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APPENDIX D
ADDITIONAL INFORMATION ON LEVELS OF CONCERN

D.1 INTRODUCTION

Levels of concern (LOCs). for purposes of this
document, are defined as the concentrations of
an extremely hazardous substance (EHS) in arr
above which there may be serious irreversible
health effects or death as a result of a single
exposure for a relatively short pencd of time.

There 15 at present nc precise measure of LOCs
for tne chemicals listed as EHSs. Varous or-
ganizations have been developing for the past
several years acute exposure guidelines for a
hmite¢ number of hazardous chemicals: the
methodology, however, is stll in the develop-
menta' stages. Certain of the guidelines under
deveiopment and the progress to date are de-
scrnbed in detail below. Until more precise
measures are developed, surrogate or esti-
matec measures of LOCs have been dentified
for the listed EMSs. Local officials may choose
values for LOCs different from those estimated
In this guidance, depending upcn ther reguire-
ments and the specihic charactenstics of the
planning district or site and the level o protec-
tion deemed appropriate.

For the purposes of this guidance, the LOC has
been estimated by using one-tenth of the “Iim-
mediately Dangerous to Life and Healtr” (IDLH)
level published by the National Institute for Occu-
pational Safety and Health (NIOSH) ¢~ an ap-
proximation of the IDLH from animal toxCity data
(See Appendix B). Other exposure guidehnes
that may be used to estmate LOC include the
“Threshold Limit Values” (TLVs'!), pubished by
the American Conference of Governmental in-
dustral Hygienists (ACGIH), guidelines devel-
oped by the National Research Councit {(NRC) of
the National Academy of Sciences, (NAS), and
Emergency Response Planning Gudshnes
{ERPGs) under development by a consortium of
chemical companies. Descriptions of the devel-
opment and uses of these exposure guidelines
will be given in the following sections

1TLVs is & registered trademark.

LOCs may be given in units of parts per milion
{(ppm), milligrams per cubic meter (mg/m3),
miligrams per liter (mg/L), or grams per liter
{g/Lt).

The equations for determining LOC in this guid-
ance use the units grams per cubic meter,
(g/m3), s0 any other units, such as ppm, must
be converted to g/m3. Levels given in parts per
million can be converted to grams per cubic rme-
ter {(g/m3) as follows:

LOC (ing m3) = LOC §in pprm) x MW
33

where MW is the substance's molecular weight.
For example, chlorine has an LOC (0.1 1IDLH) of
2.5 ppm and a molecular weight of about 71 g/
mole. Thus, the LOC in grams per cubic meter
Is:

LOC (ing'm3) =2 5 ppm x 71
1688 2335

LOC gwen in milligrams per cubic meter
(mg/m3) can be converted to g¢/m3 as follows:

LOC (In g m3) = LOC {in mg/m3; /1000

LOC given in grams per liter (g/L) can be con-
verted 10 g/m3 as {ollows.

LOC (in g'm3} = LOC (in g/L} x 1000

hter (mg/L) 18

LOC given in miugrams per
equivalent to LOC ir g/m3:

LOC (In g m3) = LOC (in mg/L)

D.2 LEVEL OF CONCERN BASED ON
ONE-TENTH IDLH CR ONE-TENTH THE
ESTIMATED 1OLH

About ten years ago, NIOSH developed IDLH lev-
els for approximately 390 chemicals from the
Occupational Safety and Health Administration
{OSHA) Z-1 and Z-2 lists. These are lists of
toxic and hazardous substances to which



employee exposure must be limited as required
by the Code of Federal Regulations 29, Chapter
17,Part 1910. IDLHs were developed exclusively
for respirator selection in the workplace. The
definition of |IDLH provided in 30 CFR 11.3 (the
Occupational Safety and Health Act of 1970, PL
81-596) is: “immedatsly dangerous to life or
health means conditions that pose an immediate
threat to life or health or conditions that pose an
immediate threat of severe exposure to con-
taminants, such as radioactive materials, which
are likely 10 have an adverse cumuliative or de-
laved effect on health.” The IDLH concentration
represents the maximum concentration of a sub-
stance in air from which healthy male workers
can escape without loss of life or irreversible
heath effects under conditions of 2 mawmum
30-minute exposure time. Practically, IDLH's
are concentrations above which a highly reliable
breathing apparatus is required with provisions
for escaps.

The methodology in developing IDLHs takes into
account immedate reactions that could prevent
escape without injury, such as severe ays irrita-
tion or lung edema. The procedure used to de-
rive IDLH's from data from mammalian toxicity
studies is outlined below:

. Where acute exposure data are available
{30 minute to 4 hour exposures), the low-
est exposure concentration causing death
or irreversible health effects in any species
is used as the IDLM concentration, These
data are often reported as letnal concen-
tration, low (LCLO)}.

Chronic exposure data are generally not
considered in developing 10LR levels for
the following reason: “Chronic exposure
gata may have no reievance (o the acute
effects and should be used in determining
the IDLH concentration only upon compe-
tent toxicological judgment.” (NICSH
19782).

2 gae Section D.7 for all references in Appendix D.

Where there are no toxicity data to derive
an IDLH concentration, 500 times the Per-
missibie Exposure Limit (PEL) shall be
used as the IDLH level.

EPA recognizes that the IDLH was not designed
as a measure of the exposure level required to
protect general populations. First, the IDLH is
based upon the response of a healthy, male
worker population and does not take into ac-
count exposure of more sensitive indwvduals
such as the elderiy, children, or people with vari-
ous heaith problems. Second, the IDLH is based
uvpon & maximum 30-minute exposure period,
which may not be realistic for accidental air-
borne releases. IDLH values have been devel-
oped for about one-fourth of the EHSs on the
list. The IDLH may not indicate the concentra-
tion that couid result in serious but reversible in-
jury. Based on these conditions, one-tenth the
IDLH level or an estimation of this value for sub-
stances that do not have a published IDLH, has
been selected as one approximation of an LOC
available for planning purposes. These IDLH val-
ues have been developed with human acute tox-
icity as the principal consideration and represent
exposure concentrations that are one to two or-
ders of magnituce below the median lethal con-
centration {LC50; or the median lethal dose
(LD50) ievels reported for mammalian species
under experimental conditions. IDLHs were esti-
mated from acute animal toxicity test data for
substances withocut IDLH values. In these In-
stances, the concentration used is determined
fram LCS50. LCLT. LD5A, or LDLO data Inhala-
tion data were used, if available, in preference
to other data, and medan lethality data were
preferred 10 other types. The following equa-
tions show how these data are converted to air
concentrations comparable to the IDLH level:

(1) estimated IDLH = LC50 x 0.1;
(2) estimated IDLH = LCLO

(3} estimated IDLH = LD50 x 0.01
(4) estimated IDLH = LDLO x 0.1



D.3 LEVELS OF CONCERN BASED ON
THRESHOLD LIMIT VALUES (TLVs?)

ACGIH publishes an annual list of three types of
workpiace exposure limits for several hundred
compounds. ACGIH has published three TLVs
as guidelines since 1941: Threshoid limit value -
Time-weighted average (TLV-TWA}, TLV-Shorn
term exposure limit (TLV-STEL), and TLV-Ceil-
ing (TLV-C).

1. The TLV-TWA is defined as the time
weighted average concentration limit for a
normal eight hour workday and 40 hours
per week, to which nearly all workars may
be repeatedly exposed, day after day,
without adverse effect.

The TLV-STEL is a 15-minute time-
weighted average concentration for a nor-
ma! eight-hour workday and forty-hour
workweek. All workers should be abie to
withstand up to four exposures per day of
concentrations as high as the TLV-5TEL
with no ill effects if the TLV-TWA is not also
exceaded. TLV-STELs are appliec to sup-
plement the TLV-TWA when there are rec-
ognized acute effects from a substance
whose toxic effects are primarly of a
chronic nature.

The TLV-C is the airborne concentration
that should neot be exceeded in the
workplace under any circumstarces. Ceil-
ing limits may supplerment other limits or
stand alone. In many cases, ACGIH could
not find sufficient toxicological data to de-
rive TLV-STELs or TLV-Cs for chemicals
which had already been assignec a TLV-
TWA. In these instances, the ACGIH rec-
ommends that five times the TLV-TWA be
used in place of the TLV-C and that short-
term exposures not exceed 3 tmes. the
TLV-TWA for more than a total ot 30 min-
utes during the day.

TLVs are based primarily on acute tox:iCity data
{LC50s and LD50s) and irritation data (irritation
of the cornea and respiratory tract). Irritation
effects that are considered range from barely

3 TLvs is a registered trademark.

detectable to irreversible, in laboratory animails
and human subjects documented in industrialex-
posures. Only some TLVs consider neurotoxic
and mutagenic effects. Although TLVs are de-
rivad for the protection of healthy maie workers,
they occasionally consider special impacts on
workers with chronic respiratory problems.
TLVs do not consicer reproductive effects (AC-
GIH 1986). ACGIH advises against using or ap-
plying the TLV levels outside the workplace.

D.4 LEVELS OF CONCERN BASED ON
NATIONAL ACADEMY OF SCIENCES
SHORT-TERM EXPOSURE LEVELS

For the last forty years, the NRC's Committee on
Toxicology has submitted emergency exposure
guidelines for chemicals of concern to the De-
partment of Defense (DOD) (NRC 1986). These
guidelines are used in planning for sudden con-
tamination of air during military and space op-
erations; specifically, they are used to choose
protective equipment and response plans after
non-routing but predictable occurrences such
as line breaks, spills, and fires. These guide-
lines are for peak ievels of exposure considered
acceptable for rare situations, but are not to be
applied in instances of repeated exposure.

An Emergency Exposure Guidance Level (EEGL)
is defined as a concentration of & substance in
air (gas, vapor, or aerosol) judged by DOD to be
acceptable for the performance of specific tasks
by military personnel during emergency condi-
tions lasting 1-24 hours, Exposure to an EEGL is
not considered safe, but acceptable during
tasks which are necessary to prevent greater
risks, such as fire or explosion. Exposures at
the EEGLs may produce transient central nerv-
ous system effects and eye or respiratory irrita-
tion, but nothing serious enough to prevem
proper responses 1o emergency conditions,

Since the 1940's, the NRC has deveioped EEGLs
for 41 chemicals, 15 of which are listed in Sec-
tion 302 of Title Il of SARA as EHSs. Although
acute toxicity is the primary basis for selecting
EEGLs, iong term effects from a single acute ex-
posure are also evaluated for developmental,
reproductive (in both sexes}, carcinogenic,
neurctoxic, respiratory and other organ-related



effects. The effect determined to be the most
seriously debilitating, work-~limiting. or sensitive
is selected as the basis for deriving the EEGL.
Tris concentration is intended to be sufficiently
low to protect against other toxic effects that
may occur at higher concentrations. Factors
such as age of the exposed population, length of
exposure, and susceptibility or sensitivity of the
ex0sed population are also considered in deter-
mining EEGLs,

Sa'ety factors are used in developing EEGLS to
refiect the nature and guality of the cata. Safety
factors for single exposures may differ from
those used in chronic studies. In the absence of
better information, a safety factor of 10 is sug-
gested for EEGLs (i.e., the reported toxicity
vaiue should be divided by 10) if only animal
data are available and extrapolation from ani-
ma's to humans is necessary for acute, short-
term effects (NRC 1986). The safety factor of
10 takes into account the possibility that some
indwiduals might be more sensitive than the ani-
mai species testad. A factor of 10 is also sug-
gested if the iikely route of human exposure dif-
ters from the route reported experimentally
{NRC 1986) (e.g., if oral data are reported and
inhalation is the most likely exposdre route for
humans).

As noted by NRC (1986, p. 7), development of
ar EEGL for different durations of exposure usu-
a'ly begins with the shortest exposure antici-
paied - i.e., 10-15 minutes - and works up to
the longest, such as 24 hours. Uncer the sim-
plest framework, Haber's law is assumed to op-
erate, with the product of concentraton (C) and
time (1) as a constant (k) for all the short peri-
ods used (Ct=k) (Casarett and Doul! 1986). i Ct
is 30 and tis 10, then Cis 3;if Ctis 3D and tis
30, then C is 1. if detoxification or recovery oc-
curs and data are available on 24-nour expo-
sures, this is taken into account in modifying Ct.
in some instances, the Ct concept will be inap-
prooriate, as for materials such as ammonia that
can be more toxic with high concentrations over
short periods. Each material is considered in
reation to the applicability of Haber's law.

Generglly, EEGLs have been developed for ex-
posure to singie substances, although emer-
gercy exposures often involve complex mixtures
of substances and, thus, present the possibility

of toxic effects resulting from several sub-
stances. In the absence of other information,
guidance lavels for complex mixtures can be de-
veloped from EEGLs by assuming as a first ap-
proximation tha: the toxic effects are additive.
When the chemical under evaluation for devel-
opment of an EEGL is an animal or human car-
cinogen, a separate qualitative risk assessment
is undertaken in recognition of the fact that even
limited exposure to such an agent can theoreti-
cally increase the risk of cancer. The risk as-
sessment is performed with the aim of providing
an estimate of the acute exposure that would not
toad to an excess risk of cancer greater than 1in
10,000 exposed persons. The following mathe-
matical approach, taken directly from NRC
(1886, pp. 26-27), is applicable for EEGL com-
putations for carcinogens:

1. ¥ there has been computed an exposure
level d (usually in ppm in air), which after a
lifetime of exposure is estimated to pro-
duce some “acceptable” level of excess
risk of cancer — say, 1x10-8 —— this has
been called a “virtually safe dose” (VSD).
Computation of the dose d, if not already
done by a regulatory agency, will be com-
puted by the Committee on Toxicology in
accordance with generally accepted pro-
cedures used by the major regulatory
agencies, i.e., using the multistage no-
threshold model for carcinogenesis and
the appropnate body waight/surface area
adjustmenis when extrapolating from an
animal spec:gs to humans.

It carcinogenic effect is assumed to be a
linear function of the total {cumulative)
dose, then for a single 1-day human expo-
sure an acceptable dose (to vield the
same tota! lifetime exposure} would be d
times 25,600 (there being approximately
25,600 days in an average lifetime) . the al-
lowable 1-gay (24-h) dose rate would be

d x 25,600

Because of uncertainties about which of
several stages in the carcinogenic process
a material may operate in, and because of
the iikely low age of military persons, it can
be shown from data of Crump and Howe
{1984) that the maximal additional risk that



these considerations contribute 15 a factor
of 2.8. As a conservative approach, the
acceptable dose is divided by 2 8, 1.e.,

d x 25.600
2.8

i a lifetime excess risk, R, is established
by DOD (for example, at 1x1074, as has
been suggested by the International Coun-
cil on Radiation Protection for nuclear
power plant workers), then the appropriate
extent of risk at the EEGL wouid be

d x 25.600
2.8

[a]
level of risk at d

(In the example given hgre, the ievel of risk
at d was no more than 1x10°% ) If R s
1x10-4, then R/nsk at d = 1074 /10-% = 100
(NRC 1886).

If a further element of conservatism Is re-
quired {for example, where animal data
need to be extrapolated to estimate human
risk), an additional safety factor can be
used as a divisor.

The NRC's Committee on Toxicology has also
developed special public exposure guidslines
upon request from Department of Defense. The
Short-term Public Exposure Guidance Level
{SFEGL) 15 defined as an acceptable ceiling con-
centration for a single, unpredicted short—-term
exposure to the public. The exposure period 1s
usually calculated to be one hour or less and
neve more than 24 hours, SPEGLs are gener-
ally set at 0.1 to 0.5 times the EEGL A safety
factor of 2 is often used to take into account ef-
fects on sensitive subpopulations, such as chil-
dren. the aged, and people with dabilitating dis-
eases. A safety factor of 10 may be used to
take in1o account the effacts of an exposure on
fetuses and newborns Effects on the reproduc-
tive capacity of both men and women are also
considered. Five SPEGLs (for hydrazine,
dimethylhydrazine, monomethyl hydrazine, ni-
trogen dioxide, and hydrogen chiorde) have
been developed by the NRC; all five chemicals
are on the list of EHSs.

D.5 LEVELS OF CONCERN BASED ON
EMERGENCY RESPONSE PLANNING
GUIDELINES

A consortium of twenty-five chemical firms has
developed a uniform protocol for community ex-
posure guidelines based upon the NRC/NAS
guidelines, EEGLs, and SPEGLs., The Amerncan
Industrial Hygiene Association (AIHA) is provid-
ing technical review. These guidelines are not
intended for repeated exposures and their adop-
tion and use by individual companes is intended
to be voluntary.

The consortium members have identified 100
chemicals of concern; for fifteen chemicals,
draft Emergency Response Planning Guidelines
(ERPGs) have been developed. None of these
as yet i1s availlable for review. Briefly, the recom-
mended procedure for developing ERPGs 1s as
follows:

1) Companies should use a multi-disciplinary

team, inclugng members from the toxico-
fogical, medical, and industnal hygense
fields, to coliect and review data and draft
ERPG documsntation. The protoco! rec-
ommends identifying producers and users
of the material and requesting unpubiished
data on human health effects. Literature
searches of computer databases are also
recommended,
2) Acute toxicty data,as well as possible
tong-term effects from a single acute ex-
posure, including carcinogenicity,
neurotoxicity. and reproductive and devel-
opmental effects are considered. Adjust-
ments may be made, based upon in-
formed judgment, for the increased sus-
ceptibiity of sensitive subgroups in the
population. ERPGs for carcinogens may
be derived using the carcinogenicity risk
assessment methodology for acute expo-
sures employed by the NRC (1386).

The protocol specifies that three concen-
tration levels are needed for each chemi-



cal. The ERPG~1 1s defined as the "maxi-
mum airborne concentration below which it
ls believed that nearly all indviduals could
be exposed for up to one hour without ex-
perigncing other than mild transient ad-
verse health effects or perceiving a clearly
defined objectionable odor.” The ERPG-2
is the concentration below which it is be-
lieved that “nearly all individuals” would
come 10 no permanent harm afier a one-
hour exposure period. The ERPG-3 is the
¥ maximum concentration below
which...nearly all indviduals could be ex-
posed for up to one hour without.,.life
threatening health effects.” (See Exhibit
D-1)

After the ERPG Task Force reviews and ed-
#s the documentation, the gu.delines and
their rationales are reviewed by & Toxicol-
ogy Committee within the AIHA. The com-
mittee is comprised of experts from gov-
ernment, industry, and academa.

When they are approved, the guidelines
and their documentation are filed at the
AlHA headquarters in Akron and will be
available to the public upon reguest.

D.6 OSHA PERMISSIBLE EXPOSURE LIMITS
AND NIOSH RECOMMENDED EXPOSURE

LIMITS

OSHA Permissable Exposure Limits (PELs) are
workplace exposure standards listed in 29 CFR
1610, Subpart Z, General Industry Standards for
Toxic and Hazardous Chemicals.

Most of the PELs listed in 29 CFR 1910 were
based on ACGIH TLVs, about 450 of which OSHA
adopted in 1971 as interim standards under sec-
tion 6(a) of the Occupational Safety and Health
Act. Between 1972 and 1984, OSHA promul-
gated 9 permanent major health standards regu-
lating worker exposure to 21 toxic chemicals or
mixtures. These standards, besides establishing
PELs for these chemicals or mixtures, alsc pro-
vided guidance on exposure monitoring, regu-
lated areas, methods of compliance, respiratory
protaction, protective clothing, and hazard com-
munication.

Chemicals and substances listed in Subparn Z
were divided into 3 tables., PELs for chemicals
on the first table are usually 8-hour time-
weighted average (TWA) concentrations, not to
be exceeded in an B-hour workday. For chemi-
cals on the second table, ceiling concentrations
and maximum peak concentrations were given in
addition to B-hour TWA concentrations. The
maximum peak concentrations have associated
with them exposure durations (e.g. five minute
maximum peak concentration in any 2 hour pe-
riod). These concentrations should never ex-
ceed the maximum peak, and should fall be-
tween the ceiling and the maxmum peak con-
centration for the duration indicated. The third
table provided 8-hour TWA concentrations for
mineral dusts.

The majority of OSHA PELs were adopted from
the ACGIH TLVs available in 1971 PELs are en-
forceable by law, whereas the ACGIH TLVs are
recommendations It should be noted that there
have bean no ravisions of the PELs since therr
adoption, although the corresponding ACGIH
TLVs may have been revised.

For chemicals wnich NIOSH has published rec-
ommendations, the NIOSH recommended expo-
sure limits {RELs) are found in the Pocket Guide
1o Chemical Hazards. RELs are 8- or 10- hour
TWA concentrations and/or ceiling concentra-
tions,

D.7 GUIDELINES AVAILABLE FOR
EXTREMELY HAZARDOUS SUBSTANCES

As local pianning committees may consider the
use of one tenth of the IDLH inappropriate for
their specific situation, Exhibits D-2 and D-3 list
the guidelines that have been discussed in this
appendix that are available for each chemigcal on
the List of Extremely Hazardous Substances,
Planners may wish to use these values, but
should do so only after discussion of the poten-
tial implications with qualified technical person-
ne!l,
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CONCENTRATION

Exhibit D-1
Emergency Response Planning Guidelines

ERPG-3:

The maximum airbome concentration below
which it is believed that nearly all individuals
could be exposed for up to one hour without
experiencing or deveiooing life-threatening
health effects.

ERPG-2:

The maximum airborne concentration below
which it is believed that nearly all individuals
could be exposed for up to one hour without
experiencing or developing irreversible or other

serious heatth effects or symptoms which could
impair an individual's abil:ity to take protective
action.

ERPG-1:

The maximum airborne concentration below
which it is believed that nearly all individuals
could be exposed for up 1o one hour without
axperiencing other than mild, transient adverse
health etlects or perceiving a clearly defined
objectionable odor.

Adapted tfrom Qrganization Resources Counselors. 1887,

D-8
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