38.9 years and duration
of exposure was 12.2 years. Weight was the only statistically significant difference in demographics
found after comparing height, weight, years worked, % smokers and pack-years smoked. The
mean TWA ammonia exposures based on personal sampling over one work shift (average sample
collection 8.4 hours) of the exposed and control groups were 9.2 ppm (6.4 mg/cu.m) and 0.3 ppm
(0.21 mg/cu.m), respectively.

A questionnaire was administered to obtain information on exposure and work histories and to
determine eye, skin and respiratory symptomatology (based on the American Thoracic Society
[ATS] questionnaire [Ferris, 1978]). Spirometry (FVC, FEV-1, FEF50 and FEF75) was performed
according to ATS criteria at the beginning and end of each work shift on the first workday of the
week (day 1) and the last workday of the week (day 2). Differences in reported symptoms and lung
function between groups were evaluated using the actual values and with age, height and pack-
years smoked as covariates in linear regression analysis. Baseline lung function results were
expressed as percent of predicted values calculated from Crapo et al. (1981) for FVC and FEV-1 and
from Lapp and Hyatt (1967) for FEF50 and FEF75.

No statistical difference in the prevalence of the reporting symptoms was evident between the
exposed and control groups, although workers reported that exposure at the plant had aggravated
specific symptoms including coughing, wheezing, nasal complaints, eye irritation, throat discomfort
and skin problems. The percentage of exposed workers reporting hay fever or familial history of hay
fever was significantly less than controls, suggesting possible self-selection of atopic individuals out
of this work force. The atopic status of the worker and control groups was not determined by skin
prick tests to common aeroallergens. Furthermore, the workers complained that their
symptomatology was exacerbated even though there was no statistical difference between groups.
Since the study was cross-sectional in design with a small population, it is possible that selection
bias may have occurred.

Baseline lung functions (based on the best spirometry values obtained during the four testing
sessions) were similar in the exposed and control groups. No changes in lung function were
demonstrated over either work shift (days 1 or 2) or over the workweek in the exposed group
compared with controls. No relationship was demonstrated between chronic ammonia exposure and
baseline lung function changes either in terms of the level or duration of exposure, probably due to
lack of adequate exposure data for categorizing exposures and thus precluding development of a
meaningful index accounting for both level and length of exposure.

Based on the lack of subjective symptomatology and changes in spirometry, this study establishes
a free-standing TWA NOAEL of 9.2 ppm (6.4 mg/cu.m). Adjustment for the TWA occupational
scenario results in a NOAEL(HEC) of 2.3 mg/cu.m.

Broderson et al. (1976) exposed groups of F344 rats (6/sex/dose) continuously to 25, 50, 150 or
250 ppm ammonia (HEC = 1.9, 3.7, 11.2 or 18.6 mg/cu.m, respectively) for 7 days prior to
inoculation with Mycoplasma pulmonis and from 28-42 days following M. pulmonis exposure. Each
treatment group had a corresponding control group exposed only to background ammonia and
inoculated with M. pulmonis in order to produce murine respiratory mycoplasmosis (MRM). The
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following parameters were used to assess toxicity: clinical observations and histopathological
examination of nasal passages, middle ear, trachea, lungs, liver and kidneys. All levels of ammonia,
whether produced naturally or derived from a purified source, significantly increased the severity of
rhinitis, otitis media, tracheitis and pneumonia characteristic of M. pulmonis. Furthermore, there
was a significant concentration response between observed respiratory lesions and increasing
environmental ammonia concentration for gross and microscopic lesions. All lesions observed were
characteristic of MRM. Gross bronchiectasis and/or pulmonary abscesses and the extent of gross
atelectasis and consolidation was consistently more prevalent in exposed animals at all
concentrations than in their corresponding controls. The severity of the microscopic lesions in the
nasal passages, middle ears, tracheas and lungs was significantly greater in all exposed groups
compared with controls. Increasing ammonia concentration was not associated with an increasing
frequency of M. pulmonis isolations. Additionally, rats not exposed to M. pulmonis and exposed to
ammonia at 250 ppm developed nasal lesions (epithelial thickening and epithelial hyperplasia)
unlike those observed in inoculated rats. Based upon these data in M. pulmonis exposed rats, a
LOAEL(HEC) of 1.9 mg/cu.m was identified.

A group of 295 pathogen free F344 rats was inoculated with M. pulmonis and exposed to either
trace or 100 ppm ammonia (HEC=7.4 mg/cu.m) (Schoeb et al., 1982). Growth of M. pulmonis was
greater in exposed rats than in controls. Similarly, serum immunoglobulin antibody responses to
the inoculum were greater in the exposed population. It was further demonstrated that the nasal
passages absorbed virtually all the ammonia at concentrations <500 ppm, indicating that the
increased numbers of M. pulmonis in the lungs and the consequent exacerbation of lung lesions in
MRM are secondary to events in the nasal passages rather than a direct effect of ammonia in the
lung itself. These results are consistent with those of Broderson et al. (1976) detailed above.

The use of Holness et al. (1989) as the principal study can only be supported in the context of the
data array. It is not surprising that no effects were seen on screening spirometry since the
exposure levels were low. Comparing the 9.2 TWA of Holness et al. (1989) with other data on the
respiratory effects of ammonia, a trend is observed that at lower concentrations the extrathoracic
region of the respiratory system is affected due to the chemical's solubility and reactivity; while at
higher concentrations, the lower part of the respiratory system is involved in both experimental
animals (Dahlman, 1956; Gamble and Clough, 1976) and humans (Flury et al., 1983). Thus, no
effects were observed in the lower respiratory system as reflected by pulmonary function.
Pulmonary function may not be a particularly sensitive test because exposure to this type of agent
at low concentrations is not expected to result in significant exposure of the lower respiratory
region. No objective investigation of the workers' nasal epithelium was performed and the
complaint of exacerbated upper respiratory symptoms suggests sensory irritation and supports the
extrathoracic region as the critical region for an effect. The possibility of selection bias against
atopic predispositions in the population is suggested by the significantly lower prevalence of hay
fever in the exposed versus control cohort. Thus, there is a concentration-response in the
extrathoracic region in experimental animals beginning at a LOAEL at essentially the same HEC as
the NOAEL in Holness et al. (1989) and the NOAEL may be based on a less sensitive endpoint. Also
the apparent discrepancy of a lower LOAEL(HEC) from Broderson et al. (1976) and the identified
NOAEL(HEC) of the Holness et al. (1989) study may be the result of differences in air flow patterns
since rats are obligate nose- breathers and humans breathe oronasally. The use of the NOAEL from
Holness et al. (1989) can be supported as marginal in this context due to the symptomatology
complaints and because human data engenders less uncertainty than extrapolation from the
experimental animal data.

___1.B.3. Uncertainty and Modifying Factors (Inhalation RfC)

UF — An uncertainty factor of 10 is used to allow for the protection of sensitive individuals. A factor
of 3 was used to account for several data base deficiencies including the lack of chronic data, the
proximity of the LOAEL to the NOAEL and the lack of reproductive and developmental toxicology
studies. This factor is not larger than 3, however, since studies in rats (Schaerdel et al., 1983) have
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shown no increases in blood ammonia levels at exposures 32 ppm and only minimal increases at
300-1000 ppm, suggesting that no significant distribution is likely to occur at the HEC level
calculated.

MF — None

___1.B.4. Additional Studies/Comments (Inhalation RfC)

Groups of four healthy human volunteers were exposed weekly (5 days/week) to 25 (2 hours/day),
50 (4 hours/day) or 100 (6 hours/day) ppm ammonia (1.0, 4.1 or 12.1 mg/cu.m) for 6 weeks; or
to 50 ppm (6.2 mg/cu.m) 6 hours/day for 6 weeks. Subjective and objective indications of eye and
respiratory tract irritation, pulse rate, respiration rate, FVC, FEV and difficulty in performing simple
cognitive tasks were used to assess toxicity. No abnormalities of the chest, heart, vital organs,
neurological response, apparent motor function, or significant weight changes were observed during
weekly medical examinations. Transient irritation of the nose and throat was observed at 50 ppm
(duration-adjusted to 4.1 mg/cu.m) or greater (Ferguson et al., 1977).

Flury et al. (1983) reported on a 5-year follow-up case study of a 50- year-old male patient who
sustained a high-concentration exposure to ammonia fumes when a refrigerator coolant tank
exploded. The patient had no prior history of smoking, pulmonary disease, wheezing or atopy and
no family history of atopy or asthma before the industrial accident. The patient was hospitalized
with acute respiratory failure. Laryngoscopy demonstrated membranous formation involving the
entire tracheal wall. Chest examination revealed bilateral rhonchi, and chest x-rays on admission
revealed bilateral perihilar infiltrates. Subsequent serial pulmonary function testing (spirometry and
diffusion capacity) was performed and although the initial peripheral airway abnormality resolved
over the 5-year period, a persistent expiratory obstruction and recurrent bronchospasm, suggestive
of hyperreactive airways, was demonstrated. It is proposed that reepithelialization and probable
reinnervation of the bronchial mucosa following the initial inflammation resulted in drastically
altered irritant receptors.

Eight human volunteers were exposed to 50, 80, 110 and 140 ppm ammonia (35, 56, 76 and 97
mg/cu.m, respectively) for 2 hours, with a 1-week interval between exposures. The subjects
tolerated a concentration of 76 mg/cu.m, although they rated the throat irritation as a nuisance. An
ammonia concentration of 97 mg/cu.m was intolerable, and all of the subjects left the exposure
chamber prematurely (Verberk, 1977).

Human volunteers were exposed to 21 or 35 mg/cu.m ammonia for 10 minutes. At 35 mg/cu.m,
the irritation was not found to be "discomforting or painful" and was rated "moderate" by 4/6
volunteers, "faint” by 1/6 and "none" by 1/6; at 21 mg/cu.m, irritation was rated "faint" by 2/5 and
"none" by 3/5 (MacEwen et al., 1970).

Six volunteers were exposed to 500 ppm ammonia (348 mg/cu.m) for 30 minutes. Nasal and throat
irritation was reported. An increase in minute volume ranging from 50-250% over control values
was observed (Silverman et al., 1949).

Kane et al. (1979) determined an RD50 value (exposure concentration to evoke a 50% decrease in
respiratory rate) for sensory irritation in Swiss- Webster mice for ammonia of 303 ppm (95% C.I.
159-644) by plotting the percent decrease in respiratory rate versus the logarithm of the exposure
concentration. A minimal irritation level for humans was predicted at 0.01RD50 (3 ppm).

Dahlman (1956) microscopically monitored the ciliary movement in the tracheas of rats exposed to
ammonia via mouth-piece continuously for 8 minutes to concentrations of 90, 45, 20 and 10 ppm
(3 rats/dose); and 6.5 and 3 ppm (2 rats/dose). Ciliary activity ceased in a concentration-
dependent rate upon exposure to ammonia. Time to ciliary stasis was 5, 10, 20 and 150 seconds at
concentrations of 90, 45, 20 and 6.5 ppm, respectively. Time to ciliary stasis was 7-8 minutes at
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the 3 ppm concentration.

Gamble and Clough (1976) whole-body exposed female Porton rats to ammonia concentrations of
200 (+/- 50) ppm for 4, 8 or 12 days or 435 (+/- 135) ppm for 7 days. Duration of exposure was
not otherwise specified. The total number of animals was 16, but the apportionment into exposure
groups was not provided. Hyperplasia of the tracheal epithelium was shown to be concentration-
and time-dependent. At 4 days of exposure to 200 ppm, the epithelium had changed to
transitional-stratified and by 8 days there was gross change: disappearance of cilia and
stratification increasing to folds forming on the luminal surface. A mucilaginous exudate was also
evident with a slight increase in submucosal cellularity. At 12 days at the 200 ppm concentration,
the epithelialization had increased in thickness. Rats exposed for 7 days to 435 ppm showed acute
inflammatory reactions with infiltration of neutrophils, large mononucleated cells, monocytes and
immature fibroblasts in the trachea. Evidence of necrotic changes at the luminal surface included
pyknotic nuclei and karyorrhectic cells.

Groups of 10 guinea pigs and 20 Swiss albino mice were exposed continuously to an ammonia-air
concentration of 20 ppm (13.9 mg/cu.m) for up to 6 weeks. A separate group of six guinea pigs
was similarly exposed to an ammonia concentration of 50 ppm (35 mg/cu.m) for 6 weeks, and a
group of 21 Leghorn chickens was exposed to a 20 ppm concentration for up to 12 weeks. Controls
(number not specified) were maintained under identical conditions, except for the ammonia.
Smaller groups of chickens were exposed continually to either 200 ppm for up to 3 weeks or 1000
ppm for up to 2 weeks. The effects of ammonia were found to be both time- and concentration-
dependent. While no effects were observed in guinea pigs, mice, or chickens sacrificed after 1, 2, 3
or 4 weeks of exposure at 20 ppm, darkening/reddening, edema, congestion, and hemorrhage were
seen in the lungs of all three species at sacrifice after 6 weeks of exposure at that concentration. In
guinea pigs exposed to 50 ppm ammonia for 6 weeks, grossly enlarged and congested spleens,
congested livers and lungs, and pulmonary edema were seen. In chickens exposed to 200 ppm for
17-21 days, liver congestion and slight clouding of the cornea were observed in addition to those
effects observed in the chickens exposed to 20 ppm ammonia for 6 weeks. At 1000 ppm, the same
effects, in addition to congestion of the spleen, were seen in chickens after just 2 weeks of
exposure, and corneal opacities developed within just 8 days of exposure. In a second series of
experiments, it was found that a 72-hour exposure to 20 ppm ammonia significantly increased the
infection rate of chickens subsequently exposed to an aerosol of Newcastle disease virus, while the
same effect was observed in just 48 hours in chickens exposed to 50 ppm. Changes in gross and
micropathology did not accompany the change in disease rate (Anderson et al., 1964).

Guinea pigs were exposed to O or 170 ppm (118 mg/cu.m) 6 hours/day, 5 days/week for up to 18
weeks. No adverse effects were observed in animals exposed to ammonia for 6-12 weeks (HEC=21
mg/cu.m). Mild changes in the spleen, kidney suprarenal glands and livers were observed (HEC=19
mg/cu.m) in guinea pigs exposed for 18 weeks. No effects on the lungs were observed. The upper
respiratory tract was not examined (Weatherby, 1952).

Swiss-Webster mice (16-24/group) were exposed to 0 or 305 ppm ammonia (212 mg/cu.m) 6
hours/day for 5 days. Nasal lesions were observed at 212 mg/cu.m which when dose duration
adjusted for the RGDR, equals a LOAEL(HEC) of 4.5 mg/cu.m (Buckley et al., 1984).

Continuous exposure of rats to ammonia at O, 40, 127, 262, 455 or 470 mg/cu.m for a minimum of
90 days (114 days for the 40 mg/cu.m group) was conducted in male and female Sprague-Dawley
and Long-Evans rats. A LOAEL of 262 mg/cu.m (HEC=28 mg/cu.m) was determined based upon
nasal discharge in 25% of the rats, and nonspecific circulatory and degenerative changes in the
lungs and kidneys that were difficult to relate specifically to ammonia inhalation. A frank-effect-
level of 455 mg/cu.m (HEC=48.7 mg/cu.m) was observed due to high mortality in the rats (90-
98%). Nasal passages were not histologically examined (Coon et al., 1970).

Duroc pigs were exposed to ammonia concentrations of 10, 50, 100 and 150 ppm. Exposure to
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ammonia significantly decreased both food intake and body weight gain. Higher concentrations
caused nasal, lacrimal and mouth secretions, which became less severe over time. No treatment-
related gross or microscopic changes were observed in the bronchi, lungs or turbinates at necropsy
(Stombaugh et al., 1969).

Various animal species were exposed to 0, 155 and 770 mg/cu.m for 8 hours/day, 5 days/week for
30 exposures (rats, guinea pigs, rabbits, dogs and monkeys). The LOAEL for lung inflammation is
770 mg/cu.m for rats (HEC=82.4 mg/cu.m) and guinea pigs. Ocular and nasal irritation was
observed at 770 mg/cu.m in rabbits and dogs. The upper respiratory tract was not examined (Coon
et al., 1970).

Atmospheric ammonia is present in relatively low concentrations in both urban and nonurban
environments. Typical levels of ammonia are on the order of 5 and 20 ug/cu.m for nonurban and
urban sites, respectively (WHO, 1986). The total intake of ammonia by inhalation is approximately
0.1-0.5 mg/day. Ammonia also may be excreted through expired air. Estimates of ammonia expired
by humans during mouth breathing have been reported to be between 90 and 1509 ug/cu.m (Hunt
and Williams, 1977) and 29-518 ug/cu.m (Larson et al., 1977). These measured values are
considerably higher than the expected values from the equilibration concentrations of plasma and
lung parenchyma ammonia levels (28-49 ug/cu.m). The higher-than-expected levels of ammonia in
air expired by humans and other experimental animals suggests that ammonia may be synthesized
by oral microflora. Furthermore, reaction products may be formed from the expired ammonia and
other ambient chemicals thereby altering the toxicity and reactivity of this endogenous ammonia
source. Barrow and Steinhagen (1980) measured the average expired air ammonia concentration in
nose breathing rats (mean=54 ug/cu.m) and found the concentration to be in reasonable
agreement with the values measured by Larson et al. (1977) in humans. However, comparison of
tracheal cannulated animals to humans is not possible because in the Larson et al. (1977) study
only one subject was sampled (29 ug/cu.m). Also, due to the inadequate sample size and inherent
variability of breath ammonia values, some caution must be expressed in accepting the validity of
the human values. Furthermore, because the oral cavity can be a "sink" or source of ammonia,
comparisons to mouth breathing humans should not be made.

___1.B.5. Confidence in the Inhalation RfC

Study — Medium
Database — Medium
RfC — Medium

Confidence in the principal study is medium. Although a relatively small sample size (males only)
was studied and a free standing NOAEL was determined, mild extrathoracic effects were observed
in rats near the same HEC as reported in the Holness study. Additional human subchronic and acute
studies support the NOAEL. Confidence in the database is medium to high. Although developmental,
reproductive or chronic toxicity following ammonia exposure has not been adequately tested,
pharmacokinetic data suggests systemic distribution at the HEC level is unlikely. Reflecting medium

confidence in the principal studies and medium to high confidence in the database, confidence in
the RfD is medium.

__1.B.6. EPA Documentation and Review of the Inhalation RfC

Source Document — This assessment is not presented in any existing U.S. EPA document.
Other EPA Documentation — U.S. EPA, 1987; U.S. EPA, 1989

Agency Work Group Review — 10/13/1988, 09/19/1989, 05/16/1990, 09/19/1990, 02/20/1991

Verification Date — 02/20/1991
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Screening-Level Literature Review Findings — A screening-level review conducted by an EPA
contractor of the more recent toxicology literature pertinent to the RfC for ammonia conducted in
August 2003 identified one or more significant new studies. IRIS users may request the references
for those studies from the IRIS Hotline at hotline.iris@epa.gov or 202-566-1676.

__1.B.7. EPA Contacts (Inhalation RfC)

Please contact the IRIS Hotline for all questions concerning this assessment or IRIS, in general, at
(202)566-1676 (phone), (202)566-1749 (FAX) or hotline.iris@epa.gov (internet address).

_I1. Carcinogenicity Assessment for Lifetime Exposure

Substance Name — Ammonia
CASRN — 7664-41-7

This substance/agent has not undergone a complete evaluation and determination under US EPA's
IRIS program for evidence of human carcinogenic potential.

_I11. [reserved]
_ V. [reserved]
_V. [reserved]
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ACUTE TOXICITY SUMMARY

AMMONIA
(anhydrous ammonia, aqueous ammonia)
CAS Registry Number: 7664-41-7
I. Acute Toxicity Summary (for a 1-hour exposure)
Inhalation reference exposure level 3,200 pg/m?
Critical effect(s) eye and respiratory irritation

Hazard Index target(s) Eyes; Respiratory System

II. Physical and Chemical Properties (HSDB, 1994 except as noted)

Description colorless gas

Molecular formula NH;

Molecular weight 17.03

Density 0.695 g/L @ 25°C

Boiling point -33.5°C

Melting point -71.7°C

Vapor pressure 6,460 mm Hg @

Flashpoint unknown

Explosive limits unknown

Solubility very soluble in water, alcohol and ether
Odor threshold 17 ppm (geometric mean) (AIHA, 1989)
Odor description sharp and very irritating

Metabolites unknown

Conversion factor 1 ppm =0.71 mg/m? @ 25°C

III.  Major Uses or Sources

Ammonia is a strongly alkaline chemical which is widely used in industry as a feed stock for
nitrogen based chemicals such as fertilizers, plastics and explosives (ATSDR, 1990).
Nationwide, ammonia is the third most common chemical to be released accidentally (U.S.EPA,
1989). Among hazardous material incidents such as intentional and threatened releases, those
involving ammonia are the sixth most common. The volatility of ammonia, along with its
common method of storage as large quantities under pressure, results in a potential for release of
large amounts of ammonia gas (NRC, 1987).
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IV.  Acute Toxicity to Humans

Ammonia vapors cause irritation of the eyes and respiratory tract. Higher concentrations cause
conjunctivitis, laryngitis, and pulmonary edema, possibly accompanied by a feeling of
suffocation (OSHA, 1989). Contact with the skin causes burns and blistering. The eye is
especially sensitive to alkali burns. Ammonia combines with moisture in the eyes and mucous
membranes to form ammonium hydroxide. Ammonium hydroxide causes saponification and
liquefaction of the exposed, moist epithelial surfaces of the eye and can easily penetrate the
cornea and damage the iris and the lens (CCOHS, 1988; Way et al., 1992). Damage to the iris
may eventually lead to cataracts (CCOHS, 1988). Inhalation exposure to ammonia may result in
an increase in systemic arterial blood pressure (Zitnik et al., 1969). Exposure can also cause a
decrease in minute ventilation volume (Cole et al., 1977). Ammonia gas is especially irritating
to upper respiratory passages, which prompts exposed victims to attempt escape from the fumes
as quickly as possible. MacEwen and Vernot (1972) described pulmonary edema as the most
frequent cause of death in humans exposed to ammonia.

Silverman and coworkers (1949) exposed 7 volunteers to 500 ppm (355 mg/m?) ammonia for 30
minutes using an oral-nasal mask. Symptoms due to ammonia inhalation varied widely among
the 7 subjects. All seven subjects experienced upper respiratory irritation, which was graded as
severe in 2 subjects. Only 2 subjects were able to continue nasal breathing throughout the 30
minute exposure. Reactions included irritation of the nose and throat, hypoesthesia of the
exposed skin, and lacrimation. In two subjects, the nasopharyngeal irritation persisted for

24 hours after the exposure. One of the 7 subjects was only exposed to ammonia for 15 minutes
rather than the full 30 minutes. The reason for this deviation in the exposure regimen was not
given. In a previous experiment, brief exposure to 1,000 ppm reportedly resulted in immediate
coughing in human subjects.

Ferguson and coworkers (1977) used six human subjects to demonstrate that a tolerance to
ammonia exposure of 100 ppm (71 mg/m?) can be developed with a two-to-three week
inurement period during which volunteers were exposed to lesser concentrations. The results
tended to support the belief that persons with no recent history of ammonia exposure are more
sensitive to the irritating effects than those who are acclimated to the noxious gas.

Verberk (1977) exposed sixteen subjects, eight previously exposed and eight naive, for two
hours to ammonia in concentrations of 50, 80, 110, and 140 ppm (36, 57, 78, 99 mg/m?). The
naive group could not tolerate 140 ppm for two hours and had several complaints during
exposure to 110 ppm for 1 hour. None of the subjects in the study demonstrated a decrease in
measured pulmonary function tests, including vital capacity, forced expiratory volume (1
second), and forced inspiratory volume (1 second), following ammonia exposure. The results
showed a greater sensitivity to ammonia exposure for the naive group for responses of smell, eye
irritation, cough, general discomfort, headache, and irritation of the chest. At the end of the
initial 30 minutes of the 2-hour exposure period, nuisance level smell, eyes, nose, or throat
irritation, or cough urge were reported by 7 of 16 (44%), 9 of 16 (56%), 12 of 16 (75%), or 15 of
16 (94%) individuals at concentrations of 50, 80, 110, or 140 ppm, respectively.
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MacEwen et al. (1970) exposed groups of 5 and 6 human subjects to respective ammonia
concentrations of 30 and 50 ppm (21 and 36 mg/m?). The volunteers subjectively rated irritation
for the 10-minute exposures. No moderate or higher irritation was discerned by the group at the
lower exposure level; however, 4 of the 6 subjects rated the 10 minute exposure at 50 ppm as
causing moderate irritation.

The Industrial Bio-Test Laboratories (1973) evaluated ten human subjects for the irritation
threshold of ammonia from exposures to ammonia gas at four different concentrations: 32, 50,
72, and 134 ppm (23, 36, 51, and 95 mg/m?). Irritation was taken to be any annoyance to the
eyes, nose, mouth, throat, or chest which persisted throughout the 5-minute exposure period. At
72 ppm three subjects experienced eye irritation, two had nasal irritation, and three had throat
irritation. At 134 ppm, five of the ten subjects experienced lacrimation and eye irritation, seven
complained of nasal irritation, eight had throat irritation, and one experienced chest irritation.
The authors only used 5-minute exposure durations; and it is possible that irritation symptoms
could have developed with longer exposure durations at the lower exposures. The authors
discounted the significance of nasal dryness reported at the two lowest levels.

Douglas and Coe (1987) determined a lachrymatory threshold of 55 ppm for ammonia following
approximately 15 second exposures of volunteers via tight-fitting goggles. The threshold for
bronchoconstriction, determined as a 20% increase in airway resistance, was slightly higher at 85
ppm following 10 breaths of ammonia via mouthpiece.

Estimates of odor thresholds for ammonia vary from 0.04-103 ppm (0.03-73 mg/m?) (Ferguson
et al., 1977; Henderson and Haggard, 1943; Ruth, 1986). Near the odor threshold, persons
exposed to ammonia can experience annoyance and believe the odor to be a nuisance. Exposure
to ammonia may result in an exacerbation of preexisting asthma. Shim and Williams (1986)
surveyed 60 patients with a history of asthma worsened by certain odors. Nearly 80% of these
patients claimed to have an exacerbation of asthma following exposure to household cleaners
containing ammonia.

Predisposing Conditions for Ammonia Toxicity

Medical: Persons with asthma and other respiratory ailments including underlying
cardiopulmonary disease (Shim and Williams, 1986) and persons with no
tolerance, developed from recent exposures to ammonia (Ferguson et al. 1977),
may be more susceptible to the toxic effects of ammonia.

Chemical:  Chronic high dose aspirin therapy and therapy with valproic acid elevate blood
ammonia levels (Reprotext, 1999).

V. Acute Toxicity to Laboratory Animals
The pulmonary lesions observed following acute, potentially lethal, inhalation of ammonia are
similar in man and experimental animals (Withers, 1986; Payne et al., 1990). Male rats and mice

were determined to be more sensitive to the lethal effects of ammonia than the females of either
species (Appelman et al., 1982; Stupfel et al., 1971).
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Several animal lethality studies published dose-response data from which the MLE(s (maximum
likelihood estimate corresponding to 5% lethality) and BCys (benchmark dose at the 95% lower
confidence interval of the MLEs) could be determined (see Table 1).

Table 1. Animal Lethality Effective and Benchmark Dose Levels for Ammonia

Reference Species | Time (min) | MLEys (ppm) | BCos (ppm)
MacEwen & Vernot (1972) rat 60 5,999 4,908
MacEwen & Vernot (1972) mouse 60 4,006 3,406
Kapeghian ez al. (1982) mouse 60 3,664 3,366
Appelman et al. (1982) rat (10)* 11,862 9,950
Appelman et al. (1982) rat (20)* 13,010 10,206
Appelman ez al. (1982) rat (40)* 11,137 4,881
Silver and McGrath (1948) mouse (10)* 2,846 2,298

*  Exposure time was adjusted to 60 min using a modification of Haber’s Law to facilitate
comparisons of MLEys and BCys values. Exponent n = 2 was determined, based on
Appelman et al. (1982) rat lethality data, by varying the term in a log-normal probit analysis
(Crump, 1984, Crump and Howe, 1983).

Appelman et al. (1982) observed signs of restlessness, wet noses and nasal discharge in rats
immediately after the start of inhalation exposure to ammonia. Mouth breathing and dyspnea
occurred soon after the start of exposure. Eye discharge began about 30 minutes into the
exposure, and signs of eye irritation after 60 minutes of exposure. Dose versus exposure time
varied from 7,000 ppm (4,970 mg/m?) for 60 minutes to 26,850 ppm (19,064 mg/m?) for 10
minutes.

VI.  Reproductive or Developmental Toxicity
There are no confirmed studies which show conclusively that reproductive or developmental

toxicity can be linked experimentally or epidemiologically to ammonia exposure (Reprotext,
1999).
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VII. Derivation of Acute Reference Exposure Level and Other Severity Levels
(for a 1-hour exposure)

Reference Exposure Level (protective against mild adverse effects): 3,200 pg/m?
Study Industrial Biotest Laboratories, 1973;

MacEwen et al., 1970; Silverman et al., 1949;
Verberk, 1977

Study population humans

Exposure method inhalation

Critical effects eye and respiratory irritation
LOAEL varied (see Section IV of text)
NOAEL varied (see Section IV of text)
Exposure duration varied (see Section IV of text)
Extrapolated 1 hour concentration 13.6 ppm (BCys)

LOAEL uncertainty factor not needed in BC approach
Interspecies uncertainty factor 1

Intraspecies uncertainty factor 3

Cumulative uncertainty factor 3

Reference Exposure Level 4.5 ppm (3.2 mg/m?; 3,200 pg/m?)

The exposure concentrations from the 4 studies were adjusted to 1-hour durations using the
formula C" x T = K (Table 2). The value for the exponent n was empirically derived from the
preceding data sets. The value of n (in the formula C" x T = K) was sequentially varied for the
log-normal probit relationship analysis. Using a chi-square analysis, a value of n = 4.6 was
found to be the best fit.

The REL was calculated by a benchmark concentration (BC) approach using a log-normal probit
analysis (Crump and Howe, 1983; Crump. 1984). The 95% lower confidence limit of the
concentration expected to produce a response rate of 5% is defined as the BCys. The maximum
likelihood estimate for a 5% response was 20.1 ppm and the 95% LCL on this value (BCys) for
ammonia from this analysis was 13.6 ppm.

Response rate MLE (ppm) 95% LCL (ppm)
1% 13.4 7.8
5% 20.1 13.6 (BCys)

An uncertainty factor (UF) of 3 was used to account for intraspecies variation in the human
population. Refer to section IX of this toxicity summary for the graphic representation of
benchmark dose derivation.
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Table 2. Ammonia, Human Irritation, 60 Minute Exposures (adjusted), ppm

Study 32 30 50 50 72 50 80 134 110 140 500
Concentration

Exposure 5 10 5 10 5 120 120 5 60 60 30
Time (min.)

60 min. 19 20 29 34 42 43 69 78 95 120 430
adjusted

Concentration

Response 0/10 | 0/5 | 0/10 | 4/6 | 3/10 | 7/16 | 9/16 | 8/10 | 12/16 | 15/16 7/7
Study 2 3 2 3 2 1 1 2 1 1 4

Table adapted from: (1) Verberk, 1977, (2) Industrial Biotest Laboratories, 1973, (3) MacEwen
etal., 1970; (4) and Silverman et al., 1949. The two lowest concentrations were combined for
the log-probit analysis since this improved the fit of the data.

Level Protective against Severe Adverse Effects

Exposure to 140 ppm (99.4 mg/m?) ammonia was considered ‘unbearable’ resulting in
termination of exposure by all of 8 non-expert student volunteers after 30 to 75 minutes
(Verberk, 1977). These exposures were tolerated for the full 2-hour exposure period by all 8
expert volunteers who were familiar with irritant vapors. Based on these findings in which
ammonia inhalation resulted in a subjective response of panic or the need in naive subjects to
take shelter, a 2-hour NOAEL of 110 ppm and a 30-minute LOAEL of 140 ppm were noted.
Short exposures to ammonia did not result in increased nasal resistance of atopic subjects when
compared to nonatopic subjects (McLean et al., 1979). The non-expert group was considered to
be more like the general public in their response. The final value to protect against severe
adverse effects from ammonia exposure is thus 110 ppm (78 mg/m?).

Level Protective against Life-threatening Effects

Kapeghian et al. (1982) determined a 1-hour LCsy of 4,230 ppm and a 1-hour no observed
lethality level of 3,440 ppm in male mice. The MLEs and BCys were estimated as 3,664 and
3,366 ppm (Table 1), respectively. The report by Kapeghian et al. (1982) provides one of the
most detailed exposure and monitoring methods used for ammonia among the various animal
lethality reports reviewed. In addition, a sensitive experimental animal species was used for the
experiments (MacEwen & Vernot, 1972). An uncertainty factor of 1 was applied to account for
animal to human extrapolation since (1) the BC accounts for some degree of variation and (2)
OEHHA'’s comparison of human irritation thresholds with concentrations lethal to mice suggests
humans are not more susceptible than mice to ammonia toxicity. That is, in examining the
Verberk (1977) study and comparing it to the mouse lethality study, additional uncertainty
factors to the mouse study results in a concentration below the Verberk (1977) human study. A
factor of 10 was applied to account for individual human variation. The cumulative uncertainty
factor was 10. The resulting level for ammonia to protect against life-threatening effects is 340
ppm (240 mg/m?).
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CHRONIC TOXICITY SUMMARY

AMMONIA

(Anhydrous ammonia; aqueous ammonia)

CASRegistry Number: 7664-41-7
Chronic Toxicity Summary

Inhal ation reference exposure level 200 my/m? (300 ppb)

Critical effect(s) Pulmonary function tests or subjective
symptomatology in workers
Hazard index target(s) Respiratory system

. Physical and Chemical Properties (HSDB, 1994; 1999)

Description Colorless gas

Molecular formula NH3

Molecular weight 17.03 g/mol

Density 0.7710g/L @ 0°C

Boiling point -33.35°C

Vapor pressure 7510 torr @ 25°C

Solubility Soluble in water, alcohol, and ether
Conversion factor 1 ppm = 0.71 mg/m®

[I1.  Major Usesor Sources

This strongly alkaline chemical iswidely used in industry as a feed stock for nitrogen-based
chemicals such asfertilizers, plastics and explosives (ATSDR, 1990). Ammoniaisalso used asa
refrigerant. The general public is exposed by off-gasing from cleaning solutions containing
agueous ammonia. Household ammonia solutions contain 5-10% ammonia in water while
industrial strength can be up to 28%. The annual statewide industrial emissions from facilities
reporting under the Air Toxics Hot Spots Act in California based on the most recent inventory
were estimated to be 21,832,909 pounds of ammonia (CARB, 1999).

V.  Effectsof Human Exposures

Comparisons were made between 52 workers and 31 control subjectsin a soda ash plant for
pulmonary function and eye, skin and respiratory symptomatology (Holness et al., 1989). The
pulmonary function tests included FV C (forced vital capacity — the total amount of air the
subject can expel during aforced expiration), FEV; (forced expiratory volume in one second),
FEFso (forced expiratory flow rate at 50% of the FV C) and FEFs (forced expiratory flow rate at
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75% of the FVC). Age, height, and pack-years smoked were treated as covariates for the
comparisons. The workers were exposed on average for 12.2 years to mean (time-weighted
average) ammonia concentrations of 9.2 ppm (6.4 mg/m®) + 1.4 ppm, while controls were
exposed to 0.3 ppm (0.21 mg/m®) + 0.1 ppm. No differences in any endpoints (respiratory or
cutaneous symptoms, sense of smell, baseline lung function, or change in lung function over a
work shift at the beginning and end of aworkweek) were reported between the exposed and
control groups.

Groups of human volunteers were exposed to 25, 50, or 100 ppm (0, 17.8, 35.5, or 71 mg/m°)
ammonia 5 days/week for 2, 4, or 6 hours/day, respectively, for 6 weeks (Ferguson et al., 1977).
Another group of 2 volunteers was exposed to 50 ppm ammoniafor 6 hours/day for 6 weeks.

Group Exposure | Week 1 Week 2 Week 3 Week 4 Week 5 Week 6

A ppm NH3 | 25 50 100 25 50 100
hours 2 4 6 2 4 6

B ppm NH3 | 50 50 50 50 50 50
hours 6 6 6 6 6 6

C ppm NH3 | 100 50 25 25 50 100
hours 6 4 2 6 4 2

Pulmonary function tests (respiration rate, FVC and FEV|) were measured in addition to
subjective complaints of irritation of the eyes and respiratory tract. The difficulty experienced in
performing simple cognitive tasks was also measured, as was pulse rate. There were reports of
transient irritation of the nose and throat at 50 or 100 ppm. Acclimation to eye, nose, and throat
irritation was seen after two to three weeks (in addition to the short-term subjective adaption).
No significant differences between subjects or controls on common biological indicators, in
physical exams, or in performance of normal job duties were found. After acclimation,
continuous exposure to 100 ppm, with occasional excursions to 200 ppm, was easily tolerated
and had no observed effect on general health.

V. Effects of Animal Exposures

Rats were continuously exposed to ammonia at 0, 25, 50, 150, or 250 ppm (O, 18, 36, 107, or
179 mg/m®) ammoniafor 7 days prior to intratracheal inoculation with Mycoplasma pulmonis,
and from 28 to 42 days following M. pulmonis exposure (Broderson et al., 1976). All exposures
to ammoniaresulted in significantly increased severity of rhinitis, otitis media, tracheitis, and
pneumonia characteristic of M. pulmonis infection, therefore 25 ppm was a LOAEL in this
subchronic study. Exposure to 250 ppm ammonia alone resulted in nasal lesions (epithelial
thickening and hyperplasia) which were not like those seen in M. pulmonis-infected rats.

The growth of bacteriain the lungs and nasal passages, and the concentration of serum
immunoglobulin were significantly increased in rats exposed to 100 ppm (71 mg/m>) ammonia
over that seen in control rats (Schoeb et al., 1982).
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Guinea pigs (10/group) and mice (20/group) were continuously exposed to 20 ppm (14.2 mg/m®)
ammoniafor up to 6 weeks (Anderson et al., 1964). Separate groups of 6 guinea pigs and 21
chickens were exposed to 50 ppm and 20 ppm ammoniafor up to 6 and 12 weeks, respectively.
All species displayed pulmonary edema, congestion, and hemorrhage after 6 weeks exposure,
whereas no effects were seen after only 2 weeks. Guinea pigs exposed to 50 ppm ammoniafor 6
weeks exhibited enlarged and congested spleens, congested livers and lungs, and pulmonary
edema. Chickens exposed to 200 ppm for 17-21 days showed liver congestion and slight
clouding of the cornea. Anderson and associates also showed that a 72-hour exposure to 20 ppm
ammonia significantly increased the infection rate of chickens exposed to Newcastle disease
virus, while the same effect was observed in chickens exposed to 50 ppm for just 48 hours.

Coon et al. (1970) exposed groups of rats (as well as guinea pigs, rabbits, dogs, and monkeys)
continuously to ammonia concentrations ranging from 40 to 470 mg/m>. There were no signs of
toxicity in 15 rats exposed continuously to 40 mg/m? for 114 days or in 48 rats exposed
continuously to 127 mg/m? for 90 days. Among 49 rats exposed continuously to 262 mg/m® for
90 days, 25% had mild nasal discharge. At 455 mg/m® 50 of 51 rats died. Thus 127 mg/m® (179
ppm) is asubchronic NOAEL for upper respiratory effectsin rats. Coon et al. (1970) also found
no lung effects in 15 guinea pigs exposed continuously to 40 mg/m® (28 ppm) ammonia for 114

days.

VI.  Derivation of Chronic Reference Exposure Level

Sudy Holness et al., 1989 (supported by Broderson et
al., 1976)

Sudy population 52 workers; 31 controls

Exposure method Occupational inhalation

Critical effects Pulmonary function, eye, skin, and respiratory
symptoms of irritation

LOAEL 25 ppm (Broderson et al., 1976) (rats)

NOAEL 9.2 ppm (Holness et al., 1989)

Exposure continuity 8 hours/day (10 m*/day occupational inhalation
rate), 5 days/week

Exposure duration 12.2 years

Average occupational exposure 3 ppm for NOAEL group (9.2 x 10/20 x 5/7)

Human equivalent concentration 3 ppm for NOAEL group

LOAEL uncertainty factor 1

Subchronic uncertainty factor 1

I nter species uncertainty factor 1

Intraspecies uncertainty factor 10

Cumulative uncertainty factor 10

Inhalation reference exposure level 0.3 ppm ( 300 ppb; 0.2 mg/m*; 200 pg/m?)

The Holness et al. (1989) study was selected because it was a chronic human study and was
published in arespected, peer-reviewed journal. Itisalso the only chronic study available. The
USEPA (1995) based its RfC of 100 ng/m® on the same study but included a Modifying Factor
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(MF) of 3 for database deficiencies. The criteriafor use of modifying factors are not well
specified by U.S. EPA. Such modifying factors were not used by OEHHA.

For comparison with the proposed REL of 200 my/m? based on human data, we estimated RELs
from 2 animal studies. (1) Anderson et al. (1964) exposed guinea pigs continuously to 50 ppm
(35 mg/m*) ammonia for 6 weeks and observed pulmonary edema. Use of an RGDR of 0.86 and
a cumulative uncertainty factor of 3000 (10 for use of a LOAEL, 10 for subchronic, 3 for
interspecies, and 10 for intraspecies) resulted in aREL of 10 ng/m®. Staff note that the nearly
maximal total uncertainty factor of 3000 was used in this estimation. (2) Coon et al. (1970)
exposed rats continuously to 127 mg/m® ammonia for 90 days and saw no signs of toxicity. Use
of an RGDR(ET) of 0.16 for nasal effects (observed in rats exposed to higher levels of ammonia
in Broderson et al. (1976)) and a cumulative uncertainty factor of 100 (3 for subchronic, 3 for
interspecies, and 10 for intraspecies) resulted in a REL of 200 ng/m®,

VII. Data Strengthsand Limitationsfor Development of the REL

Significant strengths in the ammonia REL include (1) the availability of long-term human
inhal ation exposure data (Holness et al., 1989), (2) the demonstration of consistent effectsin
experimentally exposed human volunteers following short-term exposures (Ferguson et al.,
1977), and (3) reasonable consistency with animal data (Coon et al., 1970).

Major areas of uncertainty are (1) the lack of aNOAEL and LOAEL in asingle study, (2) alack
of animal data with chronic exposure and histopathological analyses, and (3) difficultiesin
estimated human occupational exposures. The overall database for this common chemical is
limited.
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Acute Exposure Guideline Levels

PREFACE

Under the authority of the Federal Advisory Committee Act (P.L. 92-463)
of 1972, the National Advisory Committee for Acute Exposure Guideline Levels
for Hazardous Substances has been established to identify, review, and interpret
relevant toxicological and other scientific data and develop acute exposure
guideline levels (AEGLs) for high-priority, acutely toxic chemicals.

AEGLs represent threshold exposure limits for the general public and are
applicable to emergency exposure periods ranging from 10 minutes (min) to 8
hours (h). Three levels—AEGL-1, AEGL-2, and AEGL-3—are developed for
each of five exposure periods (10 min, 30 min, 1 h, 4 h, and 8 h) and are distin-
guished by varying degrees of severity of toxic effects. The three AEGLs are
defined as follows:

AEGL-1 is the airborne concentration (expressed as parts per million
[ppm] or milligrams per cubic meter [mg/m’]) of a substance above which it is
predicted that the general population, including susceptible individuals, could

'"This document was prepared by the AEGL Development Team composed of
Kowetha Davidson (Oak Ridge National Laboratory) and Susan Ripple (Chemical Man-
ager and National Advisory Committee [NAC] on Acute Exposure Guideline Levels for
Hazardous Substances member). The NAC reviewed and revised the document and
AEGLs as deemed necessary. Both the document and the AEGL values were then re-
viewed by the National Research Council (NRC) Committee on Acute Exposure Guide-
line Levels. The NRC committee has concluded that the AEGLs developed in this docu-
ment are scientifically valid conclusions based on the data reviewed by the NRC and are
consistent with the NRC guideline reports (NRC 1993, 2001).

58
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an individual exposed to a high unknown concentration of ammonia. Other case
reports also contained no exposure estimates but showed that high concentra-
tions of ammonia caused severe damage to the respiratory tract, particularly in
the tracheobronchial and pulmonary regions. Death was most likely to occur
when damage caused pulmonary edema. Nonlethal, irreversible, or long-term
effects occurred when damage progressed to the tracheobronchial region, mani-
fested by reduced performance on pulmonary function tests, bronchitis, bron-
chiolitis, emphysema, and bronchiectasis. Nondisabling reversible effects were
manifested by irritation to the eyes, throat, and nasopharyngeal region of the
respiratory tract. The odor of ammonia can be detected by humans at concentra-
tions >5 ppm; the odor is highly penetrating at 50 ppm (10 min). Human volun-
teers exposed to ammonia showed slight irritation at 30 ppm (10 min); moderate
irritation to the eyes, nose, throat, and chest at 50 ppm (10 min to 2 h); moderate
to highly intense irritation at 80 ppm (30 min to 2 h); highly intense irritation at
110 ppm (30 min to 2 h); unbearable irritation at 140 ppm (30 min to 2 h), and
excessive lacrimation and irritation at 500 ppm. Reflex glottis closure, a protec-
tive response to inhaling irritant vapors, occurred at 570 ppm for 21- to 30-year-
old subjects, 1,000 ppm for 60-year-old subjects, and 1,790 ppm for 86- to 90-
year-old subjects.

Acute lethality studies in animals showed that the lethal concentration in
50% (LCsp) of the rats ranged from 40,300 ppm for a 10-min exposure to 7,338
and 16,600 ppm for 60-min exposures. For the mouse, LCs, values were 21,430
ppm for a 30-min exposure (almost all animals died in less than 13 min), 10,096
ppm for a 10-min exposure, and 4,230 and 4,837 ppm for 60-min exposures.
Comparative data for the same exposure duration show that mice were more
sensitive than rats to the acute exposure to ammonia (10-min LCs, values for
mice and rats are 10,096 and 40,300 ppm, respectively). The lowest lethal con-
centration was 1,000 ppm for a cat exposed via an endotracheal tube, which
probably exacerbated the effects in the tracheobronchial region (bronchopneu-
monia, bronchitis, bronchiolitis, and emphysema) by bypassing the scrubbing
action of the nasopharyngeal region. Rats exposed by inhalation to lethal con-
centrations of ammonia showed signs of dyspnea, irritation to the eyes and nose,
and hemorrhage in the lungs. Mice exposed to lethal concentrations of ammonia
showed signs of irritation to the eyes and nose, along with tremors, ataxia, con-
vulsions, seizures, and pathological lesions in the alveoli. Effects at nonlethal
concentrations in mice and rats consisted of mild effects on the respiratory epi-
thelium of the nasal cavity (mice and rats), reduction in the respiratory rate
(mice), and evidence of eye irritation (rat). The RDs, (concentration causing a
50% reduction in respiratory rate) for the mouse was 300 ppm for a 30-min ex-
posure.

The AEGL-1 value was based on a study in which 2/6 human subjects ex-
perienced faint irritation after exposure to ammonia at 30 ppm for 10 min
(MacEwen et al. 1970). An interspecies uncertainty factor is not applied because
human data are used to derive the AEGL-1. An intraspecies uncertainty factor of
1 was applied because ammonia is a contact irritant and is efficiently scrubbed
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in the upper respiratory tract, particularly at the low AEGL-1 concentration.
Irritation would be confined to the upper respiratory tract, and members of the
population are not expected to respond differently. Atopic subjects, including
asthmatics, responded similarly to nonatopics to brief nasal exposure to ammo-
nia, and exercising subjects experienced only nonsignificant clinical changes in
pulmonary function after exposure to ammonia. Asthmatic and exercising indi-
viduals are not expected to respond differently from nonasthmatic or resting
individuals. Time scaling is not applied because upper respiratory tract irritation
at low ammonia concentrations is not expected to become more severe with du-
ration of exposure; adaptation may occur during prolonged exposure to ammo-
nia. Therefore, the AEGL-1 value is 30 ppm for all exposure durations.

The AEGL-2 values were based on “offensive irritation” to the eyes and
respiratory tract experienced by nonexpert human subjects (unfamiliar with the
effects of ammonia or with laboratory studies) exposed to 110 ppm of ammonia
for 2 h (Verberk 1977). The response of the nonexpert subjects ranged from “no
sensation” to “offensive” eye irritation, cough, or discomfort and from “just per-
ceptible” or “distinctly perceptible” to “offensive” throat irritation. However,
AEGL-2 derivation was based on the response of the most sensitive nonexpert
subjects. No residual effects were reported after termination of exposure, and
pulmonary function was not affected by exposure. At the next higher concentra-
tion, some subjects reported the effects as unbearable and left the chamber after
30 min to 1 h; none remained for the full 2 h. An intraspecies uncertainty factor
of 1 was selected because ammonia is a contact irritant, it is efficiently scrubbed
in the upper respiratory tract, and any perceived irritation is not expected to be
greater than that of the most sensitive nonexpert subject. The range of responses
for this group is considered comparable to the range of responses that would be
encountered in the general population, including asthmatics. Investigations have
shown a link between nasal symptoms or allergic rhinitis and asthma, with rhini-
tis preceding the development of asthma, and studies have shown that atopic
subjects, including asthmatics, and nonatopic subjects do not respond differently
to a brief nasal exposure to ammonia. Exposure to exercising subjects showed
only nonsignificant clinical changes in pulmonary function during exposure to
ammonia at concentrations up to 336 ppm. In addition, a child experienced less
severe effects than an adult exposed to very high concentrations of ammonia.
The equation C"x t = k, where n = 2, was used to extrapolate to 5-, 10-, and 30-
min exposure durations. This equation was based on mouse and rat lethality
data. The AEGL-2 values are 220, 220, 160, 110, and 110 ppm for exposure
durations of 10 and 30 min and 1, 4, and 8 h, respectively. The value of 110 ppm
was adopted for the 4- and 8-h values, because the maximum severity rating for
irritation in the Verberk (1977) study changed very little between 30 min and 2 h
and is not expected to change for exposures up to 8 h. The 30-min value was
also adopted as the 10-min AEGL-2 value because time scaling would yield a
10-min AEGL-2 of 380 ppm, which might impair escape.

The AEGL-3 values were based on LCy; values of 3,317 and 3,374 ppm
derived by probit analysis of mouse lethality data reported by Kapeghian et al.
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(1982) and MacEwen and Vernot (1972), respectively. An interspecies uncer-
tainty factor of 1 was applied to the mouse data because the mouse was the most
sensitive species among mammals and the mouse is considered unusually sensi-
tive to respiratory irritants. An uncertainty factor of 3 was applied to account for
intraspecies variability because concentrations of ammonia that are life threaten-
ing cause severe tracheobronchial and pulmonary damage and these effects are
not expected to be more severe in asthmatics than in nonasthmatics, in children
than adults, or in exercising than nonexercising individuals (see rationale for
AEGL-2), but tracheobronchial and pulmonary effects may occur at a lower
concentration in the elderly. Investigations showed that reflex glottis closure
(protective mechanism) is 3-fold less sensitive in the elderly than in young sub-
jects; this mechanism may be applicable only when concentrations of ammonia
exceed 570 ppm. In addition, a larger interspecies or intraspecies uncertainty
factor would lower the 30-min AEGL-3 to approximately 500 ppm, which was
tolerated by humans without lethal or long-term consequences. ten Berge’s
equation (C" x t = k) was used to extrapolate to the relevant exposure durations.
The value of n was calculated from the regression coefficients (b;/b,) for the
mouse lethality data reported by ten Berge et al. (1986). The 5-min AEGL value
was requested by the ammonia industry. The AEGL values and toxicity end
points are summarized in Table 2-1.

1. INTRODUCTION

Ammonia is a colorless, corrosive, alkaline gas that has a very pungent
odor, detectable by humans at concentrations >5 ppm. It can be liquefied under
pressure. Ammonia is very soluble in water; it forms ammonium hydroxide
when it contacts moist surfaces, producing heat because of its exothermic prop-

TABLE 2-1 Summary of AEGL Values for Ammonia

End Point
Classification 10 min 30 min 1h 4h 8h (Reference)
AEGL-1 30 ppm 30 ppm 30 ppm 30 ppm 30 ppm  Mild irritation
(nondisabling) (21 (21 (21 (21 (21 (MacEwen et al.
mg/m’) mg/m?) mg/m”) mg/m3) mg/m3) 1970)
AEGL-2 220ppm 220 ppm 160 ppm 110 ppm 110 ppm Irritation: eyes
(disabling) (154 (154 (112 (77 77 and throat; urge

mg/m’) mg/m?) mg/m?) mg/m3 mg/m3) to cough
(Verberk 1977)

AEGL-3 2,700 ppm 1,600 ppm 1,100 ppm 550 ppm 390 ppm Lethality
(lethal) (1,888 (1,119 (769 (385 (273 (Kapeghian et
mg/m’) mg/m’) mg/m’) mg/m3) mg/m3) al. 1982;
MacEwen and
Vernot 1972)
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erty. Ammonia and air will explode when ignited under some conditions (not
otherwise described). Although it is generally regarded as nonflammable, am-
monia is classified as a flammable gas by the National Fire Protection Associa-
tion (Budavari et al. 1989; Lewis 1993; Pierce 1994). Table 2-2 summarizes the
physical and chemical properties of ammonia.

TABLE 2-2 Physical and Chemical Data

Property

Descriptor or Value

Reference

Chemical name

Synonyms

CAS registry no.
Chemical formula
Molecular weight
Physical state
Vapor pressure

Density (liquid)

Specific volume

Critical temperature

Pressure at critical temperature

Solubility

Boiling/freezing point

Autoignition temperature

Explosive limit

Ionization constants

Alkalinity

Conversion

Ammonia

Anhydrous ammonia, ammonia gas,
AM-Fol, nitro-sil, R 717, spirit of
hartshorn, UN1005 (DOT)

7664-41-7

NH;

17.03

colorless gas (or liquid)
8.5 atm at 20°C

0.6818 at 33.35°C, 1 atm
0.6585 at 15°C, 2.332 atm
0.6386 at 0°C, 4.238 atm
0.6175 at 15°C, 7.188 atm
0.5875 at 35°C, 13.321 atm

22.7 ft'/lb at 70°C
132.9°C

111.5 atm

89.9 g/100 mL cold water
-33.5°C/-77°C

650°C (1,204°F)

16-25% by volume in air

K, 1774 x107°,
K,5.637x 1070 at 25°C

1% solution, pH =11.7

1 ppm = 0.7 mg/m”® at 25°C, 1 atm
1 mg/m® = 1.43 ppm

Weast et al 1984
Weast et al 1984
Lewis 1993
Lewis 1993
O’Neil et al. 2001

Lewis 1993
Pierce 1994
Pierce 1994
Weast et al. 1984
Lewis 1993
Lewis 1993
Pierce 1994
Pierce 1994

Pierce 1994
Pierce 1994
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Ammonia is produced commercially by a modified Haber reduction proc-
ess using atmospheric nitrogen and a hydrogen source. Ammonia is used as a
compressed gas, as an aqueous solution (28%) called aquammonia, and as a
household cleaning product (10%). It is widely used as a fertilizer, where the
anhydrous gas or aqueous solution is injected directly into the soil. Ammonia is
also used as a refrigerant in commercial installations, and it is used in the manu-
facture of other chemicals (Pierce 1994).

Ammonia is transported on highways (in tanker trucks), by railways, in
pipelines, and on barges. Exposure to the general public can occur from acci-
dents during transportation on highways and railways, during transfer between
transportation vessels and storage vessels, by accidental releases at manufactur-
ing facilities, and from farming accidents during soil application.

The data evaluated for AEGL derivation were obtained from case studies
of accident victims exposed to high concentrations of ammonia, experimental
studies in humans exposed to lower but irritating concentrations of ammonia,
and experimental studies on lethality and irritation in animals. Additional data
are available on long-term exposure to ammonia in the agricultural industry
(feeding lots and poultry houses) but are not considered relevant for deriving
acute exposure values for ammonia.

2. HUMAN TOXICITY DATA
2.1. Human Lethality

Quantitative exposure estimates of acute lethality of ammonia in humans
are not well documented. In one case study the exposure concentration was es-
timated, but the duration was not. Another study reconstructs the exposure due
to an accidental spill resulting in deaths. The remaining studies document the
types of effects encountered when humans are acutely exposed to lethal concen-
trations of ammonia.

A worker was exposed to a very high concentration of ammonia vapor, es-
timated as 10,000 ppm. Duration of exposure was not reported, but it could have
been a few minutes; nevertheless, the worker continued to perform his duties for
an additional 3 h after the exposure. He experienced coughing, dyspnea, and
vomiting soon after exposure. Three hours after initial exposure, his face was
“red and swollen,” his mouth and throat were “red and raw,” his tongue was
swollen, his speech was difficult, and he had conjunctivitis. He died of cardiac
arrest 6 h after exposure. An autopsy revealed marked respiratory irritation, de-
nudation of the tracheal epithelium, and pulmonary edema (Mulder and Van der
Zalm 1967).

Caplin (1941) reported on 47 persons accidentally exposed to ammonia in
an enclosed area (air raid shelter). The patients were divided into three groups
depending on the degree to which they were affected: mildly, moderately, or
severely. No deaths occurred among the nine mildly affected patients. Three of
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27 moderately affected patients showed signs and symptoms similar to pulmo-
nary edema and died within 36 h. Nine moderately affected patients developed
bronchopneumonia within 2-3 days, and three died 2 days after the onset. The
mortality rate for the moderately affected patients was 22% (6/27). The 11 se-
verely affected patients developed pulmonary edema; seven died within 48 h.
The mortality rate for the severely affected patients was 63% (7/11). Walton
(1973) reported on the death of one of seven workers exposed to ammonia in an
industrial accident. The autopsy report noted marked laryngeal edema, acute
congestion, pulmonary edema, and denudation of the bronchial epithelium.
These studies show that individuals who develop pulmonary edema (evidence of
damage to alveolar region) after inhaling ammonia are more likely to die than
those who do not.

Individuals who are acutely exposed to high concentrations of ammonia
and survive the immediate effects may die weeks to months later, probably due
to secondary effects of exposure. A 25-year-old man died 60 days after exposure
to a high concentration of ammonia in a farming accident (Sobonya 1977). The
autopsy report noted damage to the bronchial epithelium, bronchiectasis, mucus
and mural thickening of the smallest bronchi and bronchioles, fibrous oblitera-
tion of small airways, and a purulent cavitary pneumonia characterized by large
numbers of Nocardia asteroides (nocardial pneumonia). Three co-workers ex-
posed in the accident died immediately. Hoeffler et al. (1982) reported on the
case of a 30-year-old woman who died 3 years after exposure to ammonia dur-
ing an accident involving a tanker truck carrying anhydrous ammonia (Houston
accident). Her injuries resulted in severe immediate respiratory effects, includ-
ing pulmonary edema. She required mechanically assisted respiration through-
out her remaining life. Bronchiectasis was detected 2 years after exposure and
confirmed on autopsy. The autopsy examination also showed bronchopneu-
monia and cor pulmonale (heart disease secondary to pulmonary disease). Ac-
cording to the authors, the bronchiectasis may have been due to bacterial bron-
chitis or to the chemical injury.

In the Houston accident, the crash of a tanker truck released 17.2 tonnes of
pressurized anhydrous ammonia. The chemical cloud extended 1,500 m down-
wind and was 550 m wide. Five people were killed, 178 were injured, some with
permanent disabling injuries (not otherwise described). The fatalities and dis-
abling injuries occurred within about 70 m of the accident (NTSB 1979). The
Potchefstroom, South Africa accident involved a pressurized ammonia storage
tank that failed and instantaneously released 38 tonnes of anhydrous ammonia
into the atmosphere. Eighteen people died and an unknown number were injured
(Lonsdale 1975). A visible cloud extended about 300 m wide and about 450 m
downwind; all deaths occurred within 200 m of the release point (Pedersen and
Selig 1989). Pedersen and Selig used the WHAZAN gas dispersion model,
which incorporated meteorological data and physicochemical data for ammonia
to predict the concentration isopleths for ammonia released during both the
Houston and Potchefstroom accidents. For the Houston accident, a 10,000-ppm
isopleth extended 600 m long and 350 m wide, the 5,000-ppm isopleth was
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835 m long and 430 m wide, the 2,500-ppm isopleth was 875 m long and 420 m
wide, and the 1,200-ppm isopleth was to 1,130 m long and 400 m wide. The
investigators reported that their model overestimated the distance to zero deaths
(200m) by 2.9 times for the Houston accident and by 2.5 times for the
Potchefstroom accident. Pederson and Selig estimated the risk due to a few min-
utes, exposure to ammonia as very high for the general population at 10,000
ppm, as high for risk of fatalities among the general population and as very high
for the vulnerable population (elderly people, children, and people with respira-
tory or heart disorders) at 5,000 ppm, and as some risk to the general population
and high risk to the vulnerable population at 2,500 ppm.

Pedersen and Selig estimated the LCs, for a 30-min exposure to the gen-
eral population to be 11,500 ppm. They did not report their actual LCs, estimate
for the vulnerable population, but it would be lower than that estimated for the
general population.

Mudan and Mitchell (1996) used the HGSYSTEM gas dispersion model to
estimate atmospheric ammonia concentrations generated at the time of the am-
monia accident in Potchefstroom. They provided upper-bound (wind speed = 1
m/s) and lower-bound (wind speed = 2 m/s) estimates of ammonia concentration
based on distance from the release point and the time after release. Instantaneous
concentrations were estimated to be in excess of 500,000 ppm (upper bound)
within 50 m of the release point. The model predicted rapidly decreasing con-
centrations, such that, by 1 min after the release, concentrations would fall be-
low 100,000 ppm. Mudan and Mitchell estimated that personnel were exposed
to ammonia concentrations exceeding 50,000 ppm for the first 2 min, decreasing
to 10,000 ppm during the next 3-4 min. The charts provided by Mudan and
Mitchell of the South Africa accident showed that 10 workers were in Zone 1
(50 m of the release point) at the time of release; seven died (100% mortality for
workers exposed outside). All survivors in Zone 1 remained sheltered inside
buildings and therefore would not have experienced the outside atmospheric
ammonia concentrations predicted by the model. Five deaths occurred in Zone 2
(50-100 m). Workers in Zone 2 who were upwind and outside at the time of the
release survived, as did those who escaped in an upwind direction. Workers in
Zone 2 who were downwind and outside at the time of release or attempted to
escape downwind did not survive (except for one worker who escaped down-
wind; 83% mortality of workers exposed). All Zone 2 victims who died were
outside; whereas individuals who were inside buildings survived. Five deaths
occurred in Zone 3 (100 to ~200 m). Four victims were found downwind and
>150 m from the release point, and another victim was found <150 m from the
release point and in a crosswind location. The charts did not show the location
or number of any survivors downwind and inside or outside buildings in Zone 3
(i.e., no data were available from the charts to determine if there were individu-
als who remained outside buildings in Zone 3 and survived). Therefore, the mor-
tality rate cannot be calculated for Zone 3. It appears that within 150 m of the
release point, individuals downwind of the ammonia cloud and outside a build-
ing were not likely to survive, but individuals downwind and sheltered indoors
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or those upwind whether or not they were sheltered indoors were likely to sur-
vive. Thus, the lack of data on survivors in the path of the plume precludes esti-
mating ammonia concentrations associated with zero mortality. RAM TRAC
(1996) used the results of the HGSYSTEM gas dispersion model to predict 5-
min ammonia concentrations of 87,479 ppm for 60% mortality, 73,347 ppm for
26% mortality, and 33,737 ppm for zero mortality for the Potchefstroom acci-
dent. RAM TRAC estimated a 5-min LCs, of 83,322 ppm. See Section 7.1 for
details of the evaluation of dose reconstruction models.

Henderson and Haggard (1943) reported that, exposure to ammonia at
concentrations >2,500 ppm for durations >30 min is dangerous to humans. They
noted that concentrations >5,000 ppm are rapidly fatal to humans.

2.2. Nonlethal Toxicity
2.2.1. Experimental Studies, Case Reports, and Anecdotal Data

The available literature detailing the disabling, long-term, or irreversible
effects of inhaling ammonia gas or vapor is quite extensive. However, none of
the studies contain quantitative exposure data. The acute effects of inhaling high
nonlethal concentrations of ammonia include burns to the eyes and oral cavity
and damage to the nasopharyngeal and tracheobronchial regions of the respira-
tory tract. Manifestations of damage include conjunctivitis, corneal burns, visual
impairment, pain in the pharynx and chest, cough, dyspnea, hoarseness, aphonia,
rales, wheezing, rhonchi, hyperemia and edema of the pharynx and larynx, tra-
cheitis, bronchiolitis, and purulent bronchial secretions (Levy et al. 1964;
Walton, 1973; Hatton et al. 1979; Montague and Macneil 1980; Flury et al.
1983; O’Kane 1983). Cyanosis, tachycardia, convulsions, and abnormal electro-
encephalograms also have been described for some patients (Kass et al. 1972;
Walton 1973; Hatton et al. 1979; Montague and Macneil 1980). Pulmonary
edema occurred in some patients who survived (Caplin 1941) but is most often
seen in fatal cases. A few case studies are described below to document some of
the disabling or irreversible injuries seen in individuals who inhaled high con-
centrations of ammonia. Some of the injuries would probably have resulted in
death without rescue and medical treatment. The duration of exposure is re-
ported when known.

Short-term recovery from serious injury due to inhaling ammonia is exhib-
ited by three children and a 17-year-old female exposed to high but unknown
concentrations of ammonia in the Houston accident (Hatton et al. 1979). These
patients suffered second- or third-degree burns to the body, damage to the eyes,
burns to the oral mucosa, upper-airway obstruction (probably due to damage to
the laryngeal and tracheobronchial regions), and some pulmonary damage. All
four patients recovered within 7-32 days. Nine of 14 patients exposed to an un-
known concentration ammonia by inhalation for only a few seconds or few min-
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utes showed moderate symptoms of chest abnormalities or airway obstruction
and recovered within 6.3 days (average) (Montague and Macneil 1980).

Two young women accidentally exposed to anhydrous ammonia fumes
(concentration unknown) for 30 or 90 min continued to show effects more than
2 years after exposure (Kass et al. 1972). One woman was found unconscious 90
min after the accident, and the other woman was exposed when she went out-
doors for 30 min after the accident. The accident in which these two women
were injured involved a railroad tanker car carrying 33,000 gal of anhydrous
ammonia; 8 people died and 70 were injured. A heavy fog kept the ammonia
vapors close to the ground for a long period of time after the accident. Damage
to the eyes caused marked visual deterioration. Bronchiectasis was detected 2
years after exposure, and pulmonary function tests showed abnormalities indica-
tive of small-airway obstruction. Various tests and examinations showed areas
of atelectasis and emphysema in the lungs, thickened alveolar walls with histio-
cytic infiltration into the alveolar spaces, and mucous and desquamated cells in
the bronchiolar lumen. Some of these effects may be secondary to the damage
caused by ammonia. The woman exposed for 90 min was carrying her 1-year-
old child, who was exposed at the same time. The child became “quite ill” but
recovered completely except for a chemical scar on his abdomen (Kass et al.
1972).

In another accident, four patients (three farm workers and one refrigera-
tion technician) who had been struck in the face and upper body with liquid
ammonia had damage to their tracheobronchial regions, causing upper-airway
obstruction and injury to the respiratory tract persisting for 2 years after the ac-
cident (Levy et al. 1964). A man splashed with liquid ammonia during a refrig-
eration accident showed evidence of peripheral (possibly bronchiolitis) and cen-
tral airway obstruction 5 years after the accident (Flury et al. 1983). Tubular
bronchiectasis was detected 8 years after exposure of a 28-year-old man to a
high concentration of anhydrous ammonia in an industrial accident. Twelve
years after exposure, the man continued to have a productive cough, frequent
bronchial infections, dyspnea upon exertion, and severe airflow obstruction
(62% reduction in forced expiratory volume at 1 s, FEV|; Leduc et al. 1992).
O’Kane (1983) described several patients who had been exposed to ammonia
vapor by inhalation for 5 min. One developed necrotizing pneumonia and was
“left with chronic infective lung disease”, one had persistent hoarseness and a
productive cough for several months, and a third was left with a diffusion defect
that was 75% of normal. Finally, Shimkin et al. (1954) described a man who
developed epidermoid carcinoma 6 months after ammonia was splashed on his
upper lip and nose. The authors postulated that the carcinoma was due to a sin-
gle-exposure chemical trauma that exteriorized a latent cutaneous carcinoma.
There was no evidence that ammonia caused the carcinoma.

Nondisabling and reversible effects of inhaling ammonia have been docu-
mented in several experimental studies of human subjects exposed to ammonia
at various concentrations and durations. These studies are summarized below.
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Five or six laboratory workers inhaled the exhaust fumes generated in an
exposure chamber for an inhalation study and noted that the disagreeable odor
and respiratory distress would prevent a person from voluntarily remaining in an
atmosphere containing 170 ppm of ammonia (average concentration, 140-200
ppm) for an appreciable length of time (Weatherby 1952).

Henderson and Haggard (1943) reported that, based on observations of
human responses to ammonia, the lowest concentration (or threshold) to cause
coughing is 1,720 ppm, the lowest concentration to cause eye irritation is 698
ppm, and the lowest concentration to cause throat irritation is 408 ppm. They
reported the least detectable odor to be 53 ppm. Pierce (1994) reported the odor
threshold as 5-53 ppm.

McLean et al. (1979) examined the effect of ammonia on nasal airway re-
sistance (NAR) in atopic and nonatopic human subjects. Ammonia (100 ppm at
a pressure of 9 newtons/cm”) was introduced into each nostril for 5, 10, 15, 20,
or 30 seconds (s). NAR was measured every minute for 5 min and then every 2
min for 10 min (total of 10 measurements over a 15-min period) using a pneu-
motachograph attached to a face mask. The same subjects were used for each
successive ammonia exposure, which immediately followed the NAR measure-
ments. The nonatopic subjects were screened based on strict criteria that in-
cluded a questionnaire, physical examination, spirometry, nasal smear for eosi-
nophils, and a battery of 19 prick and six intracutaneous tests. Nonatopic sub-
jects could have no personal or immediate family history of atopic disease (al-
lergic rhinitis, asthma, or atopic dermatitis), could have no more than 5% eosi-
nophils in their nasal smears, and had to have a negative prick test reaction.
Atopic subjects were screened based on a characteristic history of allergic rhini-
tis and at least one 3+ or 4+ prick test reaction. Some of the atopic subjects had a
history of asthma. All subjects had been symptom-free for several weeks before
the study, and none were taking medications that would influence skin or muco-
sal tests. Baseline NAR measurements were made for a 15-min period before
introducing the ammonia. Additional tests included introducing 0.1 mL of aero-
solized phosphate-buffered saline, 0.1 mL atropine, or 0.1 mL chlorpheniramine
maleate into the nostrils, each followed by ammonia for 20 s.

The NAR after ammonia exposure to nonatopic and atopic subjects in-
creased significantly with time of exposure from 5 to 20 s. Only a small further
increase was noted for subjects exposed for 30 s compared with 20 s. The per-
cent increase for atopic compared with nonatopic subjects was similar, and there
was no difference between the allergic rhinitis subjects with or without a history
of asthma. Atropine inhibited the response to ammonia in atopic and nonatopic
subjects by up to 89%, whereas chlorpheniramine had no effect on the NAR
induced by ammonia. The study’s authors noted that the results of atropine and
chlorpheniramine administration suggest that ammonia irritancy is mediated
primarily by a parasympathetic reflex on the nasal vasculature and not via his-
tamine release (McLean et al. 1979).

The Industrial Bio-Test Laboratories (1973) determined the irritation
threshold in 10 human volunteers exposed to ammonia at four different concen-
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trations (32, 50, 72, or 143 ppm) for 5 min. Irritation was defined as any annoy-
ance to the nose, throat, eyes, mouth, or chest. The results are summarized in
Table 2-3. The subjects showed dose-related responses for dryness of the nose
and also eye, throat, nasal, and chest irritation. The severity of the effects was
not noted.

MacEwen et al. (1970) studied six human volunteers exposed head only to
ammonia at concentrations of 30 and 50 ppm for 10 min. The scale for inten-
sity/description of irritation to the nose and eyes was as follows: 0, no irrita-
tion/not detectable; 1, faint/just perceptible, not painful; 2, moderate/moderate
irritation; 3, strong/discomforting, painful, but may be endured; and 4, intoler-
able/exceedingly painful, cannot be endured. The scale for odor inten-
sity/description was as follows: 0, no odor/no detectable odor; 1, very faint/
minimum but positively perceptible odor; 2, faint/weak odor, readily percepti-
ble; 3, easily noticeable/moderate intensity; 4, strong/highly penetrating; and 5,
very strong/ intense. At 30 ppm, two subjects reported irritation as faint (grade =
1) and three as not detectable (grade = 0); one gave no response. Also at 30 ppm,
the odor was strong or highly penetrating for three subjects (grade = 4) and eas-
ily noticeable or moderate (grade = 3) for two subjects; no response was given
by one subject. At 50 ppm, four subjects reported the irritation as moderate
(grade = 2), faint or just perceptible (grade = 1) for one, and not detectable
(grade = 0) for another. The odor was strong or highly penetrating (grade = 4)
for all six subjects inhaling 50 ppm of ammonia. This study showed a concentra-
tion-related increase in the intensity of the response to ammonia at concentra-
tions of 30 and 50 ppm.

Silverman et al. (1949) studied seven male subjects exposed to 500 ppm of
anhydrous ammonia by means of a nose and mouth mask; six subjects were ex-
posed for 30 min and one for 15 min. The inspired ammonia concentration was
calculated, and the expired ammonia concentration was analyzed in grab sam-
ples taken every 3 min. The analytical technique consisted of a modified
Nessler’s reagent using a Klett photoelectric colorimeter. The sensitivity of the
technique was 0.5 pg of ammonia. Respiratory rate and minute volume were

TABLE 2-3 Effect of Ammonia Inhalation on Human Volunteers Exposed for

5 Min

Effects 32 ppm 50 ppm 72 ppm 134 ppm
Dryness of the nose +(1)* +(2) — —
Nasal irritation — — +(2) +()
Eye irritation — — +(3) +(5)
Lacrimation — — — +(5)
Throat irritation — — +(3) +(8)
Chest irritation — — — +()

“Number of volunteers showing a response out of a total of 10 participating.
Source: Data from_Industrial Bio-Test Laboratories 1973, as cited in NIOSH 1974.
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measured for each subject. Throat irritation was reported by two subjects. Nasal
irritation with stuffiness similar to that of a cold or nasal dryness was reported
by six subjects. The stuffiness lasted for about 24 h. Only two subjects were able
to continue nasal breathing for the full 30 min, the others changing to mouth
breathing on account of nasal dryness and irritation. Hypoesthesia (decreased
sensitivity) of the skin around the nose and mouth was experienced by all sub-
jects, and excessive lacrimation was reported by two. Hyperventilation (in-
creases in the respiratory rates and minute volumes) occurred in all subjects.
Hyperventilation occurred immediately in three subjects, was delayed for 10-30
min in the remaining four, and fluctuated with a 25% decrease at 4- to 7-min
intervals. The increase in the minute volume was 141-289%. No coughing was
reported; the authors noted that 1,000 ppm caused immediate coughing. This
study showed that irritation of the upper respiratory tract and throat occurred in
subjects inhaling 500 ppm of anhydrous ammonia for 15-30 min. There was no
difference in the effects noted in the subject inhaling ammonia for 15 min and
those inhaling ammonia for 30 min.

Verberk (1977) examined the effects of ammonia on respiratory function
and recorded the subjective responses of two groups of subjects. One group con-
sisted of eight individuals familiar with the effects of ammonia and who had no
previous exposure (expert group, 29-53 years old); the other group consisted of
eight university students unfamiliar with the effects of ammonia or with experi-
ments in laboratory situations (nonexpert group, 18-30 years old). The subjects
were paid for their participation and were informed that the study involved sub-
jective effects and posed no danger to their health at the concentrations used.
The subjects had the opportunity to leave the chamber before the test was com-
pleted. Four members of each group were smokers. Each group was exposed to
ammonia at concentrations of 50, 80, 110, and 140 ppm for up to 2 h. Subjective
responses (e.g., smell, eye irritation, throat irritation, cough) were recorded
every 15 min and parameters of respiratory function (vital capacity, forced expi-
ratory volume (FEV| ), forced inspiratory volume (FIV, ;) were measured be-
fore exposure and after the 2-h exposure. Subjective responses were rated on a
scale of 0-5 (0 = no sensation; 1 = just perceptible; 2 = distinctly perceptible; 3 =
nuisance; 4 = offensive; and 5 = unbearable). Chamber concentrations were
monitored instantaneously using an infrared spectrometer. There was no effect
on respiratory function in either group inhaling any concentration of ammonia.

Table 2-4 summarizes the average and range of responses for both groups.
Generally, the expert group scored responses lower than those of the nonexpert
group. Four nonexpert subjects exposed to 140 ppm left the exposure chamber
between 30 min and 1 h, and none remained in the 