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GUIDELINES FOR DRINKING-WATER QUALITY: FOURTH EDITION
INCORPORATING THE FIRST AND SECOND ADDENDA

Nitrate and nitrite'

Nitrate (NO,") is found naturally in the environment and is an important plant nutri-
ent. It is present at varying concentrations in all plants and is a part of the nitrogen
cycle. Nitrite (NO,") is not usually present in significant concentrations except in a
reducing environment, because nitrate is the more stable oxidation state. It can be
formed by the microbial reduction of nitrate and in vivo by reduction from ingested
nitrate. Nitrite can also be formed chemically in distribution pipes by Nitrosomonas
bacteria during stagnation of nitrate-containing and oxygen-poor drinking-water in
galvanized steel pipes, or if chloramination is used to provide a residual disinfectant.
An excess of free ammonia entering the distribution system can lead to nitrification
and the potential increase of nitrate and nitrite in drinking-water. Nitrate can reach
both surface water and groundwater as a consequence of agricultural activity (includ-
ing excess application of inorganic nitrogenous fertilizers and manures), from waste-
water disposal and from oxidation of nitrogenous waste products in human and other
animal excreta, including septic tanks. Nitrate can also occasionally reach ground-
water as a consequence of natural vegetation. Surface water nitrate concentrations
can change rapidly owing to surface runoff of fertilizer, uptake by phytoplankton and
denitrification by bacteria, but groundwater concentrations generally show relatively
slow changes. Nitrate and nitrite can also be produced as a result of nitrification in
source water or distribution systems.

In general, the most important source of human exposure to nitrate and nitrite is
through vegetables (nitrate and nitrite) and through meat in the diet (nitrite is used as
a preservative in many cured meats). In some circumstances, however, drinking-water
can make a significant contribution to nitrate and, occasionally, nitrite intake. In the
case of bottle-fed infants, drinking-water can be the major external source of exposure
to nitrate and nitrite.

Guideline values? Nitrate: 50 mg/| as nitrate ion, to be protective against methaemoglobi-
naemia and thyroid effects in the most sensitive subpopulation, bottle-fed
infants, and, consequently, other population subgroups

Nitrite: 3 mg/I as nitrite ion, to be protective against methaemoglobinaemia
induced by nitrite from both endogenous and exogenous sources in
bottle-fed infants, the most sensitive subpopulation, and, consequently, the
general population

Combined nitrate plus nitrite: The sum of the ratios of the concentrations of
each of nitrate and nitrite to its guideline value should not exceed 1

Occurrence Nitrate levels vary significantly, but levels in well water are often higher than
those in surface water and, unless heavily influenced by surface water, are
less likely to fluctuate. Concentrations often approach or exceed 50 mg/I
where there are significant sources of contamination. Nitrite levels are
normally lower, less than a few milligrams per litre.

' As nitrate and nitrite are chemicals of significant concern in some natural waters, the chemical fact sheet
on nitrate and nitrite has been expanded.

> Conversion factors: 1 mg/l as nitrate = 0.226 mg/l as nitrate-nitrogen; 1 mg/l as nitrite = 0.304 mg/l as
nitrite-nitrogen.
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12. CHEMICAL FACT SHEETS

Basis of guideline value
derivation

Nitrate (bottle-fed infants): In epidemiological studies, no adverse health
effects (methaemoglobinaemia or thyroid effects) were reported in
infants in areas where drinking-water consistently contained nitrate at
concentrations below 50 mg/I

Nitrite (bottle-fed infants): Based on: 1) no incidence of methaemoglobinaemia
at nitrate concentrations below 50 mg/I (as nitrate ion) in drinking-water for
bottle-fed infants less than 6 months of age (assuming body weight of 2 kg);
2) converting 50 mg/| as nitrate to corresponding molar concentration for
nitrite; 3) multiplying by a factor of 0.1 to account for the estimated conver-
sion rate of nitrate to nitrite in infants where nitrite is formed endogenously
from nitrate at a rate of 5-10%; and 4) multiplying by a source allocation factor
for drinking-water of 100% or 1, as a bottle-fed infant’s primary exposure to
nitrite is through consumption of formula reconstituted with drinking-water
that contains nitrate or nitrite. As the guideline value is based on the most
sensitive subgroup of the population (bottle-fed infants less than 6 months
of age), application of an uncertainty factor is not deemed necessary.

Combined nitrate plus nitrite: To account for the possibility of the simultaneous
occurrence of nitrate and nitrite in drinking-water

Limit of detection

MDLs of 0.009 mg/I as nitrate ion and 0.013 mg/I as nitrite ion by IC; MDL
of 0.04-4.4 mg/I as nitrate ion by automated cadmium reduction with
colorimetry (recommended for the analysis of nitrate at concentrations
below 0.4 mg/I)

Treatment performance

Nitrate: Effective central treatment technologies involve the physical/
chemical and biological removal of nitrate and include ion exchange,
reverse osmosis, biological denitrification and electrodialysis, which are
capable of removing over 80% of nitrate from water to achieve effluent
nitrate concentrations as low as 13 mg/l; conventional treatment processes
(coagulation, sedimentation, filtration and chlorination) are not effective

Nitrite: Treatment usually focuses on nitrate, because nitrite is readily
converted to nitrate by many disinfectants

Additional comments

The guideline values for both nitrate and nitrite are based on short-term
effects; however, they are also considered protective for any possible long-
term effects .

Methaemoglobinaemia is complicated by the presence of microbial
contamination and subsequent gastrointestinal infection, which can
increase the risk for bottle-fed infants significantly. Authorities should
therefore be all the more vigilant that water to be used for bottle-fed infants
is microbiologically safe when nitrate is present at concentrations near or
above the guideline value. It is particularly important to ensure that these
infants are not currently exhibiting symptoms of gastrointestinal infection
(diarrhoea). Also, as excessive boiling of water to ensure microbiological
safety can concentrate levels of nitrate in the water, care should be taken
to ensure that water is heated only until it reaches a rolling boil. In extreme
situations, alternative sources of water (e.g. bottled water) can be used.

Nitrite is relatively unstable and can be rapidly oxidized to nitrate. Nitrite
can occur in the distribution system at higher concentrations when
chloramination is used, but the occurrence is almost invariably intermittent.
Methaemoglobinaemia is therefore the most important consideration, and
the guideline value derived for protection against methaemoglobinaemia
would be the most appropriate under these circumstances, allowing for any
nitrate that may also be present.
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All water systems that practise chloramination should closely and regularly
monitor their systems to verify disinfectant levels, microbiological quality
and nitrite levels. If nitrification is detected (e.g. reduced disinfectant
residuals and increased nitrite levels), steps can be taken to modify the
treatment train or water chemistry in order to minimize nitrite formation.
Effective disinfection must never be compromised. Excessively high

levels may occur in small supplies; where this is suspected from the risk
assessment, testing may be appropriate.

Assessment date 2016

Principal references Health Canada (2013). Guidelines for Canadian Drinking Water Quality:
Guideline Technical Document — Nitrate and nitrite

WHO (2016). Nitrate and nitrite in drinking-water

Absorption of nitrate ingested from vegetables, meat or water is rapid and in
excess of 90%; final excretion is in the urine. In humans, about 25% of ingested
nitrate is recirculated in saliva, of which about 20% is converted to nitrite by the ac-
tion of bacteria in the mouth. There is also endogenous formation of nitrate from
nitric oxide and protein breakdown as part of normal metabolism. In normal healthy
adults, this endogenous synthesis leads to the excretion of about 62 mg of nitrate ion
per day in the urine. Endogenous formation of nitrate or nitrite can be significantly
increased in the presence of infections, particularly gastrointestinal infections. When
nitrate intake is low, endogenous formation may be the major source of nitrate in
the body. Nitrate metabolism is different in humans and rats, as rats may not actively
secrete nitrate in their saliva.

Nitrate probably has a role in protecting the gastrointestinal tract against a variety
of gastrointestinal pathogens, as nitrous oxide and acidified nitrite have antibacterial
properties. It may have other beneficial physiological roles. Hence, there may be a
benefit from exogenous nitrate uptake, and there remains a need to balance the
potential risks with the potential benefits.

Significant bacterial reduction of nitrate to nitrite does not normally take place
in the stomach, except in individuals with low gastric acidity or with gastrointestinal
infections. These may include individuals using antacids, particularly those that block
acid secretion. In humans, methaemoglobinaemia is a consequence of the reaction of
nitrite with haemoglobin in the red blood cells to form methaemoglobin, which binds
oxygen tightly and does not release it, thus blocking oxygen transport. Although most
absorbed nitrite is oxidized to nitrate in the blood, residual nitrite can react with hae-
moglobin. High levels of methaemoglobin (>10%) formation in infants can give rise
to cyanosis, referred to as blue-baby syndrome. Although clinically significant meth-
aemoglobinaemia can occur as a result of extremely high nitrate intake in adults and
children, the most familiar situation is its occurrence in bottle-fed infants. This was
considered to be primarily a consequence of high levels of nitrate in water, although
there have been cases of methaemoglobinaemia in weaned infants, associated with
high nitrate intake from vegetables. Bottle-fed infants are considered to be at greater
risk because the intake of water in relation to body weight is high and, in infants,
the development of repair enzymes is limited. In clinical epidemiological studies of
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methaemoglobinaemia and subclinical increases in methaemoglobin levels associ-
ated with drinking-water nitrate, 97% of cases occurred at concentrations in excess
of 44.3 mg/l, with clinical symptoms associated with the higher concentrations. The
affected individuals were almost exclusively under 3 months of age.

Although drinking-water nitrate may be an important risk factor for meth-
aemoglobinaemia in bottle-fed infants, there is compelling evidence that the risk of
methaemoglobinaemia is primarily increased in the presence of simultaneous gastro-
intestinal infections, which increase endogenous nitrite formation, may increase
reduction of nitrate to nitrite and may also increase the intake of water in combat-
ting dehydration. Cases have been described in which gastrointestinal infection seems
to have been the primary cause of methaemoglobinaemia. Most cases of methaemo-
globinaemia reported in the literature are associated with contaminated private wells
(predominantly when the drinking-water is anaerobic) that also have a high probabil-
ity of microbial contamination, which should not occur if it is properly disinfected.

Although numerous epidemiological studies have investigated the relationship
between exposure to nitrate or nitrite in drinking-water and cancer occurrence, the
weight of evidence does not support an association between cancer and exposure to
nitrate or nitrite per se. Nitrite can react with nitrosatable compounds, primarily sec-
ondary amines, in the body to form N-nitroso compounds. A number of these are
considered to be carcinogenic to humans, whereas others, such as N-nitrosoproline,
are not. Several studies have been carried out on the formation of N-nitroso com-
pounds in relation to nitrate intake in humans, but there is large variation in the intake
of nitrosatable compounds and in gastric physiology. Higher mean levels of N-nitroso
compounds, along with high nitrate levels, have been found in the gastric juice of
individuals who are achlorhydric (i.e. have very low levels of hydrochloric acid in the
stomach). However, other studies have been largely inconclusive, and there appears
to be no clear relationship with drinking-water nitrate compared with overall nitrate
intake in relation to formation of N-nitroso compounds. Moderate consumption of
a number of dietary antioxidant components, such as ascorbic acid and green tea,
appears to reduce endogenous N-nitrosamine formation.

A significant number of epidemiological studies have been carried out on the
association of nitrate intake with primarily gastric cancers. Although the epidemio-
logical data are considered to be inadequate to allow definitive conclusions to be drawn
regarding all cancers, there is no convincing evidence of a causal association with any
cancer site. The weight of evidence indicates that there is unlikely to be a causal as-
sociation between gastric cancer and nitrate in drinking-water. This is consistent with
the conclusion by IARC that ingested nitrate or nitrite under conditions that result
in endogenous nitrosation is probably carcinogenic to humans (Group 2A), but not
nitrate alone.

There have been suggestions that nitrate in drinking-water could be associ-
ated with congenital malformations, but the overall weight of evidence does not sup-
port this.

Nitrate appears to competitively inhibit iodine uptake, with the potential for an
adverse effect on the thyroid. Current evidence also suggests that exposure to nitrate
in drinking-water may alter human thyroid gland function by competitively inhibiting
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thyroidal iodide uptake, leading to altered thyroid hormone concentrations and func-
tions. Although studies found that exposure to nitrate concentrations above 50 mg/l
are weakly associated with altered thyroid function, the evidence is limited, conflicting
and based on studies with important methodological limitations. Mode of action data
suggest that pregnant women and infants are the most sensitive populations, owing
primarily to the importance of adequate thyroid hormones for normal neurodevelop-
ment in the fetus and infant, but also to increased thyroid hormone turnover and low
intrathyroidal stores in fetal and early life.

There have been suggestions of an association between nitrate in drinking-water
and the incidence of childhood diabetes mellitus. However, subsequent studies have
not found a significant relationship, and no mechanism has been identified.

In some studies on rats treated with high doses of nitrite, a dose-related hyper-
trophy of the zona glomerulosa of the adrenal was seen; one strain of rats appeared to
be more sensitive than others. However, this minimal hyperplasia was considered
to be due to physiological adaptation to small fluctuations in blood pressure in re-
sponse to high nitrite doses.

Nitrate is not carcinogenic in laboratory animals. Nitrite has been frequently
studied, and there have been suggestions of carcinogenic activity, but only at very
high doses. The most recent long-term studies have shown only equivocal evidence
of carcinogenicity in the forestomach of female mice, but not in rats or male mice. In
view of the lack of evidence for genotoxicity, this led to the conclusion that sodium
nitrite was not carcinogenic in mice and rats. In addition, as humans do not possess
a forestomach and the doses were high, the significance of these data for humans is
very doubtful.

The guideline value for nitrate of 50 mg/l, as nitrate ion, is based on an absence of
health effects (methaemoglobinaemia and thyroid effects) in epidemiological studies
and is protective for bottle-fed infants and, consequently, other parts of the population.
Methaemoglobinaemia is complicated by the presence of microbial contamination and
subsequent gastrointestinal infection, which can increase the risk for this group sig-
nificantly. Authorities should therefore be all the more vigilant that water to be used
for bottle-fed infants is microbiologically safe when nitrate is present at concentrations
near the guideline value. It is particularly important to ensure that these infants are
not currently exhibiting symptoms of significant gastrointestinal infection (diarrhoea).
Also, as excessive boiling of water to ensure microbiological safety can concentrate
levels of nitrate in the water, care should be taken to ensure that water is heated only
until it reaches a rolling boil. In extreme situations, alternative sources of water (e.g.
bottled water) can be used.

The guideline for nitrite of 3 mg/l, as nitrite ion, is based on: 1) no incidence of
methaemoglobinaemia at nitrate concentrations below 50 mg/I in drinking-water
for bottle-fed infants less than 6 months of age (assuming body weight of 2 kg),
2) converting 50 mg/l nitrate to the corresponding molar concentration for nitrite,
3) multiplying by a factor of 0.1 to account for the estimated conversion rate of nitrate
to nitrite in infants where nitrite is formed endogenously from nitrate at a rate of
5-10% and 4) multiplying by a source allocation factor for drinking water of 100% or
1, as a bottle-fed infant’s primary exposure to nitrite is through consumption of for-
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mula reconstituted with nitrate- or nitrite-containing drinking-water. As the health-
based value is based on the most sensitive subgroup of the population (bottle-fed
infants less than 6 months of age), application of an uncertainty factor is not deemed
necessary.

Because of the possibility of the simultaneous occurrence of nitrate and nitrite in
drinking-water, the sum of the ratios of the concentration (C) of each to its guideline
value (GV) should not exceed 1:

Cnitrate Cnitrite

+ <1
GVnitrate GVnitrite

The guideline values are based on short-term effects; however, they are also con-
sidered protective for long-term effects.

Practical considerations

The most appropriate means of controlling nitrate concentrations, particularly in
groundwater, is the prevention of contamination. This may take the form of appro-
priate management of agricultural practices (e.g. management of fertilizer and manure
application and storage of animal manures) and sanitation practices (e.g. the careful
siting of pit latrines and septic tanks, sewer leakage control).

Methaemoglobinaemia has most frequently been associated with private wells. It
is particularly important to ensure that septic tanks and pit latrines are not sited near
a well or where a well is to be dug and to ensure that animal manure is kept at a suf-
ficient distance to ensure that runoff cannot enter the well or the ground near the well.
It is particularly important that the household use of manures and fertilizers on small
plots near wells should be managed with care to avoid potential contamination. The
well should be sufficiently protected to prevent runoft from entering the well. Where
there are elevated concentrations of nitrate or where inspection of the well indicated
that there are sources of nitrate close by that could be causing contamination, par-
ticularly where there are also indications that microbiological quality might also be
poor, a number of actions can be taken. As noted above, water should be heated only
until the water reaches a rolling boil or disinfected by an appropriate means before
consumption. Where alternative supplies are available for bottle-fed infants, these can
be used, taking care to ensure that they are microbiologically safe. Steps should then
be taken to protect the well and ensure that sources of both nitrate and microbial con-
tamination are removed from the vicinity of the well.

In areas where household wells are common, health authorities may wish to take
a number of steps to ensure that nitrate contamination is not or does not become a
problem. Such steps could include targeting mothers, particularly expectant mothers,
with appropriate information about water safety, assisting with visual inspection of
wells to determine whether a problem may exist, providing testing facilities where a
problem is suspected, providing guidance on disinfecting water or, where nitrate levels
are particularly high, providing bottled water from safe sources or providing advice as
to where such water can be obtained.

With regard to piped supplies, where nitrate is present, the first potential ap-
proach to treatment of drinking-water supplies, if source substitution is not feasible,
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is to dilute the contaminated water with a low-nitrate source. Where blending is not
feasible, a number of treatment techniques are available for drinking-water. The first
is disinfection, which may serve to oxidize nitrite to the less toxic nitrate as well as
minimize the pathogenic and non-pathogenic reducing bacterial population in the
water. Nitrate removal methods include ion exchange, biological denitrification, re-
verse osmosis and electrodialysis. However, there are disadvantages associated with
all of these approaches, including cost, operational complexities and the need for dis-
posal of resin, brine or reject water. Conventional municipal water treatment pro-
cesses (coagulation, sedimentation, filtration and chlorination) are not effective for
nitrate removal, as nitrate is a stable and highly soluble ion with low potential for co-
precipitation and adsorption.

In systems with a water source containing naturally occurring ammonia or that
add ammonia for chloramination, free ammonia entering the distribution system can
be one of the causative factors of nitrification and the potential increase of nitrate and
nitrite in the distribution system. Care should be taken with the use of chloramination
for providing a residual disinfectant in the distribution system. It is important to man-
age this to minimize nitrite formation, either in the main distribution system or in the
distribution systems of buildings.

Nitrilotriacetic acid

Nitrilotriacetic acid, or NTA, is used primarily in laundry detergents as a replace-
ment for phosphates and in the treatment of boiler water to prevent accumulation of
mineral scale.

Guideline value 0.2 mg/I (200 pg/1)

Occurrence Concentrations in drinking-water usually do not exceed a few
micrograms per litre, although concentrations as high as 35 pg/l have
been measured

TDI 10 pg/kg body weight, based on nephritis and nephrosis in a 2-year study

in rats and using an uncertainty factor of 1000 (100 for interspecies and
intraspecies variation and 10 for carcinogenic potential at high doses)

Limit of detection

0.2 pg/l using GC with a nitrogen-specific detector

Treatment performance

No information found on removal from water

Guideline value derivation

® allocation to water 50% of TDI
® weight 60 kg adult
® consumption 2 litres/day
Assessment date 1993

Principal reference

WHO (2003) Nitrilotriacetic acid in drinking-water

NTA is not metabolized in experimental animals and is rapidly eliminated, al-

though some may be briefly retained in bone. It is of low acute toxicity to experimental
animals, but it has been shown to produce kidney tumours in rodents following long-
term exposure to doses higher than those required to produce nephrotoxicity. IARC
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Reason for not establishing  Taste and odour will in most cases be detectable at concentrations

a guideline value below those of health concern, particularly with short-term exposure
Assessment date 2004
Principal reference WHO (2008) Petroleum products in drinking-water

Exposure to the constituents of petroleum products through drinking-water is
frequently short term, as the result of an accidental spill or short-term incident. Such
incidents may lead to high concentrations of total petroleum hydrocarbons. However,
a number of the most soluble aromatic hydrocarbons will be detectable by taste or
odour at concentrations below those concentrations of concern for health, particu-
larly for short-term exposure. Substances such as the alkyl benzenes and the alkyl
naphthalenes have taste and odour thresholds of a few micrograms per litre. In view of
the above, it is not considered appropriate to set a formal health-based guideline value
for petroleum products in drinking-water.

In the event of a spill, it may be necessary to carry out a context-specific assess-
ment of the risk to health. The fact that petroleum products are complex mixtures of
many individual hydrocarbons is a complicating factor in determining the potential
risks to consumers. The traditional approach of evaluating individual chemicals in
assessing the risks from drinking-water is therefore largely inappropriate. In order to
overcome this difficulty, it is more practical to consider a series of hydrocarbon frac-
tions and to determine appropriate tolerable concentrations for those fractions. The
most widely accepted approach is that developed by the Total Petroleum Hydrocar-
bons Criteria Working Group in the USA, which divided total petroleum hydrocar-
bons into a series of aliphatic and aromatic fractions based on the number of carbon
atoms and the boiling point, to give equivalent carbon numbers.

This pragmatic approach provides a suitable basis for assessing the potential
health risks associated with larger-scale contamination of drinking-water by petroleum
products. The allocation of 10% of each of the reference doses, equivalent to TDIs, for
the various fractions to drinking-water provides a conservative assessment of the risks.
Although the approach is based on the analysis of hydrocarbon fractions, most are of
low solubility, and the most soluble fractions, consisting largely of lower molecular
weight aromatic hydrocarbons, will be present in the greatest concentration.

pH

No health-based guideline value is proposed for pH. Although pH usually has no dir-
ect impact on consumers, it is one of the most important operational water quality
parameters (see chapter 10).

Reason for not establishing  Not of health concern at levels found in drinking-water
a guideline value

Additional comments An important operational water quality parameter
Assessment date 1993
Principal reference WHO (2007) pH in drinking-water
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has a low acute toxicity. In short-term toxicity studies in rats, impairment of glutathi-
one transferase activity and reduced glutathione concentrations were observed. In in
vitro tests, styrene has been shown to be mutagenic in the presence of metabolic acti-
vation only. In in vitro as well as in vivo studies, chromosomal aberrations have been
observed, mostly at high doses of styrene. The reactive intermediate styrene-7,8-oxide
is a direct-acting mutagen. In long-term studies, orally administered styrene increased
the incidence of lung tumours in mice at high dose levels but had no carcinogenic effect
in rats. Styrene-7,8-oxide was carcinogenic in rats after oral administration. IARC has
classified styrene in Group 2B (possibly carcinogenic to humans). The available data
suggest that the carcinogenicity of styrene is due to overloading of the detoxification
mechanism for styrene-7,8-oxide (e.g. glutathione depletion).

Sulfate

Sulfates occur naturally in numerous minerals and are used commercially, principal-
ly in the chemical industry. They are discharged into water in industrial wastes and
through atmospheric deposition; however, the highest levels usually occur in ground-
water and are from natural sources. In general, the average daily intake of sulfate from
drinking-water, air and food is approximately 500 mg, food being the major source.
However, in areas with drinking-water supplies containing high levels of sulfate,
drinking-water may constitute the principal source of intake.

Reason for not establishing  Not of health concern at levels found in drinking-water
a guideline value

Additional comments May affect acceptability of drinking-water
Assessment date 2003
Principal reference WHO (2004) Sulfate in drinking-water

The existing data do not identify a level of sulfate in drinking-water that is likely to
cause adverse human health effects. The data from a liquid diet study with piglets and
from tap water studies with human volunteers indicate a laxative effect at concentrations
of 1000-1200 mg/l, but no increase in diarrhoea, dehydration or weight loss.

No health-based guideline is proposed for sulfate. However, because of the gastro-
intestinal effects resulting from ingestion of drinking-water containing high sulfate
levels, it is recommended that health authorities be notified of sources of drinking-
water that contain sulfate concentrations in excess of 500 mg/l. The presence of sulfate
in drinking-water may also cause noticeable taste (see chapter 10) and may contribute
to the corrosion of distribution systems.

2,4,5-T
The half-lives for degradation of chlorophenoxy herbicides, including 2,4,5-T (CAS
No. 93-76-5), also known as 2,4,5-trichlorophenoxyacetic acid, in the environment

are in the order of several days. Chlorophenoxy herbicides are not often found in
food.
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1. 20m54 (Aldrin) - 0.25
2. azduwad-1unsa (Azinphos-methyl) - 0.2
3. AaaLe@U (Chlordane) - 0.5
4. @ & 7 (DDT) - 1
5. @ # 3 W (DDVP) - 1
6. Tama@ied (Dichlorvos) - 1
7. @8035u (Dieldrin) - 0.25
8. Tawmnsa 1, 2 lalusly 2, 2 loraslsianSavaaa (lausan)

(Dimethyl 1, 2-dibromo 2, 2 dichloroethyl phosphate (Dibrom) - 3
9. tdUA3U (Endrin) - 0.1
10. | nls@au (Guthion) - 0.2
11. AzMDSTIUA (Lead arsenate) - 0.15
12. 3uLey (Lindane) - 0.5
13. | ananlseau (Malathion) - 15
14. | wsandeaa (Methoxychlor) - 15
15. | #iledu (Nicotine) - 0.5
16. | anand (Systox) - 0.1
17. | uwomdsnuazansusznauiiazansle

(Thallium (Soluble compounds) as TI) - 0.1
18. | lsuwsy (Tiram) - 5
19. fionmWu (Toxaphene) - 0.5
20. | w19 lsaau (Parathion) - 0.11
21. Wod@3u (Phosdrin) - 0.1
22. Twss5wy (Pyrethrum) - 5
23. MN5Wv5u (Warfarin) - 0.1
24. | M358 (11U (19)) [Carbaryl (Sevin (R)] - 5
25. | 2, 4- (2,4-D) - 10
26. W151PI8N (Paraquat) - 0.5
27. 2,4,5% (2, 4,5T) - 10
28. | nsmthdu (Acetic Acid) 10 25
29. | wawluily (Ammonia) 50 35
30. | ssvyuararsusEnauuesanIny

[Arsenic and Compounds (as As)] - 0.5
31. | 27158 (Arsine) 0.05 0.2
32. | luil{la (Biphenyl) 0.2 1
33. | UaWuea Lo (Bisphenol A) 0.5 2.8
34. | mfuaulosanlyd (Carbon dioxide) 5,000 9,000




agnanaaulaannslumsrinu

(@15tAd)

35. | mSuaunauuanlse (Carbon monoxide) 50 55
36. | Maa3u (Chlorine) 1 3
37. | eap3ulasanlud (Chlorine dioxide) 0.1 0.3
38. | Tasuflsuwazansusznavvaslasiion - 1
39. | Wuupamnauas - 0.1
40. | duvioazaeiupineaum - 1
41. @u?haﬁu [Cotton dust (raw)] - 1
42. Twenlud (Cyanide as CN) - 5
43. (ande danadad (tansuaa) [Ethyl alcohol (Ethanol)] 1,000 1,900
44. | vlgeslsd [Fluoride (as F)] - 2.5
45. | Wlgea3u (Fluorine) 0.1 0.2
46. lalaswulzenlud (Hydrogen Cyanide) 10 11
47. Wuum’cﬁiﬂaaﬂl“dﬁ (Tron Oxide Fume) - 10
48. (WN3a0aNadaa (LUN5I1UBA) [Methyl alcohol (Methanol)] 200 260
49. fitia msludla (Nickel carbonyl) 0.001 0.007
50. | fiia Tugtuaslansuasansisznauiiozasld

(Nickel, Metal and Soluble Compounds, as Ni) - 1
51. | nsalu@3m (Nitric acid) 2 5
52. | lunSeaanlyd (Nitric oxide) 25 30
53. | lulasiaulesanlyd (Nitrogen dioxide) 5 9
54. TulasndwasSu (Nitroglycerin) 0.2 2
55. Tndeulansanld (Sodium hydroxide) - 2
56. | Hawaslasanlyd (Sulfur dioxide) 5 13
57. nN39MNLOY (Sulfuric acid) - 1
58. LOATNBNTILEN [Tetraethyl lead (ad Pb)] - 0.075
59. LOATUNNSALAN [Tetramethyl lead (as Pb)) - 0.07
60. | Gun wasansusznausiiuniduasfiyn - 2
61. | Gun wasansUsznauduniduesfiyn - 0.1
62. | Wuda (Phenol) 5 19
63. Waadu (m3luila eaalsd) [Phosgene (Carbonyl chloride)] 0.1 0.4
64. | WaaWu (Phosphine) 0.3 0.4
65. n3aWadwa3a (Phosphoric acid) - 1
66. Waawassd (1waes) [Phosphorus (yellow)] - 0.1
67. noawass wunzaaalse (Phosphorus pentachloride) - 1
68. naawase wunzdalua (Phosphorus pentasulfide) - 1
69. Waanasd losaaalse (Phosphorus trichoride) 0.5 3
70. | lodu (lwaea) [Xylene (XyloD)] 100 435
71. vjmaqe‘i’mxﬁﬂaﬂsﬁ (Zinc chloride fume) - 1
72. | Wwwasdunsdoanlyd (Zine oxide fume) - 5
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ITNUNIDY 2
Usanaanswad
aaui Faasiad daulududiu HaansueaaIe
Tﬂﬂﬂ%}l'lﬁ'i 1 gﬂll'lﬂf{lﬁlﬁi
(p.p-m.) (mg/M°)
1. aaau lnadda anas (Allyl glycidyl ether (AGE)) 10 45
2. Tussau loswgaalse (Boron Tifluoride) 1 3
3. fheazlanl (Butylamine) 5 15
4. maLiied-fhiia Taswae (Tert-Butyl chromate (as CrO,)) - 0.1
5. aaa3ulaswgealsd (Chlorine trifluoride) 0.1 0.4
6. AaplsasiEnaan lae (Chloroacetaldehyde) 1 3
7. aaalswasu (loseaalsiini) (Chloroform (trichloromethane)) 50 240
8. 20l5-laraalsiuudu (o-Dichlorobenzene) 50 300
9. lnmaalsienda 8583 (Dichloroethyl ether) 15 90
10. 1,1—1mﬂaa13—1—1u1miﬁmu (1,1-Dichloro-1 -nitroethane) 10 60
11. | lalnagfa 8wmas (6 3 8) (Diglycidy! ether (DGE)) 0.5 2.8
12. | \anSa wasualuau (Ethyl mercaptan) 10 25
13. | anSadu lnanaalaluase uaz / wio luleslnawmaiy
(Ethylene glycol dinitrate and / on Nitroglycerin) 0.2 1
14. lalasiau Aaalsed (Hydrogen chloride) 5 7
15. laladu (lodine) 0.1 1
16. wiMild (Manganese) - 5
17. | amdaluslud (Methyl bromide) 20 80
18. | mde wasualuau (Methyl mercaptan) 10 20
191 waavhumsa aladu (o Methyl styrene) 100 480
20- | anBady Tawliia lalloenwe (8w & lo)
(Methylene bisphenyl isocyanate (MDI) 0.02 0.2
21. Tuluanda laasd (Monomethyl hydrazine) 0.2 0.35
22 | meduluiiad (Terphenyls) 1 9
23 ngdu-2,4-lalalylzeniua (Toluene-2,4-Diisocyanate) 0.02 0.14
24. 1 2.8

Tifia eaalsd (Vinyl chloride)
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FITNUNIENDY 3
Uanaarsiad
— Usaauany
o v w4 USinaenuwntugegn v o
a1au : ANNTNTIRAY e e vindunatataw
\ Fadrsad Tudrnmiidine
# ARBATZEZIA — Twdile
ST MAUA
aulng USnaanadingy
Tiiaouls
1 | wudu (Benzene) 10 du/audiu 50 dHu/mudiu 10 W 25 §Iu/MudIu
2 | wesadsuwarasUsznauiuaiatany 2 lulasnsu/ 25 lalasnsu/ 30 W¥ 5 lulasnia/
(Berylium and Berylium compounds) anunAfues aNAMNGT aNATNGS
3 wummmﬁ'ﬂu (Cadmium fume) 0.1 fadnsu/ - - 0.3 Jadnsu/
anunAfues ANUIALNGS
4 v'!mmmﬁlﬂu (Cadmium dust) 0.2 fadnsu/ - - 0.6 Jadnsu/
ANIARNGS ANATNGS
5 | msuauladalud 20 du/mudu 100 dhu/amudiu 30 Wl 30 shu/mudiu
(Carbondisulfide)
6 | miuauaanaaalsd 10 du/audiu 200 du/mudIu 5 wiilunndranm 25 gau/mudIu
(Carbontetrachloride) 4 T
7 | wondadu laluslud 20 du/mudu 50 dau/mudIu 5 30 dau/mudiu
(Ethylene dibromide)
8 | tondadu lanaslsd 50 du/auEu 200 d/awsin | 5 wndilugndnnm | 100 dwsdudn
(Ethylene dichloride) 3 #lus
9 | Wasiadlad (Formaldehyde) 3 dH/audn 108 /audu 30 Wl 5 d/audu
10 | fuvigaalsd (Fluoride as dust) 2.5 fadnu/ - - -
aNIARLIAS
11 | ezmuavasuszsnavsiiuniduanzii 0.2 fiadnsu/ - - -
(Lead and its inorganic compounds) gnmﬂﬁmm
12 | wnda Aaalsd (Methyl chloride) 100 du/ausiu 300 du/mudu 5 wiilunnedena | 200 dwsaudiu
3 #alus
13 | wnSedu ranlsd 500 §3U/UdIU 2,0008u/mus | 5 wilunnginm 1,000 1w/
(Methylene chloride) 2 ﬁﬂm GG
14 | saunuly (uoalad) wedis 0.01 adnsu/ - - 0.04 Nadnsn/
(Organo (alkyl) (mercury)) ANIARNGS ANIATNGS
15 | ala3u (Styrene) 100 du/audu 600 §IU/MUdI 5 wiiilunnedna | 200 dwsaudiu
3 il
16 | lasmaals tondadu 100 du/ausiu 300 du/audiu 5 wiilunnedena | 200 dwsaudiu
(Trichloroethylene) 2l
17 | wasnasls tandadu 100 du/musiu 300au/mudu 5 wiilunnedena | 200 dwsaudiu
(Tetrachloroethylene) 3 ﬁﬂm
18 | Tngdu (Toluene) 200 §U/udu 500 du/audIu 10 W 300 dHu/audu
19 | lalasau #alWd (Hydrogen sulfide) - 50 du/dud 10 Wl 20 du/dud
20 | Usan (Mercury) - - - 0.05 fadnsu/
NUATNAS
21 | nsalasiia uasindalasiuad - - - 0.1 fadnsu/

anuARLNGS
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ITNUNIYLDY 4

szanaeuus, Rdsnsanszaznm

nMsinulng
e 4 Fadrsuad UG HadnIucaaIn g
NAUN ’ .
Usanmszasania 1 9NUIANLNAS
2 3
1 gnuAnwe (Mppcf) (mg/M")
1. | @&m (Silica)
A380aaU (Crystalline)
- 859 (Quartz) Huzinafannsahiwuasazanlugianees 250 10 mg/M’
Uanla (Respirable dust) % SIO,+ 5 % SiO,+ 2
- M%7 (Quartz) HUNNLING (Total dust) _ 30 mg/M’
1[ 250 % Si0,+ 2
- m3alawlash (Cristobalite) e 1 10 mg/M3

2 | % Si0,+ 5 —
2 | % SiO,+ 2

2. | nasila srunaussssuma (Amorphus) 20 80 mg/M”*
% SiO,

3. | 350 (Hilnandamennit 19) (Silicates)

- uadtudead (Asbestos) 5% _

- n3lulayl (Tremolite) 5% -

- 1280 (Talc) wanfifudule (Asbestos form) 5% -

- n88a (Talc) wandilsfludule (non-asbestos form) 20 -

- Tum (Mica) 20 -

- Tadalou (Soapstone) 20 -

- Uasauauddiuue (Portland cement) 50 -

- wnsluh (Graphite) 15 -

- Jugnuiiu (Coal dust) il Si0, Wasnin 5% - 24 mg/M’

- fuehuiiu (Coal dust) #ifi Si0, nnd 5% - 10 mg/M’

% Si0,+ 2

4. dguﬁdﬂﬁlﬁﬂmm%wmm (Inert or Nuisance dust)

- dunnaficninsodhuasazanlugansaaald 15 5 mg/M’

(Respirable dust)
- #unn2wa (Total dust) 50 15 mg/M’

* waneds Mnudule/enmea 1 gnunafiguimns
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PARTICULATES NOT OTHERWISE REGULATED, TOTAL 0500

DEFINITION: total aerosol mass CAS: NONE RTECS: NONE
METHOD: 0500, Issue 2 EVALUATION: FULL Issue 1: 15 February 1984
Issue 2: 15 August 1994
OSHA: 15 mg/m® PROPERTIES: contains no asbestos and quartz less than 1%
NIOSH: no REL

ACGIH: 10 mg/m?, total dust less than 1% quartz

SYNONYMS: nuisance dusts; particulates not otherwise classified

SAMPLING MEASUREMENT
SAMPLER:  FILTER TECHNIQUE: GRAVIMETRIC (FILTER WEIGHT)
(tared 37-mm, 5-um PVC filter)
ANALYTE: airborne particulate material
FLOW RATE: 1 to 2 L/min
BALANCE: 0.001 mg sensitivity; use same balance
VOL-MIN: 7L @ 15 mg/m? before and after sample collection

-MAX:  133L@ 15 mg/m?
CALIBRATION: National Institute of Standards and
SHIPMENT: routine Technology Class S-1.1 weights or ASTM
Class 1 weights

SAMPLE

STABILITY:  indefinitely RANGE: 0.1 to 2 mg per sample
BLANKS: 2 to 10 field blanks per set ESTIMATED LOD: 0.03 mg per sample
BULK PRECISION (S):  0.026 [2]

SAMPLE: none required

ACCURACY
RANGE STUDIED: 8 to 28 mg/m’
BIAS: 0.01%

OVERALL PRECISION ($): 0.056 [1]

ACCURACY: +11.04%

APPLICABILITY: The working range is 1 to 20 mg/m?® for a 100-L air sample. This method is nonspecific and determines the
total dust concentration to which a worker is exposed. It may be applied, e.g., to gravimetric determination of fibrous glass
[3]in addition to the other ACGIH particulates not otherwise regulated [4].

INTERFERENCES: Organic and volatile particulate matter may be removed by dry ashing [3].

OTHER METHODS: This method is similar to the criteria document method for fibrous glass [3] and Method 5000 for carbon
black. This method replaces Method $349 [5]. Impingers and direct-reading instruments may be used to collect total dust
samples, but these have limitations for personal sampling.

NIOSH Manual of Analytical Methods (NMAM), Fourth Edition



PARTICULATES NOT OTHERWISE REGULATED, TOTAL: METHOD 0500, Issue 2, dated 15 August 1994 - Page 2 of 3

EQUIPMENT:

1. Sampler: 37-mm PVC, 2- to 5-um pore size membrane or equivalent hydrophobic filter and
supporting pad in 37-mm cassette filter holder.

. Personal sampling pump, 1 to 2 L/min, with flexible connecting tubing.

. Microbalance, capable of weighing to 0.001 mg.

. Static neutralizer: e.g., Po-210; replace nine months after the production date.

. Forceps (preferably nylon).

. Environmental chamber or room for balance (e.g., 20 °C £ 1 °C and 50% % 5% RH).

oOunbh WwWNN

SPECIAL PRECAUTIONS: None.

PREPARATION OF FILTERS BEFORE SAMPLING:

1. Equilibrate the filters in an environmentally controlled weighing area or chamber for at least 2 h.

NOTE: An environmentally controlled chamber is desirable, but not required.

2. Number the backup pads with a ballpoint pen and place them, numbered side down, in filter
cassette bottom sections.
3. Weigh the filters in an environmentally controlled area or chamber. Record the filter tare weight, W,

(maq).

a. Zero the balance before each weighing.

b. Handle the filter with forceps. Pass the filter over an antistatic radiation source. Repeat this step if
filter does not release easily from the forceps or if filter attracts balance pan. Static electricity can
cause erroneous weight readings.

4. Assemble the filter in the filter cassettes and close firmly so that leakage around the filter will not
occur. Place a plug in each opening of the filter cassette. Place a cellulose shrink band around the
filter cassette, allow to dry and mark with the same number as the backup pad.

SAMPLING:

5. Calibrate each personal sampling pump with a representative sampler in line.

6. Sample at 1 to 2 L/min for a total sample volume of 7 to 133 L. Do not exceed a total filter loading of
approximately 2 mg total dust. Take two to four replicate samples for each batch of field samples for
quality assurance on the sampling procedure.

SAMPLE PREPARATION:

7. Wipe dust from the external surface of the filter cassette with a moist paper towel to minimize
contamination. Discard the paper towel.
8. Remove the top and bottom plugs from the filter cassette. Equilibrate for at least 2 h in the balance
room.
9. Remove the cassette band, pry open the cassette, and remove the filter gently to avoid loss of dust.
NOTE: If the filter adheres to the underside of the cassette top, very gently lift away by using the dull
side of a scalpel blade. This must be done carefully or the filter will tear.

CALIBRATION AND QUALITY CONTROL:

10. Zero the microbalance before all weighings. Use the same microbalance for weighing filters before
and after sample collection. Maintain and calibrate the balance with National Institute of Standards
and Technology Class S-1.1 or ASTM Class 1 weights.

11. The set of replicate samples should be exposed to the same dust environment, either in a laboratory
dust chamber [7] or in the field [8]. The quality control samples must be taken with the same

NIOSH Manual of Analytical Methods (NMAM), Fourth Edition



PARTICULATES NOT OTHERWISE REGULATED, TOTAL: METHOD 0500, Issue 2, dated 15 August 1994 - Page 3 of 3

equipment, procedures, and personnel used in the routine field samples. The relative standard
deviation calculated from these replicates should be recorded on control charts and action taken
when the precision is out of control [7].

MEASUREMENT:

12. Weigh each filter, including field blanks. Record the post-sampling weight, W, (mg). Record anything
remarkable about a filter (e.g., overload, leakage, wet, torn, etc.)

CALCULATIONS:

13. Calculate the concentration of total particulate, C (mg/m?>), in the air volume sampled, V (L):

(W, W)~ (8, -B)

C= x10° mg/m?,

where: W, = tare weight of filter before sampling (mg),
W, = post-sampling weight of sample-containing filter (mg),
B, = mean tare weight of blank filters (mg),
B, = mean post-sampling weight of blank filters (mg).

EVALUATION OF METHOD:

Lab testing with blank filters and generated atmospheres of carbon black was done at 8 to 28 mg/m’?
[2,6]. Precision and accuracy data are given on page 0500-1.

REFERENCES:

[1] NIOSH Manual of Analytical Methods, 3rd ed., NMAM 5000, DHHS (NIOSH) Publication No. 84-100
(1984).

[2] Unpublished data from Non-textile Cotton Study, NIOSH/DRDS/EIB.

[3] NIOSH Criteria for a Recommended Standard ... Occupational Exposure to Fibrous Glass, U.S.
Department of Health, Education, and Welfare, Publ. (NIOSH) 77-152, 119-142 (1977).

[4] 1993-1994 Threshold Limit Values and Biological Exposure Indices, Appendix D, ACGIH, Cincinnati,
OH (1993).

[5] NIOSH Manual of Analytical Methods, 2nd ed., V. 3, S349, U.S. Department of Health, Education, and
Welfare, Publ. (NIOSH) 77-157-C (1977).

[6] Documentation of the NIOSH Validation Tests, S262 and S349, U.S. Department of Health,
Education, and Welfare, Publ. (NIOSH) 77-185 (1977).

[7] Bowman, J.D., D.L. Bartley, G.M. Breuer, L.J. Doemeny, and D.J. Murdock. Accuracy Criteria
Recommended for the Certification of Gravimetric Coal Mine Dust Personal Samplers. NTIS Pub. No.
PB 85-222446 (1984).

[8] Breslin, J.A., S.J. Page, and R.A. Jankowski. Precision of Personal Sampling of Respirable Dust in Coal
Mines, U.S. Bureau of Mines Report of Investigations #8740 (1983).

METHOD REVISED BY:

Jerry Clere and Frank Hearl, P.E., NIOSH/DRDS.
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PARTICULATES NOT OTHERWISE REGULATED, RESPIRABLE 0600

DEFINITION: aerosol collected by sampler CAS: None RTECS: None
with 4-um median cut point

METHOD: 0600, Issue 3 EVALUATION: FULL Issue 1: 15 February 1984

Issue 3: 15 January 1998
OSHA: 5mg/m’ PROPERTIES: contains no asbestos and quartz less than 1%;
NIOSH: no REL penetrates non-ciliated portions of respira-
ACGIH: 3 mg/m® tory system

SYNONYMS: nuisance dusts; particulates not otherwise classified

SAMPLING MEASUREMENT
SAMPLER: CYCLONE + FILTER (10-mm nylon cyclone, TECHNIQUE: GRAVIMETRIC (FILTER WEIGHT)
Higgins-Dewell [HD] cyclone, or aluminum
cyclone + tared 5-um PVC membrane) ANALYTE: mass of respirable dust fraction
FLOW RATE: nylon cyclone: 1.7 L/min BALANCE: 0.001 mg sensitivity; use same balance
HD cyclone: 2.2 L/min before and after sample collection

Al cyclone:  2.5L/min
CALIBRATION:  National Institute of Standards and

VOL-MIN: 20L @5 mg/m? Technology Class S-1.1 or ASTM Class 1
-MAX: 400L weights
SHIPMENT: routine RANGE: 0.1 to 2 mg per sample
SAMPLE ESTIMATED LOD: 0.03 mg per sample
STABILITY: stable
PRECISION: <10 pg with 0.001 mg sensitivity balance;
BLANKS: 2 to 10 field blanks per set <70 pg with 0.01 mg sensitivity balance

(3]
ACCURACY

RANGE STUDIED: 0.5 to 10 mg/m? (lab and field)
BIAS: dependent on dust size distribution [1]

OVERALL
PRECISION (S,,): dependent on size distribution [1,2]

ACCURACY: dependent on size distribution [1]

APPLICABILITY: The working range is 0.5 to 10 mg/m?> for a 200-L air sample. The method measures the mass concentration
of any non-volatile respirable dust. In addition to inert dusts [4], the method has been recommended for respirable coal
dust. The method is biased in light of the recently adopted international definition of respirable dust, e.g., = +7% bias for
non-diesel, coal mine dust [5].

INTERFERENCES: Larger than respirable particles (over 10 um) have been found in some cases by microscopic analysis

of cyclone filters. Over-sized particles in samples are known to be caused by inverting the cyclone assembly. Heavy dust
loadings, fibers, and water-saturated dusts also interfere with the cyclone’s size-selective properties. The use of conductive
samplers is recommended to minimize particle charge effects.

OTHER METHODS: This method is based on and replaces Sampling Data Sheet #29.02 [6].

NIOSH Manual of Analytical Methods (NMAM), Fourth Edition



PARTICULATES NOT OTHERWISE REGULATED, RESPIRABLE: METHOD 0600, Issue 3, dated 15 January 1998 - Page 2 of 6

EQUIPMENT:

1. Sampler:

a. Filter: 5.0-um pore size, polyvinyl chloride filter or equivalent hydrophobic membrane filter
supported by a cassette filter holder (preferably conductive).

b. Cyclone: 10-mm nylon (Mine Safety Appliance Co., Instrument Division, P. O. Box 427, Pittsburgh,
PA 15230), Higgins-Dewell (BGI Inc., 58 Guinan St., Waltham, MA 02154) [7], aluminum cyclone
(SKCInc., 863 Valley View Road, Eighty Four, PA 15330), or equivalent.

2. Personal sampling pump, 1.7 L/min £ 5% for nylon cyclone, 2.2 L/min + 5% for HD cyclone, or 2.5
L/min + 5% for the Al cyclone with flexible connecting tubing.
NOTE: Pulsation in the pump flow must be within + 20% of the mean flow.

. Balance, analytical, with sensitivity of 0.001 mg.

. Weights, NIST Class S-1.1, or ASTM Class 1.

. Static neutralizer, e.g., Po-210; replace nine months after the production date.

. Forceps (preferably nylon).

. Environmental chamber or room for balance, e.g., 20 °C £ 1 °C and 50% % 5% RH.

NOu»L b~ W

SPECIAL PRECAUTIONS: None.

PREPARATION OF SAMPLERS BEFORE SAMPLING:

1. Equilibrate the filters in an environmentally controlled weighing area or chamber for at least 2 h.

2. Weigh the filters in an environmentally controlled area or chamber. Record the filter tare weight, W,
(mg).

a. Zero the balance before each weighing.

b. Handle the filter with forceps (nylon forceps if further analyses will be done).

c. Pass the filter over an anti-static radiation source. Repeat this step if filter does not release easily
from the forceps or if filter attracts balance pan. Static electricity can cause erroneous weight
readings.

3. Assemble the filters in the filter cassettes and close firmly so that leakage around the filter will not
occur. Place a plug in each opening of the filter cassette.

4. Remove the cyclone’s grit cap before use and inspect the cyclone interior. If the inside is visibly
scored, discard this cyclone since the dust separation characteristics of the cyclone may be altered.
Clean the interior of the cyclone to prevent reentrainment of large particles.

5. Assemble the sampler head. Check alignment of filter holder and cyclone in the sampling head to
prevent leakage.

SAMPLING:

6. Calibrate each personal sampling pump to the appropriate flow rate with a representative sampler
in line.

NOTE 1: Because of their inlet designs, nylon and aluminum cyclones are calibrated within a large
vessel with inlet and outlet ports. The inlet is connected to a calibrator (e.g., a bubble meter).
The cyclone outlet is connected to the outlet port within the vessel, and the vessel outlet is
attached to the pump. See APPENDIX for alternate calibration procedure. (The calibrator can
be connected directly to the HD cyclone.)

NOTE 2: Even if the flow rate shifts by a known amount between calibration and use, the nominal
flow rates are used for concentration calculation because of a self-correction feature of the
cyclones.

7. Sample 45 min to 8 h. Do not exceed 2 mg dust loading on the filter. Take 2 to 4 replicate samples for

each batch of field samples for quality assurance on the sampling procedure (see Step 10).

NIOSH Manual of Analytical Methods (NMAM), Fourth Edition
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NOTE :Do not allow the sampler assembly to be inverted at any time. Turning the cyclone to
anything more than a horizontal orientation may deposit oversized material from the cyclone
body onto the filter.

SAMPLE PREPARATION:

8. Remove the top and bottom plugs from the filter cassette. Equilibrate for at least 2 hin an
environmentally controlled area or chamber.

CALIBRATION AND QUALITY CONTROL:

9. Zero the microbalance before all weighings. Use the same microbalance for weighing filters
before and after sample collection. Calibrate the balance with National Institute of Standards and
Technology Class S-1.1 or ASTM Class 1 weights.

10. The set of replicate field samples should be exposed to the same dust environment, either in a
laboratory dust chamber [8] or in the field [9]. The quality control samples must be taken with the
same equipment, procedures, and personnel used in the routine field samples. Calculate precision
from these replicates and record relative standard deviation (S,) on control charts. Take corrective
action when the precision is out of control [8].

MEASUREMENT:

11. Weigh each filter, including field blanks. Record this post-sampling weight, W, (mg), beside its
corresponding tare weight. Record anything remarkable about a filter (e.g., visible particles,
overloading, leakage, wet, torn, etc.).

CALCULATIONS:

12. Calculate the concentration of respirable particulate, C (mg/m?), in the air volume sampled, V (L):
W, W)~ (B, ~B,)

C= x10° mg/m?,
where: W, = tare weight of filter before sampling (mg),
W, = post-sampling weight of sample-containing filter (mg),
B, =mean tare weight of blank filters (mg),
B, =mean post-sampling weight of blank filters (mg),
vV =volume as sampled at the nominal flow rate (i.e., 1.7 L/min or 2.2 L/min).
EVALUATION OF METHOD:

1. Bias: In respirable dust measurements, the bias in a sample is calculated relative to the appropriate
respirable dust convention. The theory for calculating bias was developed by Bartley and Breuer
[10]. For this method, the bias, therefore, depends on the international convention for respirable
dust, the cyclones’ penetration curves, and the size distribution of the ambient dust. Based on
measured penetration curves for non-pulsating flow [1], the bias in this method is shown in Figure 1.

For dust size distributions in the shaded region, the bias in this method lies within the + 0.10
criterion established by NIOSH for method validation. Bias larger than £ 0.10 would, therefore, be
expected for some workplace aerosols. However, bias within £ 0.20 would be expected for dusts
with geometric standard deviations greater than 2.0, which is the case in most workplaces.
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Bias can also be caused in a cyclone by the pulsation of the personal sampling pump. Bartley, et

al. [12] showed that cyclone samples with pulsating flow can have negative bias as large as —0.22
relative to samples with steady flow. The magnitude of the bias depends on the amplitude of the
pulsation at the cyclone aperture and the dust size distribution. For pumps with instantaneous
flow rates within 20% of the mean, the pulsation bias magnitude is less than 0.02 for most dust size
distributions encountered in the workplace.

Electric charges on the dust and the cyclone will also cause bias. Briant and Moss [13] have found
electrostatic biases as large as —50%, and show that cyclones made with graphite-filled nylon

eliminate the problem. Use of conductive samplers and filter cassettes (Omega Specialty Instrument
Co., 4 Kidder Road, Chelmsford, MA 01824) is recommended.

2. Precision: The figure 0.068 mg quoted above for the precision is based on a study [3] of weighing
procedures employed in the past by the Mine Safety and Health Administration (MSHA) in which
filters are pre-weighed by the filter manufacturer and post-weighed by MSHA using balances
readable to 0.010 mg. MSHA [14] has recently completed a study using a 0.001 mg balance for the
post-weighing, indicating imprecision equal to 0.006 mg.

Imprecision equal to 0.010 mg was used for estimating the LOD and is based on specific suggestions
[8] regarding filter weighing using a single 0.001 mg balance. This value is consistent with another
study [15] of repeat filter weighings, although the actual attainable precision may depend strongly
on the specific environment to which the filters are exposed between the two weighings.
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Figure 1. Bias of three cyclone types relative to the international respirable dust sampling convention.

APPENDIX: Jarless Method for Calibration of Cyclone Assemblies

This procedure may be used in the field to calibrate an air sampling pump and a cyclone assembly
without using the one-liter “calibration jar”.
1. Connect the pump to a pressure gauge or water manometer and a light load (adjustable valve or

5-um filter) equal to 2" to 5”H,0O with a “TEE” connector and flexible tubing. Connect other end of

valve to an electronic bubble meter or standard bubble tube with flexible tubing (See Fig. 2.1).

NOTE: A light load can be a 5-um filter and/or an adjustable valve. A heavy load can be several 0.8-
pm filters and/or adjustable valve.

. Adjust the pump to 1.7 L/min, as indicated on the bubble meter/tube, under the light load

conditions (2”to 5”H,0) as indicated on the pressure gauge or manometer.

. Increase the load until the pressure gauge or water manometer indicates between 25”and 35" H,0.

Check the flow rate of the pump again. The flow rate should remain at 1.7 L/min + 5%.

. Replace the pressure gauge or water manometer and the electronic bubble meter or standard

bubble tube with the cyclone having a clean filter installed (Fig. 2.2). If the loading caused by the

cyclone assembly is between 2”and 5”H,0, the calibration is complete and the pump and cyclone
are ready for sampling.
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Pressure
gauge
T Air flow
A —
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and/or | |
- filter load
o0 - Flow meter

Air sampling pump

Figure 2.1. Block diagram of pump/load/flow meter set-up.

Pressure
gauge

A

Tee Cyclone filter

Cyclone

Air sampling pump

Figure 2.2. Block diagram with cyclone as the test load.
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ADOPTED VALUES
Substance [CAS No.] (Decumentation date) TWA STEL Notations MW TLV® Basis
Adiponitrile (111-69-3} (1994) 2 ppm - ' Skin 108.10 URT & LRT irr
Alachlor [15972-60-8] (2014) 1 mg/m3 (FV} - DSEN; A3 269,80 Hemosiderosis (fiver, spleen, kidney)
Aldicarb [116-06-3) {2018) 0.005 mg/m?3 (FV) - Skin; Ad; BEle 190.26 Cholinesterase inhib
Aldrin [309-00-2] (2007) 0.05 mg/m3{FV) - Skin; A3 364.93 CNS impair; liver & kidney dam
Alyi aleohol [107-18-6) (1999) 0.5 ppm — Skin; A4 58.08 Eye & URTir
Adlyl bromide [106-95-6] (2012) 0.1 ppm 0.2 ppm Skin; Ad 120.99 Eye & URT irr
Allyl ¢hloride [107-05-1] (2011) 1ppm 2ppm Skin; A3 76.50 Eye & URT irr, fiver & kidney dam
Ally! glycidy! ether [106-92-3] (1897) 1 ppm — Ad 114.14 URT, eye, & skin irr; dermaitis
Allyl methacrylate [96-05-9] (2018) 1ppm — Skin 126.15 Liver dam
Allyl propyl disulfide {2179-59-1] (2014} 0.5 ppm — DSEN 148.16 URT & eyeir
Aluminum metal [7428-80-5] and insoluble 1 mg/m3 R) - A 26.98 Pneumoconiosis; LRT irr;
compounds (2008} Varles neurotoxicity
4-Aminodiphenyl [92-67-1) (1987) —u - Skin; At 169.24 Bladder & liver cancer
2-Aminopyridine [504-29-0] (1986) 0.5ppm - —_ 94.12 Headache; nausea; CNS impair;
dizziness
Amitrole [51-82-5] (1995} 0.2 mgim? — A3 84.08 Thyroid eff
ADOPTED VALUES
Substance [CAS No.] {Documentation date) TWA STEL Notatlons MW TLV® Basls
Acetaldehyde [75-07-0] (2014) — C 25 ppm A2 44,05 Eye & URT i
Acetamide [60-35-5] (2017) 1 ppm (FV) - A3 59.07 Liver cancer & dam
Acelic acid [64-18-7] (2004) 10 ppm 15 ppm — 60.05 URT & eye i, pulm func
Acatic anhydride [108-24-7] (2011) 1ppm 3ppm Ad 102.09 Eye &URT ir
Acetone [67-64-1) (2015) 250 ppm 500 ppm Ad; BEI 58.08 URT & eye irr; CNS impair
Acetone cyanohydrin [75-86-5), as CN (1994) — C 5 mgim? Skin 86.10 URT irr; headache; hypoxia/cyanosis
Acetonitrile [75-05-8] {2002} 20 ppm — Skin; A4 41.05 LRT i
Acetophenone [38-86-2 ] (2009) 10 ppm - — 120,15 URT irr; CNS impair; pregnancy loss
Acelylene (74-86-2) See Appendix F: Minimal Oxygen Content {2, EX) 26,04 Asphyxia
Acetylsalicylic acid {Aspirin) [50-78-2] (1980) 5 mglm?3 — — 180.15 Skin & eye
Acrolein [107-02-6] (1998) — € 0.1 ppm Skin; Ad 56.06 Eye & URT ir; pulm edema;
pulm emphysema
Acrylamide (79-06-1] (2020) 0.03 mgim3 (FV) — Skin; DSEN; A2 71.08 CNS & PNS impair, cancer
Acrylic acid [79-10-7) (1996) 2ppm —_ Skin; A4 72.08 URT irr
« Acrylonitrile }£07-13-1] {2016) 2 ppm - Skin; A3 53.05 CNS impair; LRT i
Adipic acid [124-04-9] (1993) 5 mgim?3 o ) - , 146.14 Eye, skin, URT irr; ANS impair
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* ADOPTED VALUES
Substance [CAS No.) (Documentation date) TWA STEL Notations MW TLV® Basis
Arsine [7784-42-1] (2007) 0.005 ppm — - 77.95 PNS & vascular system irmpair;
Kidney & fiver impair
Asbestos [1332-21-4], &l forms {1988) 0.1 ficg (F} — Al —_ Pneumoconiosis; lung cancer;
mesothelioma
Asphalt (Bitumen) fumes [8052-42-4}, 0.5 mgim3 (0 - A4 BElp - URT & eyeim
as benzene-soluble aarosol (2000)
Atrazine [1912-24-9) {and related 2 mgim3 M - A3 215.69 Hematologic, repro, &
symmetrical triazines) {2014) developmental eff
Azinphos-methyl [86-50-0) (2014) 0.2 mg/m? (IFV) — Skin; DSEN; Ad; BElp  317.34 Cholinesterase inhib
Barium {7440-38-3] and soluble compounds, 0.5 rg/m? — Ad 137.30 Eye, skin, & Gl irr; muscular stimulation
as Ba {1996)
Barium sulfate [7727-43-7] (2014) § mg/m30.E) - - 23343 Pneumnoconiosis
Bendiocarb [22781-23-3] {2018) 0.1 mg/m3 (IFV) — Skin; A4; BEl 223.20 Cholingsterase inhio
Benomyl [17804-35-2] (2014) 1 mgim3 — DSEN; A3 20032 URT irr; male repro,
testicular, & embryc/etal dam
Benz[ajanthracene [36-55-3] {1993) —L -— AZ; BElp 228,30 Skin cancer
1 Benzene [71-43-2) (1097) {0.5ppm) (2.5 ppm) Skin; A1; BEI 78.11 Leukemia ()
Benzidine [92-87-5] (1985) - - Skin; A1 184.23 Bladder cancer
ADOPTED VALUES
Substance [CAS No.] (Documentation date) TWA STEL Notations Mw TLV® Basls
Ammenia [7664-41-7] (1976) 25 ppm 35 ppm - 17.03 Eye dam; URT irr
Ammonium chloride, frme [12125-02-9] {1976) 10 mg/m? 20 mgfm3 — 83.50 Eye & URTirr
Ammonium perfiuorooctanoate [3825-26-1] (1894) 0.01 mg/m3 — Skin; A3 431.00 Liver dam
Ammonium sulfamate [7773-06-0] (1984) 10 mgim3 — - 14.13 —
teri-Amyl methyl ether [384-05-8] (2002} 20 ppm — - 102.20 CNS impair; embryofietal dam
Aniling [62-53-3] (1996} 2ppm - Skin; A3; BEI 93.13 MeHb-emia
Anisidine (2002)
ortho isomer [30-04-0) 0.5 mg/m? — Skin; A3; BEly 12315 MeHb-emia
para isomer [104-94-9) 0.5 mg/m3 — Skin; Ad; BEly 12315 MeHb-emia
Antimony [7440-36-0] and compounds, as Sb (1985) 0.5 mg/m3 - — 121.75 Skin & URT irr
¥ Antimony hydride [7803-52-3] (2021) 0.005 ppm — — 124.78 Hemolysis, hemotologic effects
Anfimony tricxide [1309-64-4) (2020} 0.02 mg/m3 (1 — AZ 281.50 Pneumanitis
ANTU [86-88-4] (1996) 0.3 mg/m3 - Ad; Skin 202.27 Thyreid eff, nausea
Argon [7440-37-1) Sea Appendix F: Minimal Oxygen Content (D} 39.95 Asphyxia
Arsenic [7440-38-2] and 0.01 mgim3 - Al BEI 74.92 Lung cancer
inorganic compounds, as As {1992) Varies
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ADOPTED VALUES
Substance [CAS No.] (Documentation date) TWA STEL Notations MW TLV® Basls
Borale compounds, inorganic [1303-35-4; 1330434; 2 mg/m3 (&) 6 mg/m3 0 Ad Varies URTirr
10043-35-3; 12179-04-3} {2005}
Boron oxide [1303-86-2] (1985) 10 mg/m? — - £9.64 Eye & URT ir
Boron tribromide [10294-33-4] (2016) - C0.7 ppm - 250.57 Resp tract ir; pneumonitis
Boron trichloride [10294-34-5] (2016} — C0.7 ppm — 117.20 Resp tract im; pneumonitis
Boron triflucride [7637-07-2] (2016) 0.1 ppm GO.7 ppm - 67.82 Resp tract irr; pneurmonitis
Boron trifluoride ethers [109-63-7; 0.1 ppm CO07 ppm - Varies Resp tract i, pneumenitis
353-42-4], as BF4 (2018)
Bromacil [314-40-9) {1996) 10 mgfm? — A3 261.11 Thyroid eff
Bromine [7726-95-6] (1994} 0.1 ppm 0.2 ppm — 158.81 URT & LRT irr; tung dam
Bromine pentaflucride [7789-30-2] {1986) .1 ppm — - 174.92 Eye, skin, & URT i
Bromeform [75-25-2) (2009) .5 ppm — . A3 26273 Liver dam; URT & eya i
1-Bromopropane [106-84-5] {2014} 0.1 ppm — A3 122.99 CNS impair; peripheral neuropathy;
hematolegical eff, developmental &
repro toxicity {male & female)
1,3-Butadiene [106-99-0] (1994) 2 ppm - A2; BE| 54.09 Cancer
ADOPTED VALUES
Substance [CAS No.] (Documentation date} TWA STEL Notations MW TLV® Basis
Benzo[olflucranthene (205-69-2] {1991) il - A2, BElp 252,30 Cancer
Benzola)pyrene [50-32-8] {1930) — - A2, BElp 252.30 Cancer
* Benzoic acid and alkali benzoates (2021)
Benzoic acig (65-85-0] 0.5 mgfm?3 (IFV} — Skin; A5 12212 Eyeim, URT i, LRT im; lung dam
Sodium benzoate, as benzoate [532-32-1) 2.5 mgim3 — Skim; A5 144,10 Kidney changes
Potassium henzoate, as benzoate [582-25-2] 2.5 mg/m3 W — Skin; A5 160.21 Kidney changes
Benzotrichloride [98-07-7] {1997) - C0.ippm Skin; A2 195.50 Eye, skin, & URT i
Benzoyl chloride [98-88-4} (1995} - C0.5ppm Ad 140.57 URT & eyaim
Benzoyl peroxide [94-36-0] (1996) 5 tng/m? — ' Ad 24222 URT & skin irr
Benzyl acetate [140-11-4] {1995) 10 ppm — A 150.18 URTirr
Benzyl chioride [100-44-7] (1895) 1 ppm — A3 126.58 Eye, skin, & URT i
Beryllium [7440-41-7] and compounds, 2s Be (2014)  0,00005 mg/m3 (1) - Al %.01 Berylium sens; chronic beryllium
Soluble compounds Skin; DSEN disease (berylliosis)
Soluble and inssluble compounds RSEN
Biphenyl [92-52-4] (1987) 0.2 ppm - - 154.20 Pulm func
= Bismuth telluride {1304-82-1] {1986) 800,83 Lung dam
Undoped, as Bi;Teg 10 mg/m3 - A4
Se-doped, as Bi;Tes 5 mgim3 - A

SoeN L

G| = senjep pajdopy



TLV3-CS

ADOPTED VALUES

Substance [CAS No,] {Documentation date} TWA STEL Notations Mw TL.V® Basls
n-Butyl glycidy ether [2426-08-6] {2014} 3ppm - Skin; DSEN 130.21 Reproduction; sens
tert-Butyl hydroperoxide [75-91-2] (2018) 0.1 ppm - Skin 90.12 Eye & URT irr. mutagenic & repro eff
n-Butyl lactate [138-22-7] {1976) 5 ppm - — 146.19 Headache; URT ir
n-Butyl mercaptan [109-79-5) (1970} 0.5 ppm - - 90.19 URT i
o-sec-Butylphenol [39-72-5] (1980} 5 ppm —_ Skin 150.22 URT, eye, & skin irr
p-tert-Butyltoluene {28-51-1] (1993) 1ppm — - 148.18 Eve & URT irr; nausea
Cadmium [7440-43-9] and - 0.01 mgfm3 — A2, BEI 112.40 Kidney dam

cormpounds, as Cd (1993) 0.002 mgfm3 (R} — A2, BEI Varies
Cadusafos [95465-99-9] (2047) 0.001 mg/md FVY  — Skin; Ad; BEI. 270.40 Cholinesterase inhib
Calcium cyanamide [156-62-7] {1996) 0.5 mg/m3 - Ad 80.11 Eye &URT
Celcium hydroxide [1305-62-0] {1979} & mg/m? — — 74,10 Eye, URT, & skin irr
Calcium oxide [1305-78-8] {1890) 2 mg/m? — - 56.08 URT irr
Calcium silicate, naturally cccurring as 1 mg/m2 (L E) - Ad — Pneumoncenicsis; pulm func

Wollastonite [13883-17-0] (2016}
Celcium sulfate [7778-18-9; 10034-76-1; 10 mg/m3iN —_ - 136.14 Nasal symptoms

10101-41-4; 13397-24-6] {2006)

ADOPYED VALUES

Substance [CAS No,] {Doct:mentation date) TWA STEL Notations MW TLVE Basls
Butane, isomers [75-28-5; 106-97-8] {2017) — 1000 ppm {EX) — 58.12 CNS impair
n-Butanol [71-36-3] (2001} 20 ppm - - 74.12 Eya & URT irr
sec-Butanol [78-92-2] (2002) 100 ppm — — 7412 URT ir;; CNS impair
tert-Butanol [75-65-0) (1695) 100 ppm — A4 74.12 CNS impair
Butenes, all isorners [106-98-9; 107-01-7; 250 ppm — - 56.11 Body weight eff

580-18-1; 624-64-6; 25167-57-3]

lecbutena [115-11-7] (2008) 250 ppm - A — URT irr; body weight eff
2-Butexyethano! [111-76-2] (2003) 20 ppm — A3; BE 11817 Eye & URT irr
2-Butoxyethyl acetate [112407-2] (2003) 20 ppm — A3 160.20 Hemolysis
Butyl acetates, all isomers [105-46-4; 110-19-0; 50 ppm 150 ppm — 116.16 Eye &URT ir

123-86-4; 540-88-5) (2016}
n-Butyl acrylate [141-32-2) {2014) 2 ppm - DSEN; A4 128.17 Irr
n-Butylamine [109-73-9] (1985) - € 5ppm Skin 73.14 Headache; URT & eya irr
Butylated hydroxytoluene [128-37-0] (2001) 2 mgim3 (FV) — A 220.34 URTifr
A-fert-Butyloenzoic acid [98-73-7] (2020) 0.1 mgfm?3 (FV) — Skin 178.20 Tesficular dam; CNS & male repro eff
tert-Butyl chromate, as CrO;[1188-85-1] (1964) — C 0.1 mg/m3 Skin 230.22 LRT & skin irr
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ADOPTED VALUES

Substance {CAS No.] (Documentation date) TWA STEL Notations M TLV® Basis
Carfentrazone-ethyl [128639-02-1] (2018) 1 mg/m3 (1} - Ad 412.20 Liver dam; porphyrin eff
Catechal [120-80-9] (1995) 5ppm - Skin; A3 $10.1% Eye & URT irr; dermatitis
Cellulose [2004-34-6] (1990} 10 mg/m3 - - NA URT irr
Cesium hydroxide [21351-79-1] (1890) 2 myim3 - — 149.92 URT, skin, & eye irr
Chlordane [57-74-9] (2019) 0.5 mg/m3 {FV) — Skin; A3 409.80 Liver dam
Chlorinated camphene [8001-35-2) (1998) 0.5 mg/m? 1 mgim3 Skin; A3 414,00 CNS convul; liver dam
Chicrinated diphenyl oxide [31242-93-0} (1990} 0.5 mgim3 — - 377.00 Chioracne; liver dam
Chlcrine [7782-50-5] {2018} 0.1 ppm 0.4 ppm A4 7091 Resp tract i, aitway hyper-reactivity;

pulm edema
Chlorine dioxide (10049-04-4] (2018) - C0.9ppm — 6746 Resp fractirr; pulm edema
Chiorine trifluoride [7780-91-2) (1979) - C0.1ppm - 9246 Eye & URT irr; lung dam
Chloroacetaldehyde [107-20-0] {1890) - C1ppm — 78.50 URT & eyein
Chloroacetone [78-95-5) {1989) - C1ppm Skin 92.53 Eye &URT i
2-Chloroacstophenone [532-27-4] {1996) 0.05 ppm — Ad 154.59 Eye, URT, & skin i
Chloroacelyl chioride §79-04-9] (1991) 0.05 ppm 0.15 ppm Skin 112.95 URT irr
Chlorobenzene [108-90-7) {(1895) 10 ppm — A3; BEI 112.56 Liver dam

ADQPTED VALUES
Substance [CAS No.j (Documentation date) TWA STEL Notations MW TLV® Basis
Camphor, synthelic {76-22-2) (1996) 2 ppm 3ppm A4 152.23 Eye & URT irr; anosmia
Caprolactam [105-80-2] {2003) 5 mgim3 (FV) — A5 113.16 URT itr
Captafol [2425-06-1) (2017) 0.1 mgim3 (V) - Skin; DSEN; RSEN; 349,10 Liver & kigney dam; dermal sens
A3

Captan [133-06-2] (2014) 5 mgim3(® - DSEN; A3 300,60 Skin irr
Carbaryl [63-25-2) (2008) 0.5 mg/m3 {FV) - Skin; A4, BEIs 201.20 Cholinesterase inhib; male

repro & embryo dam
Carbofuran [1563-65-2] (2004} 0.1 mg/m3 (FV} - Ad; BElg 22130 Cholinesterase inhib
Carbon black [1333-86-4] (2011) 3 mg/m3 (0 - A3 — Bronchitis
Carbon dioxide [124-38-9] {1986) 5000 ppm 30,000 ppm — 441 Asphyxia
Carbon disulfide [75-15-0 | (2006} 1 ppm — Skin; Ad; BEI 76.14 PNS impair
Carbon monaxide [630-08-0] {1992) 25 ppm — BE{ 2801 COHb-emia
Carbon tetrabromide (558-13-4) (1976) 0.1 ppra 0.3 ppm — 331,65 Liver dam; eye, URT, & skin irr
Carbon fetrachloride {56-23-5] (1996) 5 ppm 10 ppm Skin; A2 153.84 Liver dam
Carbanyl fuoride {353-50-4] (1950) 2 ppm 5 ppm — 66.01 LRT irr; bone dam
Cartonyl sulfide [463-58-1] (2012) 5 ppm - - + 60.08 CNS impair
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’ ADQPTED VALIJES
Substance [CAS No.) (Documentation date) TWA STEL Notaticns MW TLV® Basis
2-Chloropropionic acid [598-78-7] (1991) 0.1 ppm — Skin 108.53 Male repro dam
o-Chlorostyrene [2039-87-4] (1976} 50 ppm 75 ppm - 138.60 CNS impair; peripheral neuropathy
o-Chloratoluene [95-49-8] (1990) 50 ppm - — 126.58% URT, eye, & skinirr
Chlorpyrifos [2621-88-2] {2003) 0.1 mgim3 (FV) — Skin; A4; BEl 360.57 Chelinesterase inhib
Chromium, [7440-47-3] and inorganic compounds
(2018}
Metallic chromium, as Cr{0) 0.5 mgim3{ — — Varies Resp tract irr
Trivatent chromiurn: compounds, as Cr(lll) 0.003 mgim3 @ - Ad Varies Resp tractirr, asthma
Water-soluble compounds DSEN; RSEN
Hexavalent chromium compeunds, as Cr{vi) 0.0002 mg/m?3 (I} 0.0005 mg/m?2 (1 Al Varies Lung & sinonasal cancer; resp tractirr;
Water-soluble compounds Skin; DSEN; RSEN; asthma
BEI
Chromyl chloride [14977-61-8], as Cr(VI) 0.0001 ppm (FV) 0.00025 ppm (FY) Skin: DSEN; RSEN;  Varies Lung & sinonasal cancer; resp tract im;
Al asthma
Chromite ore processing Sag Hexavalent and Trivalent Chromium compounds
Chrysene [218-01-9] {1996) —w - A3; BElp 228,30 Cancer
Citral [5392-40-5] (2014) 5 ppm (IFV} - Skin; DSEN; A4 152,24 Body weight eff; URT im; eye dam
Clepidol [2971-90-6] {2013} 3 mgim3 lIFV} — Ad 192.06 Mutagenic eff
ADOPTED VALUES
Substance [CAS No,) (Documentation date} TWA STEL Notatlons MW TLV® Basis
o-Chlorobenzylidene malononitrile [2698-41-1] — C 0.05 ppm (IFV) Skin; Ad 188.62 URT irr; skin sens
(2019)
Chlorobromomethane [74-87-5] (2009) 200 ppm — - 120.39 CNS impair; fiver dam
Chloredifiuoromethane [75-45-6] {1996) 1000 ppm — A4 86.47 CNS impair; asphyxia; card sens
Chiorodiphenyl (42% chloring) [53469-21-9] {1990) 1 mgim3 - Skin 286.50 Liver dam; eye irr; chloracne
Chlorodiphanyl (54% chloring) [11097-69-1] {1996) 0.5 mgim? — Skin; A3 328.40 URT irr; fiver dam; chloracns
Chloreform [67-86-3] (1995) 10 ppm — A3 119,38 Liver & embryoffetal dam;
CNS impair
bis(Chioromethyl) ether [542-88-1] (1987) 0.001 ppm — Af 114,96 Lung cancer
Chioromethyl methyl sther [107-30-2) {1983} — W - A2 80.50 Lung canger
1-Chloro-1-nitropropane [600-25-8] (2017} 2ppm — — 123.54 Eye & URT irr; pulm ederna
Chlgropentafiveroethane [76-15-3] (1881) 1000 ppm — — 154.47 Card sens
Chloropicrin [76-06-2] (1896} 0.1 ppm - A 164.39 Eye irr, pulm edema
B-Chloroprene [126-59-8] (2017) 1ppm — Skin; A2 88.54 Lung cancer; URT & eye i
1-Chloro-2-propanol [127-0-4] and 1 ppm — Skin; A4 04.54 Liver dam

2.Chloro-1-propanal [78-89-7] {2002)
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ADOPTED VALUES

Substance [CAS No.] (Documentation date) TWA STEL Notations Mw TLV® Basis
Crotonaldehyde [4170-30-3] (1998} - C 0.3 ppm Skin; A3 70,08 Eye & URTirr
Crufomate [299-86-5] (1996) 5 mgim? —_ A4, BElg 29171 Cholinesterase inhib
Cumene [98-82-8] {2020} 5 ppm — A3 120,18 URT adenoma; neurological eff
Cyanamide [420-04-2] (1977) 2 mgim? - — 42.04 Skin & eye im
Cyanazing [21725-45-2) (2019) 0.1 mgim3 () - A3 24070 Body weight, CNS & teratogenic eff
Cyanoacrylates, Ethyl (7085-85-0] and 0.2 ppm 1 ppm DSEN; RSEN 1254 (Ethyly  Eye & URT irr; asthma

Mathyl [137-05-3] (2018) 112.11 (Methyl)
Cyanogen [460-19-5}{2016) — C5ppm — 52.04 Eye &URT irr
Cyancgen bromide [508-68-3) (2015) — C03ppm — 105.92 Eye & resp tractirr; pulm edema
Cyanogen chioride {506-77-4) (2014) — C03ppm - 61.48 Pulm edema; eye, skin, & URT irr
Cyclohexane [110-82-7] (2020) 100 ppm — BEI 84.16 CNS impair; eye & URT irr
Cyclohexanol [108-93-0] (1986) 50 ppm — Skin; BEI 100.16 Eye irr; CNS impair
Cyelohexanone [108-34-1) (2003) 20 ppm 50 ppm Skin; A3; BEI 98.14 Eye & URT ir
Cyclohexene [110-63-8] (2020} 20 ppm — — 82.14 Liver eff
Cyciohexylamine [108-91-8 (1995) 10 ppm — Ad 99.17 URT &eyeir
Cyclonite {121-82-4] (1996} 0.5 mg/m3 — Skin; A4 222,26 Liver dam

ADOPTEﬁ VALUES
Substance [CAS No.] (Documentation date) TWA STEL Notations MW TLV® Basls
* Clothianidin [210880-92-5] (2021) 0.1 mgim3{() Ad 24967 Male & female repro system dam;
neurobehavioral & neurodevelgpment
impair; body weight eff

Coal dust {1998}

Anthracite [8029-10-5] 0.4 mg/m3 (R) — Ad — Lung dam; pulm fibrosis

Biturninous or Lignite [308062-82-0] 0.9 mg/m3 (R) - Ad - Lung dam; pulm fibrosis
Coal tar pitch volatiles [65996-93-2], 0.2 mg/ - Al;BElp — Cancer

as benzene scluble aerosol (1991}
Cobalt [7440-48-4) and inorganic 0,02 mgfm? & —_ DSEN;RSEN; A3; BE) 5893 Pulm func changes

compounds, as Co (2019) Varies
Cobalt carbany! [10210-68-1), as Co (1983) 0.1 mg/m3 - — 41.04 Pulm edema; spleen dam
Cabalt hydrocarbony) [16842-03-8), as Co (1983) 0.1 mg/m3 — - 171.98 Pulm edema; lung dam
Copper [7440-50-8] (1990} 63.55 Irr; Gl; meta! fume faver

Fume, as Cu 0.2 mg/m3 — -

Dusts and mists, as Cu 1 mg/m?3 — -
Cotton dust, raw, untreated (2010) 0.1 mgim3 (T} — Ad — Byssinesis; bronchitis; pulm func
Coumaphos [56-72-4] (2006) 0.05 mg/m?3 UFV) - Skin; Ad; BEle 362.80 Cholingsterase inhib
Cresol, all isomers [35-48-7; 106-44-5, 20 mg/m3 (IFV) — Skin; Ad 108,14 URT i

108-29-4; 1319-77-3] (2010)
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ADOPTED VALUES

Substance [CAS No.] (Documentation date) TWA STEL Notations MW TLV® Basis

Dibutyl phenyi phosphate [2528-36-1] (1990} 0.3 ppm — Skin; BElg 2086.26 Cholinesterase inkity; URT irr
Dibutyl phosphate [107-66-41 {2008} 5 mgim3 {IFV) — Skin 210.21 Blacder, eye, & URT irr

Dibutyl phthatate [34-74-2) (1990) 5 mgim3 - - 27834 Testicular dam; eye & URT i
Dichloroacetic acid {79-43-6] (2005) 0.5 pom — Skin; A3 128.95 URT & eye im; testicular dam
Dichloroacetylene {7572-29-4] (1995) — C0.1ppm A3 94,93 Nausea; PNS impair
o-Dichlorcbenzene [95-50-1] {1996) 25 ppm 50 ppm Ad 147.01 URT & eye i, liver dam
p-Dichlorobenzene [106-46-7) (1983) 10 ppm - A3 147.01 Eyeim, kidney dam

- 3,3-Dichlorobenzidine [91-94-1] (1996) — - Skin; A3 253,13 Bladder cancer; aye i

1,4-Dichlore-2-butens [764-41-G] (1993) 0.005 ppm - Skin; A2 124.99 URT &eyeitr
Dichlorodifiuoromethane [75-71-8] (1996) 1000 ppm — Ad 120.91 Card sens
1,3-Dichloro-5,5-dimethylhydantoin {118-52-5} {1979) 0.2 mg/m3 0.4 mgfm?3 — 197.03 URTimr

1,1-Dichloroethane [75-34-3) (1996) 100 ppm - A4 98.97 URT & eye im, liver & kidney dam
1,2-Dichlaroethylens, all isomers 200 ppm - — 96.95 CNS impair; eye i

[156-59-2; 156-60-6; 540-59-0] (1990)
Dichlaroethyl ether f111-44-4] (1996} 5 ppm 10 ppm Skin; A4 143.02 URT & eye im; nausea
ADOPTED VALUES

Substance [CAS No.] {Decumentation date) TWA STEL Notatlons mw TLY® Basls

* Cyclopentane [287-92-3) {2021} 1000 ppm EX) - 70.13 CNS impair

Cyhexatin [13121-70-5] {1995) § mg/m3 — Ad 385.16 URT im, body weight off, kidney dam
* Cyromazine [66215-27-8] (2021) 2 mgim3 M — Al 166.19 Body weight & hematologica! eff
2,4-D [94-75-7) {2017) 10 mg/m3 ™ — Ad 221.04 Thyroid eff; kidney tubular dam
DDT [50-29-3] {1995) 1 mgim? — A3 354.50 Liver dam

Decaborane [17702-41-8] (1979) 0.05 ppm 0.15 ppm Skin 122.31 CNS convul; cognitive decrement
Demeton [8065-48-3] {2002) 0.05 mgim® (FV} — Skin; BElg 258.34 Cholinesterase inhib
Demeton-S-methyl [919-86-8] (2014) 0.05 mg/m3 (FV} - Skin; DSEN; A4; BEl. 230.30 Cholinesterase inhib

Diacetone alcchot [123-42-2] (1987} 50 ppm — — 116,16 URT &eysim

Diacetyl [431-03-8] (2012} 0.01 ppm 0.02 ppm Ad 86.10 Lung dam {Bronchiofitis abliterans-

lixe iiness)

Diazinon [333-41-5] (2003) 0.01 mgim3 (FV) - Skin; Ad; BElg 304.36 Cholinesterase inhib
Diazomethane [334-88-3] (1896) 0.2 ppm - A2 42.04 URT & eyaim

Diborane [19287-45-7} (1990} 0.1 ppm —_ — 2768 URT irr; headache
2-N-Dibutylaminoethano! [102-81-8] {1994) 0.5 ppm — Skin; BEl; 173.29 Eye & URT irr
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ADOPTED VALUES
Substance [CAS NoJ| (Documentation date) TWA STEL Notations MW TLV® Basis
Diethylamine {109-89-7] {2013) 5 ppm 15ppm Skin; Ad 73.14 URT, eye, & skin ir
2-Diethylaminosthane! [100-37-8] (1994) 2 ppm — Skin 117.19 URT irr; CNS convul
Diethylene glycol monobutyl ether [112-34-5] (2013) 10 ppm (EFV) —_ —_ 162.23 Hematologic, liver & kidney eff
Diethylenetriamine {111-40-0] (1985} 1ppm — Skin 103.17 URT & eyeir
1 Di{2-ethylhexyl}phthalate [117-81-7) {1999) {5 mgim¥) - (A3 300,54 (LRT irr}
N,N-Diethylhydroxylamine (3710-84-7] {2013} 2 ppm - - 89.14 URT irr
Diethy! ketone [96-22-0] {1998) 200 ppm 300 ppm — 86.13 URT irr; CNS impair
Diethyl phthalate [84-68-2) (1999) 5 mg/m?3 - Ad 22223 URT irr
Difluorodieromomethane [75-61-6) (1986) 100 ppm — - 209,83 URT irr; CNS impalr,; fiver dam
Diglycidy! ether 12238-07-5] {2007) 0.01 ppm — Ad 130.14 Eye & skin i; male repro dam
Diisobutyl ketone [108-83-8) {1979) 25 ppm — — 142,23 URT & eyeir
Dilsopropylamine [108-18-8] {1979} 5 ppm — Skin 101,19 URT irr; eye dam
Dimethylacetamide {127-13-5} (2018) 10 ppm — Skin; A3; BEI 87.12 Liver, embryo & fetal dam; repro,
fenal & teratogenic eff
Dimethylamine [124-40-3] (2014) 5 ppm 15 ppm DSEN; A4 4508 URT & Gl irr
ADOPTED VALUES
Substance [CAS No.} (Documentation date) TWA STEL ' Notaticns MW TLV® Basis
Dichlorofuaromethane [75-43-4] (1980) 14 ppm — - 10292 Liver dam
Dichloromethane [75-09-2) {1999) 50 ppm - A3; BEI 84.93 COHb-emia; CNS impair
1,1-Dichlero-1-nitrosthane [594-72-] (1986} 2 ppm - —_ 143.96 URT irt
1,3-Dichloropropene [542-75-6] (2004} 1ppm — Skin; A3 110.98 Kidney dam
2,2-Dichlcropropionic acid [75-89-0] (2000) 5 mgim3i} — A4 143,00 Eye & URTim
Dichlorotetraflucroethane [76-14-2] (1996) 1000 ppm — Ad 170,93 Pulm func
Dichlorvos [62-73-7] (2014) 0.1 mgm?3 (FV) — Skin; DSEN; A4; BEl, 220,98 Chalinesterase inhib
Dicrotophos [141-66-2] {2002} 0.05 mgim? UFV) - Skin; Ad; BEfe 231.21 Cholinesterase inhib
Dicyclopentadiene [77-73-8), including 0.5 ppm 1ppm — 132.211 URT, LRT, & eye im; CNS eff
Cyclopentadiene (2019)
Dicyclopentadieny! iron, as Fe [102-84-5] (1890) 10 mg/m3 - — 186.03 Liver dam
Dieldrin [60-57-1} (2010) 0.1 mgim? {FY) - Skin; A3 360.93 Liver dam; repro eff; CNS impair
Diesel fuel (§8334-30-5; 68476-30-2; 68476-31-3; 100 mg/m3 (V) - Skin; A3 Varies Dermatits
68475-34-6), as total
hydrocarbons (2008)
Diethanolamine [111-42-2] (2009) 1 mgim3 (FV) - Skin; A3 105,14 Liver & kidney dam
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528-20-0; 25154-54-5] (2018)

ADOPTED VALUES
. Substance [CAS No.J (Documantation date) TWA STEL Notations MW TLV® Basis

Dinitre-o-cresol [534-52-1) (2019) 0.2 mg/m?3 (FV) - Skin 198,13 Basal metabolism
3,5-Dinitro-o-totuamide [148-01-6) (2007) 1 mgim3 - Ad 225.16 Liver dam
Dinitrctoluene [25321-14-6} {1987) 0.2 mgim3 - Skin; A3; BEly 182.15 Card impair; repro eff
1,4-Dioxane {123-91-1] (1999} 20 ppm — Skin; A3 88.10 Liver dam
Dioxathion [78-34-2) (2002) 0.1 mgim?3 (FV) — Skin; A4; BElg 456,54 Cholinesterase inhib
1,3-Diexclane [645-06-03 (2002) 20 ppm — - 74,08 Hematotogic eff
Diphenylamine [122-39-4] {1996} 10 mg/m?3 - Ad 168.24 Liver & kidney dam; hematologic eff
Dipropyl ketone [123-19-3] {1981) 50 ppm - - 114.80 URT irr
* Dipropylene glycol methyl ether (DPGME) 50 ppm — — 148.20 Liver & CNS eff

[13429-07.7; 13508-28-8; 20324-32-7; 34590-

94-8; 55066-21-3} (2021)
Diquat [85-00-7; 2764-72-0; 6385-62-2), as the cation 0.5 mg/m3 (N — Skin; Ad Varies LRT #r; cataract

{1996) 0.1 mg/m3 (R) - Skin; Ad LRT ikr; cataract
Disulfiram [97-77-8] {1995} 2 mg/m3 - Ad 296.54 Vasodilation; nausea
Disulfoton [298-04-4] (2002) 0,05 mg/m? (FV) — Skin; Ad; BEI. 274,38 Chelinesterase inhib
Diuron [330-54-1] (1996) 10 mgim3 - Ad 233.10 URT i
Divinylbenzene §1321-74-0] (1999) 10 ppm - - 130.19 URTi

ADOPTED VALUES

Substance {CAS No,] (Docurmentation date) TWA STEL Notations MW TLV® Basls
bis{2-Dimethylaminoethyl} ether 0.05 ppm 0.15 ppm Skin 160.26 URT, eye, & skinir

[3033-62-3] {2000}
Dimethylaniline [121-69-7} {1996} 5 ppm 10 ppm Skin; Ad; BEly 121.18 MeHb-gmia
Dimethyl carbamoyl chioride [79-44-7) {2018) 0,005 pprn - Skin; A2 107.54 Nasal cancer; URT irr
Dimethyl disulfide |624-92-0] (2007} 0.5 ppm — Skin 94.20 URT irm; CNS impair
Dimethylethoxysilane [14857-34-2] (1996) 0.5 ppm 1.5ppm — 104,20 URT & eya i, headache
Dimethylformamide [68-12-2] (2018) 5ppm — Skin; A3; BEI 7310 Liver dam; eye & URT i
1.1-Dimethylhydrazine [57-14-7] (1995) 0.01 ppm — Skin; A3 60.12 URT irr, nasal cancer
Dimethylpheno, all isomers 1 pprm (TFY) - DSEN; A3 Varies Hematologic & body weight eff

[95-65-8; 95-87-4; 105-67-9; 108-68-9;

526-76-0; 576-26-1; 1300-71-6] (2019)
Dimethyl phthalate [134-11-3] (2005) 5 mgim3 — — 194.19 Eye & URT i
Dimethy! sulfate [77-78-1] {1985) 0.1 ppm — Skin; A3 126.10 Eye & skin i
Dimethyl sulfide [75-18-3) (2004} 0 ppm - — 62,14 URT irr
Dinifrobenzene, all isomers [99-65-0; 100-25-4; 0.15 ppm (FV) - Skin; BEly 168,11 MeHh-emiz; eye dam

SO-AL

senjep pajdopy — 0g

¢ — san[ep pajdopy

&

1}



TLVe-CS

ADOPTED VALUES
Substance [CAS No.] (Documentation date) TWA 'STEL Notatlons Mw TLV® Basls
Ethylamine [75-04-7] (2013) 5 ppm 15 ppm Skin 45.08 URTirr
Ethyl amy! ketone [541-85-5) (2007} 10 ppm - - 128.21 Neurotoxicity
* Ethyl benzene [100-41-4} (2021) 20 ppm — QTO; A3; BEI 106.16 URT & eye i; ototoxicity; kidney eff
CNS impair
Ethyl bromide: (74-98-4] (1996) 5 ppm — Skin; A3 108.98 Liver dam; CNS impair
Ethyl tert-butyl ether [637-92-3] (2013) 25 ppm — A4 102.18 URT & LRT i, CNS impair
Ethyl butyl ketone [106-35-4] (1298} 50 ppm 75 ppm — 11418 CNS impair; eye & skin i
Ethyl chioride [75-00-3] (1995) 100 ppm - Skin; A3 64.52 Liver dam
Ethylene [74-85-1] {2005) 200 ppm —_ Ad 28.05 Asphyxia
Ethylene chlorchydrin [107-07-3] {1996} - C1gpm Skin; Ad 80.52 CNS impair; liver & kidney dam
Ethylenediamine [107-15-3] (1396) 10 ppm — Skin; Ad 60.10 -
Ethylene dibromide (106-93-4] (1995) — - Skin; A3 187.88 -
Ethylene dichloride [107-06-2] (1996) 10 ppm - Ad 98.98 Liver dam; nausea
Ethylene glyeol [107-21-1) (2017) 25 ppm (V) 50 ppm V3 Ad 62.07 URT irr
10 mg/m3 (L B
1 Ethylene glycol dinitrate [528-96-6) (1985) {0.05 ppm) -} Skin 152.06 {Vasodilation; headache)
Ethylene oxide [75-21-8) {1990) 1ppm - A2; Skin; BEI 44,05 Cancer; CNS impair
ADOPTED VALUES
Substance [CAS No.) (Documentation date) TWA STEL Notatlons MW TLV® Basis
Dodecyl mercaptan [112-65-0] (2014) 0.1 ppm - DSEN 202.40 URT irr
Endosulfan [115-29-7] (2009) 0.1 mgfm3 (TFV} - Skin; A4 406,95 LRT irr; liver & kidney dam
Enarin [72-20-8] (1996) 0.1 mg/m3 -, Skin; A4 380.93 Liver dam; CNS impair; headache
Enfurane [13838-16-9] (1996) 75 ppm - Ad 184.50 CNS impair; card impair
Epichlorohydrin [106-89-8] (1997) 0.5 ppm - Skin; A3 92.53 URT irr; male repro
EPN [2104-64-5] (2019) 0.1 mg/m3 LLFV) -~ Skin; Ad; BEl. 323.31 Cholinesterase inhib
Ethane [74-84-0] See Appendix F: Minimal Oxygen Content (0. EX) 3007 Asphyxia
Etharol [64-17-5] (2009} - 1000 ppm A3 46.07 URTir
Ethanclamine [141-43-5) {1985) 3ppm 6 ppm — 61.08 Eye & skin ir
Ethicn [563-12-2] (2003) 0.05 mg/m? UF V) — Skin; Ad; BElq 384.48 Cholinesterase inhity
2-Ethoxyathanol [110-80-51 {2003) 5 ppm - Skin; BEI 90,12 Male repro & embryoffetal dam
2-Ethoxyethyl acetate [111-15-9] {2003) 5 ppm - Skin; BEI 132,16 Male repro dam
Ethyl acetate [141-78-6] (1979) 400 ppm - ' - 88.10 URT & eyeirr
. Ethyl acrylate [140-88-5] (1986) 5 ppm 15 ppm Ad 100.11 URT, eye, & Giirr; CNS impair;

skin sens
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ADQOPTED VALUES
Substance [CAS No.] (Documentation date) TWA STEL Notations MW TLV® Basis
Ferrovanadium dust [12604-58-9] (1990) 1 mgim3 3 mg/md — — Eye, URT, & LRT irr
Flour dust (2014} 0.5 mg/m3 N - RSEN - Asthma; URT im; bronchitis
Fludioxeni! [131341-86-1 (2018} 1 mg/m3{D — A3 248.20 Liver & kidney dam
Flucrides, as F (1996} 2.5 myfm3 - Ad; BEI Varies Bone dam; fluorosis
Fluorine [7782-41-4), as F (2019) 0.1 ppm C 0.5 ppm - 38.00 Fluorosis; eye i
Folpet [133-07-3] {2017} 1 mgim3 (M — DSEN; A3 296.60 Liver dam; body weight eff
Fonofos (944-22-9] (2006) 0.1 mg/m3 (FV) - Skin; Ad; BEY: 246.32 Cholinesterase inhib
Fomaldehyde [50-00-0] (2017) 0.1 ppm 0.3 ppm DSEN; RSEN; A1 30.03 URT & eye im; URT cancer
Formamide [75-12-7] (2020) 1 ppm — Skin; A3 45,04 Hematological eff; liver cancer,
developmental foxicity
Formic acid [54-18-B] (1987) 5 ppm 10 ppm - 46,02 URT, eye, & skinir
Furfural [98-01-1] {2017} 0.2 ppm - Skin; A3: BE! 96.08 URT & eyeir
Furfuryl alcohol [98-00-0] (2017) 0.2 ppm - Skin; A3 88.10 URT & eyeir
Gallium arsenide [1303-00-0] (2007) 0.0003 mgim?3 (R} — A3 144,64 LRTir
Gasoling [86290-81-5] (2003} 300 ppm 500 ppm A3 Varies URT & eye im; CNS impair
Gemanium tetrahydride [7762-65-2) (1986} 0.2 ppm — — 76.63 Hematologic eff
ADQPTED VALUES
Substance [CAS No.] {Documenfation date) TWA STEL Notations MW TLV® Basls
Ethyleneimine [151-56-4] {2009) 0.05 ppm 0.1 ppm Skin; A3 43.08 URT irr; liver & kidney dam
Ethyl ether {60-29-7) (1976} 400 ppm 500 ppm - 7412 CNSimpair, URT i
Ethyl formate [109-94-4} (2012) - 100 ppm Ad 74.08 URT irr
2-Ethylhexanoiz acid [149-57-5] (2007) 5 mgim3 (FFV) — — 144,24 Teralogenic eff
2-Ethyl-1-hexanol [104-75-7) {5 ppm) A3 URT im; eveirr
Ethylidene notbomeng [16219-75-3] {2014} 2 ppm 4 ppm - 120.19 URT &eyeim
Ethyl isocyanate [109-90-0] (2014) 0.02 ppm 0.06 ppm Skin; DSEN 71.10 URT & eyeir
Ethyl mercaptan [75-08-1} (2004) 0.5 ppm — - 62.13 URT irr; CNS impair
N-Ethylmorpholine [100-74-3] (1286) 5 ppm — Skin 115.18 URT irr; eye dam
Ethyl sflicate [78-10-4] (1986) 10 ppm - - 208.30 URT & eye im, kidney dam
Fenamiphos [22224-92-6) (2006} 0,05 mg/m?3 (FV) - Skin; A4; BEl. 303.40 Cholinesterase inhib
Fensulfothion [115-90-2] {2005) 0,01 mg/m3 (IFV) - Skin; Ad; BEl~ 308.35 Cholinesterase inhib
Fanthicn [55-38-9) (2006) 0.05 mg/m3 (FV) — Skin; Ad; BEly 278,34 Cholinesterase inhib
Ferbam [14484-54-1] (2009) §mgim3 (0 — Ad 416.50 CNS impair; body weight eff:

spleen dam
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ADOPTED VALUES
Substance [CAS Ne.] {Documentation date) TWA STEL Notations MW TLV® Basis
Hexachlorcbutadiene [87-68-3] (1995) 0.02 pom - Skin; A3 260.76 Kidney dam
Hexachlorocyclopertadiene [77-47-4] (1596) 0.01 ppm — Ad 27275 URT irr .
Hexachloroethane [67-72-1) (1995) i ppm - Skin; A2 236.74 Liver & kidney dam
Hexachloronaphthalene [1335-87-1) (1986) 0.2 mg/m?3 - Skin 334.74 Liver dam; chloracne
Hexafluoroacetone [684-16-2] (1986) 0.1 ppm - Skin 166.02 Testicular & kidney dam
Hexafluoropropylene [116-15-4] {2010) 0.1 ppm — — 150.02 Kidney dam
Hexahydrophthalic anhydride, all isomers - C 0,005 mg/m3 (FY)  RSEN 154.17 Sens
[85-42-7; 13149-00-3; 14166-21-3) (2015)
Hexamethylene diisocyanate (822-06-0] (1988) 0.005 ppm — BEI 168.22 URT irv; resp sens
Hexamethylenetetramine [100-97-0] (2020} 1 mg/m3 (FV) - DSEN; A4 140.19 Defmal sens
Hexamethyl phosphoramide [680-31-9] (1986) — — Skin; A3 179.20 URT cancer
n-Hexane [110-54-3) (1996) 50 ppm — Skin; BEI 86.18 CNS impair; peripheral
neuropathy; eye i
Hexane iscmers, other than n-Hexane 500 ppm 1000 ppm — 86.17 CNS impair; URT & eye irr
[75-83-2; 79-29-8; 96-14-0; 107-83-5) (1982}
1,6-Hexanediamine [124-09-4] {1992) 0.5 ppm — - 16.21 URT & skinirr
Hexazinone [51235-04-2] {2020) 3Imgm3 — Ad 252,30 Hematological & liver eff
ADOPTED VALUES
Substance [CAS No.] (Documentation date) TWA STEL Notations MW TLV® Basls
Clutaraldehyde [111-30-8], activated or unactivated (2015 — C 0.05 ppm DSEN; RSEN; A4 100.11 URT, skin, & eye irm; CNS impalr
Glycidol 556-52-5] (1996} 2 ppm — A 74.08 URT, eye, & skin irr
Glyoxal [107-22-2] {2014) 0.1 mgim3 (IFV} — DSEN; A4 58.04 URT irr; larynx metaplasia
Grain dust {oat, wheat, barley) (1986) 4 mg/m3 - — NA Bronchitis; URT im; pulm func
Graphite (all forms except graphite fibers) [7782-42-5] 2 mg/m3{R) — — - Pneumoconiosis
(19¢1)
Hafnium (7440-58-6] and compounds, as Hf (1996) 0.5 mg/m3 — — 178.49 URT & eye i, liver dam
Halothane [15167-7] {1995} 50 ppm — Ad 197.39 Liver dam; CNS impair; vasodilation
Hard metals containing Cotalt [7440-48-4] and 0.005 mgim3 (T — RSEN; A2 — Pneumonitis
Tungsten carbide [12070-12-1), as Co (2018)
Hefium {7440-59-7) See Appendix F: Minimal Oxygen Content (D) 4.00 Asphyxia
Heptachlor [76-44-8) and 0.05 mg/m? -~ Skin; A3 373.32 Liver dam
Heptachlor epoxide [1024-57-3) (1990} 389.40
Heptane, isomers [108-08-7; 142-82-5; 565-59-3; 400 ppm 800 ppm — 100.20 CNS impair, URT irr
589-34-4; 590-35-2; 591-76-4] {1979)
Hexachlorebenzene [118-74-1] {1997) 0,002 mgim3 — Skin; A3 284.78 Pomphyrin eff; skin dam; CNS impair
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ADOPTED VALUES
Substance [CAS No.] (Docurmentation date) TWA STEL Notations MW TLV® Basls
Hydrogen sulfide {7783-06-4) (2010) 1ppm 5 ppm - 34.08 URT im; CNS impair
Hydroquinone [123-31-9] (2014) 1 mgim? — DSEN; A3 10.11 Eyeir; sye dam
2-Hydroxypropyl acrylate [999-61-1] (2014) 0.5 ppm - Skin; DSEN 130,14 Eye & URT irr
* Imazosulfuran [122548-33-8] {2021) 10 mg/ra3 (T — Ad 41280 Thyroid & liver hypertrophy
Indene {§5-13-6) {2008) 5ppm — — 118,15 Liver dam
Indium [7440-74-6] and compounds, as In {1950) 0.1 mg/m3 — — 114.82 Pulm edema; pneumonitis;
dental erosion; malaise

Indium fin oxide {50926-11-9), as In (2019} 0.0001 mg/m3 R) — DSEN; A3 Varies Pulm func; pulm fibrosis
1 lodine and lodides, as iodone (2008)

loding [7553-56-2) {0.01 ppm {TFV}) (0. ppm (V) (L A4 253.80 {Fypothyroidism; URT irr)

lodides {0.01 ppm {FV) — (% Ad Varies {Hypothyroidism; URT im)
* lodoform [75-47-8] {2021), as elemental lodine 0,001 ppm (FV) — Skin; A4 393.73 Thyroid eff. fetalineonatal darm
Iron oxide (Fe,0y) [1308-37-1] (2006) 5 mg/m?3 (R} - A4 159.70 Pneumocaniosis
Iron pentacarbonyl [13463-40-6), as Fe (1982) 0.1 ppm 0.2 ppm — 195.90 Pulm edema; CNS impair
Iron salts, soluble, as Fe (1990} 1 mgim3 - — Varies URT & skin ir
Isoamyl alcohol [123-51-3} (1980) 100 ppm 125 ppm — 88.15 Eye & URTim

ADOPTED VALUES
Substance [CAS Ne.] (Documentation date) TWA STEL Notations MW TLV® Basls
1-Hexene [592-41-6] (2000) 50 ppm - — 84.16 CNS impair
sec-Hexyl acetate [108-84-9] {2020) 23 ppm 50 ppm — 144.21 CNS impair, URT & eye irr
Hexylene glycol [107-41-5) (2017) 25 ppm (M) 50 ppm (¥} - 118.18 Eye & URT irr
10 mg/m? (1,

Hydrazine [302-01-2] {1995) 0.1 ppm — Skin; A3 32,05 URT cancer
Hydrogen [1333-74-0] See Appendix F: Minimal Oxygen Content (D, EX) 1.01 Asphyxia
Hydrogenated terphenyls {nonirradiated) 0.5 ppm — - 241.00 Liver dam

[61788-32-7] (1990)
Hydrogen bromide [10035-10-6) (2001} - C2ppm — 80.92 URT irr
Hydrogen chloride [7647-01-0) (2002} — C2ppm A4 36.47 URT irr
Hydrogen cyanide and cyanide salts, as CN {1994) URT irr, headache; nausea; thyraid eff

Hydrogen cyanide [74-90-8) — C47ppm Skin 27.03

Cyanide salts [143-33-8; 151-50-8; 592-01-8] - C 5 mg/m? Skin Varies
Hydregen fluoride [7664-39-3), as F {2004) 0.5 ppm C2ppm Skin; BEI 2001 URT, LRT, skin, & eye irr;

flucrosis

Hydrogen peroxids [7722-84-1] (1996) 1 ppm — A3 34.02 Eye, URT, & skin im
Hydrogen selenide [7783-07-5), as Se (1980) 0.05 ppm - —_ 80.98 URT & eye I, nausea
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ADOPTED VALUES

Substance [CAS No.] {Documentation date} TWA STEL Notations MW TLV® Basis
Kefene [453-51-4] {2020) - € 0.05 ppm — 42.04 Lung dam; pulm edema; URT & aya i
Lead [7439-82-1} and 0.05 mg/m? - A2 BE} 207.20 CNS & PNS impair;

Incrganic compounds, as Pb (1995) Varies hematologic eff
Lead chremate [7758-97-6], as Cr{Vl) 0.0062 mg/m3 M 0.0005 mg/im3 () DSEN; RSEN; At; 32322 Lung & sinonasal cancer; resp tract irr;

{2018) BEI asthma
Lindane [58-89-9] (1996) 0.5 mg/m? - Skin; A3 290.85 Liver dam; CNS impair
Lithium hydride [7580-67-8] (2015) - C 0.05 mgim3 () - 7.95 Eye & resp tract ir
LP.G. {Liquefied petroleumn gas) [68476-85-7) Sve Appendix F: Minimal Oxygen Content (D, EX} - Asphyxia
Magnesium oxide [1309-48-4] {2003) 10 mg/m3 {1 — Ad 40,32 URT; metal fume faver
Malathion [121-75-5] {2003} 1 mg/m3{LEV) - Skin; A4; BEIe 330.36 Chofinesterase inhib
Malelc anhydride [108-31-6] (2014} 0.01 mg/m3{EV) — DSEN; RSEN; A4 98.08 Resp sens
Manganese [7439-96-5], elemental and 0.02 mg/m3 (R} - A 54.94 CNS impair

inorganic compounds, as Mn (2013) 0.1 mg/im3ty Varies
Manganese cyclopentadienyl tricarbonyl 0.1 mg/m? - Skin 204.10 Skin i CNS impair

[12078-65-1], as Mn (1992}
Mercury [7439-97-6], alkyl compounds, as Mg (1992)  0.01 mg/m3 0,03 mg/im? Skin Varies CNS & PNS impair; Xidney dam

ADOPTED VALUES
Substance [CAS No.) {Documentation date) TWA STEL ' Notations Mw TLV® Basis
Isobutanol [78-83-1] (2002) 50 ppm — —_ 74.12 Skin & eye i
Isobutyi nitrite {542-56-3] (2019} - C1ppm A3, BEly 103,12 MeHb-emia; Vasodilation
* lsoflurane [26675-46-7] (2021) 80 ppm - A 184.49 Embryotietal dam; matemal body weight
aff, CNS impair; cognitive decrements
Isooctyl alcohol [26952-21-6] (1990) 50 ppm - Skin 130.23 URT irr
Isophorane [78-59-1] (1995) — C5ppm A3 138.21 Eye & URT irr; CNS impair;
malaise; faligue

Iscphorone diisocyanate (4098-71-8) (1288} 0.005 ppm - — 222.30 Resp sens
2-Isopropoxyethanol [109-59-1] {1390} 25 ppm - Skin 104.15 Hematologic eff
Isopropylamine [75-31-0] (2020) 2ppm 5 ppm Skin 5011 URT & ocular ir; visual impair
N-Isopropylaniline [768-52-5] (1990} 2 ppm — Skin; BEly 135.21 MeHb-emia
Isopropyl ether [108-20-3) {1979) 250 ppm 310 ppm — 102.17 Eye & URTirr
Isopropyl glyeldyl ether [4016-14-2 (1979) 50 ppm 75 ppm — 116.18 URT & eye im; dermatitis
Kaolin {1332-58-7) (1996) 2 mg/m?3 (€, R) — A — Pneumoceniosis
Kerosene [8008-20-6; £4742-81-0) et fuels, 200 mg/m? (P — Skin; A3 Varies Skin & URT irr; CNS impair

as total hydrocarbon vapor (2003}
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ADOPTED VALUES
Substance [CAS No.] (Documentation date) TWA STEL Notations MW TLV® Basis
Methylacetylene {74-99-7) (2047} 1000 ppm (EX) - — 4007 CNS impair
Methylacetylene-propadiene mixture 1000 ppm {EX} 1250 ppm (EX) - 40.07 CNS impair
[59355-75-8] (2017)
Methyi acrylate [96-33-3] (2014} 2 ppm — Skin; DSEN; Ad 86.09 Eye, skin, & URT ir; eye dam
Methylacrylonitrile [126-98-7] (2011) 1 ppm — Skin; A4 67.09 CNS impalr, eye & skin i
Methyial [109-87-5] {1987} 1000 ppm - - 75.10 Eye ir; CNS impair
Methylamine [74-88-5] (2013} 5 ppm 18 ppm - 31.06 Eye, skin, & URT irr
Methyl n-amyl ketone [110-43-0] {1987) 50 ppm — - 114,18 Eye & skin i
N-Methytaniline [100-61-8] (1992) 0.5 ppm - Skin; BEIy, 107.15 MeHb-emia; CNS impair
* 2-Methyl-2-butene [513-35-9) (2021) 10 ppm — - 7013 Clastogenic eff
Methyl bromide [74-83-9) (1957) 1 ppm — Skin; A4 94.95 URT & skinirr
Methyl tert-butyl ether [1634-04-4] (2002) 50 ppm — A3 88.17 URT irr; kidney dam
Methyl n-butyl ketone [591-78-6] (1958) 5 ppm 10 ppm Skin 100.16 Peripheral neuropathy; testicular dam
Methyl chloride [74-87-3] (1996) 50 ppm 100 ppm Skin; A4 50.49 CNS impair, liver, kidney, &
testicular dam; teratogenic eff
ADOPTED VALUES
Substance [CAS No,] (Documentation date) TWA STEL Notations MW TLV® Basis
Mercury [7439-97-), alt forms except alky!, as Hg (1994) 200.59
Aryl compatnds 0.1 mgim3 — Skin Varies CNS impair; kidney dam
Elementa! and incrganic forms 0,025 mg/m3 — Skin; Ad; BEI Varies CNS impair; kidney dam
Mesityl oxide {t41-79-7] (1992) 15 ppm 25 ppm — 88.14 Eye & URT irr; CNS impair
Methacrylic acid [79-41-4] (1992) 20 ppen - — 86.09 Skin & eye im
Methane [74-82-8] See Appendix F: Minimal Oxygen Content (2, EX} 16.04 Asphyxia
Methandl [67-56-1) (2009) 200 ppm 250 ppm Skin; BEI 32.04 Headache; eye dam; dizziness; nausea
Methomyl [16752-77-5) (2014) 0.2 mg/m? {TFV) — Skin; Ad; BEln 162.20 Cholinesterase inhib; male repro
dam; hematologic eff
Mathoxychlor [72-43-5] (1996) 10 mgim3 - Ad 345.65 Liver dam; CNS impair
2-Methoxyethanol [109-86-4) (2006} 0.1 ppm — Skin; BEI 76.09 Hemalologic & repro eff
2-Methoxyethyl acetate [110-49-6] (2006} 0.1 ppm — Skin; BEI 118.13 Hematologic & repro eff
4-Methoxyphenol [150-76-5) (1992) 5 mg/m?3 — — 124,15 Eye irr; skin dam
1-Methoxy-2-propanel [107-98-2] (2013) 50 ppm 100 ppm Ad g0.12 Eye & URT irr
Methyl acstate [79-20-9] (2013) 200 ppm 250 ppm — 74,08 Headache; dizziness; nausea; eye

dam (degeneration of ganglion cells
in the retina)
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ADOPTED VALUES
Substance [CAS No.] (Documentation date) TWA STEL Notations MW TLV® Basis
Methyl formate [107-31-3] (2015) 50 ppm 100 ppm Skin 60.05 CNS impair; URT im; eye dam
Methyhydrazine [60-34-4] {1995) 0.01 ppm - Skin; A3 46.07 URT & eys ir; lung cancer; liver dam
Methy! iodide [74-88-4] (1996) 2 ppm - Skin 141.95 Eye dam; CNS impair
Methyl iscamyl ketone [110-12-3] (2013} 20 ppm 5G ppm — 114.20 CNS impair; URT ire
Methyl isobutyl carbinol [108-11-2] (2020} 20 ppm 40 ppm —_ i02.18 URT & eyeim; dizziness; headache
Methyl isobutyl ketone [108-1C-1] (2010) 20 ppm 75 ppm A3; BEI 100.16 URT irr; dizziness; headache
Methyl isocyanate [624-83-9] {2014) 0.02 ppm .06 ppm Skin; DSEN 57.05 URT & eyeir
Methyl iscpropyl ketone [563-80-4] (2011) 20 ppm — — 86.14 Embryoffeta) dam; neonatal
toxicity
Methy! mercaptan [74-83-1) (2004) 0.5 ppm - — 4811 Liver dam
Methyl methacrylate {80-62-6] (2015} 50 ppm 100 ppm DSEN; A4 100.13 URT & eye im; body weight eff;
pulm edema
1 Methylnaphthalene, all isomers (0.5 ppm) - Skin; A4 14220 (LRTim); ung dam { )
1-Methylnaphthalene [90-12-0} and
2-Methylnaphthalene (31-57-6] (2007}
Methyl parathion [288-00-0] (2009) 0.02 mgim? (FV) — Skin; Ad; BEI. 263.20 Chelinesterase inhib
Methy! propyl ketone [107-87-8] (2007) - 150 ppm - 88,17 Pulm fune; eye irr
ADOPTED VALUES
Substance [CAS No.} {Documantation date} TWA STEL Notations Mw TLV® Basls
Methyl chloroform [71-55-8] {1996) 350 ppm 450 ppm Ad; BEI 133.42 CNS impair, liver dam
Methylcyclohexane [108-87-2] (1987) 400 ppm - — 98.19 gRT irr; CNS impair; liver & kidney
am
Methylcyclohexanol [25639-42-3] (2004) 50 ppm — — 11418 URT & eye i
2-Methylcyclohexanone [see metnylcyclohexanone, 20 ppm - — 11217 Liver off, CNS impair
all isomers] 589-92-4; 591-24-2; 1331-22-2) (2020)
2-Methylcyclopentadienyt manganese tricarbonyl 0.2 mgim3 — Skin 218,10 CNS impair; lung, liver, & kidney dam
[12108-13-3}, as Mn (1986)
Methyl derneton [8022-00-2] (2007) 0.05 mg/m3 UEV) — Skin; BElg 230.20 Cholinesterase inhib
Methylene bisphenyl isocyanate {101-68-8] {1988) 0,005 ppm — — 250.26 Resp sens
4.4'-Methylene bis{2-chloroaniline) 0.01 ppm (FV) - Skin; A2; BEI 267,17 Bladker cancer;, MeRb-emia
[10%-14-4] (2018)
Methylene bis{d-cyclohexylisocyanate} [5124-30-1) (1988)  0.005 ppm — - ‘ 262.35 Resp sens; LRT irr
4,4 Methylenedianiine [101-77-9} (1995) 0.1 ppm — Skin; A3 198.26 Liver dam
Methyl ethyl ketone [78-93-3) (1992} 200 ppm 300 ppm BEI 7210 URT irr; CNS & PNS impalr
Methyl ethyl ketone peroxide [1338-23-4] (1992) - C 0.2 pom - 176.24 Eye & skin irr; liver & kidney dam
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ADOPTED VALUES
Substanee [CAS No.] (Documentation date) TWA STEL Notations Mw TLV® Basis
Moenochloroacetic acid [79-11-8] (2006) 0.5 ppm (FV) - Skin; A4 24,50 URT irr
Monocrotophos [6923-22-4] (2002) 0.05 mg/im3 (FV) - Skin; A4; BElq 22318 Chelinesterase inhib
Menomethylformamide [123-39-7] (20H%) 1ppm — Skin 59.07 Embryofietal & liver dam;
teratogenic eff
Morpholine [110-81-8] (1996) 20 ppm — Skin; Ad 87.12 Eye dam; URT i
Naled [300-76-5) {2014) 0.1 mg/m3 dFV) - Skin; DSEN; Ad; BEl, 380.79 Cholinesterase inhib
Naphthalene (91-20-3] (2014) 10 ppm - 8kin; A3; BEI 128.19 URT irr, cataracts; hemolylic anemia
B-Naphthylamine [91-59-8] (1987) L) — Al 143.18 Bladder cancer
Natural gas [8006-14-2] See Appendix F; Minimal Oxygen Content (2. EX) - Asphyxia
Natural rubber Jatex [9006-04-6], 0.000% mg/m3 D — Skin; DSEN; RSEN  Varies Resp sens
as inhalable allergenic proteins (2014)
Neon [7440-01-9] See Appardix F: Minimal Oxygen Content (D) 20.18 Asphyxia
ADOPTED VALUES
Substance [CAS No.] (Documentation date) TWA STEL Notations MW TLV® Basls
Methyl silicate [681-84-5) {1986) 1 ppm — - 152,22 URT irr; eye dam
a-Methylstyrene [98-83-8) (2010} 10 ppm - A3 118,18 URT irr; kidney & female
repro dam
Methyltetrahydrophthalic anhydride isomers 0.07 ppb 0.3 ppb Skin; DSEN; RSEN ~ 168.70 Resp sens
[3425-89-6; 5333-84-6; 11070-44-3; 19438-63-2; SL 0.7 mg/100 cm?
194:38-64-3; 26590-20-5; 42438-58-8] {2019)
Methyl vinyl ketone [78-94-4] (2019) - €0.01 ppm - 7010 Upper resp dam; leukopenia
Metribuzin [21087-64-9] (1996) § mgim3 — A 214.28 Liver dam; hematologic eff
Mevinphos [7786-34-7] (2003) 0.01 mgim3 (FV) — Skin; A4; BEI; 22418 Cholingsterase inhib
Mica [12001-26-2] (2020) 0.1 mg/m3 ®) - — — Pneumoconiosis
Mineral o, excluding metal Varies URT irr
working fluids (2018)
Pure, highly and severely refined 5 mgim3 (N - Ad
Poorly and rrildly refined —[L — A9
Molybdenum [7438-98-7], as Mo 95.95 LRTrr
Soluble compounds (2003} 0.5 mg/m3 (R} — A3
Metal and inscluble compounds (2001) 10 mg/m3 () - —_
3 mgim?3 (R} — -
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ADOPTED VALUES
Substance [CAS No.J (Documentation date) TWA STEL Notations MW TLV® Basis
Nitrogen {7727-37-9] See Appendix F: Minimal Oxygen Content () 14.01 Asphyxia
Nitrogen dioxice {10102-44-0] (2012) 0.2 ppm — Ad 46.01 LRTirr
Nitrogen trifluoride [7783-54-2] (1692) 10 ppm —_ BEly 71.00 MeHb-emia; liver & kidney dam
Nitrogiycerin [55-83-0] {1985) 0.05 ppm - Skin 22709 Vasodilation
Nitromethane [75-52-5] {2000} 20 ppm - A3 61.04 Thyroid eff; URT i, lung dam
1-Nitropropane 108-03-2] (1995) 25 ppm — Ad 80.0¢ URT & eyeim; liver dam
2-Nitropropane [79-46-9] (1995) 10 ppm — A3 80.09 Liver dam; liver cancer
N-Nitrosodimethylamine (62-75-9] (1995) — (L — Skin; A3 74.08 Liver & Kidney cancer; liver dam
Nitrotoluene, isomers 2 ppm. — Skin; BEly 137.13 MeHb-emia
(88-72-2; 99-08-1; 99-95-0] (1992)
5-Nitro-o-toluidine [99-55-8] (23:19) 1 mg/m3 (FV) - A3 152.16 Liver dam
Nitrous oxide |10024-97-2) {1995) 50 ppm - Ad 4402 CNS impair; hematologic eff;
embryoffetal dam
Nonane [111-84-2) (2012) 200 ppm — - 126.26 CNS impair
Qctachioronaphthalene [2234-13-11 (1576) 0.1 mgim? 0.3 mg/m3 Skin 403.74 Liver dam
Qctane [111-65-9], all iscmers (1999) 300 ppm — - 114.22 URT irr
ADOPTED VALUES
Substance [CAS No.] (Documentation date) TWA STEL Notatlons MW TLV® Basis
Nickel [7440-02-0] and inorganic compounds
including Nicke! subsulfide, as Ni {1998)
Elemental [7440-02-0] 1.5 mgfm3(l - AE; BEI 5.1 Dermatitis; pneumoconiosls
Soluble incrganic compounds (NOS) 0.1 mgim3 (0 - . Ad: BEI Varies Lung dam; nasal cancer
Insoluble inorganic compounds (NOS) 0.2 mg/m3 W — A%; BEI Varies Lurg ¢ancer
Nickel subsilfide [12035-72-2], as Ni 0.1 mg/m3 - Al; BE 240,19 Lung cancer
Nicke! carbonyl [13463-38-3), as Ni (2014) - C0.05 ppm A3 170.73 Lung irr
Nicoting [54-11-5] (1992} 0.5 mgim? — Skin 162.23 Gl dam; CNS impalr; card impair
Nitrapyrin [1929-82-4] (2019) 10 mgim3 (LFV) 20 mgfm3 (IFV} Ad 23093 Liver dam
1 Nitrig acid (7697-37-2] (1997) (2 ppmy} {4 ppm} {) 63.02 (URT & eye irr; dental erosion)
Nitric oxide [10102-43-¢] (1892) 25 ppm — BEly oM Hypoxia/eyanosis; nitrosyl-Hb form;
URTirr
p-Nitroaniline [100-01-6) {1996) 3 mgim3 — Skin; Ad; BEIly 138.12 MeHb-emia; liver dam; eye i
Nitrobenzene [98-95-3] (1996) 1 ppm — Skin; A3; BEly, 12311 MeHb-emia
p-Nitrochlorobenzene [100-00-5] (2008) 0.1 ppm - Skin; A3; BEly, 157.56 Mekib-emia
4-Nitrodiphenyl {92-93-3] (1998} - — Skin; A2 199.20 Bladder cancer
Nitrogthane [79-24-3] (1986) 100 pem — — 75.07 URT irr; CNS impair; liver dam

SO-eAlL

SanjeA patdopy — gy

1y — sanjep, pajdopy



TLVE-CS

ADOPTED VALUES

Substance [CAS No.] (Documentation date) TWA STEL Notations mw TLV® Basls
Pentachlorenitrobenzene [82-68-8] (1356) 0.5 mg/m? — Ad 295,36 Liver dam
Pentachlorophenal [87-86-5] (2014} 0.5 mg/m3 0FV) 1 mgim?3 (FV) Skin; A3; BEI 266.35 URT & eye irr; CNS & card impair
Pentaerythritol [115-77-5} (2013} 10 mg/m? — — 136.15 Glirr
Pentane, all fsomers [78-78-4; 108-66-0; 463-82-1) (2014} 1000 ppm — - 72.15 Narcosis; resp fract i
24-Pentanedione [123-54-6] (2011} 25 ppm - Skin 100.12 Neurotoxicity; CNS impair
Pentyl acetate, all isomers [123-92-2; 620-11-1; 50 ppm 100 ppm - 130.20 URT i

624-41-9; 625-18-1; 626-38-0; 628-63-7] (2000)
Peracetic acid [79-21-0] (2014) - 0.4 ppm (IFV) Ad 76.05 URT, eye, & skin ir
Perchloremethyl mercaptan [594-42-3] (1988) 0.1 ppm - — 185,87 Eye & URT irr
Perchlorys flucride [7616-94-6} (2020) 0.5 ppm - - 10245 MeHb-emia; fluorosis
Perfluorcbutyl ethylene [19430-93-4] (2004) 100 ppm —_ — 246.10 Hernatologic eff
Perfluorsisobutylene [382-21-8] (1992) — C 0.01 ppm - 200.04 URT irr; hematologic eff
Persulfates, as persulfate [7727-21-1; 7727-54-0; 0.1 mgim3 — - Varies Skin irr

7775-27-1) (2006)
Phenol [108-95-2] (1996} & ppm — Skin; Ad; BEI 94.11 URT iir; lung dam; CNS impair
I Phenothiazine {92-84-2] (1086) (5 mg/m3) — Skin; () 199.26 (Eye photosens; skin irr) ()

ADOPTER VALUES

Substance [CAS No.] (Documentation date) TWA STEL Notatlons MW TLV® Basls
Osmium tetroxide [20818-12-0), as Os {1979) 0.0002 ppm 0.0006 ppm — 264.20 Eye, URT, & skin irr
Oxalic acid, anhydrous [144-62-7] and 1 mg/m3 2 mgim3 — 90.04 (anhy)  URT, eye, & skinirr

dihydrate [153-56-6] (2015) 12600 (dity)
p.R-Qxybis(benzenesulforyl hydrazide) [80-51-3] (2000) 0.1 mg/im3i0 — - 358.40 Teratogenic eff
Oxygen difivoride [7783-41-7] {1983} — C0.05 ppm — 54.00 Headache; pulm edema; URT ir
Ozone [10028-15-6) (1999) 48,00 Pulm fung

Heavy work 0.05 ppm — Ad

Moderate work 0.08 ppm — Ad

Light work 0.10 ppm — Ad

Heavy, moderate, or light workloads {< 2 hours) 0.20 ppm — Ad
Paraffin wax fume [8002-74-2] (1987) 2 my/m? — — — URT ir; nausea
Paraguat [4685-14-7), as the cation (2018) 0.06 mg/m3) - Skin; A4 257.18 l.ung dam; URT irr
Parathicn [56-38-2] (2003) 0.05 mg/m3 (IFV) — Skin; Ad; BEI 291,27 Cholinesterase inhib
Particles (inscluble or poorly soluble) See Appendix B

not otherwise specified
Peniaborane [195624-22-7] (1976) 0.005 ppm 0.015 ppm — 63.17 CNS conwul & impair
Pentachloronaphthalene [1321-64-8] (1984) 0.5 mgim3 aFV) - Skin 300.40 Liver dam; chioracne
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ADCPTED VALUES
Substance [CAS Ne.] {Documentation date) TWA STEL Notations Mw TLV® Basls
Phosphine [7603-51-2] {2019) 0.05ppm C0.15 ppm A 3400 Resp tract irr; pulm edema
Phosphoric acid [7664-38-2) {1992) 1 mg/m3 3 mg/m3 - 98.00 URT, eye, & skinir
Phosphorus (yellow) [12185-10-3] {2003) 0.1 mg/m? — — 123.92 LRT, URT, & Gl i, liver dam
Phospherus oxychloride (10025-87-3] (1990) 0.1 ppm - - 163.35 URTirr
Phospherus pentechioride [10026-13-8] (1985) 0.1ppm — — 208.24 URT & eyeir
Phosphorus pentasulfide {1314-80-3] (1992} 1 mg/m3 3 mg/m3 — 22228 URT irr
Phosphorus trichloride [7718-12-2] (1992) 0.2 ppm 0.5 ppm — 137.35 URT, eye, & skin irr
o-Phthalaldehyde [643-79-8) (2019) 8L 25 pg100 em? C0.1ppbV} Skin; DSEN; RSEN 134,10 Eye, skin & resp tractim; resp sens;
anaphylaxis
Phihalic anhydride [85-44-9) (2017) 0.002 mg/m3 LFV) 0.005 mgim? (FV}  Skin; DSEN; RSEN; Ad 148,12 Resp sens; asthma
m-Phihelodinitrile [626-17-5] (2009) 5 mg/m3 {IFV) - - 128.44 Eye & URT irr
o-Phthaledinitrile [91-15-6] (2012) 1 mg/m3 {FV) — — 128.13 CNS convul; body weight eff
Plcloram [1918-02-1] (1996) 10 mgim? - Ad 241.48 Liver & kidney dam
Picric acid [88-89-1] (1892) 0.1 mg/m? - - 22011 Skin sens; dematits; eye irr
Pindone [83-261] {(1992) 0.1 mg/m?3 - - 230,25 Coagulation
Piperazine and salts [110-85-0), as piperazine (2014} 0,03 ppm (FV} - DSEN; RSEN; A4 86.14 Resp sens; asthma
ADCPTED VALUES
Substance [CAS No.] (Documoentation date) TWA STEL Netations MW TLV® Basls
N-Phenyl-B-naphthylamine [135-88-6) {1996} —IL) — Ad 219.29 Cancer
m-Phenylenediamine (108-45-2] {1988) 0.1 mg/m3 - Ad 108.05 Liver dam; skin im
o-Phenylenediamine [95-54-5] (1985) 0.1 mg/m3 -~ A3 108.05 Anemia
p-Phenylenediamine [108-50-3] {1396} 0.1 mgim3 —_ Ad 108.05 URT ire; skin sens
Phenyl ether [101-84-8] (1979) 1ppm V) 2 ppm (V) - 170.20 URT & eyeim; nausea
Phenyl giycidy! ether [122-60-1] (2014) 0.1ppm - Skin; DSEN; A3 150.47 Testicular dam
Pheny'hydrazine [100-63-0] (1996) 0.1 ppm —_ Skin; A3 106.14 Anetnia; URT & skin irr
Phenyl isocyanate [103-71-8) (2015) 0.005 ppm 0.015 ppm Skin; DSEN;RSEN ~ 119.10 URT irr
Phenyl mercaptan [108-28-5] (2004) 0.1pem — Skin 110,18 CNS impair; eye & skin i
Phenylphosphine [638-21-1] (1992) - C 0.05 ppm — 110.10 Dermalitis; hematologic eff, testicular
dam
Phorate [298-02-2) (2005} 0.05 mgim3 dFV) - Skin; Ad; BEI. 260,40 Cholinesterase inhib
* Phosgene [75-44-5] (2021} € 0.02 ppm - 98.92 URT irr; pulm edema;
emphysema
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ADOPTED VALUES .
Substance [CAS No.) (Documentation date) TWA STEL Notatfens MW TLV® Basis
Prapionic acid [79-09-4] (1980) i0ppm — — 74.08 Eye, skin, & URT ir
Propoxur {114-26-1) (2016) 0.5 mg/m3 (FV) —_ A3; BElg 209,24 Cholinesterase inhib
Propyl acetate isomers [108-21-4; 109-60-4] (2018) 100 ppm 150 ppm — 102,13 URT & eye im; CNS impair
Propylene {115-07-1] (2008} 500 ppm - A 4208 Asphyxia; URT irr
Propylene dichloride [78-87-5] {2014) 10 ppm - DSEN; A4 112.99 URT irr; body weight eff
1 Propylene glycol dinitrate [6423-43-4] (1985} (0.05 ppm) Skin; BEly 166.09 Headache; (CNS impair} )

0 8]

Propylene glycal ethyl ether [1568-02-4] (2019) 50 ppm 200 ppm Skin 104.17 CNS impair; eye & URT irr
Propylene oxide [75-56-9] (2014) 2 ppm - DSEN; A3 58.08 Eye & URT irr
Propyleneimine [75-55-8] (2009) 0.2ppm 0.4 ppm Skin; A3 57.08 URT i, kidney dam
1 n-Propyl nitrate [627-13-4] {1976} (25 ppm} (40 ppm) BEly 105.00 (Nausea; headache)
Pyrethrum [8003-34-7) (1996) 5 mgim3 — Ad 345 {avg.) Liver dam; LRT irr
Pyriding [110-86-1] (2004) 1ppm - A3 79.10 Skin irr; liver & kidney dam
Quinone [Cyclohexane] {1987) 0.1 ppm — — 108.08 Eye irr, skin dam

ADOPTED VALUES
Substance {CAS No.] {Dacumentation date) TWA STEL Notations MW TLV® Basis
Platinurn [7440-06-4), and soluble salts (1981)

Metal 1 mgim3 — - 195.00 Asthma; URT i
Soluble salts, as P} 0.002 mgim? — — Varies Asthma; URT i
Polyvinyl chloride [9002-86-2) {2008) 1 mg/m?3 R — Ad Varies Pneumoconiosis; LRT irr;
pulm func changes
Poriland cement [65997-15-1) (2010) 1 mgim3 (E R] - Ad - Pulm func; resp symptoms; astima
Potassium hydroxide [1310-58-3] (1992) — C 2 mgim? - 56.10 URT, aye, & skin i
* Prometon [1610-18-0] (2021} 0.5 mg/m? 1 - Ad 22529 Decreased hody weight
* Prometryn [7287-19-6] {(2021) 1 mg/m3 ) — Ad 241.37 Liver & kidney dam; bone marrow eff
matemalffetal toxicity

Propane [74-98-6] Sea Appendix F: Minimal Oxygen Content (D, EX} 4410 Asphyxia
Propane suitone {1120-71-4] (2006) —W — A3 12214 Cancer
n-Propanol (n-Propyl alcohol) {71-23-8] {2007) 100 ppm — Ad 60.09 Eye & URTirr
2-Propanol [67-63-0] (2001} 200 ppm 400 ppm Ad; BEI 60,09 Eye & URT irr; CNS impair
Propargyl alconel [107-18-7] (1992) 1 ppra — Skire 56.06 Eyeirr; liver & kidney dam
B-Propiolactone [57-57-8] {1985) 0.5 ppm — A3 72.06 Skin cancer; URT irr
Propionaldehyde [123-38-6] {2002) 20 ppm — — 58.10 URTirr
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ADOPTED VALUES
Substance [CAS No.] (Documentation date) TWA STEL Notations Mw TLV® Basis
Sllicon tetrahydride [7803-62-5] {2015) 5 ppm —_ — 3212 URT rr
Silver [7440-22-4), and compounds {1992) Argyria
Metal, dust and fume 0.1 mgim?3 — —_ 107.87
Soluble compounds, as Ag 0.01 mg/m? — — Varies
Simazine [122-34-9} (2016} 0.5 mg/m3 M - A3 201,60 Hematologic eif
Sediur azide [26628-22-8] (1996) 66.02 Card impair; lung dam
as Sodium azide - C 0.29 mg/im3 Ad
as Hydrazole acid vapor — C0.11 ppm Ad
Sodium bisulfite [7631-80-5) (1996) 5 mg/m3 — Ad 104.07 Skin, eye, & URT i
Sodium flucroacetate (62-74-8) {1994) 0.05 mg/m? — Skin 100.02 CNS impair; card impair; nausea
Sodium hydroxide [1310-73-2) (1992) - C 2 mgim? — 40.01 URT, eye, & skin ir
Saodium metabisulfite [7681-57-4] {1956) 5 mgim?3 - Ad 190.13 URT irr
Starch (9005-25-8] (1996) 10 mg/m? - Ad - Demmnatitis
Stearatest) §57-114; 557-04-0; 10 mg/m3 (1} — Ad Varies LRT itr
557-05-1; 822-16-2) (2017) 3 mgim?3 (R)
ADOPTED VALUES
Substance [CAS No,] {Documentation date) TWA STEL Notations Mw TLV® Basis
Resin acids, 2s total Resin acids [8050-09-7) (2020)  0.001 mg/m3 (D - DSEN; RSEN — Asthma; resp & eye irr; dermal &
resp sens
Resorcinol [108-46-3] (1996} 10 ppm 20 ppm A 110.11 Eye & skin i
Rhodium [7440-16-6), s Rh (1996) 102.91
Metal and Insoluble compounds 1 mg/m3 — Ad Varies Metal = URT im; Insoluble = LRT irr
Solutle compounds 0.01 mg/m? - Ad Varies Asthma
Rennel [299-84-3] (2006) 5 mgim3 UFV) - Ad; BEls 321.57 Cholinesterase inhib
Rolenone (commercial) [83-79-4] (1996} 5 mgim? - Ad 391.41 URT & eye im; CNS impair
- Selenium [7782-49-2] and compounds, as Se (1992) 0.2 mg/m? - — 76.96 Eye & URTimr
Selenium hexafluoride (7783-79-1), as Se {2001) 0.05 pem — - 192,96 Pulm edema
Sesone [136-78-7] (1996) 10 mg/m3 - M 309.13 Glir
Silica, crystalline — c-quartz [1317-95-8; 0.025 mg/m3 (R} —_ A2 50.09 Pulm fibresis; lung cancer
14808-60-7} and cristobalite [14464-45-1] (2010)
1 Silicon carbide {408-24-2} (2003) 40.10
Nonfibrous 10 mg/m3{L. B) — — (URTim) ()
3mg/m3 (R E) (URTim ()
Fibrous (including whiskers) 0.1 fiee (F) - A2 (Mesothelioma); cancer
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ADOPTED VALUES
Substance [CAS No.] {Documentation date) TWA STEL Notations MW TLV® Basis
Sulfur pentaflucride [5714-22-7) (2020) — C 0.001 ppm — 254,11 Pulm edema
Sulfur tetrafluoride [7783-60-0] (1962) — C0.1ppm — 108.07 Eye & URTim; lung dam
Sulfuric acid [7664-93-9] (2004) 0.2 mg/m3 (M - A2 (M) 98.08 Pulm func
Sulfuryl fuoride [2689-79-8] {1992) 5 ppm 10 ppm — 102,07 CNS impair
Sulprofos [35400-43-2] (2009) 0.1 mg/m3 (FV) - Skin; Ad; BEIz 322.43 Cholinesterase inhib
Synthetic vitreous fibers (2001)
Continuous flament glass fibers 1 flec (F) - A - URT irr
Continuous flament glass fibers 5 mgim3 {1 - A - URT irr
Glass weol fibers 1 fleg (B} - A3 — Skin & mucous membrane im
Rock wool fibers 1 flec (F} - A3 - Skin & mucous membrane irr
Slag wool fibers 1 flec (F} — A3 - Skin & mucous membrane i
Special purpose glass fisers 1 ficc (F} —_ A — Skin & mucous membrane i
Refractory ceramic fibers 0.2 ficc (F) - AZ — Pulm fibrosts; pulm func
2,4,5-T [93-76-5) (1996) 10 mg/m? - A 255.49 PNS impair
Tale [14807-96-6] {2010)
Containing no asbestos fbers 2 mg/m3 [E. R} - Ad - Pulm fibrosis; pulm func
Containing asbestos fibars Use Asbastos TLVOK)  — Al -
ADOPTED VALUES
Substance [CAS No.] (Documentation date) TWA STEL Notattons MW TLV® Basis
Stoddard solvent [8052-41-3] {1987) 100 ppm - - 140.00 Eye, skin, & kidney dam;
nausea; CNS impair
Strychnine [57-24-8] (1992) 0.15 mg/m3 — — 334.40 CNS impair
Styrene [100-42-5] (2020) 10 ppm 20 ppm QTO; A3, BEI 104.15 CNS & hearing impair; URT i,
peripheral neurcpathy; visual disorders
Styrene oxide [96-06-3) (2020} 1 ppm — Skin; DSEN; A3 120.15 URTirr, blood changes
Subtilisins [1395-21-7, 9014-01-1], as 100% — C 0.00006 mg/m? - - Asthma; skin, URT, & LRTir
crystalline active pure enzyms (2007)
Sucrose {57-50-1] (1995) 10 mgfm3 — A 342,30 Dental erosion
Sulformeturon methy! [74222-57-2] (2019) § mgim3 (TFV) — A4 364.38 Hematologic eff
Sulfotepp [3689-24-5] (2005) 0.% mg/m3 aFV) - Skin; A4; BElg 32230 Cholinesterase inhib
Sulfoxafior [946578-00-3) (2019) 0.1 mgim3 - A3 2113 Liver & Testicular dam
Sulfur dioxide [7446-09-5] {2009} — 0.25 ppm Ad 64.07 Pulm func; LRT i
Sulfur hexafluorids [2551-62-4] (1986) 1000 ppm - - 146.07 Asphyxia
Sulfur monochleride [10025-67-9] (1886) — C 1ppm - 135.03 Eye, skin, & URT im
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ADOPTED VALUES
Substance [CAS No.] (Documentation date) TWA STEL Notations MW TLV® Basls
Tetrafluorosthylene [116-14-3] {2000) 2 ppm — A3 100,20 Kidney & liver dam; liver & kidney
cancer
Tetrahydrofuran (109-99-9] (2005} 50 ppm 100ppm - Skin; A3; BE| 72.10 URT irr; CNS impair; kidney dam
Telrakis (hydrexymethyl) phosphonium salls (2014) Liver dam
Tebrakis {hydroxymethyl) phosphonium 2 mg/m? — DSEN; A4 190.56
chloride [124-84-1]
Telrakis {hydroxymethyl) phosphonium 2 mgim3 —_ DSEN; Ad 406,26
sulfate [55566-30-8]
Tetramethyl lead [75-74-1), as Ph (1992) 0.15 mg/m? - Skin 267.33 CNS impair
Telramethyl succinonitrile {3333-52-6] (2019) 0.5 mgim3 (FV} — Skin 136.20 Hypoglycemia; convul
Telranitromethane (509-14-8] (1995) 0.005 ppm — Al 196.04 Eye & URT irr; URT cancer
Tetryl [479-45-8] (1988) 1.5 mg/m3 — — 287.15 URTirr
Thallium [7440-28-0] and 0.02 mg/m3 () - Skin 204,37 G! dam; paripheral neuropathy
compounds, as Tl {2010) Varies
Thiacloprid [111988-49-9] (2019) 0.2 mg/m3 (L - Skin; A3 25272 Liver dam; thyroid & CNS eff; cancer
4,4 Thiobis(6-tert-butyl-m-cresol) [96-69-5] (2011) 1 mgim3 D — Ad 358.52 URTirr
Thiodicar [59669-26-0] (2020} 0.1 mg/m3 (FV) — DSEN; A3 35450 Acetylcholinesterase inhib
Thioglycolic acid [68-11-1) and salts (2018} 1ppm — Skin; DSEN 92,12 Eye &respirr
ADOPTED VALUES
Substance [CAS No,) {Documentation date) TWA STEL Notatlons Mw TLV® Basls
Tellurium [13494-80-9} and compounds {.%+mg/m3 — - 12760 Halitosis
(NOB), as Te, excluding hydrogen telluride (1992}
Tellurium hexafluoride [7783-80-4), as Te (1992) 0.02 ppm — — 24161 LRTirr
Temephos [3383-96-8] (2019) 1 mgim3{D - Skin; Ad; BEl. 466,46 Cholinesterase inhib
Terbufos [13071-79-9; (2002) 0.01 mg/m3UFV) — Skin; A4; BEle 288.45 Cholinesterase inhib
Terephthalic acid {100-21-0] {1953) 10 mg/m?3 — — 166,13 -
Terphenyls {o-, m-, p- isomers) {26140-60-3) (1980} - € 5 mgim?3 — 23031 URT & eyair
1,1,2,2-Tetrabromoethane [78-27-6) (2019) 0.1ppm — — 34570 Eye & URT rr, pulm edema; liver dam
1,1,1,2-Tetrachloro-2, 2-diffuorcethane [76-11-9) (2008) 100 ppm - — 203.83 Liver & kidney dam; CNS impair
1,1,2,2-Tetrachloro-1,2-difluorogthane [76-12-0] (2008) 50 ppm - — 203.83 Liver & kidney dam;, CNS impair
1,1,2,2-Tetrachloroethane [79-34-5) {1957) 1 ppm — Skin; A3 167.86 Liver dam
Tetrachloroethylene [127-18-4] (2001) 25 ppm 100 ppm A3; BEI 165.80 CNS impair
Tetrachloronaphthalene [1335-88-2] (1992} 2 mgim# — - 265.96 Liver dam
Tetraethyl lead {78-00-2], as Pb (1996) 0.1 mg/m3 — Skin; Ad 32345 CNS impair
« Tetraethyl pyrophosphate [107-48-3] (2007) £.01 mg/m3 (FV) - Skim; BElg 290,20 Chaolinesterase inhib
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ADOPTED VALUES
Substance [CAS No.] {Documentation date) TWA STEL Notations MW TLV® Basis
o-Toluidine [95-53-4] (1995) 2ppm — Skin; A3; BEly 107.15 MeHb-emia; skin, eye, kidney &
bladder i
p-Toluidine [106-48-0] {1995) 2ppm - Skin; A3; BEly 10715 MeHb-emia
Tributy! phosphate [126-73-8] (2013) 5 mg/m3 GFV) — A3; BEI, 266.31 Bladder, eye, & URT ir
Trichlorfon [52-68-6] (2020) 0.1 mg/m3 GFV) - Ag; DSEN; BElg 257.44 Cholinesterase inhib
Trichloroacetic acid [76-03-9] {2014) 0.5 ppm — A3 163.39 Eye & URT irr
1,2.4-Trichlorobenzene [120-82-1) (1978} — G 5ppm - 181.48 Eye & URT irr
1,1,2-Trichloroethane [79-00-5) (1995) 10 ppm - Skin; A3 133.41 CNS impair, liver dam
Trichloroethylene [79-01-6] (2007} 10 ppm 25 ppm AZ; BEI 131.40 CNS impair; cognitive decrements;
renal toxicity
Trichlerofluoromethane [75-69-4) (1996) — C 1000 ppm Ad 137.38 Card sens
Trichloronaphthalene [1321-65-9] (1986) 5 mghn3 — Skin 231.51 Liver dam; chloracne
1,2,3-Trichloropropane [36-18-4] (2015) 0.005 ppm - A2 147,43 Cancer
1,1,2-Trichlore-1,2, 2-4riflucrcethane [76-13-1] (1996) 1000 ppm 1250 ppm Ad i87.40 CNS impair
Triethanolamine [102-71-6) {1993) 5 mg/m3 - - 149.22 Eye & skin i
Triethylamine 121-44-8] {2015) 0.5 ppm 1 ppm Skin; A4 101.18 Visual impair; URT i
Triflumizole [68694-11-1] (2020) 1 mg/m3h — A4; DSEN 34575 Liver changes
Triflucrobromomethane [75-63-8] {1986} 1000 ppm - — 148.92 CNS & card impair
ADOPTED VALUES
Substance [CAS No.] (Documentation date) TWA STEL Notations MW TLV® Basls
Thiony! chlorids [7718-09-7] {2010) - C0.2 ppm — 118.98 URTirr
Thiram [137-26-8] (2014) 0.05 mgim3 (FV) - DSEN; A4 240.44 Bady waight & hematologic eff
Tin [7440-31-5] and Inorganic compounds [18282-10-5; 2 mgim3(® — -— 118.69 Pneumoconiosis
21651-19-4], exciuding Tin hydride and Indium
tin exide, as Sn (201§) Varies
Tin [7440-31-5}, erganic compounds, as Sn (1996} 0.1 mgfmd 0.2 mgim3 Skin; Ad Varies Eye & URT im; headache; nausea;
CNS &immune eff
* Titanium dioxide [13463-67-7) (2021)
Nanoscale particles 0.2 mg/m3 R} — A3 79.80 LRT imr; pneumaconiosis
Finescale particles 2.5 mgim3{R) — A3 79.90 LRT i pneumoconiosis
Titanium tetrachloride, as HCI [7550-45-0] (2020) - C0.5ppm Ad 180,68 URTirr; URT dam
o-Tolidine {119-93-7] (1992) — — Skin; A3 212.28 Eye, bladder, & kidnay im;
bladder cancer, MeHb-emia
Toluene [108-88-3] {2020} 20 ppm — CTO, Ad: BEI 92.14 CNS, visual, & hearing impair; female
repro system eff; pregnancy loss
Tolwene disocyanate, 2,4- or 2,6- (or as 0.001 ppm (FFV) 0.005 ppm {(FV) Skin; DSEN; RSEN;  174.15 Asthma; pulm func; eyeim
a mixture) [584-84-9; 91-08-7] (2016) A3 BEI
m-Teluiding [108-44-1) (1996) 2 ppm - Skin; Ad; BEy, 107.15 Eye, bladder, & kidney i, MeHb-emia
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ADOPTED VALUES
Substance [CAS Ne.) (Documentation date) TWA STEL Notatlons Mw TLV® Basis
Vanadium pentoxide (1314-62-1), as V (2009} 0.05 mg/m3 - A3 181.88 URT & LRTirr
Vinyl acetate [108-05-4] (2018) 10 ppm 15 ppm A3 86.09 URT & eyeim
Vinyl bromide [593-60-2] (1999) 0.5 ppm — A2 106.96 Liver cancer
Vinyl chloride [75-01-4] (1939) 1ppm - Al 62.50 Eung canger, liver dam
4-Vinyl cycichexene [100-40-3] {1986) 0.1 ppm — A3 108.18 Female & male repro dam
Vinyl cyclohexene dicxide [106-87-6] (1996) 0.1 ppm - Skin; A3 140.18 Female & male repro dam
Vinyl fuoride [75-02-5) (1938) 1 ppm - A2 46.05 Liver cancer; liver dam
N-Vinyl-2-pyrrolidone [88-12-0] (2003) 0.05 ppm — A3 111.16 tiver dam
vinylidene chloride [75-35-4) {1999) 5 ppm - Ad 96.95 Liver & kidney dam
Vinylidene fluoride [75-38-7] {1998) 500 ppm — A4 84.04 Liver dam
1 Vinylteluene [25013-15-4] (1996) (50 ppm) (100 ppm) A4 118.18 {URTY & eysim}
Warfarin [81-81-2] (2016) 0.01 mg/m3 (0 — Skin 308.32 Bleeding; teratogenic
ADOPTED VALUES
Substance [CAS No.] {Documentation date} TWA STEL Notations MW TLV® Basis
1,3,5-Triglycicyl-s-triazinetrione [2451-62-9] (1997) 0,05 mg/m?* - - 297.25 Male repro dam
Trimelltic anhydride [552-30-7] (2014) 0.0005 mg/m3{FY} 0,002 mg/m3IFV)  Skin; DSEN; RSEN 19212 Resp sens
Trimethylamine [75-50-3] {2013) 5 ppm 15 ppm — 59.11 URT, eye, &skin ir
* Trimethyl benzene, Isomers [25551-13-7, 10 ppm - Adr 120.19 CNS impair; hematologic eff
526-73-8, 95-63-5, 108-67-8] (2021) *or 1,2,4-trimethyl
benzene
Trimethyl phosphite [121-45-9] (1986) 2 ppm - BEle 124.08 Eye irt; cholinesterase inhib
2,4,6-Trinitretoluene [118-95-7) (2019) 0.1 mgfm3 {FY) — Skin; BEly 22713 MeHb-emia; liver dam; cataract
Triorthocresyl phosphate {78-30-8] {2016) 0.02 mg/m?3 (FV) — Skin; BEl 368.37 Neurotoxicity; cholinesterase inhib
Triphenyl phosphate [115-86-6] (1996} 3 mg/m3 - Ad; BElp 326.28 Cholinesterase inhiks
Tungsten [7440-33-7] and compounds, 3 mgim? (R) —_ - 183.84 Lung dam
in the absence of Cobalt, as W (2017} Varies
Turpentine [8006-64-2] and selected 20 ppm — DSEN; A4 136.00 Lung it
monoterpenes [80-56-8; 127-91-3; Varies
13466-78-9) (2014)
Uranium {naturaf) [7440-61-1] {1996) 238.03 Kidney dam
Saluble and insoiuble compounds, as U (.2 mg/m3 0.6 mghm? At BEI Varies
n-Valeraldehyde [110-62-3] {1984) 50 ppm — — 86.13 Eye, skin, & URT i
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* 2022 NOTICE OF INTENDED CHANGES

These substances, with their corresponding values and notations, comprise those for which 1) a limit is proposed for the first time, 2) a change in the Adopted
value is proposed, 3) retention as an NIC is proposed, or 4) withdrawal of the Documentation and adopled TLV® s proposed. In each case, the proposals should
be considered trial values during the period they are on the NIC. These proposals were ralified by the ACGIH® Board of Directors and will remaia on the NIC for
approximately one year following this ratification. If the Committee neither finds nor receives any substanfive data that change its scientific opinion regarding an
NIC TLV®, the Committee may then approve its recommendation to the ACGIH® Board of Directors for adaption, If the Committes finds or receives substaniive
data that change its scientific opinion regarding an NIC TLVE, the Commitiee may change its recommendation to the ACGIH® Board of Diresiors for the matter o
be either retained on or withdrawn from the NIC,

Documentafion is avaitable for each of these substances and their proposed values.

This notice provides an opportunity for comment on these proposals, Comments or suggestions should be accompanied by substantiating evidence in the form of
peer-reviewed literature and forwarded in electronic format to the ACGIH® Science Group at science@acgih.org. Pleasa rafar to the ACGIH® TLV@/BEI® Devel-
opment Process on the ACGIH® website (aogih.or%fscienceltlv-bei-guidelines.’policies-procedures~presenlations.’tlv-bei-development) for a detailed discussion
covering this procedure, methods for input to ACGIH®, and deadline date for receiving comments,

2022 NOTICE OF INTENDED CHANGES

Substance [CAS No.] TWA STEL Notatlons MW TLV® Basls

't Acetamiprid [135410-20-7) 0,05 mg/m3 TFY} - A 222,68 Steatosis, neurodevelopment
impairement, immune system & CNS

impair; male repro system dam; repro eff

ADOPTED VALUES
Substance [CAS No.] (Documentation date) TWA STEL Notations MW TLV® Basls
Wood dusts {2015) NA
Westem red cedar 0.5 mgim3 {1 - DSEN; RSEN; Ad Asthma
All other spacies 1 mgfm3 {0 — — Pulm func; URT & LRT i
Carcinogenicity
Oak and beech - - Al
Birch, mahogany, teak, walnut — — A2
All other woad dusts — — A
* Xylene, allisomers [1330-20-7; 95-47-6; 20 ppm — OTO™; Ad; BEI 106.16 Eye & URT im; hemalologic eff;
106-42-3; 108-38-3}{2021) "or p-xytene and ototoxicity {for p-xylene and mixtures
mixtures containing containing p-xylene), CNS impair
p-xyleng
m-Xylene o, ot'-giamine [1477-55-0] (2018} - C0.018 ppm Skin 136.20 Eye, skin, & Glim
Xyfdine {mixed isomers) [1300-73-8) (2002) 0.5 ppm &V} - Skin; A3; BEly, 121,18 Liver dam; MeHb-emia
Yitrium [7440-65-5) and compounds, as Y (1888) 1 mg/m?3 — - 88.91 Pulm fibrosis
Zing chloride fume [7646-85-7] {(1992) 1 mglm3 2 mgfm3 - 136.29 LRT & URT irr
Zinc oxida [1314-13-2] (2003} 2mgim3 (R} 10 mg/m3 R - 81.97 Metal fume fever
Zirconiurm [7440-67-7} and compounds, as Zr (1996) & mgim? 10 mg/m3 Ad 91.22 Resp irr
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2022 NOTICE OF INTENDED CHANGES

Substance [CAS No.) TWA STEL Notations MW TLV® Basls
t Methyinaphthalene, afl isomers [1321-94-4; 0.05 ppm — Skin; A4 142,19 URT i, lung dam; liver eff
80-12-0; 91-67-6) SL 3 mg/100 cm2
't Nitric acid [7697-37-2] 0.025 ppm (FV) {} 63.02 Pulmonary function, pulmenary edema
T Phenathiazing [92-84-2) 0.5 mgim3 ) - Skin; DSEN; Ad 199,27 Phototoxicity; Liver toxicity, Bone marrow
toxicity; Spleen toxicity; Anemia
T n-Propyl nitrate (627-13-4] (1876) 5 ppm BEIy, i05.09 Anemia; Methemoglobinemia
1 Propylene glycal dinitrate [6423-43-4] 8L 0.02mgM00cm2 001 ppm Skin; BEly 166.09 Headache; hypotension;
cerebrovascular disease; cardiovascular
disease; vasodilation
T Slicon carbide [408-21-2] {2003} 3 mgim3 (R} — — 40,10 Pulmonary dam
Nonfibrous 16 mg/m30 Pulmonary dam
Fibrous {including whiskers) 0.1 ffoc(F) - A2 Lung fibrosis, cancer
T Tetrachlorvinphos [22248-79-9; 22350-76-1; 0.5 mgim3 0 Skin; DSEN; A3; BEl;  365.96 Liver effects, kidney effects,

961-11-5]

cholinesterase inhibiticn, and thyroid
effects

2022 NOTICE OF INTENDED CHANGES

Substance [CAS Neo.) TWA STEL Notations MW TLV® Basls
T Benzene [71-43-2) 0.02 ppm 0.1ppm Skin; A1; BEI 7811 Myelodysplastic syndrome, acute myelold
leukemia, leukemia, hematologic eff,
chromosomal dam
T Benzoguincne [106-51-4) 0.1ppm DSEN; A4 Eye irritation, URT irr, Ocular effects
SL 5 pgh00 em?2
1 Divinylbenzene-ethylstyrene mixtures, 0.5 ppm DSEN; A3 108.09 URT dam, lung dam
as total divinylbenzene isomers [89011-19-4;
[7525-62-4; 108-57-6; 105-06-6)
T Ci(2-ethylhexyl)phthalate [117-81-7] 0.1 mg/m3 —_ Skim; A3 390.54 Male repro system dam; teratogenic eff
T 2-Ethyl-1-hexanol [104-76-7) 5 ppm A3 130.23 URT irr, eyefrr
T Ethylene glycol dinitrate (628-96-6] Skin; BEIy, 152,06 Headache; hypotension; cerebrovas-

$L.0.02mg/100cm2 0,01 ppm

cular & cardiovascular disease;
vasodilation

1 Glycidyl methacrylate [108-91-2] 0.01 ppm Skin; DSEN; A2 142.15 Upper respiratory tract iritation and
damage, mutagenic effects, cancer
T Glyphosate [1071-83-61 5 mgim3 Ad 169.07 Body Weight Effects; liver damagg; cataract
T lodine and lodides
lodine, as ! [7553-56-2) 0.01 mgim3 {LFV) Skin; Ad 253.80 Thyreid effects; matemal repro eff:
lodides, as | 0.01 mg/m3 Skin; Ad .- fetal and neonatal dam
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Defining Science for OEHS Experts

This hands-on course, taught by world renowned industrial ventitation
experts, covers both basic and advanced topics related to industrial
ventilation and related calculations. Students will leave the FIV course
OA for dilution, fans, system testing, sound and noise, heat stress,
A calculations lab in which participants work in a team envirenment
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Cold Stress

220 — Thermal Stress
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Hypothermia

Core Temperature < 95* F (35° C)
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FIGURE 2 Types of cold injuries.
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and physical aclivily levels. Wind speed is assumed to be less than 5 mph (2.2 mfs), 1 MET
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refers 1o energy expenditure at rest (58.2 W/n?). One clo of insulation is the clothing neces-
sary 1o allow a resting person o be comfortable when the air femperalure is 21°C (70°F).

Sowrce: Castellani JW; Young AJ; Ducharme MB: et al.: Prevention of cold injuries

during exercise. Med Sci Sports Exerc 38:2012-2029 (2006).
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Heat Stress and Strain — 241
CAV [*C]
-1.0

TABLE 2. Clothing Adjustment Values {CAV)

added to WBGT to estimate WBGT.x

Clothing Type
Shert Sleeves and Pants of Woven

Material

VO-PA

0.5
| expertise, are presented below.

fona

levels of profess

The TLV and AL is represented by Method 2.

increasing

There is no evidence to suggest that respirators or

encapsulating suits, often called Level A as defined
face coverings add to the heat stress burden.

These values must not be used for completely
by OSHA.

Coveralls assume that only undergarments are
worn underneath, not a secand layer of clothing.

Adding a Hood (Full Head and Neck
CAVs cannot be added for multiple tayers.

Covering; not Face)

Limited-Use Vapor-Barrier Coveralls
Notes

Work Clothes (Long Sleeve Shirt and
with Hood

Pants)
Cloth (woven material} Coveralls

SMS Polypropylene Coveralls

Polyolefin Coveralls
Double Layer Woven Clothing

1
2.
3.
4.
If the estmated TWA-WBGT ,; are above the criteria for unacclimatized

Method 1: Screening Criferia Based on WBGT 4 This screening criteria are
Ii the estimated TWA-WBGT 4 s less than the criteria for unacclimatized
workers found in Table 3, then there is litlle risk of excessive exposures to heat
stress.
workers found in Table 3, but below the limits for acclimatized workers, then an
HSMP that includes the Generaf Controls in Table 5 is recommended.

Four methods 1o evaluate the level of heat stress, with increasing levels of
an approximation of the TLV and AL as presented in Figure 1, Screening ctiteria

conditions; or {3) the Heat Index or air temperature is 27 °C (80 °F). When heat
stress is suspected, establishing an HSMP that includes the General Conirols

(see Table 5) is recommended.
for heat stress exposure considers the contributions of environment, metabolic

work demands, work-rest pattern, clothing, and acclimatization state, Table 3

associated with heat stress; (2) professional judgment indicates heat stress
provides the screening criteria,

complexity and

: 'spoitad fraa0s0) put xiom aquosard o) papuul
1ot are Aoty *saR9103d aront 23k Sa1eA DU 2SNEIIF TV 10 A'TL A ULy} dA1j01d 210U St 31981 )
SOL PuE 151X ARUT LOIBNLIS SS3AS 18T B IANIYM J|BA[LAD 01 [00) FUIU30198 [21100 UR SE PAPUSI S| £ Q8L °/
"pasu aq pinoys Jueioluown 1eaidojoisiyd Jopue sis£|eue vy ] & pesjsu)
"PUE *PIPUALLLI03D JOU IV BLISELD SUIUSI3S AL "Aavap] A3 JOJ INoy UR w1592 u457 o1 AL 0] PUB dIom
SHONUYLOI &3t 10} papiacid 10U 318 Sa0[kA BLIJID FUR0.9S *I(qeuesnsun aq ABLU ] e m Jo ssojpaedal
S1o3om 11y 5591 Fuore y1om AavoH Ao pue AABOH 11w PAIRI0ssy wens tesdolosdyd op osnesag vy
"$3ERI( [EUOHUBATIOD Il HI2AO0M LBP-G & Uf SAEDIIOM INOL-§ SUINSSE 3[qEL 271 UL SaNRA 'S
“pu[ UIUSRI0S 21} 01U PAIOIIES
ApEoJ[® $1 1800107 J1E1 I1JOGEIDLI O} JEL DION “IIOY Ui U A1BA SPUBLLDD 30M U] LA P3SIL 30 OS|R
PINOTS S21BI J:04 107 SY M 1 “PASA PUE PRIRINIES 34 PINOTYS LOGM (VL) $9Be:3ak parySiom-owy Kanog
*UONEIO[ | UL} DIOUT J9AD PAINQIUISIP 1T 1S3L PAIE JIOM 10 JUSISJIIP 918 S|TIIUOIIALD 1S3T PU H10M J[
"Da §°0 JS24EIL 9ty 0 passaidxd 208 SAN[EA LOHM
(%408 014,57 30 23uBL 2L 20} Y405 “8°0) Buez jrom Jediad au jo aur 1addn sn3 10
H1om Jo uonodoud ouy) e uze) st oskq S AT T| 3jqr L SO 3 (dBueipiw) oapEasoadas Iyl st jI0m pue
ST SE UIREL S11S2LI0 21E1 H|OQRIDLLL JYS 21U LY DLOQERN YL ¢ sk pondwios a1e spjofsalg )y ‘Z
'S9L053)es PUBILSP HI0Mm JI[OGEIANE O] | 2|qEL 998 "]

-

18210
0Le 1814 06e (1)) 0oE 508 S1e g'ee %Gz 010
gve g6z 02 &'6e 0'8e 0’62 0og 1A %0S 01 S
- o're 174 5'8e - ST 062 oLe WELO 0S
- - 062 0’8z - - 0’82 0'ie . %001 0164

Alano2ay pue
3104 JO B10AD

Aaeay B U3 }JopA
Aiap Aaeal  ojedapop B | Aaeay Alep Aaeay ajerapop B 10 uopeso| Iy
SIIIOMN
pazZ|IELL|o0BUN 10} 3}EY D|jOGEIAN SISMION POZ|IEW[90Y 10} 3jBY dljoqeiaty

242 — Thermal Siress

S10104% [RZUEWIIIBU] PUE PIZNBULYDOY 10] (Do) P DA SUIST ELIAIAT) SUIUISAIS € ATDV.L

Vd-aN\1l

If there are observed signs or reporis of symptoms of heat-related disorders,
such as fatigus, nausea, dizziness, and lightheadedness, then establishing an

HSMP with General Contrals is recommended.
Methed 2: TLV Analysis. Method 1 (Table 3) is a screening step that requires

less effort than a full evaluation. The actual TLV and AL are based on the TWAs

of WBGTeff and task metabalic rate (M). A task analysis is used to compute
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