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

Nitrate and nitrite'

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

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

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

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

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

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

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

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

Basis of guideline value
derivation

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

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

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

Limit of detection

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

Treatment performance

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

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

Additional comments

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

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

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

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

Assessment date 2016

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Cnitrate Cnitrite

+ <1
GVnitrate GVnitrite

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

Practical considerations

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

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

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

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

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

Nitrilotriacetic acid

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

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

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

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

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

Limit of detection

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

Treatment performance

No information found on removal from water

Guideline value derivation

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

Principal reference

WHO (2003) Nitrilotriacetic acid in drinking-water

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

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

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

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

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

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

pH

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

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

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

Sulfate

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

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

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

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

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

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

are in the order of several days. Chlorophenoxy herbicides are not often found in
food.
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. Uil (Manganese) 3% Inductively Coupled Plasma - Atomic Emission Spectrometry %38
CAS No.: 7439-96-5 3% Inductively Coupled Plasma - Optical Emission Spectrometry w3a

3% Inductively Coupled Plasma - Mass Spectrometry #50
5 Flame Atomic Absorption Spectrophotometry %38
5 Graphite Furnace Atomic Absorption Spectrophotometry w39

aa d a o
'-Jﬁﬂ']iaumﬂiﬁﬂauﬂﬂﬂawwkﬂuﬁau

. Uson (Mercury) 1 3% Inductively Coupled Plasma - Atomic Emission Spectrometry %38
CAS No.: 7439-97-6 38 Inductively Coupled Plasma - Mass Spectrometry %38
3% Thermal Decomposition - Atomic Absorption Spectrophotometry w3a
3% Cold - Vapor Atomic Fluorescence Spectrometry (CVAFS) wis
3% Cold - Vapor Atomic Absorption Spectr'ometry (CVAAS) w3

as d o a o
’Jﬁﬂ’]iﬂﬂﬂﬂiuﬂ’mﬂuuawmwwﬁﬂu

. Uniia (Nickel) 38 Inductively Coupled Plasma - Atomic Emission Spectrometry %38
CAS No.: 7440-02-0 38 Inductively Coupled Plasma - Optical Emission Spectrometry %38

38 Inductively Coupled Plasma - Mass Spectrometry VED)

3% Flame Atomic Absorption Spectrophotometry %39

38 Graphite Furnace Atomic Absorption Spectrophotometry Wi

FsBuiinsuruauuaiviurey

o. Farilon (Selenium) 38 Inductively Coupled Plasma - Optical Emission Spectrometry %38
CAS No.: 7782-49-2 3% Inductively Coupled Plasma - Mass Spectrometry %38

8 Graphite Furnace Atomic Absorption Spectrophotometry %38

3% Atomic Absorption, Furnace Technique %39

3% Atomic Absorption, Gaseous Hydride w8

78 Atomic Absorption, Borohydride Reduction %38

ﬁ‘é'miﬁ‘uﬁﬂmmuquuaﬁmﬁuﬁau

dslosiuidndngiuuasdnd (Pesticides)

@. DENTIBY (Atrazine) 3% Gas chromatography - Atomic Emission Detector (GC - AED) 38
CAS No: 1912-24-9 3% Gas chromatography - Electron Capture Detection (GC - ECD) wi3a
3% Gas chromatography - Electrolytic Conductivity Detector (GC - ELCD) wi3a
38 Gas Chromatograph - Mass Spectrometry (GC - MS) W78
3% High Resolution Gas Chromatography - High Resolution Mass
Spectrometry (HRGC - HRMS) 139
nsduiinsumunuuafviiurey

b. Aapimu (Chlordane) % Gas Chromatography - Mass Spectrometry (GC - MS) 58
CAS No.: 12789-03-6 3% Gas Chromatography - Electron Capture Detection {GC - ECD)
' 5 Gas Chromatography - Electrolytic Conductivity Detector (GC - ELCD) vi3a
3% High Resolution Gas Chromatography - High Resolution Mass
Spectrometry (HRGC - HRMS) #39

Qo oAl o o®
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m. Aaaiw3Wed (Chlorpyrifos)
CAS No.: 2921-88-2

E Gas Chromatography - Mass Spectrometry (GC - MS) #39
75 Gas Chromatography - Flame Photometric Detection (GC - FPD) %o
38 Gas Chromatography - Nitrogen-Phosphorus Detection (GC - NPD) %38
3% High Resolution Gas Chromatography - High Resolution Mass

Spectrometry (HRGC - HRMS) %39

el & o o 1
IENTDUNATUATUANUBN A UTDU

& e (24-D)
. CAS No.: 94-75-7

3% Gas Chromatography - Electron Capture Detection {(GC - ECD) w30
7% Gas Chromatography - Mass Spectrometry (GC - MS)

35 Liquid Chromatography - Mass Spectrometer (LC-MS) %38
Frrduiinsurunuuafuiurou

& fA7 (0DT)
CAS No.; 50-29-3

78 Gas Chromatography - Mass Spectrometry (GC - MS) #38

78 Gas chromatography - Electron-Capture Detection (GC - ECD) w38

38 Gas chromatography - Electrolytic Conductivity Detector (GC - ELCD) #30

7% High Resolution Gas Chromatography - High Resolution Mass
Spectrometry (HRGC - HRMS) %i30

Fnsduiinsumuauuafiwiiuvey

o. fan3u (Dieldrin)
CAS No.: 60-57-1

78 Gas Chromatography - Mass Spectrometry (GC - MS) %39

35 Gas chromatography - Electron Capture Detection (GC - ECD) ED!

3% Gas chromatography - Electrolytic Conductivity Detector (GC - ELCD) %@

38 High Resolution Gas Chromatography/High Resolution Mass
Spectrometry (HRGC/HRMS) %38

@l a a =
1N ITBUNRTUATUALNAW B UTEU

o. lnalwan (Glyphosate)
CAS No.: 1071-83-6

78 Gas Chromatography - Mass Spectrometry (GC-MS) %39

8 Gas Chromatography - Mass Spectrometry/Mass Spectrometry
(GC - MS/MS) w30

3% Gas Chromatography - Flame Photometric Detection (GC - FPD) %38

3% High Performance Liquid Chromatography - Flame Photometric
Detection (HPLC - FPD) w38

35 High Performance Liquid Chromatography Mass Spectrometry
(HPLC - MS) viSe

% High Performance Liquid Chromatography - UV Detector (HPLC - UV} %38

A | a
'Jﬁﬂ'ﬁa‘lJVIﬂi!Jﬂ'JUF]mJaWHLWUTIEIU

. \gUn1Aad (Heptachlon)
CAS No.: 76-44-8

38 Gas Chromatography - Mass Spectrometry (GC - MS) %39
5 Gas chromatography - Electron Capture Detection (GC - ECD) w38
35 Gas chromatography - Electrolytic Conductivity Detector (GC - ELCD) wsa
78 High Resolution Gas Chromatography- High Resolution Mass
Spectrometry (HRGC - HRMS) #38
FnsBuiinsueuauuafiviuveu
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ABarshmsed

«. \eUsnraas Bfianlyd
(Heptachlor Epoxide)
CAS No.: 1024-57-3

38 Gas Chromatography - Mass Spectrometry (GC - MS) ¥38

3% Gas chromatography - Electron Capture Detection (GC - ECD) %50

38 Gas chromatography - Electrolytic Conductivity Detector (GC - ELCD) w38

35 High Resolution Gas Chromatography - High Resolution Mass
Spectrometry (HRGC - HRMS) #3a

Fnsduiinsumunuuaiuiurey

@o. dukAu {Lindane; gamma

Hexachlorocyclohexane)

CAS No.: 58-89-9

3% Gas Chromatosgraphy - Mass Spectrometry (GC - MS) %38

3% Gas chromatography - Electron Capture Detection (GC - ECD) 3@

38 Gas chromatography - Electrolytic Conductivity Detector {GC - ELCD) %3@

75 High Resolution Gas Chromatography - High Resolution Mass
Spectrometry (HRGC - HRMS) w38

aal A & a ®
'Jﬁﬂ']5@”ﬂﬂiﬂﬂ?UﬂﬂﬂJawwLWU'ﬁaU

@®. WI5IA89 AAaalIn
(Paraquat Dichloride)
CAS No.: 1910-42-5 -

5 High Performance Liquid Chromatography - UV detection (HPLC - UV) %30
75 High Performance Ligquid Chromatography - Mass Spectrometry/
Mass Spectrometry (HPLC — MS/MS) 138
38 High Performance Liquid Chromatography - Diode Array Detector
(HPLC - DAD) 38
3% Spectrophotometer 138

a=l a o o
Wnsduinsumusuuaiwiiuey

e, IWunzAaalsHuaa
(Pentachlorophenol)
CAS No.: 87-86-5

38 Gas Chromatoeraphy - Mass Spectrometry (GC - MS) %50

38 Gas Chromatography - Electron Capture Detection (GC - ECD) w38

38 Gas Chromatography - Flame lonization Detector (GC - FID) %38

38 Gas Chromatography - Atomic Emission Detector (GC - AED) %3

35 Gas Chromatosraphy - Fourier Transform Infrared Spectrometry
(GC - FTIR) %58

38 LV - Induced Colorimetry %3o

as o o ~ =
TATTAUNNIUATUANNB A AUTEY

fA159unIdssmedne (Volatile O

reanic Compounds: VOCs)

@. WuTy (Benzene)
CAS No.: 71-43-2

3 Gas Chromafography - Mass Spectrometry (GC - MS) #50
I3 Gas Chromatography - Photoionization Detector (GC - PID) 38

. AfUBUARSEARDLIA
{Carbon Tetrachloride)
CAS No.: 56-23-5

38 Gas Chromatography - Electrolytic Conductivity Detectors (GC - ECD) v38
38 Vacuum Distillation - Gas Chromatography/Mass Spectrometry (VD -
GC/MS) vi5e

. @,lg-lﬂﬂaaisﬁ_mu
(1,2-Dichloroethane)
CAS No.: 107-06-2

3% Direct Sampling lon Trap Mass Spectrometry (DSITMS) ‘yﬁa
FEmsduiinsumuauuaiviiusey '

& o,e-nAaDlsIENEAL
(1,1-Dichloroethylene)
CAS No.: 75354
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&. 88 -o,o-lnnaalsiavdau
(cis-1,2-Dichloroethylene)
CAS No.: 156-59-2

D NI UE-0,o-lnARBLSIEVEAY
{trans-1,2-Dichloroethylene)
CAS No.: 156-60-5

. Inraalsdiviu
(Dichloromethane)
CAS No.: 75-09-2

@. \nSaluudy
(Ethylbenzene )
CAS No.: 100-41-4

<. aln3u (Styrene)
CAS No.: 100-42-5

®o. WRsEARDlSIOVTEY
(Tetrachloroethylene)
CAS No.: 127-18-4

oa. NgBu (Toluene)
CAS No.: 108-88-3

ob. lnsnraalsiantay
(Trichloroethylene)
CAS No.: 79_—01-6

@, @,0,6- MIPRD IO
(1,1,1-Trichloroethane)
CAS No.: 71-55-6

GE. &,0,0-WSAABLTAWIY
(1,1,2-Trichloroethane)
CAS No.: 79-00-5

ac. Illaraalss
{Vinyl Chloride)
CAS No.: 75-01-4

oo. lwiu (Xylenes)
CAS No.: 1330-20-7

A1TBuRTIEBY

. Wuly (1a) Tniu 3% Gas Chromatography - Flame lonization Detector {GC - FID) %38
(Benzolalpyrene) 35 Gas Chromatosgraphy - Mass Spectrometry (GC - MS) 38
CAS No.: 50-32-8 38 Thermal Extraction - Gas Chromatography/Mass Spectrometry (TE -

GC/MS) w50
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5 Gas Chromatography - Fourier Transform Infrared Spectrometry
(GC -FTIR) w3
3% High Performance Liquid Chromatography - UV Detection (HPLC-UV) 38
3 High Performance Liquid Chromatography - Flame lonization Detection
(HPLC - FID) vi®

Wnsduiinsumunuraiuiusey

3

. tguilug (Cyanide)
CAS No.: 71-43-2

33 Colorimetric with Manual Digestion ¥39

T Inductively Coupled Plasma - Atornic Ermission Spectrometry (ICP — AES) %38
73 Atomic Absorption, Furnace Technique 138

5'.13 Atomic Absorption, Gaseous Hydride %50

35 Atomic Absorption, Borohydride Reduction %38

ad 2

= o
FEmsduiinsumuquuaiwiureu

o. WU eloo (PCB-126)
CAS No.: 57465-28-8

3 Gas Chromatosgraphy - Electron Capture Detection (GC - ECD) %38
3% Gas Chromatography - Electrolytic Conductivity Detector (GC - ELCD) 38
78 Gas Chromatography - Fourier Transform Infrared Spectrometry
(GC - FTIR) n38
% Thermal Extraction - Gas Chromatography/Mass Spectrometry
(TE - GL/MS) %3D
3 Gas Chromatography - Mass Spectrometry (GC - MS) %38
"3'5 Gas Chromatography - Mass Spectrometry/Mass Spectrometry
(GC - MS/MS) vi3o

aa o o = 1
TBNTIUVIAIUATUANLAAENUTIY

&. lo,me,c@ NYAR
(2,3,7,8-TCDD; 2,3,7,8-
tetrachlorodibenzo -p-dioxin)
CAS No.: 1746-01-6

3% High Resolution Gas Chromatography - High Resolution Mass
Spectrometry (HRGC - HRMS) %58

acl d 4 o c
TDNTOURNTUATUALUAWYLRUYTDY



pattraporn.y
Rectangle


195 NEIENTWAYENAY
W1sdiwes ANYUBUTIY* nFINWIEANTIW* segzIanAUsnEn*
(Parameter) (Container) (Preservative) (Holding Time)
L) = o [ ] o af
Tanewdn @aiulandewsdn | wanafinvSeudn | uwiibufigumgl oo Tu
W@NYAULasUSaN) @ + v A9ANaLTE
(Heavy Metals)
=i =Y 1 A -y 7] 1 ) 1
TasdlenyiaEng IEuUn P Lwaﬁqumwgm o TUNBUNISHSEUGI9E4
(Hexavalent Chromium) & + b oddnwadsd | €o Tundwinnnsmseusiasng
' = o Qs
Usan (Mercury) AL m@qumu{]m o Ju
€ + lo DeAALTed
a = 1 | o a
a15BuUnIdsEmedng A7 Lmﬁqumwgm o TU
(Volatile Organic Compounds) € + b DIANTALTYE
a a a a = @ 1 d = U 1 at []
anstlosfuriindagfivuasdod I LL%Lﬁqummu &€ TUNDUMSHSOURIDEN
(Pesticides) @ + b 29FwadEd | o TuvawinIsmILNdIeEn
o Y | B o w0 o @ |
wula () Twsu IR widungamgil & JUNBUNISIHSLUR29814
(Benzola]pyrene) < + b 23 wadyE | o TuvaainmswIsudaneng
. a 1 = o o 1 Qs .
lwenlug (Cyanide) waaRNUIOLAD udiufigamnd & TUNBUNSWSIURIDEN
€ + o 3ALa T
Jpp— o " &2 o a w = o '
w5y (PCBs) YIFLA7 waugunnl & TUNDUASLHILUAIDEN
€ + b pyAEadied | o TuvawinswIaufeea
alcala’ v & o = [y ] = ar 1
lo,on, o, @-VITER YN wedungamind 0o TUABUNTISASHNFIDENS
(2,3,7,8-TCDD) @ + o DENTATYE | @& TUNBWNANSIRSEUAI8819

* ‘i’lElasLﬁﬂﬂLﬁmﬁm’m Test Methods of Evaluating Solid Waste, Physical/Chemical Methods

(SW-846) vospefnsivinddundauuiiussimaanigawing (United States Environmental Protection

Agency)



pattraporn.y
Rectangle


AANUIN § 12
UseMANSUEIEANITLAZANATIIITINY
Sasnasgrusziuidesizenlignirsldsuefunasnszezioa
n1svineulunsasdu w.a. 2561 Ysenaalusisnaaiyiunen

1Ay 135 ADUNLAY 19 3 aaf"s’uﬁ 26 UNI1AU N.A. 2561



M o&
B em@ MRUNLAY o 9 FIVNIULUNT o UNTIAY  b&oe

UsENANTUATARNI AL ANATOILTIY

1599 WmsguszRudssgedliignilaiundenaensseziiainisinuluusias T

Tnsfingnsgnsimunmmsgiulunisuins dams wagdifiunssuanuvaon e
o1dheuly waranwwndeulunisiauieiuaiuou uasain uasdes e bees
Amunliuneinsfosmivauszduidesfignineldfuadonasnszeznainsitnululdas fu
fliAunesgIunufosufvsemadivun

p1fpguIanINANlude @ wiingnsEnsmnueNInsgulunisums nn1s
wagAunsiuauUasads 01deunle wavanmuindeslunsvinuietuanuiou
LAeadng waslde wA. beex afuAnsualEANITHAzANATRILTINIUTRaNYTENIALT
fasieluil

1o o UszmiadFond “Ussmansuatafnisuasduaseusany Fe wnsgn
syiudsisenlignindlduindonaonszozsnanmevhauluudas fu”

o Ussmadlildsudoruimundauuiuwussnmdussfanygune

o o wisdredesmunuszfuldssiigninldiviadonaenszozinainisminany
Tuwsiazdu (Time Weighted Average-TWA) Hl#LAuNIATFIUAINAITIUUTNEYTEAA
Tneniheinseiudestaililulsenmatlimbhedu wiuae

Uszma o Tufl om SUNAN WA beoo
atuATy VBTN
HPTIATIVNITNTENTI SNWIT1VNTUNUY
BBUANTNATARNITLAL ANATOIUTIN



(A519uuUTIEUTENIA)
M131ensgusEaudssisadligndnelisunfsnasnszesiaainisinauluusiasdu

szhuidounienaaniiain1sineu (TWA) szpzaMInuiildsudesiotu

iy (wduaie) Halus Ui
<) [g}>) -
@m ob <o
[xcd ®0 &
& & -
o 15 oo
e & o
= « -
(=1 on @6
«xo © o)
[2XO) 5] -
xlo ® &
&xen ® @D
[oNcd ® -
®& - s
xD - ne
xey - Mo
& - o
® - o
®00 - [l
®06 - o
®ol - &
®om - o.&
®O0& - 1>}
®0& - &
®0b - [cd
@0 - o
®0o® - o.&
@O - &
®®0 - ®.&
[Qlolo} - [©]

weme ¥ srezainsinunldsuideiuassedudssaisnasanainisinau (TWA) lildeunsgiu
Aifuualumsisirududidunsn mnlidawines

¥

v a
NU

Weo T

T =

e va1nsinauneeulilasuldss (@3lug)
UL STAULELS (LATLUALD)
Tunsdlasyrudeanisnaannainsyinay (TWA) Aldainmsanuiadiewnededlidaawnedeuonn

FIUNINUARTININA1INAININAINGAS




AMANUIN 9 13
NONIENT (589 Avunanasgulunsusms
IANISATUAIUUADANY DIYIDUINY LAZENTNLINA DY
Tunsyinauieafuaudou wasadng wazdes w.a. 2559
Usenialusisnaayiunen ey 133 noufl 91 n

Jufl 17 AanAY W.A. 2559



mh &
B ean AOUN ®o N FIVNIULUNT o0 AANAN  bEEs

ANISNITN

AMUAINATEINlENITUIINS M5 wagaliunisanuaulaends endieunde

LAZANINLINADUTUNNTYINNUNEINUANNGOU WEIAINY WAZLASY
WA o

fEguamualuins @ 15A%Ie WaseT & 255N wianses sy
rysUaendy ooy wavanIRReNluNI I WAL bdde STINRTIIMINTENTIUTIY
ponngnaznaly Faselud

Yo o lungnsensasd

“gaungivindadlnau” (Wet Bulb Globe Temperature - WBGT) #s18A313171

(@) gavgiiindussmiwadsadeinusneasilifuauaaviolusiasiisz iy
ANNFOUINAY 0.0 WivesgungiifietuAnmeslufiinefnszitizilennusssena
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OCCUPATIONAL SAFETY & HEALTH ADMINISTRATION (OSHA)
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Permissible Exposure Limits / OSHA Annotated Table Z-1

Note: This table only includes

occupational exposure limits (OELS) for substances listed in the OSHA Z-1 Table. OFLs for hundreds of additional substances have

been adopted by Cal/OSHA, NIOSH, and ACGIH. These organizations periodically make revisions tn their OELs and so they should be consulted directly for their
mast current values and substances, as well as special notations such as for skin absorption. The TLVs® and BEIS® are copyrighted by ACGIH® and are not
publicly available. However, they can be purchased in their entirety on the ACGTH® website, Permission must be requested from ACGIH® to reproduce the
TLvs® and BEIs®. Click here for permiission request form.

OSHA Annotated Table Z-1"

Regulatory Limits

R ded Limi

*Go to list of all footnotes
Regulatory Limits Recommended Limits
Cal/OSHA PEL(" NIOSH REL(S) ACGIH® 2017
OSHA PEL(® (a5 of 12/1572016) (a5 of Z7/16) TLVE (R
Upto 10-hour |
8-hour TWA TWA . 8-hour TWA
(ST) STEL (ST) STEL (ST) STEL
Substance CAS No{?  ppm(®) | mg/m¥*) (C) Ceiling (C) ceiling (€) Ceiling
Acetaidehyde | 75070 00 | 360 () 25 pom [ (€) 25 ppm
See Appendix A
See Appendix C
Acetic acid i 64-19-7 10 F-) 10 ppm 10 ppm 10 ppm
i (ST) 15 ppm (ST) 15 ppm (ST) 15 ppm
: (€) 40 ppm
Acetic anhydride 108-24-7 H 20 O 5pem (C) 5 pom 1ppm
| (sT)3ppm
Acetone 67-64-1 1000 2400 | 500 ppm 250 ppm : 250 ppm
i (ST) 750 ppm (ST) 500 ppm
(C) 3000 ppm
Acetonitrile 75-05-8 40 70 40 ppm 20 ppm 20 ppm
(ST) 60 ppm
2-Acetylaminofiuorene; see 1910.1014 53-96-3 See Section 5209
Acetylene dichloride; see 1,2-Dichioroetindene
Acetylene tetrabromide 79-27-6 1 14 1ppm See Appendix D 0.1 ppm (IFV)
Acrolein 107-02-8 0.1 0.25 (©) 0.1 ppm 0.1 ppm () 0.1 ppm
H (ST) 3 ppm
Acrylamide 79-06-1 03 0.03 mg/m® Ca | 0.03 mg/m? (IFv)
0.03 mg/m?
See Appendix A
Acryloritrile; see 1910.1045 107131 2ppm ca 2ppm
Section 5213 1 ppm
(C) 10 ppm [15-min]
See Appendix A
Aldrin | 309-00-2 0.25 0.25 mg/m? Ca 0.05 mg/m? (IFV)
0.25 mg/m?
See Appendix A
Al alcohol | 107-18-6 2 5 0.5 ppm 2 pom 0.5 ppm
: (ST) 4 ppm {ST) 4 ppm
Aliyl chioride 107-05-1 1 3 1ppm 1 ppm 1 ppm
(sT) 2 ppm (ST) 2 ppm (ST) 2ppm

Cal/OSHA PEL NIOSH REL ACGIH 2017
‘OSHA PEL (o5 o 12/19/2015) (as of 7/7/i6) | T
Up to 10-hour
8-hour TWA TWA 8-hour TWA
(ST) STEL {ST) STEL (ST) STEL
Substance CAS No. ppm  mg/m (C) Ceiling (C) ceiling (C) Ceiling
Ayl glycidyl ether (AGE) | 106-92-3 ©10 (4 0.2 ppm | Sppm 1ppm
(ST) 10 ppm
Allyl propyl disulfide | 2179-59-1 2 12 2ppm 2 ppm | 0.5ppm
| (ST)3ppm
alpha-Alumina 1344281 | see PNOR | SeeAppendxD | See TV for
| compounds
Total dust ‘ 15 10 mg/m?®
Respirable fraction i 5 5 mg/m®
Aluminum Metal (as Al} | 7420-90-5
Total dust i 15 10 mg/m* 10 mg/m?
Respirable fraction; 5 s mg/m® i 5 mg/m?
“-Aminodiphenyl see 1910.1011 | 92671 See Section 5209 Ca
| Sae Appendix A
2-Aminoethanol; see Ethanolamine
2-Aminopyridine 504-29-0 05 |2 0.5 ppm | 0.5 ppm 0.5 ppm
Ammonia 7664-41-7 50 35 25 ppm iF ppm 25 ppm
(sT) 35 ppm i (ST) 35 ppm (ST) 35 ppm
Ammonium sulfamate 7773-06-0
Total dust 15 10 mg/m? 10 mg/m? 10 mg/m*
Respirable fraction 5 5 mg/m? 5 mag/m’
n-Amyl acetate 628-63-7 100 525 50 ppm 100 ppm 50 ppm
{ST) 100 ppm * (ST) 100 ppm
sec-Amyl acetate | 626-38-0 125 650 50 pom 125 ppm 50 ppm
i (ST) 100 ppm . (ST) 100 ppm
Aniline and homologs 62-53-3 5 L 19 2 ppm Ca i 2ppm
(aniline only) See Appendix A | (aniline only)
Anisidine (o-,p-isomers) 29191-52-4 05 0.5 mg/m’ Cca 0.5 mg/m?
0.5 mg/m?
See Appendix A
Antimony and compounds (as Sb) 7440-36-0 05 0.5 mg/m? | 0.5 mg/m’ 0.5 mg/m?
ANTU (alpha Naphthyithiourea) | 86-88-4 0.3 0.3 mg/m? i 0.3 mg/m’ 0.3 mg/m*
Arseric, inorganic compounds (as As) see | 7440-38-2 0.01 mg/m? s | 0.01 mg/m?
1910.1018 See Section 5214 (C) 0.002 mg/m?
[15-min]
See Appendix A
Arsenic, organic compounds (as As) | 7440-38-2 0s 0.2mg/m? None
Arsine 7784-42-1 0.05 0.2 0.05 ppm
Asbestos; see 1910.1001  Varies with See Section 5208
compound




Regulatory Limits Recommended Limits
Cal/OSHA PEL NIOSH REL ACGIH 2017
OSHA PEL (as of 12/19/2016) (as of 7/7/16) Tw
Up to 10-hour
8-hour TWA TWA 8-hour TWA
H (sT) STEL (sT) STEL (ST) STEL
Substance . ppm ‘mgfm (C) Ceiling (€) ceiling (C) Ceiling
Aginphos-methyt i 02 | 0.2mgim’? 0.2 mg/m? 0.2 mg/m* (1FV)
Barium, soluble compounds (as Ba) ' 05 os mafm? 0.5 mg/m? 0.5 mg/m?
Barium sulfate see PNOR
Total dust 15 10 mg/m? : 10 mg/m? 5 mg/m? (no
: | asbestos and < 1%
| crystalline silica)
Respirable fraction 5 5 majm? | smg/m?
Benomyl 17804-35-2 ! Sec AppendxD | 1 mg/m? (HL)
Total dust 15 10 mg/m®
Respirable fraction 5 S mg/m?
Benzene; See 1910.1028; See Table 7-2 for 71-43-2 1 ppm i Ca 0.5 ppm
the limits applicable in the operations or (ST) 5 ppm 0.1 ppm (ST) 2.5 ppm
sectors excluded in 1910.10280) See Section 5218 (ST) 1 ppm i
See Appendix A
Benzidine; See 1910.1010 92-87-5 SeeSecton5209 i Ca Exposure by all
See Appendix A routes should be
See Appendix C carefully controlled
to levels as low as
possible
p-Benzoguinone; see Quinone
Benzo(a)pyrene; see Coal tar pitch volatiles
Benzoyl peroxide 94-35-0 5 5 mg/m* 5 mo/m’® 5 mg/m*
Benzyl chioride 00447 1 5 1 ppm (C)1ppm[15min] | 1ppm
Benyllium and beryllium compounds (as Be) 7440-41-7 See Annotated Z-2 See Annotted 2-2
Biphenyi; see Diphenyl |
Bismuth telluride, Undoped H |
B e b e H
Total dust 15 10 mo/m? 10 mg/m® t 10 mg/m®
Respirable fraction 5 5 mo/m? 5 mg/m? i
Boron oxide 1303-86-2
Total dust 15 10 mg/m? 10 mg/m’? 10 mg/m?
7637-07-2 ©1 ©3 (€)1 pom () 1ppm 0.1 ppm
(€) 0.7 ppm
7726-95-6 0.1 0.7 (C) 0.1 ppm 0.1 ppm 0.1 ppm
(ST) 0.3 ppm (ST) 0.2 ppm
Bromoform 75-25-2 0.5 5 0.5 ppm | 0.5 ppm 0.5 ppm
Butadiene (1,3-Butadiene); See 29 CFR 106-99-0 [ 1ppmy/ 1ppm ‘ca 2ppm
1910.1051; 29 CFR 1910.15(1) S ppom (ST) 5 ppm ! See Appendix A
STEL See Section 5201
Butanethiol; see Butyl mercaptan
2-Butanone (Methyl ethyl ketone) 78-93-3 200 590 200 ppm 200 ppm 200 ppm
{ST) 300 ppm (ST) 300 ppm (ST) 300 ppm
2-Butoxyethanol 50 240 20 ppm 5 ppm 20 ppm
n-Butyl-acetate 150 710 150 ppm 150 ppm m
(ST} 200 ppm (ST) 200 ppm
sec-Butyl acetate 200 950 200 ppm 200 ppm L]

Regulatory Limits Recommended Limits
| calfOSHA PEL NIOSH REL ACGIH 2017
OSHA PEL | (asof 12/19/2015) (a5 of 7/7/16) TV
i Up to 10-hour
i 8-hour TWA TWA 8-hour TWA
i (ST) STEL (ST) STEL (ST) STEL
Substance CASNo. | ppm mg/m () ceiling (€) ceiling (C) Ceiling
tert-Butyl-acetate : 540-88-5 200 950 | 200 ppm 200 ppm (=
n-Butyl alcohol {C) 50 ppm 20 ppm
sec-Butyl alcohol 100 ppm 100 ppm
i (ST) 150 ppm
tert-Butyl alcohol i 00 ppm 100 ppm 100 ppm
Butylamine {C) 5 ppm (C) 5 ppm | (C) 5 ppm
tert-Butyl chromate (as CrO;)(™; see (C) 0.1 mg/m* Ca () 0.1 mg/m?
1910.1026 | | 0.001 mg/m® CR
()]
See Appendix A
See Appendix C
n-Butyl glycidyl ether (BGE) 270 25 ppm (C) 5.6 ppm [15- 3ppm
min]
Butyl mercaptan 105-79-5 10 k] 0.5 ppm (C) 0.5 ppm [15- 0.5 ppm
min]
p-tert-Butyitoluene 98-51-1 10 60 1 ppm 10 ppm 1ppm
{ST) 20 ppm (ST) 20 ppm
Cadmium (as Cd); see 1910.1027 7440-43-9 0.005 mg/m* Ca | 0.01 mg/m?
see Sections 1532 & | See Appendix A (total)
| 5207 | 0.002 mg/m?
| (resp)
Calcium Carbonate 1317-65-3 see PNOR | See TLV® book |
| Appendix G
Total dust 15 10 mg/m? 10 mg/m?
Respirable fraction H 5 mg/m* 5 mg/m’ |
Calcium hydroxide 1305-62-0 |
Total dust 15 s mg/m? 5 mg/m? 5 mg/m*
Respirable fraction s
Calcium oxide 1305-78-8 5 2 mgfm?
Calcium silicate 1344952 | 1 mg/m?, ratural as
| Wollastonite (THL,
i no asbestos and <
| 1% arystalline silica)
Total dust 15 10 mg/m* 10 mg/m?
Respirable fraction 5 5 mg/m? 5 mg/m? |
Calcium sulfate 7778-18-9 see PNOR | 1 mg/m?, natral as
| Wollastonite (IHL,
| no asbestos and <
| 1% crystalline silica)
Total dust 15 10 mg/m? 10 mg/m’*
Respirable fraction s 5 mgfm? 5 mg/m?
Camphor, synthetic 76-22-2 2 2 mgfm? 2 mg/m? 2 ppm
; (ST) 3ppm
SN PRI (TN | SR 8 |
Carbaryl {Sevin) 63-25-2 5 5 mg/m?® i 5 mg/m? 0.5 mg/m’ (IFV)



Regulatory Limits Recommended Limits
Cal/OSHA PEL NIOSH REL ACGIH 2017
‘OSHA PEL (as of 12/18/2016) (a5 of 7/7/16) W
Up to 10-hour
8-hour TWA TWA 8-hour TWA
{ST) STEL (ST) STEL (ST) STEL
Substance CAS No. mg/m (€) ceiling (C) Ceiling (C) Ceiling
Carbon black 1333-86-4 35 3.5maim® | 3.5 ma/m? (without 3 mg/m? (IHL)
PAHS); when PAHs |
are present, NIOSH
considers carbon
blacktobe a
potential
occupational
carcinogen.
See Appendix A, See
Appendix C |
Carbon dioade 124389 5000 ppm | 5000 ppm
i (ST) 30,000 ppm (ST) 30,000 ppm
Carbon disulfide {75150 See Annotated Z-2
Carbon monaxide | 630-080 35 ppm 25 ppm
(C) 200 ppm
Carbon tetrachioride 56-23-5 See Annotated 7-2
Cellulose 9004-34-6
Total dust 10 mg/m? 10 mo/m?
Respirable fraction 5 mg/m?
Chiordane 57-74-9 ca 0.5 mg/m’
0.5 mgim?
See Appendix A
(Chiorinated camphene: 8001-35-2 Ca
See Appendix A
Chiorinated dipheryl axide: 55720-99-5 i 0.5 mg/m?
Chiorine 7782-50-5 ©1 ©3 L 05pom ; (€) 0.5 ppm [15- 0.5 ppm
| (ST) Lppm | min] (5T} 1 ppm
Chiorine diowide 10049044 | 0.1 0.3 [01pem | 0.1 ppm 0.1 ppm
H 1 (57) 0.3 ppm | {ST) 0.3 ppm (ST) 0.3 ppm
Chiorine trifluoride 7790-91-2 (©o4  (C)0.1ppm (€)0.1ppm (C) 0.1 ppm
Chioroacetaldehyde 107-20-0 1 @3 (©) 1 ppm {C)1 ppm (C) 1 ppm
a-Chioroacetophenone (Phenacyl chioride) 532-27-4 0.05 0.3 0.05 ppm ! 0.05 ppm i 0.05 ppm
Chiorobenzene 108-50-7 75 350 10 ppm ! See Appendix D 10 ppm
o-Chiorobenzylidene malononitrile 2698-41-1 0.05 04 { (C)0.05 ppm : (€) 0.05 ppm £ {C) 0.05 ppm
Chiorobromomethane 74-97-5 1050 200 ppm 200 ppm | 200 ppm
2-Chioro-1,3-butadiene; See beta-Chloroprene H .
Chiorodiphenyl (42% Chiorine) (PCB) i 1 1 mgfm? Ca | 1 mg/m?®
0.001 mg/m*
See Appendix A
Chiorodiphenyl (54% Chiorine) (PCB) | 11097-69-1 0.5 0.5 mg/m? Ca 0.5 mg/m?
0.001 mg/m’®
See Appendix A
1-Chioro-2, 3-epoxypropane; See |

Regulatory Limits Recommended Limits
Cal/OSHA PEL NIOSH REL ACGIH 2017
OSHA PEL (a5 of 12/19/2016) (as ol 7/7/16) R
Up to 10-hour
8-hour TWA TWA 8-hour TWA
; (ST) STEL (ST) STEL (ST) STEL
Substance CAS No. Ppm mg/m (€) ceiling (<) Ceiling (€) Ceiling
Criaroform (Trichloromethiane) | 67-663 ©% ©z 2p0m Ca | 10 pom
i { (ST) 2 ppm [60-min] |
bis(Chloromethy) ether; see 1910.1008 | 542881 0.001 ppm 0.001 pom
Chiorometinl methyi ether 107-30-2 See Section 5209 Exposure by all
see 1910.1006 routes should be
carefully controlied
: tolevels as low as
1-Chioro-1-nitropropane 600-25-9 2 100 2 ppm 2 ppm
Chioropicrin 76-06-2 0.7 0.1 ppm 0.1 ppm
beta-Chioroprene 126-99-8 i rat S0 10 ppm 1 ppm
+ (€)1 ppm [15-min]
See Appendix A
2-Chiloro-6-(trichloromethyl )pyridine 1929-82-4
Total dust 15 10 mg/m? | 10 mg/m? 10 mjm?
(ST) 20 mg/m? (ST) 20 mg/m’
Respirable fraction 5 5 mg/m* s mg/m?
Chromium (IT) compounds (as Cr) 7440-47-3 05
Chromium (T11) compounds {as Cr) 0s 0.5 mg/m?

Chromium (V1) compounds See 1910.1026%

i (includes chromic
¢ aad and chromates)

Chromium metal and insol. salts (as Cr)

| 7440-47-3
Chrysene; see Coal arpitch volatiles
Clopidol | 2971906
Total dust
Respirable fraction
Coal dust (less than 5% SI0;, respirable
Fraction)
Coal dust (greater than or equal to 5% SO, See Annotated Z-3 See Annotated Z-3
respirable fraction) I
Coal tar pitch volatles (benzene soluble | 65066-93-2 02 0.2 mg/m? |ca | 0.2 mg/m(as
fraction), anthracene, BaP, phenanthrene, | 0.1 mg/m? berzene soluble
acridine, chrysene, pyrene) i (cyclohexane- aerosol)
 extractable fraction)
¢ See Appendix A i
- See Appendix C
Cobalt metal, dust, and fume (a5 Co) | 7990-48-4 0.1 0.02 mg/m? | 0.05 mg/m? 0.02 mg/m?



Regulatory Limits Recommended Limits Regulatory Limits Recommended Limits
CaljOSHAPEL | NIOSHREL ACGIH 2017 | Cal/OSHA PEL NIOSH REL ACGIH 2017
| OSHAPEL L (asofLIy2016) | (asof y/te) n | . OSHAPEL | (esorizi92018) | (asof 718 bt
1 Hpts I-how | ; Up to 10-hour
! B-hour TWA ' TWA 8-hour TWA 8-hour TWA TWA 8-hour TWA
! . (snsTEL | (sT)STRL (sT)STEL | | (ST)STEL | (ST)STEL (ST) STEL
Substance CASNo. | ppm mg/m | (C)Ceiling  (C)Ceiling (€)Ceiling substance CASNo.  ppm  mg/m (C)ceiling | (C) Ceiling (€) Ceiling
Coke oven emissions; see 1910.1029 ‘ 0.15 mg/m? i Ca p-Dichlorobenzena  106-46-7 75 450 10 ppm ica 10 ppm
; i | SeeSection 5211 | 0.2 mg/m’(berzene- | | i (ST) 110 ppm | See Appendix A
i | soluble fraction) I i (C) 200 ppm
i See Appendix A H i S Fea——— —— —— +
| ! © See Appendix C | 3,3 Dichiorobenzidine; 91-94-1 | See Section 5209 | Exposure by all
= R 3 - H — e see 1910.1007 routes should be
Copper | 7440-50-8 ‘ | I i cortfilly cortmited
- - g + — - - 3 ; tolevels as low as.
Fume (as Cu) | 01 0.1 mg/m* + 0.1 mg/m* | 0.2mg/m? | possible.
Dusts and mists (as Cu) i i 1 1 mg/m? 1 mg/m? - 1mg/m? Dichlorodifiuoromethane 75-71-8 | 1000 4950 | 1000 pom | 1000 ppm 1000 ppm
B + - i T R S ! (C) 6200 ppm
Cotton dust'?, see 1910.1043 1 {1 mg/m? (inwaste | < 0.200 mg/m? 0.1 mg/m? (Ther.) e S — b i R - L |
processing) See Appendix C . (raw untreated) 1,3-Dichiora-5,5-dimetimi hydantoin 118-52-5 ! 0.2 .2 ma/m? 0.2 ma/m* 0.2 mgim®
See Section 5190 | | | (ST) 0.4 mg/m’* | {sT) 0.4 mg/m® | (T) 0.4 mg/m*
i | : !
Crag herbicide (Sesone) 136-78-7 i | Dichlorodiphenyitrichioroethane (DDT) 50-29-3 H 1 Ca 1 mg/m?
— ] T e  — 1 0.5 mg/m?
15 i 10 mgim? 10 mo/m? | 10 mo/m? See Appendix A
5 : 5 mgfm? 5 mg/m’* [ 1,1-Dichiorosthane 75343 100 400 | 100 ppm 100 ppm 100 ppm
: B2 e — ! S S— e 58
2 5 ppm 2.3ppm 20 mg/m? (1IFV) (El-lome&nwnﬁ}
5 (©)0.3ppm 2 ppm (C)0.3 pom P B 1 T ]
See Appendix C | i e SRS RSN -SSR T | |
P __ o fhdetpiey) | | 1,2-Dichioroethylene 540-53-0 200 790 200 ppm 200 ppm
Cumene: 98-82-8 50 245 50 ppm 50 ppm | 50 ppm | Dichioroetind ether 111-44-4 (€15 (Q)%0 Ca 5 ppm
| 1 : 5 ST) 10
Cyanides (as CN) Varies with 5 5 mg/m? (C) 5 mgfm? [10- (C) 5 mg/m?, salts (ST'T:D — (8T) 10 ppm |
‘compound min] S Mg K |
Cyclohexane 10-82-7 300 1050 300 ppm 300 ppm | 100 ppm R S T T ] - ]
Giacheiancl . jessn i i i 50 pom | 3PP Dichioromono fluoromethane 75-434 1000 4200 | 10 ppm 10 ppm
1 i |
Cyclohexanone 108-94-1 50 200 25 ppm 25 ppm 20 ppm 1,1-Dichoro-1-nitroethane | 594-72-9 (C) 10 (C) 60 2 ppm 2 ppm
| (sT) 50 ppm I ; |
— . | S - N ! y § :
Cyclohesene 110-83-8 00 1015 300 ppm 300 ppm | 300 ppm fyiichbrpropne; aes Propyiens cichionde: i P
= R i - 1 - 1000 7000 1000 ppm
Cyclopentadiene 542-92-7 75 200 75 ppm 75 ppm | 75 ppm B i S
oL e i ——- o DOVP) 1 1 mg/m?
2,4-D (Dichiorophen-oxyacetic acid) 94-75-7 10 10 mofm’® 10 mg/m? | 10 mg/m’ (IHL) ¢
Decaborane 17702-41-9 0.05 0.3 0.05 ppm 0.05 ppm | 0.05 ppm RS ___.Elm = o et IS R IR SERRSTISPIS CRuTaTar i Ty PR —
(5T}0.15 pom (5T)0.15 ppm | (ST) 0.15 ppm Total dust 15 © 10 mg/m? 10 mg/m? as Fe
Demeton (Systox) 8065-48-3 01 0.1 mg/m? 0.1 mg/m? | 0.05 mg/m? (1FV) __nz_sp' m; h_mn I 5 ! -S-Img,mn |
Diacetone alcohol (4-Hydrowy-4-methyl-2- 1 123-422 50 240 50 ppm 50 ppm | 50 ppm Dieldrin 60-57-1 0.25 Ca 0.1 mg/m’ (1FV)
| 0.25 mgjm?
my O See Appendix A
1,2-Diaminoethane; see Etfylenediamine i i i
N PR | Dietidamine 109-89-7 P 75 i 10 ppm 5ppm
Diazomethane. 334-88-3 0.2 04 0.2 0.2 0.2 i
il ; il S i s Y [ (ST 25 ppm (57) 15 pomn
Do peemsr el R g Bl 9. ppm _|®Lepm 2-Diethylaminoethanol 100378 | 10 50 2ppm 10 ppm 2ppm !
1,2-Dibromo-3-chioropropane (DBCP); see | 96-12.8 0.001 ppr ca it Soory e o - S DR A T
1910.1044 See Section 5212 See Appendix A L ] H |
i ) o F
1,24 . . Difiuorodibromomethane 75616 100 860 | 100 ppm | 100 ppm
B - — — Diglycidyl ether (DG 2238-07-5 )05 (C)28 Ca 0.01
Dibutyl phosphate 1 ppm 1 ppm | 5mg/m? (1FV) (0GE) i @ i pem
| (ST) 2ppm (ST) 2 ppm | See Appendix A
Dibutyl phthalate : 5 mg/m? 5 mg/m? | 5 mg/m? R A 7 N T i o ilF
o-Dichlorobenzena. | 25ppm (C) 50 ppm 25 ppm I l .
i 50 5 25 ppm
- (©) 50 ppm (C) 50 ppm i,ﬂ Sy i AR {
5 20 5 ppm S ppm




Reguiatory Limits Recommended Limits
Cal/OSHA PEL NIOSH REL ACGIH 2017
OSHA PEL (as of 12/152016) (as o 7/7/16) TV
Up to 10-hour
8-hour TWA TWA 8-hour TWA
(ST) STEL (sT) STEL (ST) STEL
Substance CAS No. ppm  mg/m (€) Ceiling (c) ceiling (C) Ceiling
4+Dimethylaminoazo-berzene; see 1910.1015 | 60-11-7 See Section 5209 Ca
See Appendix A i
Dimethoxymethane; see Methylal
Dimethwl acetamide 127-19-5 10 35 | 10 ppm 10 ppm 10 ppm i
Dimethylamine 124-40-3 10 S ppm | 10 ppm 5 ppm
| (8T) 15 pom (ST) 15 ppm
Dimethdaminoberzene; see Xylidine
Dimethylaniline (N, N-Dimethylaniline) 121-69-7 5 ] 5 ppm S ppm 5 ppm i
- (5T) 10 ppm (ST) 10 ppm (ST) 10 ppm i
Dimethwibenzene; see Xylene |
Dimetiyi-1, 2-Gbromo-2,2- 300765 3 | 3 maym? 3 majm? 0.1 mgim? (1Y)
dichioroetyiphosphate
Dimethyiformamide 68-12-2 P10 30 10 ppm 10ppm | 10 ppm
2,6-Dimettyi-4-heptanone; see Diisobutyl |
ketone
1,1-Dimettwihydrazine 57147 1 | 0.01 ppm c | 0.01 ppm !
{C) 0.06 ppm [2-hr]
See Appendix A
Dimethyiphthalate 131-11-3 5 | 5mg/m® 5 mg/m® | 5 mg/m? ;
Dimetiyi sulfate {77784 5 01ppm ca 1
i 0.1 ppm
See Appendix A
Dinitrobenzene (all isomers) 1 0.15 ppm | 1 mg/m?
(ortho} H
(meta) H
(para) 100-25-4
Dinitro-o-cresol 534-52-1 0.2 | 0.2 mg/m? 0.2 mg/m? | 0.2mg/m*
Dinitrotoluene 25321-14-6 15 | 0.15 mg/m? ca 0.2 mg/m*
| 1.5mg/m?
i See Appendix A
Diowane (Diethylene diovide) 123-91-1 100 360 ‘Ca 20 ppm
(C) 1 ppm [30-min]
See Appendix A
Dipherd (Biphenyl) 0.2 1 0.2 ppm 0.2 ppm 0.2 ppm
Digt See Methyi
bisphenylisocyanate
Dipropylene glycol methyl ether 100 600 100 ppm 100 ppm 100 ppm
{ST) 150 ppm + (ST) 150 ppm (ST) 150 ppm
Di-sec octyl phthalate (Di-(2-ethyihexyl) 5 | 5 mgfm? ca 5 mg/m’®
phthalate) s mg/m*
(ST) 10 mg/m?
See Appendix A
Emery | 12415-34-8 see PNOR See Appendix D See TLV® for
i Aluminum metal and
insoluble compounds:
Total dust 15 10 mg/m*
Respirable fraction f 5 ! 5 mgfm?
Endrn {72208 01 0.1 mg/m* 0.1 mg/m® 0.1 mg/m?

Regulatory Limits Recommended Limits
Cal/OSHA PEL NIOSH REL ACGIH 2017
OSHA PEL (as of 12/192016) (asof 77/16) it
Up to 10-hour |
8-hour TWA TWA 8-hour TWA
(ST) STEL (ST) STEL (ST) STEL
Substance CASNo. . ppm  mg/m (C) Ceiling (C) Ceiling (C) Ceiling
Epichlorohydrin | 106-89-8 5 15 0.05 ppm Ca " 05 ppm
See Appendix A !
=0} | 2104-64-5 05 0.1 mg/m? 0.5 mg/m? 0.4 mo/m? (1HL)
1,2-Epoxypropane; see Propylene oxide
2,3-Epoxy-1-propanol; see Glycidol
Bhanethiol; see Ettyl mercaptan
BEhanolamine i141-43-5 3 13 3 pom | 3ppm Jppm
{ST) & ppm (5T) 6 ppm + (ST) 6 ppom
2-Ethowyethanal (Cellosalve) 10805 | 20 740 5 ppm 05pem Sppm
2-Bthoxyethyl acetate (Cellosolve acetate) | 111-15-9 100 540 S ppm : 0.5 ppm S ppm
By acetate 141-78-6 400 1400 400 ppm ! 400 ppm 400 ppm
Byl acrylate 140-885 P 100 5.ppm :Ca 5 ppm
: {ST) 25 ppm See Appendix A (ST) 15 ppm
Bl alcohol (Ethandl) 64-17-5 : 1000 1900 | 1000 ppm 1000 ppm | (ST) 1000 ppm
Eylamine 75047 10 18 (©) 5 pom | 10 ppm | Spom
| (ST) 15 ppm
Bind amy ketone (S-Metfnd-3-heptanone) 541-85-5 pil 130 10 ppm
Ethyl benzene 100-41-4 100 435 20 ppm
Ethyl bromide 74964 890 5 ppm
Ethyl bueyl ketone (3-Heptanone) 106-35-4 50 230 50 ppm
| (ST) 75 ppm
Ethyl chioride 7500-3 1000 2800 100 ppm
Ettwl ether 60-29-7 400 1200 400 ppm
(5T) 500 ppm
Byl formate j100 30 | 100 ppm | 100 ppm (ST} 100 ppm
Byt mercaptan Q1 @© 0.5 ppm (C) 0.5 ppm [15- 0.5 pom
i min]
Bhy silicate 100 850 10 ppm : 10 ppm 10 ppm
Ethylene chiorhydrin 107073 s 16 (C) 1 ppm L (©)1ppm (€ 1ppm
Bifylenediamine 107-15-3 10 Fal 10 ppm i 10 ppm 10 ppm
Etfylene dibromide 106-93-4 See Amnotated Z-2 See Annotated Z-2
Ethylene dichloride (1,2-Dichloroethane) 107-06-2 See Annotated 2-2 See Annotated 7-2
Ethylene glycol dinitrate 628-966 @02 (©1 0.05 ppm for (ST) 0.1 mg/m?® | 0.05 pom
i EXpOSUres to mibxture
of ethylene giycol
dinitrate and i
nitroglycerin
Ethylene glycol methylacetate; see
Methyicellosolve acetate
Ehyleneimine; see 1910.1012 | 151-564 05 ppm ca 0.05 ppm
SeeSecton 5209 See Appendix A (ST) 0.1 ppm



| CalJOSHA PEL
OSHA PEL (as of 1/15/2016) (as of 7/7/16) w
Up to 10-hour |
8-hour TWA TWA 8-hour TWA |
: (sT) STEL (ST) STEL (ST) STEL |
Substance CAS No. ppm mg/m (C) Ceiling (C) Ceiling (<€) ceiling
Bwlene oxide; see 1910.1047 | 75-21-8 + 1 ppm Ca | 1 ppm
i L (ST)Sppm < 0.1 ppm
| See Section 5220 (C) 5 ppm [10-
miryday]
See Appendix A
Ethwlidene chioride; see 1,1-Dichlorethane
N-Ethyimorpholine 100743 20 54 | 5ppm 5 ppm | spom
b A e e | o A——
Ferbam 14484-54-1
e ki £ S o ) ST
Total dust 15 10 mg/m*® 10 mgfm? 5 mg/m? (IHL)
Ferrovanadium dust 12604-58-9 1 1 mg/m?* 1 mg/m? 1 mg/m?
| (5T) 3mg/m?
FAuorides (as F) varies with | ... 25 2.5 mg/m? | 2.5mg/m? | 2.5 mgfm?
compound |
Fluorine 7782-41-4 ! 0.1 0.2 0.1 ppm . 0.1 ppm | 1 ppm
: H i (ST) 2 ppm
i i
Fuorotrichioromethane 75-69-4 1000 5600 (C) 1000 ppm : {€) 1000 ppm . (C) 1000 ppm
(Trichiorofiuoromethane) H :
Formaldehyde; see 19101048 50-00-0 0.75 ppm ica | 0.1ppm
(ST) 2ppm 0,016 ppm  (ST}0.3 ppm |
SeeSecton 5217 (C) 0.4 ppm [15- |
min] i
t See Appendix A |
Formic acid 64186 5 9 5 ppm 5 pom | 5ppm
(ST) 10 pom | (5T) 10 pom |
Furfural | 98-01-1 is 20 2ppm See Appendix D | 0.2ppm
$ H : H
Furfuryl alcohol 98-00-0 50 200 10 ppm 10 ppm 0.2 ppm
i {ST) 15 ppm (ST) 15 ppm
Grain dust (cat, wheat barley) 10 10 mg/m? 4 mg/m?
Glycerin (mist) 56-81-5 PNOR See Appendix D
Total dust 15 10 mg/m? ; |
Respirable fraction s 5 mg/m? i |
Glycidol | 556525 |50 150 2ppm 25 ppm 2ppm |
- —
Graphite, natural respirable dust 7782-92-5 See Annotated Z-3 See Annotated Z-3
Graphite, synthetic
Total dust 15 10 mg/m? See Appendix D
Respirable Fraction 5 5 mg/m® 2 ma/m? (all forms
except fibers)
Guthion; see Azinphos methyd |
Gypsum 13357-24-5 PNOR See calcium sufate |
Total dust 15 10 mg/m? 10 mg/m? | |
S — = + — s _——
Respirable fraction : 5 5 mg/m? s mg/m?
Hafnium 7440-58-6 0.5 0.5 mg/m* 0.5 mg/m? 0.5 mg/m*
Heptachior 76-44-8 05 0.05 mg/m? Ca 0.05 ma/m?
0.5 mg/m?

: See Appendix A

Recommended Limits
NIOSH REL ACGIH 2017
(as of 7/7/16) | Tw
Up to 10-hour |
8-hour TWA TWA | 8-hour TWA
(ST) STEL (ST) STEL (ST) STEL
Substance CAS No. ppm mg/m (<) Ceiling (C) Ceiling (<€) Ceiling
Heptane (n-Heptane) 142-82-5 500 2000 1 400 ppm 85 ppm | 400 ppm
(ST) 500 ppm (ST) 440 ppm [15- | (ST) 500 ppm
min]
Hexachioroethane 67-72-1 1 10 1 ppm | Ca 11 ppm
1ppm
i See Appendix A
i See Appendix C
(Chioroethanes)
Hexachloronaphthalene 0.2 | 0.2mg/m? 0.2 mg/m?
n-Hexane 1800 50 ppm 50 ppm
2-Hexanone (Methyl n-butyl ketone) 410 | 1 ppm 1 ppm 5 ppm
(ST) 10 ppm 1 (ST) 10 ppm
Hexone (Methyl isobutyl ketone) 108-10-1 100 410 50 ppm 50 ppm 20 ppm
(ST) 75 ppm (ST) 75 ppm (ST) 75 ppm
sec-Hexyl acetate 300 50 ppm 50 ppm 50 ppm
Hydrazine 302-01-2 1 1.3 0.01 ppm Ca | 0.01 ppm
{C) 0.03 ppm [2-hr]
See Appendix A
10035-106 3 10 (€)3ppm (€)3 ppm (C) 2ppm
7647010 | (C)5  (Q)7 0.3 ppm (€) 5 pom (C) 2ppm
Hydrogen fluonde (as F)
Hydrogen peroide
Hydrogen selenide (as Se) 7783-07-5 0.05 ppm | 0.05 ppm
Hydrogen sulfide 7783-06-4 See Annotated Z-2
Hydroguinone 123-31-9 1 {C) 2 mg/m? [15- 1 mg/m?
H min]
Iodine 7553-56-2 €01 (Ot : {0) 0.1 ppm 0.01 ppm (IFV)
- (5T) 0.1 ppm (V)
Iron oxide 1309-37-1 10 (fume) | 5mafm3 (dustand | 5 mg/m? (resp.)
fume)
— SEN S : L } i
Isomyl acetate 123-92-2 100 525 | 100 ppm 50 ppm
i (ST) 100 ppm
Isomyl alcohel (primary and secondary) 123-51-3 100 360 100 ppm 100 ppm
{ST) 125 ppm (ST) 125 ppm
Isobutyl acetate 110-19-0 150 700 150 ppm L
Isobutyl alcohol 78-83-1 100 300 50 ppm 50 ppm
Isophorone 78591 pi 140 4 pom (C) 5 ppm
Isopropyl acetate 108-21-4 250 950 See Appendix D 100 ppm
(ST) 200 ppm
Isopropyl alcohol 67630 400 980 400 ppm 200 ppm
(ST) 500 ppm ‘ (ST) 400 ppm
Isopropylamine 75-31-0 5 12 See Appendix D S ppm
(5T) 10 ppm
Isopropyl ether 108-20-3 500 2100 | 500 ppm 250 ppm
(5T) 310 ppm




Regulatory Limits Recommended Limits Regulatory Limits | Recommended Limits
Cal/OSHA PEL NIOSH REL | ACGIH 2017 Cal/OSHA PEL NIOSH REL ACGIH 2017
OSHA PEL (asof 12/19/2016) Gsof e | L ¢ OSHA PEL (BSof LY192018) (s ol 7/16) Rty
Upto 10-hour | i | Upto 10-hour
8-hour TWA TWA | 8-hour TWA 8-hour TWA TWA 8-hour TWA
H (ST) STEL (ST)STEL  (ST)STEL : (ST)STEL | (ST)STEL (ST) STEL
Substance CASNo.  ppm  mg/m (C) Ceiling (C)cCeiling | (C)Ceiling Substance CAS No. ppPm  mg/m (C) ceiling (C) ceiling (<) ceiling
Isopropyl glycidyl ether (IGE) 4016-14-2 240 50 ppm {C) 50 ppm [15-min] : 50 ppm i 2-Methoxyethanal; (Methyl cellosolve) 109-86-4 25 80 5 ppm 0.1 ppm 0.1 ppm
| {ST) 75 ppm  (s7) 75 ppm ; | ; |
=SS - 1 + - 4 —_— 2-Methouyethd acetate (Methy cellosolve 110-49-6 Fid 120 S ppm. 0.1 ppm 0.1 ppm
Kaolin | 1332:58-7 acetate) | |
Total dust 15 Methyl acetate 79-20-9 | 200 610 200 ppm 200 ppm 200 ppm
i | L H i (ST} 250 pom (ST) 250 ppm (ST) 250 ppm
Respirable fracton i 5 2mgfm’ { 2mg/m® (no — — i - e
H {no asbestos, < 1% i asbestos and < 1% Methyl acetylene (Propyne) 74-99-7 1000 1650 1000 ppm 1000 ppm 1000 ppm (EX)
arystailine silica) i crystalline silica) Gaiis ¢ = = e
2k Sl S s e e i — — Methy acetylens propadiene mixure (MAPP) 1000 1800 1000 ppm 1000 ppm 1000 ppm (EX)
Ketene | 463-51-4 0.5 ppm 0.5 ppm . 0.5 ppm {ST) 1250 ppm (ST) 1250 ppm {ST) 1250 ppm (EX)
i (ST) 1.5 pom (ST) 1.5 ppm (ST) 1.5 ppm sk —t —t— = = + e
H i H Methyd acrylate § 96-33-3 110 k] 10 ppm 10 ppm 2ppm
Lead inorganic (as Pb); 7439-92-1 0.05 mg/m? | 0.05 mg/m? 0.05 mg/m? — i T ? R s
see 1910.1025 See Section 5198 See Appendix C Methyial (Dimethoxy-methane) 109-87-5 i 1000 3100 1000 ppm . 1000 ppm i 1000 ppm
Limestone 1317653 | see PNOR | See calcium Mt aicohol (s (00 20 200 ppm 200 ppm i 200 ppm
i  carbonate | | (ST) 250 ppm - (5T} 250 ppm (ST) 250 ppm
e [ i - i i {C) 1000 ppm
Total dust 15 10 mgfm? 10 ma/m? = = + — — ] = i} i
- - ! L - _— Methyamine | 74-89-5 L0 12 5ppm - 10ppm 5ppm
Respirable fraction i 5 | 5mg/m* 5 ma/m? : | | (ST) 15 ppm i - (ST) 15 ppm
Lindane sa-89-9 0.5 | 0.5 mg/m® 0.5 mg/m? 0.5 mg/m? Metiyd amyl alcohol; see Methyl :
- - i o T - - D Isobutylcarbinol
Lithium hydride | 7580-67-8 0.025 | 0.025 mg/m* 0.025 mg/m? (€) 0.05 mgfm? (I} - e : - — -—
= + - t — — S Methyl rramyl ketone S110-430 100 465 50 ppm
LP.G. (Liouified petroleum gas) | 68476-85-7 | 1000 1800 1000 ppm 1000 ppm - See TLV® book —_— e - :
Methyl bromide | 74839 (©20 (@©8 . 1ippm
£n = i (ST) 20 ppm
Magnesite 546-93-0 | See TLV® ook i H H
! i Appendix G Methyl butyl ketone; see 2-Hexanane |
Total dust 15 10 mg/m? i 10 mgfm? i Metivd cellosolve; see 2-Methoxyethanol i
Respirable fraction 5 S mg/m? | 5mg/m® i Methyl cellosolve acetate; see 2-
—F T = Methoxyethlacetate ;
Magnesium oxide fume - Total Particulate 1309-48-4 15 10 mg/m? See Appendix D 10 mg/m3 (IHL) ; j H
— — + : Methyl chioride {74873 | See Annotated 7-2 See Amnotated Z-2
Malathion - Total dust 121-75-5 i 15 10 mo/m’® 10 mg/m® 1 ma/m? (1Fv) f $ T T
- = § e ¥ = Methyl chioroform (1,1,1-Trichloro-ethane) | 71-55-6 . 350 1900 350 ppm {(C)350ppm[15- | 350 ppm
Maleic anhydride 108-31-6 0.25 : 0.1 ppm 1 mg/m? 0.01 mg/m?® (IFV) | i | (ST) 450 ppm H min] | (ST) 450 ppm
i | ~ LR H (C) 800 ppm | See Appendix C
Manganese compounds (as Mn) | 7439965 ©s 0.2 mg/m* 1 mg/m® 0.02 mg/m” (resp.) { ! (Chioroethanes)
i (5T) 3mg/m? 0.1 mg/m® (IHL) i { H | i
(for elemental and Methyicycdohexane | 108-872 | s00 2000 400 ppm 400 ppm 400 ppm
inorganic i 1 3 +
compounds) Methwicyclohexanol ¢ 25639-42-3 470 50 ppm . 50 ppm 50 ppm
Manganese fume (as Mn) 7439-96-5 ©s ' 0.2 mgm® | 1 mg/m? | 0.02 mg/m? (resp.) | o-Metinjicydohexanone | 583-60-8 100 460 | s0ppm | 50 ppm 50 ppm
- {ST) 3 ma/m? - 0.1 mg/m? (IHL) i | (ST) 75 ppm | (ST) 75 ppm i (ST) 75 ppm
 (for elemental and ; - ; = * : ==
 inorgaric Methyiene chioride | 75-09-2 See Amomted 72 | See Annotated 7-2
| compounds) i i
_ 3 . H H j Methyl ety ketone (MEK); see 2-Buanone ! |
Marble 1317-65-3 | See PNOR ] | i 1 : 1 i
. = = H Methyl formate | 107-31-3 100 50 100 ppm ¢ 100 ppm | 50 ppm
Total dust 15 | 10 mg/m® | 10 mo/m® (ST) 150 ppm | (ST) 150 ppm | (5T) 100 ppm
Resyarabie fracson 5 | 5 mgim? 5 ma/m® i Methyl hydrazine (Moromethylhydrazine) 60-344 [©oz (©u3s | oo1pm i ca 0.01 ppm
i | : (C) 0.04 ppm [2-hr]
Merary (ardl and inorganic) (as Hg) 7439-97-6 See Annotated Z-2 See Annotated Z-2 i See Appendix A
Merary (organo) alkylcompounds (as Hg) 7439-97-6 See Annotated Z-2 See Annotated Z-2 Metiw iodide i5 8 2 ppm ica 2 ppm
T T H 2 ppm
Mercury (vapor) (25 Hg) 7439-97-6 See Annotated 7-2 See Annotated Z-2 See Appendix A
Mesityl aide | 141797 25 100 15 ppm 10 ppm L isppm Methyl isoamyl ketone 100 a5 50 ppm 50 ppm | 20 pom
+ (ST) 25ppm (5T) 25 ppm | (ST) 50 ppm
Methanethiol; see Methyl mercaptan | : i Meting isobutyl carbinol 25 100 25 ppm 25 ppm | 25 ppm
1 i I i I i {ST) 40 ppm : (ST) 40 ppm (ST) 40 ppm
Methoxychior - Total dust | 72435 15 | 10 mg/m® ca | 10 mg/m? | = = 8= |



Recommended Limits

NIOSH REL

| cal/OSHA PEL ACGIH 2017
OSHA PEL | (asof 1219/2016) {as of 7/7/16) b1
Up to 10-hour
8-hour TWA TWA 8-hour TWA
i (ST)STEL ~ (ST)STEL {ST) STEL
Substance CAS No. ppm mg/m (c) ceiling (€) Ceiling i (C) Ceiling
Mathyl isocyanate } 624-83-9 0.02 0.05 0.02 ppm 0.02 ppm 0.02 ppm
{ST) 0.06 ppm (ST) 0.06 ppm (ST) 0.06 ppm
Methyl mercaptan 74-93-1 O ©n 0.5 ppm {C) 0.5 ppm [15- 0.5 ppm
min]
Methyl methacrylate | B0-62-6 | 100 410 | soppm 100 ppm 50 ppm
; {ST) 100 ppm (ST) 100 ppm
Methyl propyl ketone; see 2-Pentanone
- " U SO : WU SRR YIS S|
alpha-Metiyl styrene 98-83-9 {C) 100 (C) 480 i 50 ppm 50 ppm 10 ppm
 (ST) 100 ppm (ST) 100 ppm
} i i |
Methylene bisphenyl isocyanate (MDI) | 101-68-8 1(€)0.02 ()02 | 0.005 ppm 0.05 mg/m® 0.005 ppm
| ! i - (€) 0.2 mg/m? [10-
£ min]
Mica; see Silicates See Annotated 7-3
Molybdenum (as Mo) i
Soluble compounds 5 | 0.5 mg/m? See Appendix D | 0.5 mg/m? (resp.)
Insoluble Compounds - Total dust H 15 10 mg/m? See Appendix D
Insoluble Compounds ! 3 mglm? (resp.) 10 mg/m? (1KLY
Monomettwyl aniline 100-61-8 2 9 ; 0.5 ppm 0.5 ppm |
Wonomethyl hydrazine; see Metiyd hydrazine |
Morpholine 110-91-8 20 70 ! 20 ppm 20 ppm 20 ppm
| (ST) 30 ppm (ST) 30 ppm
Naphtha (Coal tar) 8030-30-6 100 400 100 ppm 100 ppm See TLW® book
I | Appendix H
Naphthalene 91-20-3 10 50 0.1 ppmv 10 ppm | 10 ppm
(ST) 15 ppm (ST) 15 ppm
alpha-Naphtiniamine; see 1910.1004 134-327 See Section 5209 Ca |
See Appendix A |
beta-Naphthylamine; see 1910.1009 | 91-59-8 See Section 5209 Ca | Bxposure by all |
See Appendix A | routes shouid be
| carefully controfled
| tolevels as ow as
| possible,
Nickel carboryl (as Ni) 13463393 0001 0007 0.001 ppm Ca | (€)0.05 ppm
0.001 ppm i
See Appendix A
Nickel, metal and insoluble compounds (as Ni) | 7440-02-0 1 _maalo,s ma/m? Ca | elemental: 1.5
* insoluble 0.1 mg/m® | 0.015 mg/m* | ma/m? (IHL);
See Appendix A | insoluble inorganic
| compounds: 0.2
mg/m? (THL)
Nickel, soluble compounds (as Ni) i 7440-02-0 Ca soluble inorganic
0.015 mgfm? | compounds: 0.1
| mg/m? (IHL)
Nicotine | 5411-5 0.5 mg/m* | 0.5 mg/m?
Nitric acid  7697-37-2 2ppm | 2ppm
i (ST) 4 ppm (ST) 4ppm
| 10102438 | 5 25 ppm 25 ppm
100016 1 3 mosm® | 3 moym?

| Regulatory Limits
Calf/OSHAPEL | NIOSH REL
OSHA PEL | (asof L/1Y2016) i (as of 7/7/16)
i Up to 10-hour
8-hour TWA TWA
(ST) STEL | (ST) STEL.
Substance CAS No. | ppm mg/m (C) Ceiling i () Ceiling
Nitroberzene 98-95-3 i1 5 1 ppm 1 ppm
p-Nitrochlorobenzene 100-00-5 | 1 0.1 ppm | ca
i ! | See Appendix A
4-Nitrodipheny; see 1910.1003 92933 | See Section 5209 ca
{ See Appendix A
Nitroethane 79-243 100 310 100 ppm 100 ppm
Nitrogen dioide 10102440 [ ()5 (O)9 (5T) 1ppm (ST) 1 ppm
T BT S D TS i
Nitrogen trifluoride | 7783-54-2 i 10 ppm
Nitroglycerin | 55630 ©oz2 (@©2 0.05 ppm for (5T) 0.1 mg/m?
| mixture of 3
nitroglycerine and
ethylene giycol
dinitrate
(ST) 0.1 mg/m? i
100 50 2 ppm | See Appendix D
25 0 25 ppm . 25 ppm
5 %0 10 ppm ca
See Appendix A
N-Nitrasodimethylamine; see 1910.1016 See Section 5209 Ca
| See Appendix A
i i
Nitrotoluene (all isomers) 5 30 | Zppm | 2 ppm
o-isomer 88-72-2
m-isomer 59-08-1
p-isomer 99-99-0
Nitrotrichloromethane; see Chioropicrin
Octachioronaphthalene 234431 01 | 0.1 mg/m? 0.1 mg/m?
i (5T) 0.3 mg/m? (ST) 0.3 mg/m*
B — ! L | -
Octane 111-659 | 500 2350 ! 300 ppm 75 ppm
i (ST) 375 ppm (ST) 385 ppm [15-
! | ]
e ST S R P oA === a2
Ol mist, mineral 8012-95-1 5 | 5 mg/m? (excluding | 5 mg/m?
i | vapor) (ST) 10 mg/m*
Osmium tetraxide (as Os) 20816120
Oxalic acd 144-62-7
Oxygen difivoride 7783-41-7

20 ppm

Recommended Limits

ACGIH 2017
T

8-hour TWA
{sT) STEL
(c) ceiting

1 ppm

0.1 ppm

| Bxposure by all

routes should be
carefully controtied
o levels as low as
possible.

100 ppm

0.2 ppm

10 ppm

0.05 ppm

25 ppm

{ 10 ppm

| Exposure by all

| routes should be
| carefudly controlled
i to levels as low as
| possitle.

:2wrn

| 5 mg/m (IHL;

excluding metal

| working fluids, pure
| highly and severely

refined)
{For poorly and
mildly refined:
exposure by all
routes should be
carefully controlled
o levels as low as

| (€)0.05 ppm




Regulatory Limits Recommended Limits
Cal/OSHA PEL NIOSH REL ACGIH 2017
OSHA PEL (a5 of 12/192016) (asof 77/16) T
Up to 10-hour
8-hour TWA TWA 8-hour TWA
(sT) STEL {ST) STEL (ST) STEL
Substance CAS No. mg/m (<) Ceiling (C) ceiling (C) Ceiling
Ozone: 10028-15-6 0.2 0.1 ppm (C) 0.1 ppm 0.05-0.20 ppm
{ST) 0.3 ppm © depending on
© workload and time
(See TLV®
. Documentation on
: Geone)
Paraquat, respirable dust 4685-14-7 05 | 0.1 mg/m?, as the
| cation
1910-42-5 0.1 mg/m* 0.1 mg/m*
2074-50-2
Parathion 56-38-2 01 | 0.0 mg/m® 0.05 mg/fm? | 0.05 mg/m? (1FV)
Not Otherwise d See AppendixD | See TLV® book
(pHOR)( ] | Appendix B
Total dust 15 10 mg/m*
Respirable fracton 1 5 mg/m?
PCB; see Chiorodiphenyl (42% and 54%
chiorine)
Pentaborane 0.005 0.01 0.005 ppm 0.005 ppm £ 0.005 ppm
(ST) 0.015 ppm | (ST) 0015 ppm | {ST) 0.015 pom
Pentachioronaphthalene 1321-64-8 0.5 | 0.5 mg/m* | 0.5 mg/m* | 0.5 mg/m*
Pentachiorophenol 87-865 05 : 0.5 mg/m? | 0.5 mg/m® 0.5 mg/m*
(sT) 1 mg/m® ;(H)lmgfm’ (ST) L mg/m?
Pentaerythritol 115775 See PNOR
Total dust 15 10 mg/m* © 10 mg/m? 10 mg/m?* i
Respirable fraction 5 - sma/m? | 5 mg/m?
Pentans 109-66-0 1000 2950 1000 ppm i 120 ppm 1000 ppm
(C) 610 ppm [15-
min]
2-Pentanone (Methyipropyl ketone) | 107-87-9 200 700 200 ppm 150 ppm (ST) 150 pom
i {ST) 250 ppm
Perchioroettwylene (Tetrachloroethylene) 127-18-4 See Annotated Z-2 See Annotated 7-2
Perchiorometind mercapan 594423 01 08 | 0.1 ppm 0.1 ppm | 0.1ppm
Perchion fluoride 7616-94-6 3 135 { 3ppm 3 ppm | 3ppm
ST) 6 ppm : {ST) 6 ppm £ (ST) 6 ppm
Petroleum distllates (Naphtha) (Rubber 500 2000 | 1600 mg/m? + 350 mg/m? See TLV® book
Solvert) H : {C) 1800 mg/m? Appendix H
[15-min]
Phenol 108-95-2 19 5 ppm 5 ppm 5 ppm
(C) 15.6 ppm [15-
min]
p-Phenyiene diamine | 106-50-3 01 0.1 mg/m’ | 0.1 mg/m® 0.1 mg/m?*
Pheny ether, vapor 101848 1 7 1pom | 1ppm 1 pom
i : (ST) 2ppm
Phenyl ether-biphenyimixure, vapor | 1 7 {1 ppm
Phenyethylene; see Styrene
Pheryl glycidyl ether (PGE) | 122601 10 60 0.1 ppm ca £ 0.4 ppm
| (€} 1 ppm [15-min]
See Appendix A

Regulatory Limits Recommended Limits
Cal/OSHA PEL NIOSH REL ACGIH 2017
OSHA PEL (o5 of 12/19/2016) (as of 7/7/16) w
Up to 10-hour
8-hour TWA TWA 8-hour TWA
(ST) STEL (ST) STEL (ST) STEL
Substance CAS No. ppm  mg/m (€) Ceiling (C) Ceiling (C) Ceiling
Phenythydrazine 100-63-0 is 2 S ppm Ca 0.1 ppm
{ST) 10 ppm (C) 0.14 ppm [2-r]
See Appendix A i
Phosdrin (Mevinphas) 7786-34-7 0.1 0.01 ppm ; 0.01 ppm 0.01 ma/m’ (IFV)
{5T) 0.03 pom (ST) 0.03 ppm
Phosgene (Carborn chioride) 75445 01 0.4 0.1 ppm 01 ppm 0.4 ppm
(€} 0.2 pom [15-
= i -3 -
Phosphine [ 7803512 103 0.4 0.3 ppm : 0.3 ppm 0.3 ppm
; (ST) 1 ppm | (ST)1ppm (ST) 1 ppm
Phosphoric acd | 7664-38-2 1 1 mg/m® . 1 ma/m? 1 mg/m®
(ST) 3 mgfem? (ST} 3mg/m? (ST) 3 mg/m®
Phosphors (yellow) | 773140 01 | 0.1 mgm? | 0.1 mg/m? | 0.1 mg/m?
Phosphorus pentachloride 10026-13-8 1 | 0.1 ppm 1 mgfm* | 0.1 ppm
Phosphonus pentasulfide 1314803 1 | 1 mgim® 1 mgjm? | 1 mg/m?
: + (sT) 3mg/m? (ST) 3 mg/m? (ST} 3 mg/m?
Phosphorus trichioride Lea22 | 0s 3 0.2ppm 0.2 ppm 0.2 ppm
i (ST) 0.5 ppm (ST) 0.5 ppm (ST) 0.5 ppm
Prthalic anhydride | asa49 2 12 1ppm | 6 mg/m? 0.002 mafm? (1FV)
(ST) 0.005 mg/m*
(IFv)
Picloram 1918-0-21
Total dust 15 10 mo/m’® See Appendix D | 10 mg/m?
Respirable fraction 5 5 mg/m’ 1
Picric acid { 88-89-1 0.1 0.1 mg/m? 0.1 mg/m?*
Pindone (2-Prvahyi-1,3-indandione) | 83-26-1 0.1 | 0.1 mg/im? 0.1 mg/m*
Plaster of paris 26499-65-0 See PNOR See 7LV for
calcium sulfate
Total dust 15 10 mg/m?
Respirable fraction 5 5 mg/m?
Platinum (as Pt) Metal | 7440-06-4 1 mg/m?
Soluble Salts i 0.002 0,002 mg/m?
Portland cement 65997-15-1 | See PNOR
Total dust | | 15 | 10 ma/m?
Respirable fraction ¢ s | s mam?®
Propane | 74986 1000 1800 | 1000 ppm
bewa-Propriolactone; see 1910.1013 | 57578 0.5 ppm
See Secton 5209
n-Propyt acetate © 109-60-4 . 200 840 . 200 ppm
(ST) 250 ppm
n-Propyl alcohol 71238 | 200 500 200 ppm i
I (ST) 250 ppm
n-Propyl nitrate | 627134 ] 110 25 ppm 25 ppm 25 ppm
i (ST) 40 ppm (ST) 40 ppm : {ST) 40 ppm




Regulatory Limits Recommended Limits |
| Cal/OSHA PEL NIOSHREL ACGIM 2017 |
OSHA PEL (as of 12/19/2015) (a5 of 7/7/16) haiy
Up to 10-hour
8-hour TWA TWA 8-hour TWA
(ST) STEL (ST) STEL (ST) STEL
Substance CAS No. ppm  mg/m (c) ceiling (€) ceiling (C) Ceiling
Propylene dichioride | 78-87-5 i 350 + 75 ppm Ca 10 ppm
i (ST) 110 ppm See Appendix A
Propylene imine 75-55-8 2 ppm Ca 0.2 ppm
H 2 ppm {ST) 0.4 ppm
See Appendix A
Propylene oiide 75569 ! 100 ppm ica 2 ppm
i i : See Appendix A
Propyne; see Methylacetylene |
Pyrethrum 5 s mg/m® Iy mag/m? S mg/m?
Pyridine 15 S ppm i 5 ppm 1 ppm
0.4 0.1 ppm 0.4mg/m? | 0.1 ppm 1
Rhodium (2s Rh), metal fume and insoluble | 7440166 0.1 0.1 mg/m* 1 mgim?
compounds }
Rhodium (as Rh), soluble compounds 0.001 0.001 mgfm? 0.001 mg/fm? | 0.01 mg/m?
Ronnel 15 10 mg/m? | 10 mg/m? 5 mg/m? (IFV) |
Rotenone
Rouge

; 7783-79-1

i, - = HRS —t
Silica, amorphous, precipitated and gel | 112926-008 | |
Slica, amorphous, datomaceous earth, | 61750-532
containing less than 1% crystalline silica
silica, crystalline, respirable dust i

Cristobalite; see 1910,1053( ca | 0.025 mo/m? (resp.) |
0.05 mg/m? | for a-quartz and |
See Appendix A | cristobalite
Quartz: see 1910.1053™ 14808-60-7 ca | 0.025 mg/m” (resp.) |
0.05 mgfm? | for a-quartz and
See Appendix A . cristobalite
Tripol (25 quartz); see 19101053 1317959 0.05 mg/m? ca | 0,025 mg/m3 (resp.) |
I 0.05 mg/m® ' for o-quartz and
See Appendix A | cristobalite
Tridymite; see 1910.1053™ 15468-32-3 0.05 mg/m? i ca | See TLV® book
1 0.05mg/m3 | AppendixG
1 See Appendix A
Silica, fused, respirable dust 60676-86-0 See Annotated 2-3

Silicates (less than 1% crystalline silica)

Substance

Talc (containing asbestos): use asbestos.
limit: see 29 CFR 1910.1001

Talc (containing no asbestos), respirable
dust

Tremolite, asbestiform; see 1910.1001

CAS No.

Regulatory Limits Recommended Limits
. Cal/OSHA PEL NIOSH REL ACGIH 2017
OSHA PEL (as of 12/1%/2016) (as of 7/7/16) w
Up to 10-hour
8-hour TWA TWA 8-hour TWA
: (sT) STEL (sT) STEL | (ST) STEL
Ppm mg/m (C) ceiling {C) Ceiling (<) ceiling

See Annotated Z-3 See Annotated Z-3

See Annotated Z-3

Sificon | See 7118 pook
Appendix G
Total dust 10 mg/m*
Respirable fraction 5 mg/m?®
silicon carbide | Fbrous (including
| whiskers) 0.1 flec
| Nonfibrous: 10
| mg/m? (IHL) (no I
| asbestos and < 1% |
Total dust 15 10 mg/m’ 10 mgfm?
Respirable fraction 5 5 mg/m’ 5 ma/m®
arystaliine silica)
Siiver, metal and soluble compounds (as Ag) | 7440-22-4 .01 | Metal, dust, and
fume: 0.1 mgfm?
Soluble compounds,
as Ag: 0.01 mg/m?
Soapstone See Annotated Z-3
Sodium fluorcacetate 62-74-8 0.0
Starch
Total dust 15 |
Respirable fraction 5
Stbine 7803-52-3 0.1 0s | 0.1 ppm
Stoddard soivent 8052-41-3 500 2000 | 350 mg/m? 100 ppm
| (€) 1800 mg/m’
| [15-min]
Strychnine 57249 i 0.15 | 0.15 mg/m? 0.15 mg/m®
Styrene 100-42-5 See Anrotated 7-2
S e = = T - T -
Sucrose 57-50-1
Total dust 15 10 mg/m?
Respirable fraction 5
Sulfur dioxide 7446-09-5 5 13 2ppm 2ppm (ST) 0.25 ppm
(ST) 5 ppm {ST) Sppm
Sulfur hexafiuoride 1624 | 1000 5000 1000 ppm | 1000 ppm 1000 ppm
Sulfuric acid 7664-93-9 1 | 0.1 mg/m® 1 mg/m? 0.2 mg/m?
(ST) 3 mg/m? (Ther.)
Sulfur monochioride 10025-67-9 6 (C) 1 ppm {€) 1 ppm (€} 1ppm
Sulfur pentafuoride 5714-22-7 0.25 | () 0.01 ppm (C) 0.01 ppm | (€) 0.01 ppm




Regulatory Limits Recommended Limits
Cal/OSHA PEL NIOSH REL | ACGIH 2017
. OSHAPEL (a5 of 12/192016) (asof 777/16] i
Up to 10-hour
8-hour TWA TWA 8-hour TWA
(ST)STEL (ST) STEL (ST) STEL
Substance (C) Ceiling (C) Ceiling (€) ceiling
Sulfuryl fluoride 5 ppm 5 ppm 5 ppm
(ST) 10 ppm (ST) 10 ppm (ST) 10 ppm i
Systox; see Demeton
2,45 (2,4,5-tri-chlorophenowyacetic acid) | 93-76-5 10 10 mg/m? 10 mg/m? 10 mg/m?
Talc; see Siicates i See Annotated Z2-3 See Annotated Z-3
Tantalum, metal and oxide dust 7440-25-7 5 | 5 mg/m? 5 mg/m? See TLV® book
(ST) 10 mg/m?® | Appendix G
TEDP (Suifotep) 3689-24-5 | 02 | 0.2 mg/m’? 0.2mg/m* 0.1 mg/m? (1Fv)
Tellurium and compounds (as Te) 13494-80-9 0.1 0.1 mg/m* 0.1 mgfm? 0.1 mg/m?® i
i + (excluding fydrogen |
© telluride)
Teliurium hexafioride (as Te) 7783604 0.02 0.2 | 0.02 ppm 0.02 ppm
Temephos 3383-96-8 i

Total dust 15 10 mg/m® 10 mafm?

Respirable fraction 5 mg/m? 5 mafm?® i
TEPP (Tetraethyl pyrophosphate) 0.004 ppm | 0.05 mg/m? | 0.01 mg/m? (IFV)
Terphenyts (©) 0.5ppm | (©05pm ()5 mg/m*
1,1,1,2-Tetrachloro-2,2-gifluoroethane 500 ppm 500 ppm | 100 ppm
1,1,2,2-Tetrachioro-1,2-difluoroethane 500 ppm | 500 ppm 50 ppm |
1,1,2,2 Tetrachioroethane 1pom [ Cippm

1ppm
See Appendix A
See Appendix C
] (Chioroethanes)
Tetract see Perct
Tetrachioromethane; see Carbon tetrachioride
Tetrachioronaphthalene 1335-88-2 2 | 2mg/m? 2 mg/m? | 2mg/m’
Tetraethyl lead (as Pb) 78-00-2 0.1 mg/m?
Tetrahydrofuran 109-99-9 50 ppm I
{ (ST} 100 ppm
Tetramethyl lead, (as Fb) {75741 0.15 mg/m?
Tetramethyl succnonitrile 3333-52-6 ; 0.5 ppm
Tetranitromethane 509-14-8 0.005 ppm
Tetryl (2,4,6-Trintrophenyimethyinitramine) 479-45-8 1.5 mg/m?
Thallium, saluble compounds (as 1) 7440-28-0 0.02 mg/m? () |
4,4"-Thiobis (6-tert,Butyl-m-cresol) 96-69-5 | 1 mg/m? (1HL)

Total dust ] 15 ]

Respirable fraction 5 i
Thiram 168 | 5  0.05 mg/m? (1FV)

Tin, inorganic compounds (except oxides) (as 7440-31-5 2 metal, ode and
sn)  inorganic
: compounds, except

Regulatory Limits Recommended Limits
| | Cal/OSHA PEL NIOSH REL ACGIH 2017
OSHA PEL (a5 of 12/19/2015) (asof 778 LY
Up to 10-hour
8-hour TWA TWA 8-hour TWA
: (ST) STEL (sT) sTEL (sT) STEL
Substance CAS No. ppm  mg/m (C) Ceiling (€) ceiling (€) Ceiling
Tin, erganic compounds (as Sn) | 7440315 01 0.1 mg/m? 0.1 mg/m’ except | 0.1 mg/m?
(ST)0.2mgim® | Cyhexatin | {sT) 0.2 mg/m*
Titanium dioxide - Total dust | 13463-67-7 15 See PNOR Ca 10 mgfm?
i | (utrafine particies)
2.4 mg/m’ (fine)
0.3 mg/m®
(utrafine)
See Appendix A
See Appendix C
Toluene | 108-88-3 See Amnotated Z-2 See Annotated 7-2
Toluene-2,4-diisocyanate (TDI) 584849 | (C)0.02 (C)0.14 | 0.005ppm =) | 0.001 ppm (IFV)
(ST) 0.02 ppm © See Appendix A (ST) 0.005 ppm
(C) 0.02 pom i (IFV)
o-Toluidine | 95-534 2 2ppm ca 2ppm
i See Appendix A
Toxaphene; see Chiorinated camphene
Tremolite See Annotated 73 See Amnotated 7-3
Tributyl phosphate 126738 s | 0.2ppm 0.2ppm 5 majm? (1FV)
1,1,1-Trichioroethane; see Methyl chioroform
1,1,2-Trichioroethane i 79-00-5 10 5 10 ppm i Ca . 10 ppm
i 10 ppm
| See Appendix A
| See Appendix C
 (Chioroethanes)
Trichioroethylene 79016 | See Annotated Z-2 See Annotated Z2-2
Trichioromethane; see Chioroform
Trichioronaphthalene 1321659 | 5 5 mg/m®
1,2,3-Trichioropropane %184 50 300 10 ppm
1,1,2-TricHoro-1,2, 2-triffuoroethane | 76131 1000 7600 1000 pprm
i i (ST) 1250 ppm
1 (C) 2000 ppm
Triethylamine 121448 |25 100 (€)1 ppm See Appendix D 0.5 ppm
Trifluorobromomethane 75-63-8 | 1000 6100 1000 ppm
2,4,6-Trintrophenol; see Picric acid
2,4,6-Trintrophenyl-methyl nitramine; see i
Tetryl |
2,46 Trinitrotoluene (TNT) 118967 Ls 0.5 mg/m? | 0.1 mg/m?
Triorthocresyl phosphate 78-30-8 i 0.1 0.1 mg/m® 0.1 mg/m? +0.02 mgjm? (IFv)
Triphenyl phosphate 115866 | 3 | 3mg/m? 3 mgim? | 3 mg/m?
Turpentine 8006-64-2 100 560 : 20 ppm
I | 1 i
Uranium (as U) | 7440-61-1 | i
i } ' i
Soluble compounds 0.05 | 0.05 mgfm? i ca | 0.2mg/m*
i | 0,05 mg/m’, | (ST) 0.6 mg/m’*
| See Appendix A



{ST) 10 mg/m’

Regulatory Limits Recommended Limits
Cal/OSHA PEL NIOSH REL ACGIH 2017
OSHA PEL (a5 of 12/19/2016) (asof 7/7/16) iy
! Up to 10-hour
8-hour TWA TWA 8-hour TWA
i {ST) STEL (ST) STEL (ST) STEL
Substance CAS No. : ppm mg/m i (C) Ceiling (C) Ceiling (C) Ceiling
Insoluble compounds 0.25 0.2 mg/m? Ca 0.2 mg/m?
! (sT) 0.6 mg/m? + 0.2mg/m? (ST) 0.6 mg/m?
| © (sT) 0.6 mg/m?
See Appendix A |
H i |
Vanadium 1 1314-62-1 | 0.0Smg/m?(IHY) |
| Vanadium pentmdde
|asv |
Respirable dust (as V,05) (©)0s 0.05 mg/m’, (C) 0.05 mg V/m* |
vanadium pentoxide | [15-min],
except Vanadium
metal and Vanadium
carbide
Fume (as V;05) ©0.1 (C) 0.05 mg Vjm®
[15-min]
Vegetable oil mist Vegetable oil mists See TV book
(except castor, Appendix G
cashew nut or
similar irritant oils)
See PNOR
Total dust 15 10 mg/m* 10 mg/m?*
Respirable fraction 5 5 ma/m?® 5 mafm?
Vingl benzene; see Styrene
Vinyl chioride; see 1910.1017 75014 1 ppm
Vinyl cyanide; see Acrylonitrile
Vinyl toluene 50 ppm
 (ST) 100 ppm
Warfarin B1-81-2 01 0.1 mg/m? 0.01 mg/m? (THL)
Xylenes (o-, m-, p-isomers) 1330-20-7 100 435 100 ppm i 100 ppm
(ST) 150 ppm | (ST) 150 ppm
Xylidine 1300-73-8 5 25 2 ppm 0.5 ppm (IFV)
Yitrium 1 7440-65-5 1 1 mgfm? | 1 mg/m?
2inc chioride fume 7646-85-7 | 1 1 mgfm? | 1 mg/m?
(s1) ch::f\nnJ (ST) 2 mg/m?
Zinc oiide fume B32 s 5 mg/m? 5 mg/m? 2 ma/m? (resp.)
(ST} 10 mg/m? (ST) 10 mg/m® (ST) 10 mg/m?®
i (resp)
Zinc oxide | 1314132 | See PNOR
Totsl dust 15 10 mg/m? 5 mg/m?
i (C) 15 mg/m?
Respirable fraction 5 mgfm? 2 mgfm?
(ST) 10 mg/m?
Zinc stearate | See V@
| Documentation on
| Stearates
Total dust 15 0 mg/m? 10 mg/m? 10 mg/m? (IHL)
Respirable fraction s 5 mg/m* 3 mg/m¥(resp.)
Zirconium compounds (as. Zr) 7440-67-7 5 mafm? 5 mg/m? | 5 ma/m’

(5T) 10 mgjm? (ST) 10 mgjm’

Back to top

Annotated Z-1 Table Footnotes, Abbreviations, References

(a) The unshaded area cn this page lists PELs from OSHA Table Z-1 in 29 CFR 1910.1000. The shaded area of this page lists other occupational exposure limits
(OELs) from Cal/OSHA, NIOSH, and ACGIH®,

(b) Occupational Safety and Health Administration (OSHA) Permissible Exposure Limits (PELS) from 29 CFR 1910.1000 Z-1 Table [58 FR 35340, June 30, 1993; 58
FR 40191, July 27, 1993, as amended at 61 FR 56831, Nov. 4, 1996; 62 FR 1600, Jan 10,1997; 62 FR 42018, Aug. 4,1997; 71 FR 10373, Feb. 28, 2006; 71 FR
16673, Apr. 3, 2006; 71 FR 36008, une 23, 2006.]. [OSHA entries for respirable crystalline silica from 81 FR 16285, March 25, 2016]. PELs are 8-hour time
weighted averages (TWAS) urless otherwise indicated. OSHA enforces these limits under section 5(a)(2) of the OSH Act. In addition to the values listed in this
table, the Z tables in 29 CFR 1910.1000 fist skin absorption designations.

(c) The CAS number is for information only. Enforcement is based on the substance name. For an entry covering more than one metal compound measured as the
metal, the CAS number for the metal is given - not CAS numbers for the individual compounds.

(d) Parts of vapor or gas per million parts of contaminated air by volume at 25 degrees C and 760 torr.
(&) Milligrams of substance per cubic meter of air. When entry is in this column only, the value is exact; when listed with a ppm entry, itis approximate.

(f) California Division of Occupational Safety and Health (Cal/OSHA) Permissible Exposure Limits (PELS) from Table AC-1 last viewed December 19, 2016, viewable
at http: //www .dir.ca.gov/titeB/S155table_act html. Cal/CSHA enforces its PELs in workplaces under its jurisdiction. Cal/OSHA has established occupational
exposure limits for compounds not included in the OSHA Z Tables, Please see Cal/OSHA Table AC-1 for additional limits, the most current limits, and other
designations such as skin absorption. The Cal/OSHA AC-1 table and regulations should be consulted for explanations.

(g) National Institute for Occupational Safety and Health (NIOSH) Recommended Exposure Limits (RELS) from the NIOSH Pocket Guide to Chemical Hazards
(https://www.cdc. /npg) (Web site dated May 18, 2016). RELs are for up to 10-hour time weighted averages (TWAS) during a 40-hour work week
unless otherwise indicated. NIOSH has established occupational exposure limits for compounds not included in the OSHA Z Tables. Please see the NIOSH Pocket
Guide for additional limits, skin absorption and other designations, and explanations.

(h) ACGIH® Threshold Limit Values (TLVs®) (ACGIH® 2017). TLVs® are listed in the order of 8-hour time weighted averages (TWAS), STELS (ST), and Ceilings
(C), if avallable. ACGIH® has established TLVs® for compounds not included in the OSHA Z Tables. Please see ACGIH® Documentation for additional limits, skin
absorption and other designations, and explanations. The 2017 TLKR and BEF® Book and Documentation of the Threshold Limit Values on Chemical Substances,
7th Edition are available through the ACGIH® website at http://www.acgih.org. The TLVs® and BEIS® are copyrighted by ACGIH® and are not publicly available.
Permission must be requested from ACGIH® to reproduce the TLVS® and BEIS®. Click here for permission request form.

(i) In 29 CFR 1000, all inert or nuisance dusts, whether mineral, inorganic, or organic, not listed specifically by substance name are covered by the Particulates Not
Otherwise Regulated (PNOR) limit which is the same as the inert or nuisance dust limit of Table Z-3.

(j) The final benzene standard in 1910.1028 applies to all occupational exposures to benzens except in some circumstances the distribution and sale of fuels, sealed
containers and pipelines, coke production, oil and gas drilling and production, natural gas processing, and the percentage excdusion for liquid mixtures; for the
excepted subsegments, the benzene limits in Table Z-2 apply. See 1910.1028 for specific circumstances.

(k) See Table Z-2 for the exposure limits for any cperations or sectors where the exposure limits in 1910.1026 are stayed or are otherwise not in effect.

(1) This 8-hour TWA applies to respirable dust as measured by a vertical elutriator cotton dust sampler or equivalent instrument. The time-weighted average applies.
to the cotton waste processing operations of waste recycling (sorting, blending, cleaning and willowing) and garnetting. See also 1910.1043 for cotton dust limits
applicable to other sectors.

{m)See Table Z-3 for the exposure limit for any operations or sectors where the exposure limitin § 1910.1053 is stayed or is otherwise not in effect.

{n)For butyl acetate ail isomers [105-46-4; 110-19-0; 123-86-4; 540-88-5]: TWA = 50 ppm; STEL = 150 ppm

Abbreviations

C = Ceiling limit

Ca = Potential occupational carcinogens
(CAS No. = Chemical Abstract Service Number
D = Simple asphyxant

EX = Explosion hazard: the substance is a flammable asphyxiant or excursions about the TLV® could approach 10% of the lower explosive limit
ffcm? = fibers/cubic centimeter

fcc = fibers/cubic centimeter

hr = hour

IHL = Inhalable

IFV = Inhalable Fraction and Vapor

m? = cublc meters

min = Minue

mgfm? = milligrams/meter cubed

PAH = Polycydlic aromatic hydrocarbons
PNOR = Particulates not otherwise regulated
ppm = parts per million

resp. = respirable

ST = Short Term Exposure Limit

Ther. = Thoracic fraction

TLV® = Threshold Limit Value

TWA — Time weighted average

V = Vapor and aerosol

References
ACGIH® 2017 Threshold Limit Values for Chemical Substances in the Work Environment. Adopted by ACGIH® with Intended Changes. See hitp: //www.acgih.org/.

California Division of Occupational Safety and Health (Cal/OSHA) Table AC-1, Permissible Exposure Limits (PELs), in California Code of Reguiations (CCR) Title 8
Saction 5155, last viewed December 19, 2016. Viewable at hitp: //www.dir.ca.gov/tite8/5155tble_act.himl.

National Institute for Occupational Safety and Health (NIOSH) (2016) NIOSH Pocket Guide to Chemical Hazards. Department of Health and Human Senvices.
Centers for Disease Control and Prevention. National Institute for Occupational Safety and Health (NIOSH). Web site last updated on May 18, 2016. Aveilable at
https: /fwww.cde.gov/nioshinpg

Occupational Safety and Health Administration (OSHA) (2006) A € Contaminants, 29 CFR 1910.1000 [71 FR 16673, April 3, 2006]. Web site accessed on January 30,
2012. Avaliable at https: //www.osha, )_table=STANDARDS&p_id=9391

Occupational Safety and Health Administration (OSHA) {2016) Occupational Exposure to Respirable Crystalline Silica; Final Rule [81 FR 16285-16890, March 25,
2016]).
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