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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,

443



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

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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aeud Famsad daluaudiu fadnsudaame
TaaUSanng 1 gnmﬂfﬁum
(p-p-m) (mg/M°)

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. lamaaied (Dichlorvos) - 1
7. @8035u (Dieldrin) - 0.25
8. Tawwmnsa 1, 2 lalusly 2, 2 loraslsianSanaaa (lausay)

(Dimethyl 1, 2-dibromo 2, 2 dichloroethyl phosphate (Dibrom) - 3
9. td8Un3Y (Endrin) - 0.1
10. | nls@au (Guthion) - 0.2
11. AzMDSTIUA (Lead arsenate) - 0.15
12. duLey (Lindane) - 0.5
13. | snalseau (Malathion) - 15
14. | woeaneaa (Methoxychlor) - 15
15. | #ile@u (Nicotine) - 0.5
16. | @anand (Systox) - 0.1
17. | uwomdsnuazansusznaufiazansle

(Thallium (Soluble compounds) as TI) - 0.1
18. | lsusa (Tiram) - 5
19. fionmWu (Toxaphene) - 0.5
20. | w19 lsaau (Parathion) - 0.11
21. Wod@3u (Phosdrin) - 0.1
22. Twss5wy (Pyrethrum) - 5
23. M5Wv5u (Warfarin) - 0.1
24. | M358 (113U (219)) [Carbaryl (Sevin (R)] - 5
25. | 2, 4- (2,4-D) - 10
26. W151PI8N (Paraquat) - 0.5
27. 2, 4,59 (2,4,5T) - 10
28. | nsmthdu (Acetic Acid) 10 25
29. | wanluile (Ammonia) 50 35
30. | esvywararsusEnauueanIUy

[Arsenic and Compounds (as As)] - 0.5
31. | 758U (Arsine) 0.05 0.2
32. | luil{ia (Biphenyl) 0.2 1
33. | UaWuoea Lo (Bisphenol A) 0.5 2.8
34. | mfuaulesanlyd (Carbon dioxide) 5,000 9,000
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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
— Usamany
o v W USnaenuwintugegn v o
a1au : ANNTNTIRAY e vindunalataw
\ FadrsLad Tudrnaiidine
# AABATZEZIN — Twdile
ST MAUA
aulng USnaanadingy
Tiiaouls
1 | wudu (Benzene) 10 du/audiu 50 dau/mudiu 10 ¥ 25 d/mudiu
2 | wesadsuuarasUsznauiuaiatany 2 lulasnsu/ 25 lulasnsu/ 30 w¥ 5 lulasnsu/
(Berylium and Berylium compounds) anuAfues anunAfues anunAfNes
3 vjmmmﬁ'ﬂu (Cadmium fume) 0.1 fadnsu/ - - 0.3 fadnsu/
anuAfues ANIATLAGT
4 I}!HLLﬂﬂLﬁIﬂN (Cadmium dust) 0.2 fadnsu/ - - 0.6 Tadnsu/
NIARNGS aNAfNGS
5 | msvauladalud 20 du/audu 100 dhu/audiu 30 w¥ 30 du/audu
(Carbondisulfide)
6 | miuauaanaaalsd 10 du/audiu 200 du/mudu 5 wiilunngdnm 25 du/audu
(Carbontetrachloride) 4 T
7 | wondadu laluslud 20 du/mudu 50 dau/mudIu 5 17 30 du/mudu
(Ethylene dibromide)
8 | tandadu lanaslsd 50 dau/mudiu 200 s/ | 5 wdilugndne | 100 dwssudn
(Ethylene dichloride) 3 #lus
9 | Wasiadlad (Formaldehyde) 3 dHu/audn 10du/audm 30 W 5 d/audu
10 | duvigaalse (Fluoride as dust) 2.5 fadnsu/ - - -
anuAfLaes
11 | ezmuarasussnavsiiuniduanzii 0.2 fiadnsu/ - - -
(Lead and its inorganic compounds) Qﬂ‘u’lﬂﬁ(mﬂi
12 | wnda maalsd (Methyl chloride) 100 du/musiu 300 du/audu 5 wdilunndana | 200 dw/mudn
3 alus
13 | wnSedu ranlsd 500 §IU/MudIU 2,000 /awdm | 5 wiilunndnnm 1,000 &/
(Methylene chloride) 2 ﬁbﬂm Mudm
14 | saunuly (uaslad) wedis 0.01 Hadnsu/ - - 0.04 fiadnsu/
(Organo (alkyl) (mercury)) NUIARNAS NIARNAS
15 | ala3u (Styrene) 100 du/audIu 600 d/audiu 5 wiilunngdana [ 200 dwsmudn
3 il
16 | lasmaals tondadu 100 du/ausiu 300 du/audu 5 iilunngdrenm 200 du/MudIu
(Trichloroethylene) 2 il
17 | wasnaals tandadu 100 du/ausiu 3008 u/audIu 5 iilunngdrnm 200 du/mudIu
(Tetrachloroethylene) 3 ﬂb’ﬂm
18 | Tngdu (Toluene) 200 §I/Mudu 500 §3u/udIu 10 W 300 dIu/MudIu
19 | lalasau #alWd (Hydrogen sulfide) - 50 dm/audIu 10 ¥ 20 du/audiu
20 | Usan (Mercury) - - - 0.05 adnsu/
aNAfNGS
21 | nsalasiia uasindalasiuad - - - 0.1 fadnsu/

aNNAfNAT
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ITNUNIYLDY 4

szanaeuus, wdsnsanszazna

nMsinulng
e 4 Fadrsuad @rauNIAGa HadanIucaaIn g
NAUN ’ .
Usanmszasania 1 9NUIANNAS
4 3
1 gnuAiwe (Mppcf) (mg/M")
1. | @&m (Silica)
A380aaU (Crystalline)
- 859 (Quartz) Huzinafiannsohiwuasazanlugianses 250 10 mg/M’
Uanla (Respirable dust) % SIO,+ 5 % SiO,+ 2
- M%7 (Quartz) HUNNLING (Total dust) _ 30 mg/M’
1[ 250 % Si0,+ 2
- a3alawlash (Cristobalite) e 1 10 mg/M3

2 | % Si0,+ 5 —
2 | % SiO,+ 2

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

3. | 35e (Hilnandamennit 19) (Silicates)

- uadtuaead (Asbestos) 5% _

- n3lalayl (Tremolite) 5% -

- nada (Tale) wanidludule (Asbestos form) 5% -

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

- lum (Mica) 20 -

- Todalou (Soapstone) 20 -

- Uasauaudduue (Portland cement) 50 -

- wnsluf (Graphite) 15 -

- ugnuiiu (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 S$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



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

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, —Wi)— (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
_JL R
Tee
- Valve i
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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ADQPTED VALUES
Substance [CAS No.) [Documenlation data) THa STEL Notations M TLV® Basle
Adipeaitrile [111-58-3] {1984) 2opm — SXin 108.10 URT & LRT imr
Alachior (1597 2-60-6] (2014) 1 mghm? (IFv} — DSEN: A3 28980 Hemogideresis liver, splean, kidney)
Addicash [+16-06-3) (2016) 0.005 mgindiFV] Skin; A4; BEl, 190,28 Chatinesterass inti
Aldrin [309-00-2) {2007) 0,05 mgim3 {F vy - Skir; A3 J64.83 CN3 impair; [ver & kdnay dam
Ally alcohol [07-18-6] (1999) 0.5 ppm - Swin a4 58.08 Eye & URT Inr
Adlyl bromide [108-955] (2012} 0.1 ppm 02 ppm Skin; A4 120,99 Eya & URTim
Allyl ehloride [107-08-1] (2011) 1 ppm 2ppm Skin; A% 76.50 Rye & URTirm, tver & kidney dam
AL gl e ether [106-62-3] {1997} 1ppm —_ A 114.34 URY, eye, & skin Ir; dermalitls
Al methacrylate [96-05-9] 2048) 1ppm - Shin 126.15 Liver dam
Allyl propyl disulfide [2179-63-1] (2044} 0.5 ppm - DSEN 148,16 URT & eye ir
Alumingen metal [7428-80-5) and insoluble 1 mgim? k) — A4 269 Preumeoniosis; LRTirr;
compounds (2008} Varies nEn robawisiy

4-Arminediphenyl [02-67-1] (1962) — L — Skin: At 169,24 Bladder & livar canger
2-Amincpyriding $504-29-0] {1986) 0.5 ppm - - $4.12 Headache; nausea: GNS impar,

dizziness
Amirchs [31-82-5] 11905) 0.2 mg/m? — A3 £4.08 Thyrcid eff

ADCPTED YALLIES

Subslance [CAS Ho.] (Documentation dals) WA STEL Notatlons MW TLV® Ras's
Acelaldshyde [#5-07-0] (2014) — € 25 ppm Al 4405 Eye & URT |
Acetamide [50-35-5] (201 7) 1 ppm [P — A% 59.07 Liver cancer & dam
Actic acid [64-18.7] (2004) 10 ppra 15 ppm — 60.05 URT & mye i pulm fung
Acelic annydide [103-24-7] (2011) 4 ppm 3 pom M 10209 Eye & URT i
Acelore [B764-1] (2015) 250 ppm 500 ppm A, BEI 5608 URT & erye i, CHS impalr
Acetone tyanohdrin [75-66-5), a5 CN (1934) — C 5mgn? Skin 8510 URT irr; headache; hypoaiafoyannsis
Agetonitrile f75.05-3] (2002) 20 pam - Skin; A4 41.05 LRT I
Acetcphencne |98-85-2 1 {2009) 0 ppm - - 120.15 URT i, CNS impair; pregnancy loss
Aceltylare [74-36.| Sea Appendix F: Mnimal Crygen Content . £5) 2604 Asphyxia
Acelylsalicylic acid [Aspirin} [50-78-2| (1980 5 mgim? — - 180.15 Skin & eyeirr
Acratein [107-02-8) (1554) — 0.1 ppm Skin; Ad 56,08 Eya & URT im; pulm edems;

pulm emphysema
Acrylamide [F3-06-1] (2020 0.03 mgim? (LF¥] - Shin; DSEN; A2 T CNS & PNS impair; eangsr
Acrylic azid [F9-10-T) (1996) Z2pm —_ Skin; A4 708 URT irr
Acrylenitrila F107-13-1]{2016) 2 ppm — $kin; A3 53.05 CNEimpair; LRTim
Adipic acid [124-04-8 {1993) 5 migin? - - L 14614 Eye, skin, URT ey ANS impair
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ADOFTED VALUES
Substanca [CAS No.| [Decomenfafion dats) WA STEL Notations MK TLVE Basls
Arsing [F7B4-42-1] (2007) 0.005 ppm — - 7785 PHS & vascular system impair;
kidney & fiver impair
Asbestes [1332-21-4), &l farms {1538 0.1 fieg [Fl — Al — Preurmoconiosis; lung cencer,
mesothelioma
Asphalt {Hitumen) fumas [3052-42-4), 0.5 g frm? (0 - Ad. BEp — URT & ayeim
a5 banzene-soluble serosd {2000)
Abraging [1912-24-8) {and related 2 mgim3 - a3 21559 Hemalaiogic, repro, &
symmetrical tiazines) (2014} developmental aff
Azinphes-methyl [A8.50-0 (2014) 0.2 mg/m? [TV — Skir, DSEN, A4; BEl; 317.34 Chekneslease inhib
Bariurn [7440-38-3) and solubls sampaunds, (.5 rog/m? — Ad 137.30 Eve, skin, & Gli7, muscute* sthm latian
a5 Ha {1946)
Barium suliate {7727-43-7) (2014} 5 mgim3tL E — — 233,43 Pheumpoonidsis
Bendiccart [22781-25-3] {2018) (.1 mgfm3 [E¥) - . Skiti, Ad: BEl- 22320 Cholineslerase inhit
Benomyl [17304-35-2] [2014) 1 gim 3t - DSEN; A3 280 32 UIRT ier; males regwo,
testicu'ar, & embryalieial dem
genz[a]anthracens [56-55-3] {1953} — M - AZ; BElp 283 Skin cancer
1 Benzena [71:43-2] (1997) (0.5 ppm) {2 5 ppm; 8kin; A1; BEI an Leukemia ()
Benziging [92-57-5) (1965 - - Saim; A1 184.22 Bladdar cancar
ADOPTED VALUES
Substance [CAS No.] {Docemaniadion date) WA STEL Notations w TLY® Basls
Ammonia [FG54-41-7] {1576) 25ppm 35 pom - 17.03 Eye dam; URY im
Ammonium chiorida, fume [12125-02-9| {1976) 10 mgim? 20 mg/m? — £3.50 Eya &URT i
Amenonitm perluoroctanoate [3825-26-1] {1954 0.01 mgimd — Shin; A3 431.00 Liver dam
Ammenium sulfamate [7773-06-0] (19884} 10 meyten’ - — 114,13 —
len-Amy| methyl ether [B84-05.8] (2002} 20 ppm - - 10220 i3 impair, emoryo/felal dam
Aniline [52-53-3] (1998} 2 ppn - Skin; A3, BE B3.11 MeHb-eme
Anisidine (2002)
orthe Isomee {30-04-0) 0.5 mgim? - Skin; AZ; BEly 12315 heHb-emla
para fsomer [104-94-9] 8.5 mgim# - Skim; Ad; BEly 123.15 f=Hb-zmia
Anlrrany [F440-380] and compounds, as Sb (1965) 0.5 mgim? - — 141,75 Skin & URT i
* Anfirnany hydide [7803-52-37 (2021) 0,005 ppm — — 12478 Hemofysis, hemoiclogic effects
Antimany trigside [1308-54-41 (2020) 0.02 mgim3 (& — A2 291.50 Fneumonitis
ANTU [85-284) [1505) 0.3 mgim? — Ad; Skin 20227 Thyrid eif, nausca
Amgon [F440-37-1) Sea Appendix F: Minimal Oxygan Content () 39.05 Azphiyxia
Arsenic [F440.38-2] andd 0.01 mofm? - A1; 3E 7402 Lung cancer
inorganic compounkds, as As {1992 Varies

|
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ADOPTED VALUES
Substance [CAS No,] [Documenlation date) TWA STEL Notatione M TLY® Basls
Borale compouads, inorganic [1203-65-4; 1330434;  2mgmiW B rngg/m 3ty M Waries URTimr
100343-35-3; 12179-04-3} (2005}
Bo:en crida [1303-85-2] (1985] 10 mgim? - - 69,64 Eys AURTirr
Boron ibromide [10294-33-4 (2018) - CO7 pom - 250.57 Resp tract ir; preumanits
Boron bichioide [10294-34-5] (2016) — CG7pom — 1A Resp traet i preumonitis
Boron ifluaride [F§37-07-2) (2016) 0,1 parm GO7 pom - 6702 Resp {radt irr; preumnontis
Boron lifusride ethars [109-63-7; 0.1 parn CO7 pom - Varies Resp ftack Iri; pneurnonitis
353-42-4), as BF, (2048}
Bromaci [214-40-9) (1696} 10 mgin? - A3 28111 Thyreid eff
Bramine [7726-95-5] (1904} 31 pom 0.2 ppim - 159.41 URT & LRT irr, tung dem
Bramine pentafuonde [F789-30-2] (1984) 1 ppm — — 17492 Eye, skin, & URT i
Bromelorm [79-28-2] (2008) (1.5 ppm - A3 25273 Liver dam; URT & eyair
1-Bramopropans [106-84-5] (2014) 0.1 ppm — AS 12299 CNS impair; peripheral neuropathy;
hematolpgleal e, devalopmenta &
rapio baxigty {male & femals)
1.3-Qutadizne [106-82-0] (1994) Zppm - AZ; BEI 54,09 Cancer
AUOPTED VALUES
Substance [CAS No|| {Documenlation date} TWA STEL Notatkans Wy TLV® Basis
Benzo[a]lucranthens [205-92-2] {1984) e () - 82, BElp 282,30 Cancer
Benzofs|pwene [80-32.8) {1930) =t - A2 BElp 25230 Cancer
" Benzeie acid and alkal benzoates (2021)
Benzoic acid [55-85-0] 0.5 mgim3 Fv) - Skiry, A5 12212 Eyeim, URT I, LRT im; lung dam
Sodium benzoate, as benzaate [532-32.1] 2.5 mgim3 10 - Skin; A5 +44.10 Kidney changes
Polassium benzoats, a5 benzoats [SB2-25-2] 2.5 mgim3 {1 — Skin; A% 160,31 Kitney changes
Benzatrichigrida [$8-07-7] (1937} - GO01ppm Sk, A2 195.50 Eya, skin, & URT Irr
Benzoyl chloride |38.-83-4} (1995) - COSppm At 140.57 URT & eyaim
Benzoyl perowide [24-36-0] [1396) 5 inglm? — A4 M2.22 URT & skin irr
Benzyl acetate [140-11-4] (1285) 10 ppam —_ A4 15D.18 URT irr
Senzyl chioride [100-44-7) {1995} 1 ppm — A3 125,58 Eye, skin, & URT Im
Berylium [F440-41-7| and compounds, as Be {X114)  (L00005 mgim3 (1 — Al &M Beryllium sans; cheari berylium
Soluble compounds Sxin; DSEN disease (bevyliosis)
Soluble and insolutle compeunds RSEN
Biphenyl [92.524] (1987 0.2 ppm - - 154.20 Fulm fung
Bisrnuth telluride [1304-32-1] (1996) 500,83 Lung dam
\Undoped, 23 Bi;Tay 10 mgim? - Al
Se-doped, as BisTes 5 mgim? — Ad
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ADDPTEDR VALUES

Substance [CAS Na,] {fscumanfaion date) T STEL Hatalans Wy TLVY Epsis
n-Buiyl glysidyt ether [2426-08.8] {2014) 3 ppm - Skin; DSEN i Reproduction; sans
tert-Butyl hyceoperovide [75-91-2] {2018) 0.1 ppm - Skin 9012 Eye & URT irr, mutananic: & repro eff
n-Buby lactate [138-22-7] {1978} S ppm - - 46,19 Headache: URT iry
n-Butyl merceplan [109-79-8) (1970) 0.5 ppm - - 90,19 URTim
o-sec-Butylphencl [89-72-5] (1880] & pam — Skin 15022 LRT, eye, & s4n irr
p-tert-Sutytoluene {28-51-1)(1993) 1pom — — 12815 Eye & URT i neuisea
Cadmium [#440-63-5] and - 001 mggfond - AZ BEI 1243 Kidnay dam

campaunds, as Cd (1593 0.002 mgim? (* — A2, BEI Varies
Cadusafos [35465-93.9) (2017) 0.00) myim? (F¥y Skin; Ad; BEI. P} Cholinasterase innib
Calzium cyanamide [156-62-7} (1956) 0.5 mgimd — Al 801 Eye & URT in
Caleium hydrexide [1305-62-0) {1579} 5 mpm? — — 74,10 Eye, URT, & s¥in irr
Calcium cride [1365-76-8] (1530] 2 mggm? - - H6.08 LIRT irv
Calcium silicate, natwally cecurring ag 1 mghn3L.E) — Afi — Preumanconicsis; pum fune

Woltastonite [13983-17-0] {2016)
Calgium subfate [F776-18-8; 10034761, 10 mgdm 1} —_ - 136.14 Nasd symploms

10101414 13397-24-5] (2006)

ADCFTED VALUES

Substance [CAS Ho.] (Documentatien date) TWa STEL Hotations M TLY® Basls
Butane, isomers [75-28-5, 106-87-8](2017) — 1000 pprn (LX) — L RH CHS impat
n-Butane! [71-36-3] (2001} 20 ppm - - a2 Eya & URTim
sec-Butencd [7-92-2] (2002) 100 ppim - — T2 UATim; CNS impai
lert-Butano! [75-65-0] {1995) 100 ppm — Ad 7412 CNS impair
Butenes, 2l isormers [106-93-9; 107-01-7; 250 gpm — - 1 Body weigh!efl

580-18-1; 624-54-8; 23167-67-3)

tsobulens |115-11-7] (2004) 250 ppm - Ad — URT irr, body weight aff
2-Buloxyathanal [111-76-2} {2003) 20 ppm — A%, BEI i Eye & URT irr
2-Bulescyethl acetate [112-07-2] {2003) 20.ppm - A3 16020 Hemalys's
Bulyl acetates, alt isgmers [105-46-4; 110-190; 50 ppin 150 ppm - 115,16 Eye & URT it

1234-86-4; H0-48-5] (20 16)
n-Sutyl acrylats [141-32-2] (2014) 2 ppm - DSEN; Ad 128.97 It
n-Butylamine [ 109-73-3 (1885 — G5 ppm Skin [EAL Headache; URT & eya inf
Butylaled hydrexytoluens |128-37-0] (2001) 2 g3 (IFV} - Ad 220, URT ire
4:tert-Butylbenzois add |98-73-7] {2020) 0.1 mgimé (IFY) — Skin 178.20 Testicular dam: CNS & male repro eff
tert-Butyl chromate. as CrCy [1188-85-1] {1964) - C 01 megm? Skin 230.22 LRT & shiirr

Sl
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ADDPTED YALUES

Substanca {CAS No ] (Pocumentalion date) WA STEL Notations " TLY® Bazis
Carenirazone-ethyl [128633-02-1] (2018) 1 mptm3 0 - A 412.20 Liver dam; pemhyin sff
Gateghol [120-80-0] { 12495) Sppm - Skin: A3 10,44 Eye & URT irr; dermatitis
Ceilulps e (B004-34-6] (1980} 10 mgfm3 - - NA URT irr
Sesilim hydroxide [21251-19-1) (1380 2 myim? - —_ 14p.92 URT, shin, & eyeiiir
Ghlardare [57-74-8] (2019) 0.5 mgm3iLFY) - Skim; A3 40880 Liver dam
Chlarinaled camphene [BI01-35-2) {1998) 0.5 mg/m? 1 mgfm? Shin; A3 41400 NS conwul; fiver dam
Chlarinated diphenyl exicte [31242-93-0} {1380) 0.5 mgim? — - KEFR Chigracne; lives dam
Chlorine [7782-50-5] (2018} 0.1 pEm 0.4 ppm ad 081 Resp tract i, airway hyped-reactivity;

puim edsma
Chioring diaxide [10049-04-4] {2018} - C 0.1 ppm — 67,05 Resp fract I; puim edama
Chioring trifluonide [F750-91.2] (1978} - C0.1 ppm - 9245 Eye & URT &r, lyng dam
Chiorcacstaldehyde [167-20:0) {1990} - ¢ 1 pom - ¥4.50 URT & eyeir
Chlotcacstone [78-95-5] {1989 - C1ppm Skin 9253 Eye 8 URT i
2Chioreacelophenane [532-27-4) (1996) (.08 ppm - A4 154,59 Eye, URT, & skin ifv
Chioroacatd chioride [79-04-9] (1991) 0.05 ppm 0.15 ppm Skin 11295 URTimr
Chiorobenzene [108-00-7] (1993) 10 opm — A3, BEI 11256 Liver dam

ADOPTED VALUES
Subatanre [CAS Mo.] {Documsniation date] TWA STEL Nolatlons MYy TLV® Basis
Camproer, synthelc 176-22.2) {1496) 2 ppm 3 opm a4 15228 Eye & URT ifr; anos:mia
Ceprolactam [105-50-2] {2008} 5 mgim3¢FY) — A5 11316 URTin
Captafol [2425-06-1] (2017) 0.1 mgim3 (FY] — Skin DSEN; RSEN; 24810 Liver & kidney dam; dermal sans
A3

Captan [133-05-2] (2014) 5 mgm? th — DSEM, A3 300.63 Skin it
Carbary [f3-25-2) (2008) 0.5 mgém? (IFV) — S, A4 BE, 201,20 Chalinesterase inhx mala

repra & embrys dam
Catboforan [1563-66-2) (2004) 0.9 /a3 [FV} - Ad; BEl- 22130 Chelinesterase ihib
Carbien Hack [1333-86-4] (2011) 3 myim3ty - Al — Bronchilis
Carbon dioxide |124-38-9] {1986) 5000 ppm 30,000 ppm — 44,01 Asphyxia
Carben disulide [75-15-0 | [2008) 1 ppin — Skin; Ad; BE 7614 PN impair
Carban miposide [G30-004] {1358) 25 ppm - SE 2801 COHB-2mia
arbon tetrabromide [558-13-4] {1976) 0.t ppm 0.3 pame - 331.65 Liver dam; gye, URT, & skin i
Garbon tetrachloride {96-23-5) {1995 5 ppm 10 pprn Skiny A2 153.84 Liver dam
Carbonyl Fugride [353-50-4] {1950 2 ppm 5 pom — E6.01 LRTirr bane dam
Carbony sy frde [$63-56-13 (2012) 5 ppm - - -~ 5008 CNS impair

S AL
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ADOFPTED WALLES
Substance [CAS No.] [Dacumentalion date) WA STEL Notatinng Y TLY® Basls
2-Choroprapionle agd [SSR-78-7] {1991} 0.3 pom - Shin 108.53 hiale repro dam
o-Chierastyrene |2038-57-4] [1976) 50 pprm 75 ppm - 134,80 CSimpair, periphersl nguropathy
e-Chioralofuene [15-43-E] { 15900 50 ppm - - 126,55 URT, aye, & skinirr
Chigepyrifos [2921-83-2] (2003) 0.1 gy (7 — Skin; A4; Bl 350,57 Cholinestarasa innib
Chromium, [7440-47-] ard inorgenle compounds
(2018}
Metaliz: chrom’um, as Ci{0) 0.5 maimd - - Yaries Fesp ract kr
Trivatent chremit m ¢om paunds, as Crilll) 0.003 mg#m? (0 — 1A Varias Resp tract irr, asthma
Water-stluble compeunds DSEN; RSZK
Hezavalent chromium compeunds, 25 Criviy 0.0002 mgim3 M 0.0005 mgém (1t Al Wares Lung & sinonasal cancer; resp rack i
Water-seluble: comprunts Skiri; DSEN; RSEM; asthma
BEI
Chiomyl chlonide [14377.61.8], as TVl 0.0001 ppm [FY) A.00025 pom ST¥1 Skin; DSEN, RSEN:  Varles Lung & sinonesal cancer: rasp traet im;
&1 asthma
Chromite ora precessing Sas Hexawalent and Trivalent Chramiom compounds
Chrysens [218-01-3] (1998 =i . A3 BElp 1.3 Cancer
Cral [5392-40-9) (214] 5 ppm iTFY} - Skin; DSEN; Ad 152,24 Body weight off: URT im; gye dzm
Clepidel [2973-80-5] {2013} 3 gim3 [IFV} — A 152.06 hutagenic eff
ADOPTED YALUES
SUstance [CAS Mo (Documentalion date) TWA 5TEL Hotatlons W TLY® Basiz
o-Chlorabenzyfdena malongilie [2698-41-1] e [ .05 ppm {TEY] Skin; &4 18462 URT ifr; skin sens
{2019
Chigrokremomethana [74-57-5] {2004) 200 ppm — - 12833 CiNG impair, live dam
Chicrodiftugromsthane [F5-45-5] {1926) 1000 ppr - A4 g46.47 CIG impair, asphyxia; card gang
Chilorodigheny! (422 chloving] [53463-21-8) (1990) 1 g’ - Sdn 266,50 Liver dam; ea i, chicracng
Ehorediphany! (54% chloring] [11067-68-1] [1996) {1.5 mgfm3 -— Skin; A3 32640 URT ir; fiver dam; chlorasne
Chigmdarm [67-68-3 (1995 10 ppm — A3 11838 Liver & embryaffetal dam
CNSimpair
bis{Chiorom el ether [562-88-1] (1987) 0.001 pem - Al 11466 Lung cancer
Chioramettd methy ether [107-30-2] (1935} =M — oy 80.50 Lung cancar
1-Chlore-1-rikoproparie [BC0-25-9) {2017} 2 ppm - - 123.54 =ye & URT im pulm edema
Chiprogentafivorcethana [75-15-3) {1981) 1000 ppm — - 15447 Card zens
Chlosegirin [78-08-2] {1596) 0.1 pam — Ad 164 39 Eye 75, pulm gdema
A-Chinmprere [1 26-59-8 (2017) 1 ppn — Skin; A2 8854 Lurg cancer; URT & ey ir
1-Chleve-2-prepanel [127-00-4] and 1 ppm — Skin; A4 04 54 Liver cam

2-Chioro-1-propanal [fB-59-T) {2002)
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ABOPFTED VALUES

Substance [CAS No.] {Docuitansiation data) TWA STEL Hotations I TLV# Basis
Crotonedehyds [4970-30-3] (1598 - Co03ppm Skin; A3 1008 Eya & URT It
Cnomate [209-86-5] [1936) 5 mpgien? — Ad; BEl, 2017 Chelinesterase inhit
Cumene |98-82-8] (2020} 5 ppm — k] 120.19 URT adenoma; neutalegical eff
Cyanamige [420-04-2] [1977) 2 mgim? - - 4204 3Kin & eye it
Cyanazing [21725-48-2 (2015 0.1 mgim? M - A3 20710 Body weight, CNS & teratogenic eff
Cyangacrylales, Ethyl [7085-454] and 0.2 pam 1ppm DOSEN; RSEN 1254 (Ethy)}  Eya & URTiir; asthma

Mathd [137-05-3] (2018) 11211 (Methyly
Cyanogen [460-19-5] (2016 - C3ppm - 52.04 Eye & URT i
Cyanogen bromide [S06-53-3) {2015) - Co3ppm - 105.92 Eye & resp tract irr; pulm edema
Cyanngen chioride (506-77-1] (2014} - C0.3 ppm — 61.48 Pulm edema; aye, skim, & URT i
Cytlghegane [110-82-7] {2020) 100 ppm — BEI 54.18 GNS wmpar, eve & URT in
Cyclohaxanal [108-92-0] {1986) 50 ppm - Skirg BE| 10416 Evairr, CNS impar
Cyclohaxanone [108-94-1) (2003) 20ppm 0 ppm Skirg A3; BEI 98.14 Eya & URTir
Cyclohaxens [110-82-8) (2020 20 ppm — - 3214 Liver eft
C chexylarrine [108-91-8] (1995) 10ppm — Ad LR URT & eya i
Cyelgnile (121-82-4] (1996} 0.5 mgim? — Skin; A4 22228 Liver cam

ADOQPTED YALUES
Subsiance [CAS No.) (Documeartation dale) TWA STEL hotaliona M TLV® Basis
* Clathianklis [210880-82-5 {2021) 0.1 mggim 1 A 243,67 Male & lemala repro system dam;
newtchehaviorsl & nerodevelogment
impar, bady wesght eff

Coal dust (1998}

Anthracits [029-10.5] 0.4 mgimiR) — A - Lung dam, pulm fiarass

Biluminous or Ligails [308062-8240) Q.9 mglm? IR — Ad - Lung dam; pum fitvosis
Coal tar pitch volz'iles [65996-93-2], .2 mg/m? - Al1; BElp - Cancer

as hereene saluble gercsal (1931)
Cobalt [7440-48-4] and Inoryanic 0,02 mgim? [ - DEENRSEN, A3 BEl 5853 Puim func changes

tomgounds, as Co {2019) \faries
Coball carhanyf [10210-68-1], a5 Co {1983} 0.1 mgdm? - — Miod Pulm edema; splesn dam
Coball hydrocarbonyl [16842-03-8], as Co (1583) b1 g — - 171.98 Puim edema; lung dam
Cooper [F440-50-8] (1900} 6355 Iv; Gl imetal fume faver

Fume, as Cu 0.2 mgimd — -

Justs and mists, as Cu 1 mgim? - -
Catien dugt, raw, unireated [2010) 0.0 mglm3 T — A4 - Byssinesis; bronchitis; pulm fune
Covmaphos (56-72-4] (2006) 0.08 mgim? (FY) - Skin; Ad; BE) 36280 Cholineslerasa inhib
Cresol, alisomers [25-48-7; 106445, 20 mglm3 (IFV} - Skin: Ad 106.14 URTin

108-39-4: 1318-77-3] (2017

SoaA 1L

sanjep paidony — 2

£7 —-sanjep pajdopy



TLVO_CS

' ARGPTED VALUES

Substance [CAS No.) (Documentation data) TN STEL Walatlans e TLV® Basla

Dibuty phesyl phosphate [2528-36-1) (1980) 0.3 ppm — Skin; BE|» 286.26 Chalinesterzsainkib, URT irr
Dibutd phesphate [107-66-4) (2009} 5 rgimd Y] — Skin Hon Bladdet, eye, AURT i

Dibutyl phihatate [34-74-2] {1950 5 mgfm? — - 2534 Testicu.ar dam: eys & URT im
Dichlargasste gcid f79-43-5] (2005) 0.5 parm - Shin; A3 12895 LRT & eyeim; testicular dam
Dichlargavetylare {757 2-28-4] {1395) - CO0.1gpm A 493 Nayses, PNS impslr
w-Dichlorckenzene [95-60-1] (19986) 25ppm 50 ppm Ad 14741 URT & ay& i ver dam
p-Dichlorcbenzene [106-45-7] (1993) 10 ppm - A3 14701 Eye i, kidnay dam

- 3,¥-Dichlarcb ergidine [91-04-1] (1996) - - Skin; A3 25313 Bladder cancer eyaim

1,4-Dichlore-2-hutena [754-4 1-0] {1983) 0.005 ppm - Suin; AZ 124.59 URT & ayein
Dichlerodifiuoromethana [T5-71-8) [1996) 1008 ppm — Ad 120.51 Card sens

1, 3-Dichlore-5,5-dimethnyhydantoin 1 (B-52-5] {1979} 0.2 mgfm? 0.4 megin? — 122.03 LRT irr

11-Dichluroethansg [75-34-3) {1996) 100 ppm - Ad 9897 LIRT & eya i; luer & kidt gy darn
1,2-Dichlarpethylens, allisomars 200 ppm — — 9895 CHNSimpsr, eyeim

[158-39-2; 156-GD-5, 54Q-58-0] {1990)
Dilchiroedh| edher {111-44-4] (1096} 5 ppm 10 ppem Skir; Ad 14302 URT & ey im; n3ausea
ADDFTED VALUES

Substance [CAS No.] (Documantation date) TWA STEL Nakatlans My LYY Basls

" Cycltpenlans [287-92-3] (2021) 1000 ppm €X) — Nk ENS impair

Cyhencatin [13124-70-5) (1993) 5 mgim? — A4 38516 URT im, body weight e kidney dam
“ Cyremazine [B6215-27-8] {2021 2 mgired - A4 166,19 Body weight & hemalologizat eff
24-D [94-15-7]{2017) 10 mgim3 {0 - 24 2106 Thiyroid eff, kidney utlar dam
DOT [50-28-3] [1995) 1 mgfm? - Ad 354,50 Liver dam

Decaborane [17702-21-4] [1979) 0.5 pom 0.15 pom Skin 1223 NS comvut cognitive decramant
Dematon [B065-£8-2] {2002) .05 mgfeed 7 - Skin; Bl 25034 Chalinesierase inhib
Demeaton-S-mathil (318-86-8] {2014} 0.05 mgfmd (F¥} - Skin; DSEN; A4 BEl, 23000 Chalinesterasa inhib

Diacetone alcohal [12342-2] (1987} 50 ppm —_ - 116,16 URT & eye in

Diazety! 431.03-B] (2017) 0.01 pprov 002 ppm Ad 86,10 Lung dam {Bronehicliis obflerans-

like illmess)

Dlgzingn [333-41.5] {2003) 0.01 mgin? (Fv) - Skim; Ad; BEls 30436 Cholinesterase nhib
Diszomethane [334-58-] (1596) 0.2 ppm - AZ 4204 URT & syaar

Diborane: |19287-45-7}(1990) 0.1 g — — 27 8% URT Iir, headache
2-N-Dibutylaminoethano [102-81-8] [1094) 0.5 ppm —_ Skin; SEl; 17329 Eye & URTir

SIaiilL
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ADOPTED VALUES
Substance [CAS Ne.] [Documentadion datc) WA STEL Notations MW TLYY Haals
Diethyiamine }109-83-7) {2013) 5 ppm 15¢pm SKim; Ad 7314 URT, ays, & skin ir
2-Diethylamincethang! [100-37-8] (1994) 2 ppm — Skin i (A URT im; CNS conwul
Diethylene slycsd monobutyl ether [112-34-5) {2013 10 ppm (IFY) - — 162.23 Hemabedogic, liver & Kidney eif
Digthyleneiiamine {111-40-0] {1985} 1 ppm — Skin 10317 URT & eyeir
1 Di{2-ethylnesyiphthalate [117-81-7) [1994) (8 mgim?) - (had 390,54 {LRTir}
NH-Digthylhycroxytamine [3710-84-7) {2013 2 ppm - - 59,14 URF ir
Dietnyl ketone [96-22-0] {1998) 203 ppm 300 pprrt — §6.13 URT irr;, CHE immpair
Diethyl phit2late [54-66-2] (1539) § mgdi? - 24 22223 URT #r
Cifugrodibromomelhane [F5-61-5] { 1965} 100 ppm - - 200,83 URT ier; CHS impal; liver dam
Ciglycioyl eher [2233407-5) {2007) 0.01 ppm - Al 130.14 Eye & skin 7, male repre- dam
Chisobutyl ketone |103-83-8] {1979) 25 ppm - - 142,23 URT & ayeir
Discpropylamine [108-18-9] {1979} & ppm - Skin 101,18 URT irr; eypa dam
Dimathylacetamids [127-19-5; {2018) 10 ppm —_ Shin; &3; BEI #.i2 Liver, embryu & fetal darm; repro,
tgmal & teratogenic eff
Dimethamire [124-40-3] (2014) 5 ppm 15 ppm DSEN; A4 45.08 URT & Glim
ADUFTED VALUES
Substancn [CAS Mo (Oocumantation date) ™Wa STEL Notations Mw TLV? Basls
Dighlarofuaromethare [75-43-41 (1281) 1 ppm — — 10292 Liver dam
Dlehlgremettang [75-09-2] (1989] &0 ppm - A3, BEI 6493 COHb-emiz; CNS impziv
1,1-Dichlere- L-nitrogchane [594-72-9] (1986} 2 pam - — 14295 URT ir
1. 3-Cichioropropene [54.2.75-5] {2004} 1pom — Skin; A3 110.95 Kidney dam
2,¢-Dichicropropionic acid [75-98-0] (2000 5 mgim3 0 —_ Ad 143,00 Eye & URTirr
Dichlorotetrafucre sthane [76-14-2) [1996) 1000 ppm — At 170,43 Pulm fung
Dichionics [52-73-7] (2014) 0.1 my/m3 (FY) — Skin; DSEN; A1 BEl; 220,98 Cholinestersse inhib
Cicrotzahes (141-56-2] (2002 0.0% mgym3 (L) — Skin, A4, BEI 23721 Cholinesterase nhib
Cizpelopentadiene [77-7 3-8, induding 0.5 ppm 1ppm - 132.21 URT, LRT, & gye irr, CNS eff
Cydlopenladiene {2019}
Dicyclopantadieny iron, as Fe [102-54-5] (1840} 10 mgfm? — — 186.0% Livet dam
Dieldrin [50-57-1: [2010) 0.1 mgn? V] - Skin; A3 18383 Lhver darm; repre &f; CNS impair
Diesel tuel [68334-30-5; B8476-30-2; 65475-31-3; 100 mygfm 37V - Shin; A3 Varies Dermatits
68476-34-6], 55 lotal
kydrocarbors [2028)
Diethanclamine [111-42-2} (2009 1 mgi’ (1FY) — skin: A3 105,14 Liver & Kidney dam
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523-290; 25154-54.5] (20118)

" ADNQPTED VALUES
. Substanca [CAS No [Docemsntaiian date) TWA STEL Notationa MW TLVY Basls

Dinitre-o-cresol [534-52-11 {2018} .2 mgim3 (TF¥) - Skin 198,13 Razal mataolism
3.5-Dinitro-o-tc'uamide [(48-01-6] {2007} 1 mgim? — Ad 22518 Liver dam
Dinitr choluene [25321-14-6} (1597) (.2 mgim? - Skin: A3; BEly 18215 Card impa'r, repr eff
1.4-Digxzna (123-91-1] {1999} M ppm — Skin: A3 ag.0 Lives dam
Cicxathion [78-34-2] {2002) 0.1 mgim3 (TF¥) — Bkim; Ad; BEl, 455,54 Chelingsglerase inhil
1,3-Dicxoiane [§45-06-0} {2002} 20 pprn - - 7408 Hemalo'rgic eff
Diphenylamine [122-30-4] [1996) 16 gt - a4 169.24 Liver & kidney dam; heralologic aff
Dipropy! kelone [123-19-3] (1981) 5% pprn — — 114.80 URT irr
* Dipropytenc ghyoel methy| sther (DPGME] 5 ppem — — 148,20 Liver & GNS eff

[13429-07-7; 13508-28-5; 20324-32-7; 34500-

94-8; §5056-21-3] {2021)
Diquat [85-00-¥; 2764-720; 6385-62-2), as hacation 0.5 mgfmiM — Sxn; ad Varies LRT im, cataract

{1956} 0.1 mg/m? (Rl - ¥, A4 LRT ler; cataract
Disulfiram |97-77-8] {1595} 2 myfm? — A b il Wasadilat'on; nausea
Disulotar |238-04-4] (2002) 0,05 mgm3 BFY} — Skin; A4, BEL; 27438 Cholirgsterase inhib
Diuran [330-54-1] {1596) 10 g3 - M 23310 URT irr
Divinykienzene [1321-74-0] (1990) 10 ppm - - 130,18 URT ire

ADOPTED YALUES

Substanca {CAS No. [Docurmenta o date) TWA BTEL HNolatlons MW TLY® Basls
bis{2-Dim:ihylaminoeth) ether .05 pem 0.15 ppm Skin 160.26 URT. eye, & sxin irr

[3033-62-3] (2000}
Dimettwianiline [121-89-7 {19596) 5 pprm 10 ppm Skin; A%; BEly 12118 hgHb-gria
Dimelhy| carbamayl chioride [73-44-7] (2018) 0.05 para - Skin; A2 i07.54 Nagal cancar: URT irr
Bimelhy| disulfda [624-32-0] {2007 0.5 ppm - Skin 94.20 URT im, CNS mpaT
Dimethylelhoxysiane [14857-34-2] (1895) 0.5 ppem 1.5 ppm — 1.2 LIRT & eyeim neadache
DimethyXamam|de [53-12-2] (2018) 5 pom — Skin; a3; BEI 110 Livar dam; eys & URT i
1,1-Diraethyfiydrazine [57-14-7] (1985) 0.3 pam — Suin; A 0,12 URT itr, nagal canger
Pimethylphend, al isomess 1 open TFY) - DSENM. A3 Vades Hematalogic & body weight eff

[95-65-8; 35-B7-4; 105-67-9; 108-68-9;

$25-¥540); 576-26-1; 13007 18] {2019)
Dimethyl phihatale [135-15-3] 2005} 5 mgim3 — — 194,19 Eye & URT im
Dimeashyl sulfate [77-78-1] {1995) 0.1 ppm - Shin; &3 126.10 Eve & skin fr
Dirnetiry] sulfics [75-18-3] (2004) 10pom - - g2.14 URT br
Cinftroenzene, gl isomers (550, 100-25-4; 0.15 pom (TFY) - Skin; BEl, 16811 MeHb-emia; ave dam
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ADOPTED VALUES
Subslance [CAS No) {Documarntation dats) TWA STEL Hotatlona MW TLV® Ranls
Ettylamine [75-04.7] £2013) 5 ppm 15 ppm Skin 45,08 URTirr
Ettiyl amyf ketone [541-85-5] (20073 10 ppm - — 128 Neurstoxfeilty
* Ethd benzena | 100-41-4] {2021) 20 ppm — OTO; A3; BEI 106.16 URT & eyeim; ototaxicity; kidney ef;
CHS impair
Ethyl bromide [74-95-4] (1696) 5 ppan - Shin; A3 108,98 Liver darm; CMS impair
Ethyl fert-butyl ethes [637-82-3] (2013) 25 pam — A4 10298 URT & LRTim CNS impair
Ethyl butyl kelone [106-35-4] (1498) 50 ppm 75 ppm —_ 114.19 NS impair, eye & skin T
Ethyl chloride [75-00-3] {1995} 100 ppm — Skim; A3 64.52 Liver dam
Ethylene [74-85-1] (2005) 200 ppm - P 2805 Asphyria
Ethylene chiseohydrin [107-07-3] {1996} - 1 ppm Skin; A 8052 NS impair, liver & kidney dam
Elnylenediaming [107-15-3] {1996} 10 ppm - Skin; A4 §0.10 -
Elhylene dibrammide [105-03-4] (1596) - - Sk, A3 187.88 -
Ethylene dichloride [107-05-2) {1985) 10 ppm - A4 9.9 Lives dam; nausea
Ethylens glye [107-21-1) (2047} 25 ppm (V) 50 ppm 1) A 62.07 URT irr
10 mg/m? L H)
¥ Ethrdene glycol dinitrate [628-95-6) [1985) {0.05 pprm) =} Skin 15206 {Wasadilation; headache)
E'rylena cuide [F5-21-8] {1590} 1 ppm - A2, Skin; BEI 4405 Cancar; CNS impar
ADDPTED VALLIES
Bubstance [CAS No.) {Documentation date) TWA STEL Netallons M TLVE Basls
Dedecyl mercaptan [112-550] (2014) 0.1 pam —_ OSEN w240 URTiir
Endosulfan [115-29-7] (2039} 0.1 mgim? {FV} - Shir; Ad 406,55 LRT irr, [ver & kidney dam
Er:in (72-20-B} (1996} 0.1 mgim? - Skin; A4 3093 Liver gam; CNS impalr; headacha
enfurans [13834-16-9]{10596) 7% ppm - P 18450 CHS impar; sard impair
Epichizronydrin [106-85-8] {T997) 0.5 pem - Skin; 43 gr531 URT &, male rep:q
EPN [2+04-54-5] (2019 0.1 mgim3 {Fv) - 5kin; A4; BEl, 323 Cholinesterase inhib
Ethane [74-24-[) Sse Appendiy. F: Minimal Cuygen Contant (D, EX) 3ngr Azphyxia
Ehanol |54-17-3] (2009 - 1000 ppm A3 46.07 URTirr
Ethansarning [141-43-5] {1585) Jpem & ppm - 61.08 Eye & skin it
Ethion [S63-12-2] {2003} LB M iFY) Sty Ad; BEl 184,48 Chaliresterase irhi
2-Ethoryethand [110-80-5] [2003) & ppm — Skin; BEI #0.12 Mals repta & embryofetal dam
2-Elhoryelhy! acesate [111-15.9] {2003) 5 ppm - Skin; BEI 132.16 Male repio dam
Ethyl acataia [141-75-5] (1579) 400 ppmy - — 88.10 URT & eyeim
v Ethylacrylale [140-88-5] {19563 5 ppm 15 ppm nd 100,11 LRT, eve, & Gl irs CHES impair;

skin 5ans
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ADOPTED YALUES

Substance [CAS Mo (Documaniation date) TWA ATEL Holations MW TLY® Basls
Fesravanadiurn dust [12604-58-8] {1990) 1 mgtm? 3mgim? — — Eva, URT, ALRTirr

Flour dust (2014} 0.5 mgim3 N - RSEN - Agthma, URT i, bronchitis
Fludicxon? [131341-86-1 {2018} 1 gm0 - A3 243.20 Liver & kldney dam
Flucrides, a5 F (1996} 2.5 mgim? - A4 BEl anes Bone dam: fluorosis
Fluorire [F7a2-41-4), a5 F {2019) 0.1 ppm C 0.5 pom — 38.02 Fiuarasls: eyeir

Folpat [133-07-3 {2017} 1 mgim3 (0 — DEEN, A2 296.60 Liver dam; bady weight ef
Fonofos [944-22-9] {2006) 0.1 mgim? TF¥) - Skin; Ad; BEY 246.52 Choknaslerase inhib
Fomaldehyde [50-00-0] {2017} 0.1 ppm 0.3 ppm DSEN; REEN, A1 30,03 LURT & eye im; LRT cancer
Fomaamide [75-12-7] (20200 1 ppemt —_ Shin; A3 45.04 Hematalogical eff; Iver cancer;

developmental lovicty

Fomic ac’d [G4-18-5] {1987) 5 ppem 10 ppin — 46.02 URT, eye, & skinirr
Furfural [38-01-1] {2017} 0.2 ppm - Skix, A, BEI 96.08 URT & aye im

Furfuryl sleshol [58-00-00 (2017} 0.2 pprm - Shim; A3 48,19 URT & eye ir

aliom arsenide [1303.00-0] {2007 0.0003 mgms (R - A3 144 64 LRTirr

{asoling [§6290.81-5] (2003) 300 ppm 500 ppm A3 Varnes LRT & sye im; CNS impair
Gemanium telrabydida [7752-85-2] {1946) 0.2 ppm — — TE63 Fematologic. eff

ADOPTED VALUES

Substance [TAS No.] (Documentation $aba) TWA STEL Hotations MW TLVE Basls

Etryleneiming [151-56-4 {2008) 0.05 ppmi 0.1 ppm Skin; A3 43.08 LIRT iir; liver & kicney dam
Ethyl ether 60-29-7] (1976} 400 ppm 530 ppmn - A2 NS impair; URT i

Ethyl formate (103-34-15 (2012) - 100 ppm A4 74,08 URTir

2-Fthylhexanoic acid [143-57-5] (2007) 5 myim3 (FY3 — — 144,24 Teratogenic eff
2-Ethyl-1-hgxana {104-76-7] (3 pprn] A3 LRT im, ayaitr

Ethytidens norhamens [16219-75-3] {2014} 2ppm 4 ppm - 120.1% URT & eye i

Ethyl isocyanate [108-904) [(2014) 0.02 prm 06 ppm Skin; DSEN L0 URT & eyaim

Ethyl marcaptan [75-08- 17 [2004) 0.5 ppm - — 6213 LIRT irr; CNS impir
M-Ethylmorphning [160-74-3] (1385} 5 pam - Siln 11518 URT irr, eya dam

Elhil silicate [78-10-4] {1956) 10 ppm — - 208.30 URT & eve i, kidney dam
Fenamphos [22224-82-6] (2006} 0,35 mgim? {F¥) - Skin; A4; BElg 303.40 Cholinesterase inhib
Fensulibthion [115-90-21 (2005) 0.01 mgim? {IFY) - Skin; Ad; BElo 308.35 Chelinesterase inhib
Fenlhicn [55-3€-9] {(2006) .06 mgim? (FY) —_ Skin; Ad; BE | 278,34 Chelnesiarase inhip
Ferbam [14484-64-1] [2008) & mgim3 0 - Ad 41650 CNS Impair; body woight eff;

splgan dam
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ADOPTED VALLES
Substenca [CAS He.) {Docementation date) TWA STEL Notations y TL'® Basls
Hexachiorouw adiene |87-68-3] (1895) 0.02 pom - Skin; A3 26076 Kidney dam
Hexachiomeyclopentadiena [F7-47-4} 11608} 201 pem — 7] 27215 URT Irr _
Hesachla:pzhane 67 -72-1] {1956) i ppm - Skin: A3 236.14 Liver & kidnay dam
Hexachlororaphthalens [1335-67-1] (1966) 0.2 mgim3 - Skin 134,74 Liver dam; chioracne
Hexafuoroazelons [GB4-15-2] {1986] 0.1 pom — Skin 166.02 Testiculer & kidney dam
Hexafuoropropylens [116-15-4] (2010) 0. pom - — 150,02 Kidrey dam
Hexghydrophihalic anhydrids, ak isemers — C0.035 mgim? FY) RSEN 15417 Sans
(85-42-7, 11449-00-3; 14156-21-3) (2015)
Hexamethylene disocyanate [822-06-0] (1958) 0.005 pprm — BEI 169.22 URT irr, resp sens
Haxamett:ylenetetramine [100-97-0] (2020) 1 mgim3 (v - DSEN; A4 149,19 Demmal sens
Hexamethyl phospheramide [380-31-9] (1996) - - Bkin; A3 179.20 URT canea:
n-Hexane [110-54-3) {1908 50 pom - Skin; BEI 85.18 CNS impa'r, peripheral
NEWOPAY,; By it
Hexane isomers, other than n-+Hexang 500 ppim 1000 pprm — 86,17 CNS impair; URT & eyair
[F5-83-2 78-20-B; BE-14-0; 107-83-5) {1382}
1,E-Hexznadiaminz [124-09-4] {1922} 0.5 ppm — - 116,21 URT & skinir
Hexazingne [51235-04-2] (2020) Imgim3 (8 — Ad 2230 Hematological & lver ef
ADDPTED VALUES
Substance [CAS Ne.) (DQocumentation date) TWA S8TEL Watations MW TLY® Basls
Glulraldehyde [111-30-8], astvated o unaclvated (2015 — C0.05 ppm DSEM; RSEN; 44 100,11 URT, skin, & eye Ir; CNS impeir
G.ycidol 1595-52.5] (1996} 2ppm — A3 7408 URT, eyo, & skin i
Glyoral [1Q7-22-2]12014) 0.1 mgfmed (FY) - DSEN; Ad 58,04 URT irr; lannx melaplasia
Grain dus! {oat, wheat, barlay) (1026) 4 mg/m® — - N& Brenchids; LIRT im, pukm Rune
Graphile (afl forms skcapt graphite fhers) [F782-12-5) 2 mg/m? iR - . - Pneumcconiosis
{1981)
Hafnium [7440-58-8! and compounds, as Hf {1995) 0.5 mpim? — - 175,44 URT & eye Im; Evet dam
Halethene [151-467-7| (1956) 50 ppm — A4 197.39 Lbver dam; GNS Impair; vasodilalion
Hard metaks comalning Cobalt [F440-48-4) and 2.005 mgfm3 (T — RSEN; A2 — Prigumanitis
Tungsten carbice [12670-12-1], &8 Co [2018)
Helium [7d20-39.7] Sas Appendix F- Minimal Oxygen Content {121 409 Asphyxla
Heqlaenior [75-44-81 and 0.05 mgim?¥ - Shin: A3 e Livet darn
Heptachlor epexride [1024-57-3) (199]) 389,40
Eeotane, isomars [108-08-7: 142-82-5; 565.98.3; 400 ppm 500 ppm —_ 100.20 CMS impair, URT i
589-34-4; $90-35-2; 591-764] {1979}
Hexachiorobenzene [118-74-3] {1997) 0.002 mgimd — Skin; &3 20478 Parphyrin aff; skin dam; CNS impair
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ADOFTED VALUEES
Substance [CAS No [Doctrmertallon date) TWA STEL Nolatlons MW TLA® Basls
Hydrogen sulfida (F753-05-4) {2010 1 ppr Jppm - M08 URT im, CHS impsair
Hydtaguinene [123-31-9] {2014) 1 mgfm? — DSEN; A2 190.11 Eye ir; eya dam
Z-Hydroxypropyl acryate [B59-61-1]{2014) 0.5 ppm — Siin; GEEM 130.14 Eye & URT |t
" Imazosulfuren [122548-33-8] (2021) 10 srgten? [ — A 41280 Thyreid & liver hypertrophy
Ingtene [55-13-5] (2008} 5 ppm - — 115.15 Liver dam
Ingliom [7440-74-5) and compaunds, as [ {1390] 0.1 mgim? - - 14482 Pulm gdema; pneumanEs;
centad erosion; malelse

Incliggrn $ins i (B0D26-1 1-3), a5 In (2019) G001 mg/meR) — D&E=N: A3 Vares Pwm fune; pulm fibrosis
3 lodine and lodides, as iodaae {2008)

| nicinye: [F553-56-2] {0.01 ppn FF¥)) {04 ppm O (5 A4 253.80 (Fypathyraidism; URT i)

lodides 0.0 ppm UF¥] — [} ad Vares Hypothyraldlam;, URTin)
~ lodotorm [15-47-8] {2021}, as elemental lodine 0.001 ppm{TF¥) — Shin; Ad 30373 Thyraid &5 fatalih sonatal dam
Tren oxide (FeyOy) [1309:57-1] (2005) 5mglm? (R} — M 156,70 Pnaumaconiosis
Iran pentacarbony [13463-40-6), as Fa [1982) 0.9 ppm 0.2 ppim — 18590 Pulm edema; GNS impair
Iran sadtg, soluble, g5 Fe [1390) 1 i - — Varies LRT &skin it
Isoamyl aleahol |123-51-3) (1980) 100 ppm 125 ppm — B83.15 Eye & URT ir

ADUPTED VALUES
Subslance [CAS No.) (Docemanislion date) WA STEL Noltions MW TLV® Basls
1-Hexena [592-4 1-6] (2003) 50 ppm — - 8416 CNSimpair
sec-Hewyl acstate [108-24-9] {3020 20ppm 50 pom - 144.21 CNSimparn URT & ayg ir
Hexylane glycol [107-41-5] (2047} 25ppm £V 50 ppm (¥} - 116.14 Eye & URTir
10 mg/m? (L. He

Hydrazine [302-0%-2](1995) 0.0 ppimy — Shin; £3 3205 URT carcer
Hydragen [1333-74-0] Ses Apperdix F: Minfmal Oxygen Contant (D, EX) 1.0 Asphyia
Hydrogenatsd terphenyds (noniradiated) 0.5 pom — - 24100 Llver dam

[61788-32-7] (1990
Hyarogen bromide [10035-10-6] (2601} — C2ppm — EQ.02 LURT iw
Hydregen chioide [FE47-01-0] (2002} — C 2 ppm Ad 847 URT it
Hydrogan cyanlde and cyanide salis, as GN {1494) URT irr. headache: nauses; thyioid ef

Hydrogen cyanide [Té-00-8) - G 4.7 ppm Skin 2r.m

Cyanige salts |143-23.9; 151-50-8; 592-01-8} — €5 mgiml Kin Varies
Hydrogen flucride [7664-39-1). 2 F {2004} 0.5 ppm C2pom Skin; BEI 0.0 URT, LRT, skin, & ayairr;

fluoiosis

Hyd-ogen peseside [F722-84-1] {1996) 1pom -_ Al 302 Eve. URT, & skinir
Hydragen selenide [7783-07-5], as 8¢ (1500) 0.05 ppm — - 0,95 URT & ey im, nawssg
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ADOPTED VALUES

Substance [CAS No.] (Documantalion dale) TWA STEL Notations MW TLV® Basia
Ketens [483-51-4] (2020) - G005 ppm - 42.04 Lurg dam; puim edems; URT & sya i
Lead [F42982-1] and 0.05 mgim? - A3 BEI 207.20 CHS & PNS impair;

Incrgaric compounds, as Pa {1995) anes hematalogic aff
Lead chromate [7756-97-5), 88 Cr{Vl) 0.0082 mgim3 11l 00005 mgims3 (¢ DSEN, RSEM; AT, 32322 Lung & sincnasal cancer; resp tract i

{2018 BEI asthma
Lindane |58-68-9] (1996) 0.5 myfmd — Skir A3 290.85 Liver dam; CNS impair
Lithiun hydride [F580-67-8] (2015) — € 0.06 mgim3 — 195 Eye & reep fraclim
LP.&. (Liguefied petroleum gas) [56476-85-7) See Appendin F: Minimal Cxygen Conlent 10, EX) — Asphueia
Magnesiut oxide [1309-48-4] (2005) 10 megfey 1t — Ad 40.32 URT; medal fume faver
Malaihlon [121-75-5] (2003} 1 mgim3HIFY; - Skin; Ad; BEL. 33036 Chelineslerass inhib
Male'n antwelrice [108-31-6] (2014} 2.01 mgim3 (FY) - OSSN, RSEN; A4 S8.06 Resp sens
Manganese [P439-96-5), elemental and 0.02 rmgim3 (R} — A4 54,94 CNS impair

ingrgan'c compounds, a5 Mn {243 0.1 moim3 [ Varies
Manganese cydopentadiany! tiearbonyl 0.1 mgim3 o Skin 20410 Shinir, CNS impair

[1207E-G5-1], &s Mn (1982}
Mercury [7439-87-6], alkyl compounds, a5 Hg (1982)  0.01 mgim3 0.03 mgim3 Skin Wanes CNS & PNS impair; kidoey dam

ADCPTED VALLES
Substance [CAS No.| (Doctimentallon date) TWA STEL Hotations uw TLV® Basls
Isabulanol (78-83-1] (2002) 50 ppm - — 7412 SKin & eyeir
Isobutyl nitrite (542-56-3] (2019} — G1ppm A3 BEly 103.12 MeHb-emla; Yasodilation
* leofurane [286TR-46-T] (2021) £0 pprm - A 184.42 Embryotatal dzm; malemal body weight
off; CHE knpdit cognitive decramarits
Isoocky! alechal [25552-2 1-6] (1930) 50 ppim - Skin 130.23 URT It
Iscpharane [F8-59-1] {1995! - C 5 ppm 23 13821 Eye & URT irr; CNS impair;
ma'sise; faligua

Isephorone diisocyanate (4098-71-0) [198E) 0,005 ppm - - 22230 Resp sans
2-lsupropomyethancl | 109-59-1] (1583} 25 ppm - Skin 104,15 Hematelogic eif
[sop-opylamine [75-31-0] (2020 2ppm 5 ppm SKn LR URT & ocudar irr; visualimpeaX
Miscoropylandine 768-52-5] (1930} Zppm -— Skin; BEly 135.29 MeHb-emia
esonnopy| ether [108-20-3] (1979) 250 ppm 310 ppm - 102147 Eye & URT I
Isopropy| elvcicyl ether [4018-14-2¢ (1979) 50 ppm 75 ppm - 116.18 URT & eve Im; deemailis
Kaalin [1332-58-71 [1936) 7 mgim3iE. &) — A — Prevmeconicss
Keraseni [8008-20-6; 54742810 et fuels, 200 my/md 11 — Skin; A3 Varies Siin & URT ir; CHS impair

&5 total hydrocarban vaper (2003)
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ADOPTED VALUES
Substance [CAS No.) tDocumentafion date) TWA STEL Netatlons M TLY® Basis
Mathyfacebyens [74-33-7] (2057} 1000 ppm X — — 007 CNS impair
Methy:aceldene-propadiens mixturg 1000 ppm (EX} 1250 ppm €4 - 4007 £NS impair
(5835575 8] {2017)
Mathy: acrla’e |96-33-3| {2014} 2 ppm - Skin; DSEN: A4 3500 Zye, gxin, & URT im; eye dam
Methyiaaenilda [126-98-7) (2011) { ppm — Skin; Ad 6708 CNS impalr; eye & skinir
I ethyla! [108-47-5] {1987) 1000 ppm - - AL Zye im; CMSimpair
M gthiyta micee: [74-85-5] (2013} 5ppm 15 ppm - 31.06 Eye, s4in, & LURT i
heethyl n-amy! kelone [110-43-0] 11987} 50 ppm - - t14.18 Eys & skin im
N-ethyfaniline [100-61-8] {1922} 0.5 ppm — Skin; BEly 187 15 MeHb-emia; CNS impair
* 2-Methyl-2-butene |513-35-9] (2021} 10 ppim - — FL13 Llastegenic eff
M ethyl bramide [74-83-9] {1997) 1 ppm - Bkin; A3 6495 URT & skir irr
et fert-butyl ether [1634-04-4) (2002) 50 ppm — Al B8AT URT irr, Kigney darm
eyl n-butyl ketone |591-78-6] (19963 5ppm 10 cpm Skin 10016 Peripheral neuropathy; testicu’ar dam
Wethyl chioride [74-87-3| [1996) 50 ppm 100 peme Skin; od 50.49 LS Irnpalr; liver, kidney, &
festicular dam; teratonenic eff
ADOPTED VALUES
Substance [CAS Na.] (Bocumaniaiion date) TWA STEL Nelations MY TLV® Bagis
MWeseury [7439-87-6], all forms excapt alkyd, as Hg [1994) 200,53
Ard componnds 0.1 mgim? — Bkin Vares CNEimpat, kidney dam
Elemanial and lneganic fomns 0.025 rmg!m? — Skin; Ad; BEI Varies CNSimpair; kidaey dam
Mesityl owide [141-79-7] {1992) 15 ppm 25ppm - 9314 Eye & URTim, ChSimpar
Mathacrdic acid [F&-41-4] (199%) 20 ppm — - 86.0% Skin & evye i
Mathane (74-52-8] Sep Appondix. F; Minimal Oxygen Content (P BX) 16.04 Asphyria
Wethand [57-56-1] {2009) 200 ppm 250 ppm 8kin; BEI 3204 Headache; ¢ye dam; dizziness; naysen
Melhomyd [18755-77-5) (2014 0.2 mgim3 [E) - Skin; Ad; BEI 6220 Chalinesterase intib; male repra
dam; hematokgic &%
Methowychler [72-43-5] {1995) 10 mgim3 - Ad 565 Liver dam; CHS impaT
2-Hethoxyethand [109-86-4] (2005} 0.1 ppm — Skin; BE! 7609 Hematelegic & repro eff
2-Metheeyethyl acefata [110-49-6] [2006) 0.1 ppan — Skir; BEI 118,13 Hemata'egic & rearo eff
A-bethoxyphencl [150-78-5) {1932} 5 gl - — 124.15 Eye im skin dam
1-Methoxey-2-propancl [107-38-2] (2013) S0 pom 100 prm Ad §0.12 Eye & URT Irv
Meattrd acstate [79-20-9] (2011) 200 ppm 250 ppm - [L2E Headache; dizniness; nauses, oye

dam {deggnoration of ganglion cells

in the reding)
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ADCPTED VALUES
Bubstance [CAS Mo.f (Documentalion date) TWA STEL Netatlons MY TLY™ Basls
Methyl tarmate [107-31-3] {2015) S0 ppm 100 pom Shin B1.05 CNE impair; URT Ir; gye dam
Methyihydrazine [60-34-4] {1385) 0. ppm - Skin; A3 4807 URT & eya im; lung cancst; liver dam
Mathy! Scdice 74-8B-4) (1996) 2 ppm - Skin 144.95 Eye dam; CNSimpair
Mathyl isoamy ketane [118-12-3| (2013 20 ppm 50 pem — 114.20 CNS impair, URT irr
Methyl isobutyl earbinal [08-11-2] (20200 20 ppm A gpm - 10218 URT & ey im; dizziness; headache
Methy! isobutyl ketone [108-10-1] (2010) 20ppm 75 opm A% BEI 100,16 URT im, dizziness; headache
Methyl isncyanatg [524-83-2) (2014) 0.02 ppm 0.0 ppm Skin: DSEN 5705 URT & eye i
Methy! isapropd kelona [563-60-4] (2011) 20 ppm s - 86,14 Embryoifetal dern: neanata!
tomicity
tlethyl mercaptan [74-93-1] (2004) 0.5 ppmi - — 48,11 Liver dam
iethy! melhacrylals $80-62-3] {2015} 50 pprt 400 ppm DSEN: A4 100,13 URT & eye im, body weight el
pulm edama
1 Melhylnaphthalene, allisomers 10.5 ppr} — kin; Ad 4220 (LR i ung dam { )
1-Wethy naphithalene [90-12-01 and
2-Melynephithalene [$1-57-6) [(2007)
WMethy! patathion |258-00-0] {2005) 0.0¢ mgim3 (v - Skiny A4; BElg 253.20 Cholinesters se inhit
Wethyl peopyl kedane [107-57.9] (2007) - 150 ppm - B517 Pulm fun; eyefir
ADGPTED VALUES
Subsiznce [CAS No (Cocumontztion date} THA STEL Notatlons L1 TLV® Basls
Wathy chloredarmn (71-55-8) {1995) 50 ppm 450 pom A4 EE| 13542 CHS imipair, liver dam
Methylcyd chaxane [108-87-2] (1987) 400 ppmt - - 98,18 gRT i, CNS impair; liver & kidney
am
Methyleyclohesanol [25639-42-3] (2004) 50 ppm - — 114,18 URT & aya im
2-Methyleyclahexanone |ses metnyloycichaxanone, 20 ppm - — 19217 Liver off, CNS impair
gl isomers] 589-924; 531-24.2; 1331-22-2) (2020}
2-Methicyclopenladienyl mangznese rcarbony| 0.2 mgim3 — Shin HE10 CNS impair; lung, liver, & kicney dam
[+2:08-13-3, as Mn (1985)
Mothyl demeton [A022-00-2] (2007) 0.05 mg/m? (IFY) —_ Skin, BElp 230.30 Cholinesterase inhit
Methylene bisphend socyanate [101-88-8] {1988) 0.005 ppm — - 25026 Resp sens
4 -Methylene bist2-chlaragniling) 0.01 ppm (FY) - Skir, A2, BE| 26747 Bladkder cancer, hekb-emia
[:D1-14-4] (2018)
Mot lens bisid-cyclohaspisocyanate) [31 24-30-1{1988;  0.005 ppm - - _ 26235 Respsens; LRTir
44" Methylzredianilng [101-77-9) (1995) 0.1 ppm — Sk A3 19826 Liver dam
tiethyl ethyl kedone [73-53-3) (1992} 200 parm 200 ppm BEI 2.0 URT im CNS & PNS impair
blethyi elhyl ketone peraside [1338-23-4] (1992) - CO.2ppm - 176.24 Eve & skin frr; Iver & kidney dam

50-aA1L

£ — sanea pajdopy




TLVE-CS

san|ep paldopy — o

ADQPTED VALUES
Substance [CAS No.] IDocumeniztion date) TWA STEL Notations MW TLMY Basiz
Moncchloroanefic aoid [79-11-5] {2008) 0.5 ppm (TFY) - Skirg, Ad 84,50 URT i
Monecrolophas [6823-22-4] (2002} .05 mgim3 (F¥} - Bhin: A4 BRln 22118 Thefngsterase inhi
Manemethylfamemides [123-35%7] (2019) 1ppm — Skin §9.07 Embryotfatal & liver dam:
teralogenic eff
Marphchine [110-81.8] [1596) 20 ppm — Bhin; Ad §7.12 Eve dam; URT AT
Maled J300-75-5) (2044} 0.1 mgimd (FY) — Skim DSEM: A4 BEl.  280.79 Cholinestarase inhib
Naphth aleme [51-20-3] {2014) 10 ppm - Skin; 43; BEI 128.19 URT i, cataracls; hemofylic ansmia
[3-Naphliylamine [31-59-8] {1987 = - Al 143.18 Bladder cancer
Natural gas [A006-14-2] Ses Appendix F: Minimal Oxygen Cantent (0. £X] — Asphyria
Natural rubber kitex; [3006-04-6], 0.0001 mgim3 L) — Skin; DSEN; RSEK  varles Resp sens
as inhalable alergenic preleins (3014)
Hean [7440-01-9] See Appardix F: Mirimal Cixygen Condent (23 .18 Asphysia
ADOFTED VALUES
Substance [CAS No ] (Decumentation date) TWA STEL Motations Ly TLV® Basls
Methy! sificata [651-84-3) {1986) 1 ppm - — 154,02 URT Irr, eye dam
o-Methylstyrene [93-83-9] 20100 10 ppm - A 118.18 URT ir; kidney & famala
repo darn
Methpletahydrophthaic anhydrda isomars 0.07 pph 0.2 ppb Skir; DSEN; RSEN  16B.70 Resp sens
[3425-885; 5331846 T1070-44-3; 19438632 SLO.7 mgMd) omd
19438-54-3; 26500-20-5; 42408-56-8] [2019)
Methyl vinyl kedone [78-84-4] (2019 — €0.01 ppm - oo Uper resp dam; kbkopenia
Metribuzin [21087-54-9] {1986) 5 mgfm? - A4 21428 Liver dam, hemztalogic eff
Mevinphos [F7B5-34-7] {2003) 0.01 mglm3 {TFV — Skin; A4; BEI; 224.16 Cholingsterase inhib
Mica [12001-26-2) (2020} 9.1 mgim3 &) - - — Phasmoeonioss
Mireral oil, eccluding metal Wariss URTir
working floids {2010)
Pura, highly and severaly rsfned 5 mgin3 1} - Ad
Poory and mikily refined -1 — A7
Molybdenum [7438-35-7), as Mo 95.55 LRT irr
Soluble compounds (2003) 0.5 mgimd (R] — A5
Metal and insclizble compaunds {2001) 1 mgim? 0 - -
3 mglm3 R — -
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ADOPTED YALUES

Substance [CAS No,| [Dacumentailon date) TWA STEL Notations e TLV® Basis
Milragen [F727-37-9] Fee Appentiix F; Minimal Oxygen Content (5} 14.01 Asphyxia
Nilregen daxide [10102-44.0] {2012) 0.2 ppm - Ad 46,01 LRTirr
Mitroger: Uifluoride [7783-54-2] (1592} 10 pam - BEly 71.00 IeHb-emia; liver & kKidney dam
Nilrogi yoerin |55-63-0] {1985) 005 ppm — Skin 227.00 Vasodilation
Nilromethane [F5-52-5] (20003 20 ppm - Al 61.04 Thyroid &t URT rr; lung dam
1-Nitropragane [108-03-2] (1983} 25 ppm - A §9.02 URT & aye 3m; liver dam
2-Niropropan e [79-46-0] (1095) 10 ppm — Al 5900 Liver dam; llver cancer
N-Mitrosedimedhylamane [62-75-0] (1555) — — Skim A3 FL08 Livar & kidney cancer, fiver dam
Nlrolduene, iseimers Zppm — Elin; BEL, 13213 MeHi-emia

[B8-72-2; 99-08-1; 93-33-0] {1982)
S-Mitroo-tluidine [98-55-8) (219) 1 mgém3 (EV] - A3 15216 Llver gam
Milroue axice }90024-97-2] 11995) 30 ppm - ad 4402 CNS impair; hematslogie eff;

gmbryoffatal dam
Nonane [111-84-2] [2012) 200 ppm — - 120.26 CMS impair
Oetachlaronaphthalens (2234-13-1] (1576} 0.1 mgim? 0.3 mgim’ Siin 403.74 Lives dam
Qutane {111-65-9), all isomars (1999) 303 ppon — — 114,22 URT irr
ADDPTED VALUES

Substance [CAS No.) (Documeontatian date) TWA STEL Motatlons b TLY® Basia
Nicked [f440-02-0| and inorganic compounds

inctuding fckel subsulfide, as Ni{1988)

Elemenlal [7440-02-0) 1.5 mg/m¥ it - A8 BEI 5811 Dermativa; preumataniosls

Solubde inorganic campounds (NOS) 0.1 mgim=1% - . A4 BEI Varias Lung darm; nasal cancar

Insaluble nargania compouads (NOS] 0.2 myg/md 1 - A4 BEl Varies Lurig cancer

Nickel subsulide [12035-72-2), as Mi 0.4 mg/m3 1 - A1, BEI 2019 Lung cancer
Nickel carbonyd [13463-39-2), as Mi {2014) - C0.05 ppm A3 170.73 Lung it
Nicatine [54-11-5] (1992 0.5 mgimd — Skin 162.22 Gl dam CNS impair; card impair
Nitkapyrin [1923-82-41 (2019) 10 myfm? IFY) 20 mg/m3 (IF¥) LT 230,93 Liver dam
1 Ml add [P697-37-2] (1987; {2 ppmy) 4 ppm) {) 6302 [URT & eye ier; dental empsion)
N Inc axide [10102-43-9] (1692} 25 ppm — BEly 3004 Hypexlaicyanasis; mirasy-Hi fom;

URT i

Nilmaniing [100-01-6] {1995) 3 mghnd — Skin; Ad; BEly 138.12 MeHb-emia: lver dam; aye in
Hilroben zene (38-95.3) {1596) i ppm — Skin; &% EL, 12311 MeHb-emia
p-Mitrgetigrebenzene [1D0-00-5] (2008) 0 i pp — Skin; A3, BEN, 157.56 MeHe-emia
4-Mitradiaheny| [32-93-2] (1008} —IL - ¥in, AZ 195.20 Bladder eanger
Nitrogthane [79-24.3] [1966) 100 pam - — i URT irr; CNS impair; liver dam

L] ".:'_;;:Lﬂ'll
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AODPTED VALUES

Substance [CAS Mo (Pacumantaiion date) TWA STEL Hatationg My TLY® Basls
Pantachloronitrobenzena [&2-68-8] {1586} 0.5 mgsm3 - Ad 295,38 Liver dam
Pentachlorophenal [B7-86-5] (2014} 0.5 mgim3 (11} 1 g (P40 Skin; A% BEI 26,35 LRT & eye i CNS & card i pair
Pentasrythiiicl [115-77-5] (2013} 10 mgfmd - — 136.15 Gl
Pantana, all isomers [F8-18-4; 10966-0; 463-82-1] (2014} 1G00 pprm — - 7218 Narcosis; resp Taclim
2 4-Petanedions [123-54-3) {2011) 25opm - Skin 100,12 Newrmlaxicity, CNG impair
Pent acelate, all isomers [123-92-2; 820-11-1; Stppm 10C ppm - 130,23} URT ir

G24-41-0; 525-16-1; 626-35-0; 628-63-7) (20007
Peratzte acid [73-21-0) {2014) - 0.4 ppm (TFV) ad 76,05 URT, eve, & suinfr
Perchioromethy] mercap’an [554-42-3) (1686} 0.1 pem - — Wadr Eya ALURT I
Perchioryt ueride [7616-94-6} (2020) 0.5 pamn - - 10245 K gHbwemla; fuonosis
Perfucrohutyl athylene [19430-93-41{2004) 100 pprn - — 2610 Hematalogis eff
Perflucrcisobutylere [382-21-8] (1992) — G 0.0 parm - 20,04 URT irr, hemata¥ sqic sff
Fersultales, as parsullats [7727-25-1; 7727-54-0; 0.1 mgim3 — - Varies Skin i

FIT5-27-1] {2006}
Phenal [106-95-2) 11396} S ppm — Skin; A4; EE| 8411 LIRT irr, lung cam; CNS impair
1 Phenafiazing [52-84-2] (1955) (5 migim3 — Skin; [ 199.26 [Eye ohotosans; skin i { )

ADCFTED VALUES

Substance [CAS Ne.] [Documeniation date) THA STEL Natallons L TLY? Basls
Csmium tetraxide [268 16-12.0], a5 Os {1979 0.00532 ppm 0.0005 ppm - 25420 Eye. URT, & skin i
Omalic acld, anhyeirus H44-52-7) akd 1 mghm? 2 mgim? — M.04 tanhy)  URT, eye & skinin

difrydeate [§153-56-6] (2018) 126.00 {dihy}
p.p-Owybis [henzenasifionyl hydrazide) [B0-51-3] (2000) 0.1 mgim3-TI - - 36840 Teratogenic off
Coeygen diffvoride [FT83-41-7] {1983) — € 0.05 ppmn - 5400 Headzche; pulm edema; UST ir
Czene [100728-15-6] {1399) 4500 Pulm fung

Heany work 0.05 ppm — Ad

Mocarala wotk 0.04 ppm — Ad

Light work .10 ppmn — a4

Heavy, mederata, or light workkoads (£ 2 haurs) 0.20 ppm - g
Paraffin wax fume [S002-74-2] [1987] 2mglm? - — — URTim nausea
Paraguat [4B85-14-7], a5 the cation (2016) .05 mgfm? 0¥ - Skin; o 25718 Lung cam; URT irr
Parathicn [56-36-2] [2003) 005 mgfens TFVY — Gdn: Ad; BEI 291,27 Chalingsterase inhig
Particles {insoble o: poory salable) Zea Appendix B

not otharsise spedisd
Pentahorane [19624-22-7] (1978) 0405 gom 0.048 ppm — §317 S conwul & imaair
Pantachioronaphihalens [1321-64-8] (1964} 0.5 mgim3 (1F¥) — SKin 300.40 Liver dam; ¢hloracne
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ADGPTED VALUES
Substance [CAS Mo {Documentation dake) TWA STEL Notations My TLV¥ Basis
Phasphing [FB03-51-2) (2019) 0.05 ppm C G35 ppm Ad .00 Resp Iract ir; pulm edema
Phosphesic a:dd [F664-38-2] (1992 1 mgim® 3 myfm3 - 08,00 URT, eye. & skin i
Pagsphicrus [yelow] [12185-10-3] {2003) 0.1 my/md - — 12392 LRT, URT, & GY irr; liver dam
Phospherus oxychlande [10025-87-3 {1990) 0.1 pprn - — 153.35 URT irr
Phospherus pen:schiorda {10026-13-8) {1945) 0.1 ppm - —_ 0824 URT & ey i
Phospharus pentasifide [1314-80-3) (1992} 1 mgim? 3 mygim? - aanzy URT i
Phosphorus trichlgrids [7718-12-2] (1892) 0.2 ppm 0.5 ppm — 131,38 URT, &ya, & skinim
o-Phthalaldehyde [543-79-8) f2019) SL25pgAdbemd  CO.1ppe¥ Sin; DEEM; RGEN 13410 Evya, skin & resp fracl im; resp sens;
anaphytaxis
Phthalic anhydride [85-44.9) (2017} 0.002 mgfm{E¥] 0.005 mpn® 1F¥) Skin; DSEN; RSEN; A4 148,12 Resp sens; asthina
#-Phthalodinitrile |$26-17-5] {2009) & mgym HEY) - - 12814 Eye & URTir
o-Phthaled.nitrle |91-15-6] {2012} | mgim3iEY] — - 12813 CNS conwl; body weight etf
Pickoram [1818-02.1] {1995) 10 mgim? — A 24148 Liver & kidney dam
Picniz acid [A8-89-1] {1293) 1 mgm? — - 291 Skin sers; dematits; eyair
Pindens [41-28-1] (19923 0.1 mgim? - - 2325 Ceaguiabion
Piperazine and sa'ts [110-85.0), 25 pipevazing (2014} (.03 ppm (IFV - [JSEN; REEN; A4 86,14 Resp sens; asthwna
ADQPTER VALUES
Substance [CAS NoJ {Bocumerttation dala) TWA S1EL Hotations Lo TLY* Basly
N-Phenyl- Hnaphthylamne |135-88-6] {1998} —I - A 2184 Cancer
m-Phenylene€izming [108-45-2] {1995 2.1 mgfm3 - Ad 10805 Liver dan; skin im
0-Phengensdiamine [35-54-5](1995) 9.1 mgim? - A3 108,05 Anemia
p-Phenylenediaming [106-50-3] (1396) .1 mgim? —_ hd 108,05 URT irv; skin sens
Phenyl sther [101-54-8] (1579) 1 ppm (¥ 2 ppm (V) - 170,20 URT & eye im nauseg
Pheayl glveidy! ether [122-80-1] (2014) 0.t ppom - Skim CSEN, A3 1537 Testicutar dam
Phenylhydrazine | 100-6340] [(1956) 0.1 ppm - Shir; A3 108,14 Anemia; URT & skin i
Pheriyl izocyanala [103-71.8] (2015} 0.005 ppmi 2015 ppm Saim; DSEN; RSEN ~ 119.10 URT inr
Fhenyl marcaptan [105-95-5] {2004) 0.1 pem - Bkin 110,18 CNS impair; eye & skin i
Phenylphosphine [628-21-1]{1992) - CO.05ppm - 110010 Dermatis; hematalogis o'f; testicular
dam
Phorate [298-02-2] {2006 0.08 mpim? 4LFY) - Skin; b BE L, 26440 Cholneslerasainhib
* Phasgene [75-44-5] (2021} G002 ppm - 9892 URT &r; sulm adema;
emphysems
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ADCPTEC VALUES .
Substance [CAS No] (Docimeniziion date) TW4 STEL Notatfans MW TLV? Basis
Prapiesic a¢d [P9-09-4] (1930) 10 ppany — — FA08 Eye, skin, & URT ir
Propowur [114-26-1] (2016) .5 mgimA (V] —_ A BEI: 200.24 Chahnestorase nhib
Propyl acetale [3omers [108-21-4; 109-60-4] (2018) 100 ppm 150 pom — 10213 URT & gyeim CNS impair
Propylene 1115-07-1] (2008) 500 ppm - Ad 4208 Asphyia; URT ier
Propyiene dichlodde [F4-87-5] (2014) 10 ppm - CSEM, A4 11299 LRT irr; bady weighl gff
1 Propylene ghyooi dinfrate [F423-43-4] 11585) {0.05 ppm) Skirt; BEly 166.00 Headache; (NS impairt [ 3
{ ()
Propyena glycol ethrd ether [1568-02-4] (2019} 50 ppm 200 ppm Skin 10417 CNS impair; aya & URT i
Propylene axlde [75-56-9] (2014) 2 ppm - LSER: A3 5B.0% Eyo & URT iir
Propyleneimine [75-55-8) (2609) 0.2 ppm 0.dppm Shin; A3 57.M URT ir; kidney dam
In-Prapyl nitrate [B27-13-4) {1976} (25 ppm} {40 ppm) EEly, 105.09 {Mauses, headache)
Pyrethmm [3003-34-7) 1598) 5 mgimd — Ad 345 {avg Liver dam; LRT im
Pyridina [110-85-1] {2004] 1 ppm - A3 79.10 Skin i, live: & kidney dam
Chiinone [Cyclchaxana) (1987) 0.1 ppm — — 10808 Eye i, skin dam
ADQPTED VALUES
Substance [CAS No.| {Dacumentarion data) Twa BTEL Hotatlons M TLV™Basis
Platinurn [7430-06-4), and saluble salts (1281}
Matal 1 mghrd — - 195,09 Agthma; URT irr
Solubla salts, as P{ 0502 mgfm3 — - Varias Asthma; URT im
Palyvnd chiprido [002-86-2) (2004) 1 mgfm?3 R} - A Varigs Pneumoconiosis; LAT im;
pulm func changas
Porlland cement [F5857-15-1] {2010 1 mgn3 (E.RY - Ad — Pulm fune: resp symplats; ashina
Potassiumn hydrowidg [1310-58-3] (1882) - G 2 mgim? - 56.10 URT, gye, & skin i
* Prometen [1610-18-0] (2021) 0.5 mgfm?3H —_ Ad 22520 Decreased body weigh'
* Peometeyn [F287-13-8] (2021) 1 mgim?iN — Ad 241 37 Liver & kigngy dam; bone marrow eff
matemalffetal lowicity
Propare [74-58-6] See Appendix F: Minimal Qxygen Centent T EX) 4410 Asphyxia
Pinpane su'tensa [1120-71-4] (2006) wn (L - A3 122,14 Cancar
n-Presangl (n-Propyl o cohol) [71-23-8] (2007 100 pom — Ad 80.09 Eye & URT irr
2-Propanol [57-63-0] 2001) 200 ppm 400 ppm a4, BE| &0.09 Eya & URT im; CNS imoair
Propargyl alcehal [107-1%-7] {1992} 1 pph - Skin 56.06 Eyeir, liver & kidney dam
[-Propiclaciona [57-57-3] {1995) 0.5 ppm - A3 7206 Bkin cancer, URTim
Propionaldehyde |123-18-8] {3002y 0ppm — - 5810 URT irr
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ADQPTED VALUES
Substance [CAS No] {Documentatfon data) WA STEL Motalions M TLV® Basis
Silicon tetrahydride [7803-52-5] (2015) §ppm - — 3292 URT |ee
Silver [7440-224], and compounds [1442) Amyria
Metsl, dust and fume 0.1 mgim? — - 10787
Soluble compounds, as Ag 0.01 megyn? - - WVarips
Sinvazing [122-34-0] (2016} 0.5 mgim3 11 — A3 201.60 Hematokogic el
Sodiurr, azide |26628-22-8] (1856) 65.07 Card mpair: lung dam
&s Srdium 2eida - C 0.29 mgim3 a4
as Hydrezo'c 2cid wapar - CO.11 ppm Ad
Sodium hisulfita [7631-90-5) {1996) 5 mgim? - Al 104.07 Sikin, eye, & URTIT
Sodium fuoroacetate [62-74-5) (1034) .05 mgim? — Skin 100,02 CNS impalr; card impair; nausea
Sodium hydrogida [1310-73-2] (1892) - G 2 mghm — 4001 URT, eye, & skin br
Sarfiur metabisulfite [F681-57-4] {1956) 5 myfm?3 — A4 190,13 URT kr
tarch [5005-25-0) [1995) 10 mg/m? — Ad - Dematitis
Stearalesth 57-11-4; 557-040; 10 moym?® ¢ — 24 Varies LRT
551051, B22-16-2 (2017} Img/m3 IR}
ADGPTED VALUES
Substance jCAS No,] {Documentation date) TWA STEL Motdlians L] TLV? Basis
Fesin acids, 3 tatal Resin acids [B050-09-7)(2020) 0,001 mgfm? 10 — DSENM; RSEN — Asthma, resp & eye i dermal &
185D Sens
Rescecinal [108-36-3| {1988) 10 ppm 20 ppm A 11011 Eye & skin T
Rhodiwn [7440-16-6), as Rh {1936} 10251
Metal and Insgluble compeuncs 1 mgim? —_ 24 Vares Metal = URT iT; Insoluble = LRT i
Bolut'e compounds 0.01 mgim? - Ad Verias Asthma
Rennal [238-84-1) (2006) Smgim3 [V} - A4; BElp kP Chelinesterase inhib
Fatenane (commersia) [#3-79-4) {1545} § miym? — A s URT & eya i, CNS impat
Seterium [7782-48-2) end compounds, 85 Se (1992 0.2 mgim? - - 7596 Eye & URT i
Bekenium hewsafrorice [F783-79-1), 25 8 (2001) 0,05 ppm -— — 192,96 Pulm sgema
Sesone [136-78-7) (1996} 12 mg/m? — Ad 300.13 Glir
Silica, crystaline — coquartz [1317-05.; 0.025 mgim? (B —_ A2 60,09 Pulm fibrosia; lung ceneer
14808-60-7] and eristobalite |14464-45-1] (2010)
1 Silicon carbice [409-24-2] (X03) 40.10
Norfibrous 18 mgten? I, E} — — {URT i) { }
3 i (R, E) (URTim} ()
Fibrous (incluring whishsrs) 0.1 e (F} - v (Masothelioma); cancer
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ADOFTED VALLUES
Substance [CAS No.] {Documanlation date) TWA STEL Motations w TLV® Basis
Sulfur pentallucride [5714-22-7) (2020) — C0.001 ppm — PLCRE Pulm edema
Bulfurtetraluoride [F783-60-0] (1992) — C0.1 ppm — 007 Eye & URT irr; lung dam
Sulfunc acit [7664-33-3] (2004) 0.2 mgim? (T) - A2 M 9808 Pulm fung
Sulfuryl Rucride [269%-79-8] {1992} Sopm 10 ppm — 102.07 CNB impair
Sulprofos [35400-43-2] (2009) 0.1 mg/m3 (FF¥3 - SWin; Ad; BEI; 1243 Cholinesterase inhip
Synithebis vileaus fibers {2001)
Corintcus Aament glass fibers 1 figg tF) — Er) - URT ir
Condnucus flament glass fibars 5 rmgim? [ - Ad — URT ir
(lass weal fhers 1 ffog i - A3 — Skin & mueois mernkrang it !
Rosk wool Rters 1 {foa tF - Al - Skin & mueous memkrang i !
Slpg wool fers 1 Yiog (F! — A3 - Skin & mucous membrane i :
Spedal purposa glass finers 1 fipg (Fh — A3 — 5kin & mucous memtrane ir :
Refraciory ceramic fhers 0.2 ee P - AZ — Purim fibros’s; pulm funs
2457 [03-76-5] (1996) 10 mgim? — Ad 25549 PNE ifrpair
Ta'e [14807-08-€] (2010
Gontaiing no asbestos fbers 2 mgim3 [E. 1) — Ad - Puim fibros's; pu'm funz
Containng ashestos fers Usa Asbaglos TLVRIKI — Al —
ADOPTED VALUES
Subsslancs [CAS Ho.] ([Docomernttalion date) WA STEL Hatatfons MW TLV® Basls
Stoddard olvant [BO52-41-3] {1587 1C0ppm — - 140.00 Eye, skin, & Kidney dam;
narlses; CNS impar
Strychnine [57-24.9] {1992} 0.15 mgfm? — — 134,40 GRS impair
Styrene [100-42-5] (2020 10 pm 20 ppm OT0; A3, BEI 104,15 CN5 & haaring impair, URT i
parpheral naurepathy; visual disorders
Shyrere axice [56-09-3] (2020 1 ppn — Skin; DSEN; A3 120,15 URT irr; blocd charges
Subfiising [1395-21-7; 9014-01-1]. 5s 100% — G 0.00008 rrgim? — — Asthma: b, URT, & LATIm
crystalng active pura enzyma (2007)
Bucrose [57-50-] {1£95] 1 mgim? - A H2u Denlal erosion
Sulformehuon meihy! (74222.07-2) (20149 § mgpm3 Y] — A 36435 Fematclogic off
Sulfotepp [3586-24-5] {2005) 0.7 mgfn3 (TFV) - G4, A4, BEI- 322.50 Chalinesterase inhit
Sulioxalor [946578-00-2) (2019} 0.1 mgin3 » - A3 277 Liver & Teslicula: dam [
Sulfur digdde [F446-09-5) (2004) — 0.25 ppm Ad Bd 07 Puln fure; 1RT i
Su'ur hexafluorica [2551-42-4] (1586) 1000 ppm - - 146,07 Asphyxia
Sulfur maorschtnida [T0025-67-8] {1985) - £1pprin — 135,03 Eye, skin, & URT i
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ADOPTED VALUES
Substante |CAS No.J {Documoniation dale) TWA STEL Nalallons MW TLY® Han/x
Tetefucroethylena [116-14-3] 2000} 2 ppm - A3 100,20 Kidnay & fves damy; liver & kidnay
cancar
Telrahyerohurar [100-98-9) (2005} &% ppm 100 ppm Skir; A3, EEI 7210 URT & NS impain, kidney dam
Telrakis (hydroxymethy:) phosphonium salls (2014) Liver dam
Tetahis {hyt-axymethyly phos phonium 2 mgim? - DSEN: Ad 190,56
ehioride [124-84-1]
Tetrakis {ydraxymethyl} phesphonium 2 mgim? - USEN: A4 406.26
sullate 55566-30-8]
Tetramethyl l2ad [75-74-1), 85 Po [1892) .15 mgim? — Shin 2H1.32 CNS impsair
Telramedhyl suceincoitile [3333-52-6] (2019) 0.5 moim (v} - Skin 136.20 Hyptglycamia; corvul
Tetranitromathane (508-14-8] {1995} 0.005 ppm - Al 196.04 Eye & URT ir; URT cancer
Telryi [475-45-8]{1983) 1.5 mgim? — - 207.15 URTifr
Thallivrn #440-28.0] and 0.02 mg/mi {1 — Skin 04,37 ! dam; paripheral neurepathy
carnpounds, as Tl (2010 Varies
Thiacloprid [111986-49-9] [2015) 0.2 gim3 (1) — Skin; A3 2021 Liver dam; thyroid & CNS eff; eanper
4.4 Thietis(5 -tert-butyl m-crese!) [95-69.5] (2011) 1ing/m3i} — A 5852 URTirr
Thiodicart [58555-26-0) (2020} 0.1 mgim? {L'V) — DSEN; A2 354.50 Acetylehelineslerase inhib
Thioglycolic auid [GB-11-1] ang 3alts (2018) 1ppm - Skim; DBEN 2.2 Eya & resp i
ADOPTED VALUES
Substance [CAS Mo.) (Bocumentation date) TWA STEL Holatlons w TLVT Basia
Tellwrium [13494-80-9} and compounds . 2mgim? — —_— 12760 Halitosis
(MNO3), a5 Te, excluding hyd:ogen telivrida {1992)
Telurium hexafueride [7725-80-4), as Te [1932) (02 ppm — — 24181 LRTir
Temephos [333-96-8] (2019) 1 mgim3 - Skin; 44; BE)x 466,45 Chofnasierase inhiy
Tertufos {13071-75-8 (2002) 0.01 mgim3 (IF¥) - Skin; Ad; BEl, 20845 Chofineslerase inhib
Tereakthalic azid [100-21-0] {1953} 10 mgim? - — 166,13 -
Terphenyls {o-, m-, pr isarmets) [26140-50-3] (19804 - £ 5 mgm? - 230.31 URT & eye im
11,2 2-Tetrabramoetnans [F2-27-8] [2015) 0.1 ppm — - 34570 Eye & URT irr, pulm edema; iver dam
11,1, 2-Tedrachlare=2, 2-diftoeoethans [76-11-8) {2008) 100 ppm - - 20383 Liver & kidrey dam; CNS impair
11,22 Tetrachlorg-1,2-difluorosthana [Fé-12-0] (2008} S0ppm - - 20383 Liver & kidrey dam; CN3 impair
1,1.2 2-7orrachloroethane [f9-24-5) {1997} 1 ppm - Skin; A3 167.56 Liver dam
Telrachlometiylene |127-184] [2001) 25 ppm 100 ppm ~3; BEI 165.80 CMS impair
Temrachlorenaphihalene [1235-68-2) (1892) 2 mg/m3 - — 265.96 Liver dam
Tenaelhyl lead 78-00-2), a3 Pl {1986} 0.1 mghm? — Shin; Ad 12345 CNS impair
« Tetraelhyl pyrophosphale |167-43.3] (2007) .01 mgim3 (FY) - Skin; BEl; 290.20 Cholinesterase inhib
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ADOPTED VALUES
Substance [CAS No {Docomeantation date) TWA STEL Hatations M TLY® Bagls
o-Toluiding [95-53 4] (1905 2 pprn — Skin: A3: BEly, i07.15 MeHb-emia; skin, eve, kidney &
Madder it
p-Taliding [106-45-0] {1995} 2 pprm - Bkn: A3; BENy H A hisht-emia
Tribuby phosphate [126-73-8] (2013} & myfmd GFV1 - A3; BE|~ 286.11 Bladder, ays, & URT ir
Trighlerfon [52-68-6] {2020 0.1 mgtm? (T - Ad, DSEN: BRlp 25744 Cholinesterase nhib
Trichioroacete acid [76-03-8] {2014) 0.5 ppm — A3 163.19 Eye & URT ir
1,2,4-Trizhkorobenzens [120-52-1] [ 1978} —_ C5ppm - 1B1.45 Eye & URT irr
11,2 Trzhlorosthane [78-00-5) (1895) 1 prm - 2kin; A3 133.41 CNS impair, liver dam
Trchloroethviene [73-01-6) (2007} 10ppm 25 ppm A2 BEI 131.40 CHEimpzin cognitive decements;
renal jgiciby
Tichlorefioromethan [75-E8-4] [1096) — G 100 ppm Ad 13735 Card sens
Trichlkeronaphthalene [1321-65-9] (1985) 5 mgfn — Sk A Liver dam; crloracna
1,2, 3-Trithkropropene |38-18-4) [2015) 0.00% ppm — A2 147.43 Gancar
1,1,2-Trizhbore-1, 2 24nfucreathans [76-13-1] {19986) 1000 ppm 1250 pam Al iB7.40 CNEimpair
Triethznolamine [{02-71-6] (1993) 5 mghm$ - - 149,22 Eye & skin i
Triethytaming [121-44-8] (2015} 0.4 ppn i pom 2kin; A4 1,19 Visug'impat; URT it
Trifumizola [38694-11-1] (2020) 1 mglm? (I —_ nd: DSEN 34575 Liver changes
Trifluarobromomethare [75-63-8] {1936} 1000 ppm - — 148,92 CM% & card 'mpair
ADOPTED VALUES
Substance [CAS Na) [Documentation datg) WA STEL Natallgns M TLYY Basls
Thiony chlorida [7719-09-7] {2010) - Co0.2ppm - 118,98 URTirr
Thiram [137-26-8] (2014} 003 myim* MYy DEEN; Ad 240,44 Body weight & hematalogic eff
Tin [F440-21-5] and Inorgaale compounds [1820210-5, 2 mgim3 10 - - 11869 PreUmecaniceis
21851-18-4|, excluding Tin hydride and Indiurm
tin vide, a3 Sn (2019) Vares
Tin [7448-31-5], ergarés compounds, as Sn (1996) 0.1 mgdm? 0.2 myimé Skiry, Ad Varles Eye & URT im; heatache; nauses,
CNS & immune eff
* Titanium diowide [13465-E7-7] [2021)
Manoscals particies 0.2 mgirn? (R} - A3 940 LRT i, pneum eoonlosis
Finescale particles 2.5 mgimd (R - A3 7992 LET itr; prgumcocnivsis
Titanium tetrachicride, as HCE [F550-45-01 (2020 - G 0.5 ppm Ad 189,58 URT i, URT dam
o-Tolidine |113-93-7] {1592) — — Skin: A3 21228 Eye, bladder, & kidney i,
bladder cancer; MeHb-emia
Tolvene {108-68-3] (2020) 20 ppm —_ OTQ: Ad: BEI g2.14 CNS, visud, & haaring impair; femala
regna system eff: pregn ancy lass
Telueng disoeyanate, 2,4-or 26- (o as 0,001 gpm (TFV) 0.005 pom (FV} Skin; DSEN:RSEN: 17415 Agthma; pulm fne; eye ir
a midurg) [384-84-& 91-08-7] (2018} A% BE|
m-Telidine [108-44-1) (1935} 2ppm - Bkin; A BE, 107.35 Eye, bladder, & kidney im MeHb-emia
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ADOPTED VALUES

Substance [CAS No| [Documoniation date) TWA STEL Hatalions L TLV Bagls
Wanadum pentowice [1314-52-1). s V (2009) .05 mgfm? (0 - Pl 181.88 URT & LRTire
Vind acetale [108-05-4] (3015} 10 ppm 15 ppm M 86.05 URT & ayein
Vinyl bromide [533-60-2] (1999) 05ppm - A2 106.86 Liver eancer
Vinyl chloride [F2-01-4) (1935) 1 ppm - A1 62.50 Lung cancer, liver fam
L-Vingl cycichexens [100-40-3] {1985) 0.t pprne — A3 10619 Famale & mala repre dam
ind cydohexene dicxide [106-87-5] (1956} 0.t ppm — Skin; A3 14%.18 Fernale & male repro dam
Winyl fucride [F5-02-5; (1998) 1 ppra - AZ 46,08 Livar cancer. liver dam
H-inyl-2-pyreclid one [88-12-0] ¢2000) 0.05 pam — AS 11,16 Liver dam
Vinyfdene chloide [75-354] {1959) 5ppm — A 96.95 Liver & kidney dam
winyfidene fucrice [75-38-7] (1976) 500 pom — Al 64.04 Liver dam
§ Vinylteuene [25013-15-4] (1996) {50 ppmy) (100 pem] A4 118.18 {URT & eye ar}
Warfann [81-81-2] (2016) 2.07 mgim3 ) -_ Skin 30432 Blearing; tsralcgenic
ADOPTED YALUES
Substance [CAS Ho.] [0 ocumentation date) WA STEL Hotatlons L1 TLY® Basis
1,3, 5-Triglytidyl-5-Tiazinetrione (2451-62.9] {1997) 0.05 mgim? - - 24725 Kiale repro dam
Teimelitic anhydride [552-30-7] (2044) 0.0005 mgm0FY) 0002 mgm3 PVl Skin DSEN; RSEN 19212 Resp sens
Teimethylzaming [75-50-3] (2013) 5 opm 15 pprn - 591 URT, eye, & skin i
* Trimefiy! benzene, isome's [25881-13-7, 10 ppm — Adr 12018 CNSimpa; hematologis sif
526-73.4, 95-63-5, 10B-57-8](2021] Hor 1,2 4-trimethy|
benzene
Trimr-thyl phosphite [+21-45-2] ¢1586) 2ppm — BEle 124.08 Eyeirr; cholinesterase inhib
24 5-Trinit otoluene [118-96-7) (2019) 0.1 mgim3 [P - Skim; BEly 2713 Ii-Remia; liver dam; cataracl
Trinthacresyl phosphate [78-30-8] [2016) 0.07 mym3 Y] — Bk, BEly 368,37 Weurotoxicity, chofinesterase inhib
Triphcnyl phosphate |115.-36-6] {1996} 3 mgim? - Ad; BEI, 32528 Chelinaslaase Inhity
Tungsten [7420-33-7] and compounds, 3 gim? (8 —_ — 183.84 Lung dam
in the zbasnce of Cobalt, as W (2017} Vares
Turpentine |3G05-54-2) and sekected 20 ppm — DSEN; A4 136.00 Lung ifr
moncte:penes [B0-56-8; 127-91-3; Variss
134G6-78-9) (2014
Uranium {natural} [F&40-61.1] {19567 23803 Kidney dam
Solutle and insoluble campannds, as L 0.2 mgm3 0.5 mfr? A1} BEI Varigs
n-Valareidshyde [110-62-3] {1984) 50 gpm - - 86,13 Eys, skin, & URT irr
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2022 NOTICE OF INTENDED CHANGES

These substances, wilh thair correspanding valies and natations, comprise those far whigh 1) a limit is propased for 1he firsl tima, 2] a channe in the Adopled
value is preposed, 3 retantion as an MIC is propesed, of 4) withdrawal of the Documentation and adopted TLY®is propesed. in each case, the proposals shoukd
be conskdered Irial values during tha pariod they ars on the NIC. These proposals were ratified by the ACGIH® Board of Directors and will remain an the NIC for
approximalely one year following this ratificafion, If the Commiltes neither finds nor receives any substaniiva dala Ihal change ifs scienific apinion regarding an
MIC TLV8, the Commitlze may {hen approve its recommendalion to the ACGIH® Board of Direclors for adoption. If the Commitles Ainds of recelves substaniive
dalathal change its scientific opinian regarding 2n NIC TLV®, the Cornmiiies may shange its recommendation to the ACGIH® Board of Directars for the matter to
be either retained an or withdrawn from the HIC,

Locumenialion s avalahle for each of these substances and their proposed values.

This notice provides an opportunity for comment en Ihese proposals, Comments or supgestions should be accompanied by substantiating evidence in the for of
peer-raviewsd literature and forwarded in electionic fomat to the ACGIH® Science Group #t science@acgin.org. Please refer ty the ACGIHE TLYYZE(® Davel-
opment Process on fhe ACGIH® websile {aogih,orglsolencetv-bei-guidelines/policies-procedures- presentations/iv-bei-developmert) for a dslalled discussion
covering Ihis procedure, metheds for input to ACGIRY, and deadline Jate for receiving comments,

2022 HOTICE OF INTEXDED CHANGES
Eubstance [CAS Nao)) TWA STEL Ratalons MW TLV® Basls

T Acatamipid [125410-20.7) 0.05 myghm3 GFY) - A 22288 Shealosis, neurndevelopment
impairement, immone system & CNS

impa; mala repro system dam; repro efl

ADQPTED VALUES
Subslance [CAS No.] {Dacumantatlon data} TWA STEL Hotathons M TLY® Basls
Wiood dusts {2015) N4
Westem red cadar 0.5 mgfm? — DSER: RSEN; Ad Asthra
All olfer specias 1 magimd {0 - - Pulm fung; URT & LRT i
Carcinogenicity
Cak and beech - — a1
Birch, mahegary, leak, walnul - - A2
Al elrer wood dusts - - 24
* Xyleng, ellsomers [1330-20-7, 95-47-6; 20ppm — 070" Ad: Bel 106,18 Syar & URT Ir; hemeinlogic eff,
06-42-3; 108-36-3 (2021} “for poaylane ang atolexicity (for p-xy'ene and mighres
mixluras conlaining cortairing p-aplens); CVS impair
padene
m-Xyberio oo damine [1477-55-07 (2013) -- G018 pp Bkin 136.20 Eye, skin, & Glir
XyFrline {mixed iscmers) [1300-73-8) (2002) 0.5 pom (V) - Skin; A3; B2y, 12118 Liver dam: eHa-emia
Yirum [F440-65-5] and compounds, 25 Y (1988) 1 mgimi - — 21.91 Pulin fibrosis
Zig chipride kime [M846-85-7) {1992) 1 mgyim3 2 mglm? - 135.29 LRT&URT i
Zinc oxida [1314-13-2) (2003) 2mgim3 (R 10 ragm IR} - nw Medal furre fevar
Zirconium [F440-67-7) and eampaunds, as 2r {1996) 5 mglm? 0 mygfmd A 9122 Respirr
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2022 NOTKE OF INTENDED CHARGES

Substance [CAS Mo TiA STEL Naotatlons M TLY® Basly
T Methynaphthzene, all momers [1321-94-; .05 pom - Skim; Ad 14213 URTirn uing dam; liver aff
G012, 91-57-5) 8L 3 mg100 em?
T Mitrie: 8id [7597-37-2| 0.025 ppm (V) L} 6102 Pulmanery Linctian, pulmoenary edema
T Phenotniazing |92-84-2) 0.5 mglm3 — Skin; DSEM; Ad 109,27 Phatolaigity; Liver fosicity, Bone matrow
toeicity, Spleen toxcily, Anemia
T nPropyl nitrale [627-13-4] {1976) 5 ppm BE|y 10209 Anemia; Medhemoglobinemia
1 Peapylena ghyod dinitrale [§423-43-4] BL002mgM00em? D01 ppm 8kin; BEly, 166.09 Heafache; hypolansion;
cefchrowassular digease; cardiovascular
disease; vasadiabon
T Silican carbide [4C9-21-2| {2003) Imgimi ) — - 40,10 Pulmonary dam
Nanfibraus 10 mgim*J) Pulmonary dam
Fibrous fincioding whiskers} 0.1 Soc ¥l - A2 Lung fitrosis, canger
T Tetrachloninphos [22248-79.8; 22350-16-1, 0.5 mgim? (0 Skin; DSEN; A3 BEL, 38596 Llver sfiacts, kidney effects,

95191.5]

choiinesterase inhibition, and thyroid
ofects

2022 NOTICE OF INTENDED $HANGES

Substance [CAS No,) Twa, STEL Kotaltions nw TLY? Basls
T Berzane [71-43-2) 0.02 ppm 0.1 ppr Skin; A1; BEI 7811 M yetodysplastia syndrome, scute myaloid
leuken |z, laukemia, hemalologic eff,
chromosomal dam
T Benzoguinone [108-514] 0.1 ppm DSEn, Ad Eyn imtation, URT I, Qeuler effects
SLS pgi103 em?
1 Divinoen zene-ethylslyrens mixiures, 0.5 pam DHEN, A3 108.09 URT dam, luryy dam
5 lofal divinylbenzene isomers [F0H1- 194,
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FIGURE 2 Typas of cokd infuries.
Source: Depariment af the Army: Prevention end Managemenr of Cold-Weatlier

ffurizy, Technical Bulfeiin Medical 308 (T8 MEI} 308}, Folts Church, VA (2005).
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and
Soglained moderale hand and arm

driving. Standing with seme [ipht

Very inlense activity a1 last 1o

maximum pace.

work,
* The effect el healy weipht on the ssiimmed metabolic rae can be

and lightheadedness,

artn  and  trunk
carrying, shoveling, mannal sawing;
1

Sitting with light manual work with
pushing and pulling heavy loads;

light pushing and pufling. Normal
and walking at a fast pace.

maderale arm ond Itunk work, or
walking.
lintense

hands ar hands and amms,
arm work and oecasional walking.
worl, moderale arm and leg work.

Examples

Metaholic
Rale [W] *
180
300
415
52
accaunted for by maltiplying the csiimated rate by the ratio of actual

bady weiphe divided by 70 kg (154 th)

Basad on metabolic rate calagery for the work and the approximate propar
tion of work within an howr, 2 YWHGT crileron can be fourd in Table 2 for the TLY

Seclion 3 Delaibed Anafysis. Table 2 & intended lo be used as 2 screening
slep. It is possible thal 2 condition may be above the TLY® or Action Limit criteria
provided in Table 2 and stil not represenl an exposure above the TLY® or the

Il the wark conditions ant above the TLY® screening crilera in Table 2, then

a further analysis is required following the *YES" branch.

TABLE 3. Melabnlic Rate Categories and the Representative

Metabolic Rate with Eaample Activitics

Catepary
Hemwy
Very leavy

Hest
Laght
Woderate

As metabolic rate increases {le., work demands increase}, the criteria values in
the table decrzase o ensure that mast workers wil not have a core body tem-
lo emviranmenlal assessmenl in evalualing heat shress. Table 3 provides broad
guidancs for selecting the work rate calsgoty to be used in Table 2. Qien there

are natural or prescribed rest breaks within an hour of work, and Table 2 provides

the screening criteria for three allocations of work and rest.
and for the Aclion LimiL, If {he measured time-waighted average WEGT adjusted

for clothing is kess than the lable value for the Action Limit, the "NO™ branch in
Ii the conditions are above lhe Action Limil, bul below the TLVY®, then consikdar

neneral contrals described in Table 5. |f there are reparts of the symploms of

heatrelated discrders such as fatigue, nausea, dizziness

Figure 1is laken, and there is [itle nsk of excessive exposures to heat stress.
then the analysts should be reconsidered,

pemlure above 38°C. Comect assessment of work rate is of equal importance
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242 — Thermal Stress

Heat Siress and Sirain — 241

TABLE 2. Clothing Adjustment Values {CAV)

added tc WBGT to estimate WBGTey

_Clething Type

CAV['C]

-1.0

Short Sleeves and Pants of Woven

Material

Work Clothes [Long Sleeve Shid and

TLVE_PA

encapsulating suits, often called Level A as defined
worn underneath, nol a second layer of clothing.
There is na eviderce lo suggest thal respirators or

) the estimated TWA-WBGET 4 15 less than the ¢rlena for unacclimatized

wiorkeds found In Table 3, then thers is e risk of excessive expesures o heat

sfrass.

Medhod 1: Sereenlng Crileria Based on WBG T g This screening ceileria are

condilions; or (3} the Heat Index or air temperature is 27 *C (B0 °F). When heat
Four methods 1o evaluate the: Jevel of heat stress, wilh increasing levels of
complexity and increasing levels of professianal expertise, are presentsd below.
an approximation of the TLY and AL as presented in Figure 1. Streening criteria
torheat slress exposure considers the confributions of envirenmenl, metabalic
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If the esfimated TWA-WEGT,y ara above the erileria for unacclimatized
workers found in Table 3, but below the fimits for acclimatized workers, than an

H5MP thatincludes the General Cantrols in Talde 5 is recommended.
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If there are ohserved signs or reports of symptoms of beal-relaled disorders,

such as fatigue, hauses, dizziness, and lightheadedness, then establishing an

HSMP with General Contrals is recommended.

Melhod Z: TLV Analysis. Method 1 {Table 3 is a screening step that requires
less efion than & lull evaluation, The actual TLY and AL are based on the TWAs

of WEGTelf and task metabaolic rate (M) A task analysis is used be compule
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