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EMERGENCY RESPONSE PLANNING GUIDELINES®

Phenyl Isocyanate

ERPG-3: 1.2 ppm (6 mg/m3)
ERPG-2: 0.4 ppm (2 mg/m3)
ERPG-1: 0.1 ppm (0.5 mg/m3)

IDENTIFICATION®™

Chemical Name: Phenyl Isocyanate

Abbreviation: Phl

Synonyms: Phenyl carbamide, Carbanil,
Mondur P, Isocyanatobenzene;
Phenylcarbimide; Phenylic
mustard oil; Phenylisocyanat
(German); Isocianato de
fenilo (Spanish); Isocyanate
de phényle (French); Phenyl

carbonimide.
CAS Number: 103-71-9
DOT Number: UN2487
Molecular Formula: C,H.NO

Structural Formula:

CHEMICAL AND PHYSICAL PROPERTIES®5

Physical State

and Appearance:
Odor Description:
Molecular Weight:
Conversion Factors:

Colorless liquid

Pungent

119.12

(1013 hPa and 25°C):

1 mg/m3= 0.2 ppm

1 ppm = 4.9 mg/m?

-31.3°C (-24.3°F)

165°C (329°F) at 760 mmHg
250 Pa at 20°C (68°F)

Melting Point:
Boiling Point:
Vapor Pressure:
Vapor Saturation
Concentration: 12219 mg/m? at 20°C (68°F)
Specific Gravity: 1.095 g/cm? at 20°C (68°F)
Vapor Density (Air = 1): 1.095

Flash Point (closed cup): 51°C (123.8°F)
Auto-ignition

temperature: 300°C (572°F)

Stability and

Reactivity: Decomposes in water, alcohols,
amines, and acid and alkaline
moieties. Soluble in ethers,
chloroform.

Solubility in Water: not applicable (decomposition)

lll. ANIMAL TOXICITY DATA

A.

Acute Toxicity

The highly volatile aromatic monoisocyante Phl
is a powerful lachrymator and respiratory tract
irritant. Its vapor elicits a concentration-dependent
upper respiratory tract sensory irritation, depres-
sion in ventilation in rodents, and exhibits a steep
exposure-response relationship. The predominant
site of damage within the respiratory tract occurs
concentration-dependently with a typical anteri-
or-to-posterior gradient of airway irritation. The
intensity of Phl-induced tissue injury occurs at
the site(s) of first contact in a concentration x time
(Cxt)-dependent manner. Inhaled concentrations
low enough to be retained in the bronchial airways
cause a characteristic delayed-onset lethality as a
result of progression of an obliterating bronchiolar
inflammation. Exposure concentrations high enough
to penetrate the alveoli cause an early-onset pattern
of lethality as a result of acute lung edema.

1. Oral Toxicity®
Rats: LD, = 2500-2750 mg/kg(®
Rats: LD, = 1044 mg/kg™
Rats: LD, = 172 mg/kg®
Rats: LD, = 887 mg/kg®
Mice: LD, = 196 mg/kg®
2. Eye Irritation

Rabbits: =100 mg/eye = severe irritant/cor-
rosive(:6.10.11)

3. Skin Irritation

Rabbits: =500 mg/4 hr = severe irritant®, non
irritant(”)

Rabbits: =500 mg/24 hr = severe irritant/
corrosive11.12)

4. Skin Toxicity
Rats: LD, = approx. 5475 mg/kg(®
Rabbits (occlusive): LD, > 2000 mg/kg-24 hr™?
Rabbits (occlusive): LD, = 7130 mg/kg-24 hr(13)



Inhalation Toxicity

Rats: 1hr LC,, = 19-61* mg/m3(4)
Rats: 4hr LC,, = 22 mg/m3(1>)
Mice: 30-min RD; = 5.9 mg/m3(10)
Mice: 45-min RD,, = 12 mg/m3(17
Rats: 45-min RD,; = 12 mg/m3(17.18)

Guinea pigs: 45-min RD ~ 12 mg/m3d7

40-50%+

Acute inhalation nose-only studies using iso-
cyanate functionality-specific derivatization
methods for the analytical characterization
of exposure atmospheres were given prefer-
ence. Respiratory function measurements in
mice, rats, and guinea pigs demonstrated an
instant and concentration-dependent decrease
in respiratory rate in all three species exam-
ined. The attainment of stable depression in
ventilation was fastest in mice and rats and
slower in guinea pigs, which matches the dif-
ferences in spontaneous breathing activities
of these species. In mice and rats exposed at
~2 mg/m? a minimal depression of respiration
was noticed.(?

Fifty percent of the rats exposed nose-only to
5.4 mg/m3 (1.08 ppm) for 4-hr elaborated first
signs of respiratory tract irritation up to 4-day
post-exposure (bradypnea, labored breathing
patterns). The next lower concentration of
0.7 mg/m? (0.14 ppm) was tolerated without
any effect. At lethal exposure concentrations,
the rats elaborated signs of respiratory dis-
tress, cyanosis, stertorous respiration, hypo-
thermia, and reduced motility. The median
time required to attain fifty percent cumulative
mortality occurred 8-9 days post exposure.
At the 100% mortality range rats succumbed
from Post-Exposure Days 1 to 18. Gross patho-
logical findings of the respiratory tract were
characterized by dark-red discolored lungs
(atelectasis), viscous mucus in the lumina of
bronchial airways (obliterating bronchiolitis),
pleural exudates, and lung edema. Mortality
data relative to the nominal and actual breath-
ing zone concentrations are given in Table 1.0

Table 1: Mortality of directed-flow nose-only exposed
rats to phenyl isocyanate for 4-hr and following by a
post-exposure period of 4 weeks.(19

Concentrations Mortality [%]
Nominal Actual [mg/m3] | (5 rats/sex com-
[mg/m?] (ppm) szl
2 (10 0.7 (0.14) 0
10 (50) 5.4 (1.08) 0
21 (100) 15.2 (3.04) 0
31 (150) 11.70 (2.34) 10
65 (310) 27.9 (5.58) 70
83 (400) 47.9 (9.58) 100
150 (730) 87.8 (17.56) 100

* Same exposure using two different analytical methods to
define the actual concentration.
** RD,, stands for a reduction in the respiratory rate of
50% from the pre-exposure baseline respiratory rate

(mormalized to 100%).

The exposure utilized a published directed-
flow nose-only inhalation system using ~20
L dry air/min for 20 exposure ports.(!519
Atmospheres were generated using dry nitro-
gen passed through a gas bubbler. Nominal
concentrations were calculated by the weight-
loss of liquid Phl contained in the bub-
bler maintained at 20°C (digitally controlled
water bath) during the 4-hour exposure period
divided by the total throughput of chamber
air. a) Values in brackets represent the weight
loss in [mg] of the evaporating system dur-
ing the 4-hour exposure period. b) Mortality
and the intensity of clinical findings seem
to better match the nominal rather than the
actual concentration. This potentially errone-
ous analytical measurement had major impact
on the calculation of slope and the non-lethal
threshold concentration (LC,,).

In summary, 10.3 mg/m3 (2.06 ppm) x 4 hr
was calculated to be the LC, based on probit
analysis.29 However, mortality did not occur
in any sex at 15.2 mg/m3. The hypothermic
response was more pronounced at 11.7 mg/m3
(2.34 ppm)as compared to that occurring at
15.2 mg/m3 (3.04 ppm). Hence, the inconsis-
tent relationship of the nominal to the actual
concentration supports the conclusion that
the actual concentration was expected to be
higher than indicated by the analytical deter-
mination. Therefore, the highest empirically
determined concentration without lethality
(3.04 ppm) was given preference to the statis-
tically derived LC,,.



Repeated Exposure

Young adult Wistar rats (10 rats/group/sex) were
nose-only exposed in a technical optimization pilot
study to actual breathing zone concentrations of 0,
0.12, 0.57, or 3.14 mg Phl/m? (isocyanate func-
tionality-specific analytical derivatization method,;
concentrations equivalent to 0, 0.03, 0.1, or 0.7
ppm) for 6 hr/day on 5 consecutive days followed
by a 3 week post-exposure period. Rats exposed
to 3.14 mg/m? exhibited serous nasal discharge,
which waned to normal by post-exposure day 8.
Mortality did not occur in any group. Analyses
of bronchoalveolar lavage fluid (BALF) yielded
unremarkable changes.D Collectively, the results
from this study 5x6-hour exposure study were
qualitatively and quantitatively consistent with
those of the single 4 hr-exposure study.

That 1-week pilot validation study was followed
by a 4 week (6 hr/day, 5 days/week) nose-only
inhalation study in young adult Wistar rats (10
rats/group/sex) to actual breathing zone concen-
trations of 0.35, 0.83, 2.8, and 10.1 mg Phl/
m3 (isocyanate functionality-specific analytical
derivatization method; concentrations equivalent
to 0, 0.07, 0.17, 0.56 or 2.02 ppm). Up to 0.56
ppm clinical observations, body weights, organ
weights, rectal temperature, reflexes, hematology,
and clinical pathology were indistinguishable from
the equally exposed air control. Histopathological
changes were observed at 0.56 ppm and were char-
acterized by Goblet cell hyperplasia in the nasal
passages. At the next higher concentration at 2.02
ppm, the histological findings were essentially
similar to those occurring after 2-week exposure
(see below). Due to the similarity of findings
and the greater depth on endpoints characterizing
respiratory tract-related injury, the outcome of the
2-week study was taken as key study to derive an
ERPG-2 equivalent scenario.??)

Young adult Wistar rats (20 male rats/group)
were nose-only exposed to actual breathing zone
concentrations of 0 ( air control), 1.0, 4.1, 7.2, or
10.4 mg PhlI/m3 (concentrations equivalent to 0,
0.2, 0.82, 1.44 or 2.1 ppm) for 6 hr/day on 5 con-
secutive days for 2 weeks followed by a 7 week
post-exposure period. Exposure concentrations
were selected to better distinguish concentration-
dependent effects from Cxt-dependent outcomes.
The time-adjusted 5.4 mg/m3 (1.08 ppm) x 4 hr is
equivalent to 3.6 mg/m3 (0.72 ppm) x 6 hr. This
equivalence was experimentally demonstrated by
the 1-week pilot study (see above). Based on the
Point of Departure (POD) of acute respiratory
tract irritation, the selected concentration of 0.82
ppm was expected to elicit transitional to minimal

respiratory effects. The next higher concentrations
were estimated from the time- adjusted 15.2 mg/
m3 (3.04 ppm) x 4 hr acute exposure level, result-
ing in a 10.1 mg/m3 (2.03 ppm) x 6 hr equivalent
as the non-lethal threshold concentration following
single exposure. However, differences in inhaled
dose have to be accounted for since the lethality-
based threshold is derived from data exceeding
markedly the RD, of rats. This means, at concen-
tration x time relationships within the range of 1.44
and 2.1 ppm x 6 hr, an over-proportionally higher
ventilation (and inhaled dose) can be expected.
Hence, any recurrent exposure to the acute non-
lethal threshold Cxt was expected initiate/propa-
gate a typical “acute-on-chronic” aggravation of
the acute airway inflammation. While aggravation
of acute sensory (concentration-dependent) air-
way irritation (in the absence of any significant
Cxt-dependent inflammation) was not expected to
occur at 0.2 and 0.82 ppm, the recurrent aggrava-
tion of airway inflammation was expected to cause
lethality delayed in onset (due to the progression
of obliterating bronchiolitis). This anticipated out-
come is consistent with the Mode of Action of
this monoisocyanate. This anticipated acute Mode
of Action was evaluated further by pulmonary
function tests, blood gas and BALF analyses
shortly after the exposure and towards the end of
the =2-months post-exposure periods. These time
points allow for a better appreciation of direct
irritation-related effects and the tissue responses
occurring secondary to the acute lung injury.

Major findings were characterized by decreased
body weights, hypoactivity, hypothermia, signs of
respiratory tract irritation, typical delayed onset of
mortality, and changes in organ weights (spleen
and thymus weight were significantly decreased,
lung weights were significantly increased) at 1.44
and 2.1 ppm. At terminal sacrifice lung weights
were still elevated. No statistically significant and
concentration-dependent changes to the organ-to-
brain weight ratios of adrenals, heart, and testes
were observed. Lung function tests demonstrated
decreased forced expiratory flow rates and qua-
sistatic lung compliance (loss of elastic recoil
due to lung edema). Arterial blood gases showed
an arterial hypoxemia and changes consistent
with a pronounced mismatch of the ventilation :
perfusion relationship. At these lethal exposure
levels evidence of hemoconcentration existed.
Delayed-onset of mortality appeared to be associ-
ated with respiratory acidosis, hypoxemia, and
marked shifts of peripheral blood into the lungs as
a typical sequelae of acute lung injury.?® Analyses
of BALF complemented the results of functional
endpoints. Changes suggestive of airway injury



and inflammation included y-glutamyltransferase,
protein, and sialic acid. Histopathological find-
ings provided evidence of increased secretory cell
activity with increased Goblet cell hyperplasia at
concentrations of 0.82 ppm and above. Additional
findings were observed in rats exposed at 1.44 ppm
and above, such as intraluminal inflammation of
airways, hypertrophy of bronchial smooth muscle,
epithelial desquamation, and an eosinophilic air-
way inflammation.(%)

In summary, with the exception of Goblet cell
hyperplasia in the nasal, paranasal regions, and
main bronchi of rats exposed at 0.82 ppm, the
incidences of histopathologic lesions in rats of the
0.2 and 0.82 ppm exposure groups were not sig-
nificantly different from the control. Rats in these
groups were free of clinical signs. Findings in the
two highest exposure groups were indicative of
significant airway injury and decrements in pul-
monary function consistent with the clinical signs
of respiratory tract irritation. Most of the apparent
systemic effects observed in the 1.44 and 2.08
ppm groups (organ weights, blood gas changes)
seem to be causally linked to reflexively-induced
bradypnea, hypothermia, hypoxemia, and dysregu-
lated cardiopulmonary function at lethal exposure
levels. Reflexively-induced bradypnea and related
cardiopulmonary changes, including hypother-
mia, are sequelae of rodent-specific nociceptive
responses that have limited relevance for humans.
Organs susceptible to recurrent sensory irritation-
related distress include the thymus. Lung injury
can further be exacerbated by pulmonary hypoxic
vasoconstriction as occurring during life-threaten-
ing pulmonary edema. The associated decrease in
heart rate (cardiac output) and systemic vasocon-
striction re-distributes the plasma volume into the
lung, which amplifies the acute edema and anoxic
anoxia in a hemodynamic state of accompanying
hemoconcentration and raising blood viscosity.(3
All of these factors seriously impede further gas
exchange and causes an imbalance of the fluid-
dynamics of the lung. As far as systemic changes
were observed, they appear to be causally related
to the acute-on-chronic lung injury severe enough
to cause lethality. These findings are typical for
lethal, irritation-related acute lung injury?® and
cannot be taken as evidence of systemic bioavail-
ability of inhaled PhI.

Reproductive/Developmental Toxicity

Pregnant Halle-AB-Jena and Halle-DBA mice
were administered 9.8 mg/kg Phl by gavage on
Gestation Days 4, 7, 11, and 15. Animals were
sacrificed on Gestation Day 18. The corpora lutea
and dead implantations were recorded. There was
no evidence of any Phl-induced embryotoxicity.®

5

Genotoxicity

There was no significant evidence of mutagenic
effects in Salmonella/microsome, E. coli Sd-4-73,
and Streptomyces aureofaciens tests.242% Results
of a mouse cytogenicity test did not reveal evidence
of any chromosomal aberrations following a single
5 or 10 mg/kg dose of Phl by gavage and bone
marrow analysis 1- and 2-days post-application.(®)
Results from a mouse micronucleus test following a
single i.p. injection of 30 mg/kg phenyl isocyanate
and analysis of bone marrow 1-, 2-, and 3-days post-
injection, did not reveal evidence of any clastogenic
effect. Dosed animals showed apathy, ungroomed
hair-coat, spasms, irregular breathing, and diarrhea.
Mortality occurred in 1 of 40 animals.G0

Sensitization

A mouse ear-swelling test (MEST) with phenyl
isocyanate was performed using non-occlusive
application of 100 pL of an acetone solution
containing 0.03 to 250 pg PhI onto the abdomen
of six BALB/c mice. Four days later, 20 uL of a
non-irritant 0.1 % solution containing 20 pg Phl
was applied to each side of the right ear. The left
ear was treated for control purposes only with
acetone. Triplicate measurements of ear thickness
were made 24 hr following the challenge using
a spring-loaded micrometer. The ear thickness
increase was calculated as the difference in thick-
ness between the mean pre- and post-challenge
measurements. The SD,, which predicts to sen-
sitize 50% of the mice, was derived from probit
analysis of MEST data. The SD,, was 0.04 pmol
(0.005 mg)/kg body. To achieve the same outcome
with the diisocyanates hexamethylene or toluene
diisocyanate, the doses required were markedly
highly 0.5 and 30 pmol (0.06 and 3.6 mg)/kg body
weight, respectively.GD

Groups of eight BALB/c mice were treated on
each shaved flank with 50 pL of a 1 % solution
of phenyl isocyanate or toluene diisocyanate in
acetone/olive oil (4:1) (total dose 1 mg). After 14
days the total IgE was not increased in either group
relative to the level in the control animals. On the
other hand, the animals treated with phenyl isocya-
nate were found to have higher IgG and IgG, titers
on average than the animals treated with toluene
diisocyanate.3D

In a modified maximization test, dose-dependent
sensitization was demonstrated. Groups of Hartley
guinea pigs received intradermally Phl in ethanol/
propylene glycol (20:80) (200 or 2000 pg/mL)
and epicutaneously with 2000 ug/mL in the same
vehicle for induction. The results on non-occlusive
provocation with 200 and 2000 pg/mL in acetone
are summarized in Table 2.G2)



Table 2. Summary of findings using a modified Guinea
Pig Maximization Assay©2)

Concentration | Concentration | Concentration | SR | MR

[ppm-vehicle] | [ppm-vehicle] | [ppm-vehicle]

0 0 0, 2, 20, 0/52 |0
200, 2,000

200 2,000 0,2,20 0/52 |0
200 3/5 0.6
2,000 5/5 24

2,000 2,000 0,2,20 0/5a |0
200 3/5 0.2
2,000 4/5 1.4

a) Five animals/group each; SR: sensitization rate — posi-
tive number of animals / total number of animals;, MR:
mean response — summation of numerical scoring / total
number of animals.

In an exploratory study focusing Pirbright-White-
Dunkin-Hartley guinea pigs were intradermally
sensitized to phenyl isocyanate with 100 uL of
a 0.5 % peanut oil on each flank on 3 alternate
days. The control received the vehicle under oth-
erwise identical conditions. Another group of 8
animals was exposed by inhalation for induction
purposes to phenyl isocyanate in concentrations
of 48 mg/m3 for 15 minutes. After 2-weeks, the
animals were challenged with Phl at 4.2 mg/m?
for 30 minutes. The respiration rate was changed
in 4/8 animals sensitized by inhalation exposure,
in 1/8 animals sensitized intradermally, and in
1/8 control animals; sensitized animals showed
more rigorous responses upon challenge than
controls. Acetylcholine-induced unspecific airway
was indistinguishable amongst groups. One week
thereafter the guinea pigs were challenged with
Phl-guinea pig albumin conjugate at 33 mg/m?
for 30 minutes with no changes in lung function
parameters in the control or inhalation-sensitized
animals. Conversely, animals sensitized intrader-
mally and challenged with the conjugate displayed
marked airway reactions in 6/7 animals. Intrader-
mally sensitized guinea pigs showed significantly
higher titers for anti-phenyl isocyanate IgG, anti-
bodies.3334

F. Metabolism/Pharmacokinetics

No data available

IV. HUMAN EXPERIENCE
A. Sensitization

In the literature, there are no clinical reports of symp-
toms in persons exposed to phenyl isocyanate. This is,
however, probably because sufficient skin extended

contact with Phl is unlikely to occur due to its vola-
tility. In several employees with respiratory symp-
toms who were exposed to isocyanates, also specific
IgE against phenyl isocyanate-HSA conjugate was
detected. Whether this sensitization was the result of
the contamination of other isocyanates with Phl or of
cross-reactions was not investigated. Allergenic airway
effects were identified in an exploratory study with
guinea pigs. Within the DFG notification scheme of
sensitizers to judge positive results from animal stud-
ies, Phl was categorized as a potential skin and respira-
tory sensitizer.(3%) Within the EU classification system
PhI was not categorized as respiratory sensitizer.G®
Additional qualitative information on human data is
available online.(237)

MECHANISM OF TOXICITY, TIME ADJUSTMENT,
AND UNCERTAINTY FACTORS

Published evidence from other volatile mono- or diiso-
cyanates was not considered in this appraisal, since
the depth of penetration and localized injury of each
individual isocyanate is highly dependent on its reac-
tivity towards nucleophiles present in and the partition/
solubility of the vapor phase to/in the fluids lining the
airways of the lung. The concentration and types of
constitutively present nucleophiles change from one
location of the respiratory tract to another that attri-
butes to the site-of-retention specific toxicity of inhaled
volatile isocyanates. Based thereupon, injury may be
confined to the airways, the alveoli, or to both.(839
As alluded to above, the manifestation of toxicity may
vary conspicuously amongst isocyanates depending on
the site of initial retention and response to injury.

The duration relationship for many irritant and systemi-
cally acting vapors and gases may be described by C" x
t = k. In the absence of an empirically derived exponent
(n), temporal scaling from the experimental durations
of the respective PODs to ERPG-specific durations is
generally be performed using #» = 3 when extrapolating
to shorter time points and #» = 1 when extrapolating to
longer time points using the C" x ¢ = k equation.(041)
However, as exemplified for the somewhat similar vol-
atile and reactive monoisocyanate n-butyl isocyanate,
the respiratory minute volume can substantially be
depressed in rats at higher (and shorter) exposure con-
centrations resulting in a marked under-appreciation of
the inhaled dose. This is caused by a rodent-specific
reflexively-induced bradypnea. The associated changes
in cardiopulmonary function are often misconstrued
as systemic effects.(?342 Accounting for this circum-
stance, the extrapolation from longer exposure periods
at lower concentrations would elicit less reflex brad-
ypnea. Therefore, based on the recommendation given
elsewhere®, n = | was used when extrapolating longer
to shorter time points.



VL.

No mortality occurred at 15.2 mg/m3 (3.04 ppm) x 4h
in the single exposure study in rats. The hypothermic
response was more pronounced at 11.7 mg/m3 (2.34
ppm) as compared to 15.2 mg/m3 (3.04 ppm). There-
fore, the LC, of 3.04 ppm was given preference to any
statistically derived threshold. Time extrapolation to
1 hr is most adequate following Haber’s Rule with C»
X t = const. and n = | as demonstrated elsewhere for
a somewhat similar monoisocyanate.2 Any shorter
duration of exposure with higher concentrations would
have caused a higher depression in ventilation resulting
in a proportionally higher tolerance. Accordingly, 12
ppm x 1 hr is considered to be the appropriately time-
adjusted non-lethal threshold concentration equivalent
to 3 ppm x 4 hr. Based on respiratory function measure-
ments and observation of animals, =1 mg/m? is con-
sidered to be the threshold concentration for eliciting
an immediate-onset concentration-dependent sensory
irritation. The threshold was similar both after single
and repeated inhalation exposure. The time-indepen-
dence of this threshold was further substantiated in the
2-week repeated exposure study using biochemical,
functional, and histopathological endpoints for defin-
ing the no-observed-adverse effect level. Following
repeated exposure to 0.82 ppm x 6 hr rats elaborated
histopathological evidence typical of adaption rather
than injury. Therefore, this concentration is taken as
POD to protect for irreversible effects to occur follow-
ing a single exposure. Time-adjusted, 4.8 ppm x 1 hr
was considered to be the appropriately threshold level
for this intrinsically reversible endpoint.

The intraspecies uncertainty was addressed by a factor
of 3. The interspecies uncertainty was also addressed
by an additional factor of 3. The outcome of the 2-week
6 hr/day repeated exposure study with multiple end-
points to probe lung injury biochemically, physiologi-
cally, and histopathologically supports the approach
taken. The interspecies uncertainty factor of 3 also
adjusts for the reflexively-induced depression in venti-
lation, which cannot be translated to humans.

CURRENT OCCUPATIONAL EXPOSURE
GUIDELINES

A. One-hour AEGLs for phenyl isocyanate published
in 2013 by the National Advisory Committee for Acute
Exposure Guideline Levels for Hazardous Substances
(NAC/AEGL Committee)“4 are

AEGL-3: 0.029 ppm
AEGL-2: 0.0096 ppm
AEGL-1: n/a

Notably there are remarkable differences in the final
AEGL values and the proposed ERPG values. In the
preceeding Interim AEGL document as of 200945, the

respective interim values were for the AEGL—1, -2 and
—3 for 1 hour 0.02, 0.15, and 0.24 ppm, respectively.
These values were lowered for the final value pub-
lished in 2013“4 based on the following rationale: The
AEGL-3 based 4-h BMCLOS5 value of 1.64 ppm was
calculated from the rat lethality data used which also
was key study in this appraisal. This POD is supported
by data from a repeated 2-week nose-only inhalation
study at 5 x 6-h/week exposures to Phl, in which 2.1
ppm was not lethal to 20 male rats exposed for 2 weeks,
including a 2 months post-exposure period (the same
key study was used in this appraisal). Interspecies and
intraspecies uncertainty factors of 3 and 10, respective-
ly, were applied. An interspecies uncertainty factor of
3 was considered appropriate on the basis of mortality
data on the related compound methyl isocyanate that
indicated limited species differences; about a two-fold
difference in 6-h LC s for rats, mice, and guinea pigs
was found. A factor of 3 was also consistent with that
used for deriving AEGL values for methyl isocyanate.
A factor of 10 was applied to account for intraspecies
variability, and was also consistent with the factor
applied in the derivation of AEGL-3 values for methyl
isocyanate. Finally, a modifying factor of 3 was applied
to account for potential developmental toxicity of Phl
on the basis of data on methyl isocyanate. Time scal-
ing was performed using the equation C x t =k, with
default values of n =1 for extrapolating to longer dura-
tions and n = 3 for extrapolating to shorter durations.
AEGL-2 values were calculated on the basis of the
available animal data, the most relevant POD was con-
sidered to be the estimated threshold for respiratory-
tract injury. In the same acute inhalation key study as
used in this appraisal, 0.8 ppm would be a no-effect
level for AEGL-2 severity effects. AEGL-2 values
could be calculated by applying a total uncertainty
factor of 30 (3 for interspecies differences and 10 for
intraspecies variability), applying a modifying factor
of 3 (to account for potential developmental toxicity
of n-butyl isocyanate and on the basis of data for the
related compound methyl isocyanate), and performing
time scaling with the equation Cr x t =k (using default
values of n = 3 for extrapolation to shorter durations
and n = 1 for extrapolation to longer durations).

Remarks: In the presence of state-of-the-art and
substance-specific information from harmonized test-
ing guideline compliant GLP-studies directed towards
a better understanding of the Phl-induced respiratory
tract toxicity cannot be replaced by non-GLP explor-
atory studies with methyl or other aliphatic isocyanates
originating from a more science-based work-up of
the Bhopal accident in India 1984. Current regulatory
testing guidelines give preference to the rat as species
of choice. These guidelines would not support using
additional species in the absence of any robust justi-
fication due to animal welfare reasons. The applied



time-extrapolations are not state-of-the-art based on
the explanations given in the previous section. The
interrelationship of concentration-dependent ‘sensory
irritation’ and concentration x time (= dose)-dependent
‘respiratory tract irritation and inflammation’ was
meticulously addressed in the referenced inhalation
studies but not adequately considered in the deriva-
tion of the AEGLs (for details see preceding section).
The chemical reactivity of Phl precludes any systemic
bioavailability of Phl. Adversity is solely contingent
upon a local, initial ‘site-of-retention’-specific mode of
action. However, sequelae of apparent ‘systemic toxic-
ity’ may occur as a result of rodent-specific, generic
nociceptive responses to reflex-bradypnea that cannot
be translated to humans.#%47) Acute-on-chronic effects
(recurrent-exposure of animals with aggravated acute
inflammation at the portal of entry) does not occur in
‘once in a lifetime’ emergency scenarios the AEGL-
values are actually derived for.

An occupational exposure Level Limit Value of
0.005 ppm and a 5-13 minute Ceiling Value of 0.01
ppm is listed by the Swedish Work Environment
Authority.*% The DFG-MAK Commission Germany
classified phenyl isocyanate as skin and respiratory
sensitizer.(9 BAuA (Federal Institute for Occupa-
tional Safety and Health; Committee on Hazardous
Substances) published an allowable workplace level
for phenyl isocyanate of 0.01 ppm (0.05 mg/m3).49

Vil. RECOMMENDED ERPGS AND RATIONALES

A. ERPG-3: 1.2 ppm (6 mg/m3)

1.2 ppm is the maximum concentration to which
nearly all individuals could be exposed to PhI for
up to one hour without lifethreatening effects. This
is based on available acute inhalation data in which
exposures of 3.1 ppm for 4 hr were nonlethal in
male and female rats.(1%) The 1 hr adjusted concen-
tration of 12.4 ppm was subjected to a total intra-/
interspecies factor of 10.

B. ERPG-2: 0.4 ppm (2 mg/m3)

0.4 ppm of Phl is the maximum airborne concen-
tration below which nearly all individuals could
be exposed for up to 1 hr without experiencing
or developing irreversible or other serious health
effects or symptoms that could impair an individ-
ual’s ability to take protective action. A repeated
2-week inhalation study in rats to 0.82 ppm x 6
hr/day is taken as point of departure to protect
for irreversible effects to occur following a single
exposure.(® With regard to sensory irritation, any
impairment of the ability to take protective action
is not expected to occur at 0.4 ppm since an expo-
sure level of 0.82 ppm was tolerated repetitively
without clinical evidence of mucus membrane

Vil

irritation. The time-adjusted exposure equivalent
of 4.9 ppm x 1 hr is considered to be the highest
concentration to fulfil the criteria applicable. The 1
hr-adjusted concentration of 5 ppm was subjected
to a total intra-/interspecies factor of 10. Due to the
steep dose-response curve for lethality, a factor of
3 to the ERPG-3 was observed.

C. ERPG-1: 0.1 ppm (0.5 mg/m?)

0.1 ppm is the highest concentration to which near-
ly all individuals could be exposed for 1 hour to
phenyl isocyanate without experiencing or devel-
oping effects more serious than mild irritation.
This level is slightly lower than the no-observed-
adverse level following repeated exposure of rats
(0.2 ppm). Functional measurements in rats and
mice demonstrated very mild sensory irritation
to occur in the range of 0.2 to 0.4 ppm (RD,:
~2.7 ppm). Sensory irritation is triggered from
receptors of the upper respiratory tract by direct
exposure. An interspecies uncertainty factor of 3
(for differences in dynamics) was used to adjust
sensory irritation from rodents to humans. The
RD,, concentration was suggested to be intoler-
able in humans; however, 1/30 of the RD, is com-
monly considered to be tolerable for occupational
exposure patterns.*?) Hence, the approach taken is
concordant with published evidence.

HISTORY OF PHENYL ISOCYANATE

First published in 2016: ERPG-1: 0.1 ppm; ERPG-2:
0.4 ppm, ERPG-3: 1.2 ppm.
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