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1. Syuomery

In Japuary 1987 the Hational Inscicuce for Qccupational Safecy and
Health (HIOSH) received a request from the International Assocciation of
Fire Fightera (IAFF) to evaluate the toxlcity of smoke clouds produced
by a zine chleride {(ZnCl;) amoke generating device {50 smoke bozb)

used for smoke training drills at the Rorth Eiverslde Fire Department,
Forth Eiverside, Illineis. During the second of two exerciges in
Oceober, 1986, fire figheers reportedly experienced adverse health
effects ineluding fever, chills and acrensss of Joints.

On February 17, 1987 NIOSH investigators conducted an aggessment of the
szoke cloud components generated by the 5D amoke bomb at the Horth
Riverside Fire Departmeént’s fire tralning facility. During each of two
tests, three 50 smoke bombs were used in the saze manner as in the
October 1936 exercige, Based on findings of a previous HIOSH =eudy, ailr

samples were collected for HGl, zinc compounds, and chlorinated
hydrocarbons.

HLC1 concentrations ranged from & trace to 44 milliprams per cublc meter
{mg/m3). The HCl concentratioens on the 2Znd floor of the training
facilicy vhich ranged frem 20 to 44 mg/m” were measured in 15 to 20
minute samples and all exceeded the DSHA and ACGIH ceiling level
criteria of 7 mg/m3, Zinc chloride concentrations ranging from 63 to
172 ngfm; ware found on the sacond floor and from 21 ta 42 mg!m3 en
the third floor. The zinec chloride concentratlens in these 15 to 20
minute samples exceeded the ACGIH short=term exposure limit of 2
mg/m?. Five chlorinated hydrocarbons vere measured at quantifiable
concentrations on the second floor. Perchlercethylene was present at
the highest relative amounts {up to 62 mg/m>)}. The rest vere present
at lesc than 10 mg/m?. Several of the chlorinated hydrocarbons
detected are puspect human carcinogens. It should be noted that the
measured concentrations comstitute an exposure only vhen the proper
resplrator 1s not worn.

The amoint of smoke generated during the exerclse was far in excess of
the amount currently recommended by the manufacturer. However, prior to
April 1987, the manufacturer's literature did not specify how many smoke
generating devices to uwse for a glven volume of apacs,

The sedical investigation consisted of interviews conducted over the
telephone to assess the esplovees syoptoms. Flve of the six
participancs experienced symptoms including breathing difficuley, joinc
pain, fever and chills, and general fatigue. One trafining parcicipant
continued to be bothered by Joint paln and exertional shortness of
breath {in excess of that percelved as normal) for two weeks following
the exercise. All of those interviewed were asymptomatic st the time of
the interviews, These fire fighters were either not wearing a
respirator or had' removed it as part of the drill.
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I. Summary

In January 1987 the Natlonal Inscicuce for Occupational Safecy and
Health (HIOSH) received a request froo the Internacional Assocliation of
Fire Fighteras (IAFF) to evaluate the toxlcity of smoke clouds produced
by a zinc chloride (ZnCl;) amoke generating device (5D smoke bozb)

used for smoke training drills at the Rorth Eiverslde Fire Department,
Forth Eiverside, Illineis. During the second of two exerciges in
Qeeober, 1986, fire fighcers reportedly experienced adverse health
effects inecluding fever, chills and acreness of Joints.

On February 17, 1987 NIOSH investigators conducted an asgessment of the
szoke cloud components generated by the 5D smoke bomb at the Horth
Riverside Fire Departzent’s fire tralning facility. During each of two
tests, three 5D smoke bombs were used in the saze manner as in the
October 1986 exerclse, Based on findings of & previous HIOSH seudy, air

gsamples were collected for HGl, zinc compounds, and chlorinated
hydrocarbens.

HLCl concentrations ranged from a trace to 44 milligrams per cublic meter
{mg/m?). The HCl concentrations on the Znd floor of the training
facility vhich ranged from 20 to 44 mag/m? were measured in 15 to 20
minute samples and all exceeded the DSHA and ACGIH celling level
criteria of 7 mg/m3. 2inc chloride concentrations ranging from 63 to
172 ngfm; were found on the second floor and frem 21 to 42 mgfmj on
the third floor. The zine chloride concentrations in these 15 ts 20
minute samples eéxceeded the ACCIH short-term exXposure limit of 2
sg/nd. Five chlorinated hydrocarbons were measured at quantifiable
concentrations on the second fleor. Perchlercethylene was present at
the highest relative amounts (up te 62 mg/m>)}. The rest were present
at less than 10 mg/m?. Several of the chlerinated hydrocarbons
decected are puspect human carcinogens. It should be noted that the

measured concentrations comstitute an exposure only vhen the proper
resplracer 1s not vorn.

The amount of smoke generated during the exercise was far In excess of
the amount currently recommended by the manufacturer. Howvever, prier to
April 1987, the manufacturer's literature did not specify how many smoke
generating devices to wae for a glven volume of apacs,

The medical investigation conslated of intervievs conducted over the
telephone to assess the ezplovees syoptoms. Five of the six
participants experienced svmptoms including breathing difficuley, joinc
paln, fever and chills, and general fatligue. One training parcicipant
continuved to be bothered by Joint paln and exertlonal shortness of
breath (in excess of that percelved a3 normal) for two weeks following
the exercise. All of those interviewed were asvmptozatic at the ti=me of
the interviews., These fire fighters were elther not wearing a
resplrator or hed' removed it as part of the drill.



Dense clouds geperated by Zn Cl; smoke generating devlces should be
considered hazardous. While a properly operating 5CBA worn by a
well-tralned individual offers adequate protection against the smoke,
even short-term exposure to the dense smoke without respiratory
protéction presents a health hazard. Recommendatiens for precautionary

measures to minimize potential inhalation health hazards are presented
in Section VIII,

Eeyworda: SIC 9224 (Fire Protection), smoke-generating devices, szoke
bemb, zine-chloride, hydrochleric acid, chlorinated hydrocarbens.
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II.

III.

IHTROMMICTION

On January 9, 1987, the Natlonal Institute for Occupational Safety and
Health (RIO5H)} received a request from the International Asscefation af
Fire Fighters (IAFF) to assess the toxlelty of smoke clouds produced by
& smoke generating device (5D smoke bomb). The requestor stated thar
during an Qctober 1986 smoke training exercise at the North Eiverside
Fire Department's Fire Tralning facilicy, Horth Eiverside, Illineois,
fire fighters experienced adverse health effects when using thess
devices. The components of smoke clouds produced by ZIn Cl; type smoke
bomb devices have been found to include hydrochleric acid (HC1}, zine
compounds, and & number of chlorinated hydrocarbons,l

RIOSH investigators visited the North Riverside Fire Department on
February 17, 1987 to assess the smoke cloud components, Concurrently, &
RIOSH phyaiclan intervieved the participants of the Octaber, 1984
training exercise by telephone.

Frelloinary results of the investigation, and recommendations, were
distributed by letter in April 1987.

Backaround

Superier Signal Company has sold zinc-based smoke generating devices for
approximately 30 years. The 5D smoke bomb is one of several devices the
company currently sells. These devices differ primarily in their size
and amount of smoke produced. These devices have commonly been used o
generate smoke for fire training, disaster drills, and alr flow
studies. TUntil abour the early 19803, advertising literature scated
that these devices were medically proven to be non-texic. However, zine

chloride smoke generating devices have been implicated in a number of
smoke training accidents,2-11 A

The NHorth Riverside Flre Department has 15 full-time fire flghters and
13 mdditional fire fighters on call. The fire department's fire
training facllity 1s located In one corner of the fire house (Flgures
1-2) which was bullt in the late 1970s. The tralning facility has three
fleors and & basement. Each of the three upper fleosrs has a landing
with an adjacent stairwvay, a window, and at least one door., Fire drills

have been conducted in the facility approximately four times per vear
since it was bullt. The total estimated volume of this training
facilivy i3 4700 cuble feer.

During October 1986, two drills were conducted using 5D smoke bombs to
simulate a smoke=filled burning building. The October 1986 drills
represented the first use of the 50 smoke bombs at this location.
Materials previcusly used to create smoke included straw, wood, and on

one occaslon a smoke device of unknown {denticy which had been obtained
from the National Guard.
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During the second October drill, six fire fighters wvere Involved in a
high rope rescue training exercise, Those affected by the szoke wvere
not wearing a respiracer or took Lt off to participate in the dril}
(e.g. yelling for help).

IV. METHODS

A.

Environmental

FNIOSH inveatigators evaluated tvo separate training exercises on
February 17, 1987. HNorth Rlverside fire training personnel wvere
asked to position three 5D smoke bombs (the nuzber used during the
Deteber drilla} in the same locatlons used in the October 1986

drill., One bomb was placed on each of the 1st, Znd and 3rd floors
(Flgure 2). For each training exercise, air samples were collected
for chloerinated hydrecarbons, HCl, and metals, ineleding zine. These
chemicals vere determined to be the primary smoke cloud cosponents in
a previous NIOSH investigatien.l Area alr samples were collected

on the 2nd floor, where the highest axposures vere anticipated, on
the 3rd fleor vhere one esployee had been standing during the
previous drill, on the roof, and ar an outside locacien. Additional
alr sa=ples vere collected in the basement of the adjacent living
space for the second test because szoke had infllerated ipte the fire
truck bay and ad)acent living spaces during the first test.

Battery-operated pumps, with the appropriate sampling medla atcached
via flexible tubing were suspended at breathing height (5 1/2 fr.) at
the inside sampling locations. All sampling pumps Were started when
the smoke devices wvere ignited. After 1% minutes, all pumps wvere
turned off. A 15-minute sa=pling perlod wvas chosen after
coensideration of the burn time of the smoke device (S-zminutes),
analytical liolits of detection and sampling pusmp flow rates., More

details on the sampling and analytical techniques are presented in
Table 1.

Medical

All aix flrefighters who participated in the October 1986 high rope
rescue tralning exercise vere intervieved by relephone.

V. Evaluation Criveris

Environmental Expeosure Criteria

As a gulde to the evaluation of the hazards posed by workplace
exposures, NIOSH field staff usually eoploy environmental evaluacien
criceria for mssessment of & number of chemleal and physical agents.
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Some of these criterla are intended to suggest levels of exposure to
which most workers may be exposed up to 10 hours per day, 40 hours
per week for a working lifetime without experlencing adverse healeh
effecta, Since fire training exercises are of ghort duration these
long-term exposure are not as relevant. They are presented in this
teport as polnta of reference. Short-term criteria, [15 oloute
short-term expesure criterla, ceiling level criteria and
concentrations that are conaidered to be lmmediately dangerous to
1ife or health (IDLH}], are more relevant for evaluating the acute
health effects of exposures to these szmcke clouds,

When exposure occurs to a mixture of substances 1t ls usual praccice
to conslder the effects of those that elicit slmilar responses to be
at leaat additlve. That 1s, If cne is exposed to 5 mg/m? of
chemical A and 5 mg/m3 of chemical B, and both are resplratory
irritants, then from the standpoint of potential health effects, the
exposure, In a general sense, is often thought of as an exposure to
10 mg/m? of a respiratory irritant. There can alse be a
synerglstic effect. That is, the overall effect is greater than
each singular effect or, in some cases, an additive effect.

The primary oources of environmental evaluation eriteria for the
vorkplace are: 1) RIOSH Criteria Documents and recommendations, 2)
the American Conference of Governmental Industrial Hygienises'
{ACGIH) Threshold Limit Values {TLVs), and 33 the U,5, Department of
Labor {(OSHA) occupaticnal health standards,l2-16 gfeen, the KIODSH
recormendations and ACGIH TLVe are lowver than the corresponding OSHA
standards. Both NIOSH recommendations and ACGIH TLVs usually are
based on more recent information than are the 05HA standards., The
O5HA standards also may be required to take intse account the
feaslbilicy of controlling exposures in varilous industries vhere the
agents are used; the NIOSH-recommended sxposure limivs, by contrase,

are based primarily on concerns relating to the prevention of
pccupational disease.

Toxicicy of Chemicals Detected in the S=oke Clouds

Inhalaticen is the most signiflcant route of exposure to the smoke
conatituents, The primary smoke cloud components are zinc chloride,
hydrochleric acid, and a mixture of chlorinated hydrocarbons.

The primary effects of acute exposure to aesrosolized HCL are due to
its ecorrosive properties, Exposure to HCL has been shown to be

associated with pulmonary, laryngeal, oral, nasal and conjunctival
irritation; the magnltude of effect is in proportion to the

dose.17418 The irritant affect of the vapors on the respiratory
tract may produce bronchitis, pulmopary edema, and death. The

OSHAstandard and ACGIH TLV for HCl is 7 mg/m” as a celling value
not to be exceeded. The concentration of HCl 1isted In the NIOSH

Pocket Guide to be immedlately dangerous to life and health {IDLH)
iz 140 mg/m?. 1%
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Zine chloride, which reacts with vater to produce HCl, is an
irritant to eyes, mucous membranes, and skin. Inhalation EXpoEUTE
may precipltate a cough {with or without sputum production),
atrider, a senzation of chest tightness, dyspnea, pulmonary edema,
cyanoais, and in case of very high exposure, death.l7-20 The oz
atandard for zinec chloride 1s 1 mg/m? (8 hour TWA)} The ACGIH TLV
is 2 mg/m? ag & short-term exposure level {STEL) for a 15-minute

perled. The concentration listed in the NIOSH Pocket Cuide to he
IDLH iz 2000 mg/m3.19

The chlorinated hydrocarbons detected in thias evaluation may hbe
responaible for numerous symptoms. Table 2 presents the health
effects of overexposure. Several of the chlorinated hydrocarbens
detected are puspect human carcinegens: however, the potential scute
reaplratory effects from exposure to the zlne compounds and HC1 are
of more {mmediate concern considering how these devices are ysed
during training exerclses. The carcinogen issue is complex
especlally when the exposure iz to & mixture of :nmpcunds,zi'zﬁ

VI. BESULTS AND DISCUSSION

A

Envirenmental

Flgure 3 presents the results of & qualltacive analysfs of a bulk
air sample collected during the HIOSH tests. Over 10 chlorinated
hydrocarbens were qualicarively idencifled, including
perchloreethylene, carbon tetrachloride, trichlorcethylene,
hexachloroethane, hexachlorobutadiene, and several chlorobenzenes.

Table 3 presents the air concentrations of the smoks sloud
components measured In both tests. Alr concentrations for HCI
renged from 20 ko 44 mg/m? on the second floor and from 1.9 te 6.9
mg/m? on the third floor. All values meazured on the seécond floor
are above the OSHA AND ACGIH ceiling value of 7 mgsm? for HCL.

iinc was measured in the range of 30 to 82 mg/m? on the second
fleor and frem 10 te 20 mg/m* on the third floor. Corresponding
values for zine chleride, assuming the zine was Present as zine
chloride, are 63 to 172 mg/m® and 21 to 42 mg/m?, respectively,

Thus, the current ACGIH STEL (2 mg/m?) was exceeded by up to 36
times,

Five chlorinated hydrocarbons (see Table 3) were detecred at
quantifiable concentrations on the second floor snd three of the
five were detected on the third flosr. Perchloroethylene was
measured at the highest relative amsuncs (up to &2 Prm}. The
presence of suspect human carcinogens in the smoke clouds conscitute
& potentlal long term risk te someone exposed while not vearing a
respirator, however, the potential acute health effects from
eXposure to the zipe compounds and the HC1 are of more imsediate
concern considering how these devices are used,
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During the firet FIOSH test, smoke infiltrated the fire truck bay
and the lower floor of the living spaces, Fire Department perscnnel
reported that amoke was viaibly heavy during the firat part of the
teat, Heavy smoke was obaerved In the truck bay by the RIOSH survey
teasm during the second test. Sasmples that were collected in the

billarda room on the lower floor for the second test detected crace
apounts of HC1 and zine.

There were no written standard operating procedures {50P) for the
flre training exercises. JSuch documents are one method to insure
conslatency and quality control of training activities,

A limicarion of this atudy is the lack of instantaneous, or “grab”
gampleés, Since the 5D smoke bombs have & burn time of about 5
minutes and were lgnlited at the start of the saspling pericd, one
ean agsume that alr concentrations were highest during the firse
five minutes of the 15-Blnote sampling time. The smoke cloud wasz
¥lzlbly most depnse during the early stages of sampling. Alrborne
contaminant levels are governsd by the nunber and type of zmoke
devices used, the volume of the training facility, and the air
leakage out of the facllicy during the test, Use of the same number
and type of device under different training conditions could resulre
in lower or higher exposures., A previous NIOSH investigation of an
airport disaster drill documented minimal exposures to training
participants when one 5D smoke bomb was used eutdoors.Zl

Manufacturer's literature, at the time the fleld data was collected,
did not specify what type, or how many, zinc chloride smoks
generating devices should be vsed in & given alze area, One of the
most lmportant criteria, from the standpolnt of the fire training
officials, was that vision be effectively ohscured. Updated
manufacturer's informatien, available in 1987, does include this
Information, and, by the 1987 usage criteria, far more smoke was
generated than recozmmended, Additionally, the smoke generating
devices are often obtained without the paterlal safety data (HSDE)
and other supplemental manufacturers’ information.

This study did not evaluate alternative smoke generating methods.
The atmosphere produced by ancther common method of gensracing fire
training smeke, actual buming of combustible materiale, altheugh
not studled by HIOSH, should also be considered hazardous and
warrantas the use of an SCEA.

B. Medical

Six fire-fighting personnel wvere involved in the training exercise
in October, 1936, Medical information concerning these individuals
was obtained in February 1987 by celephone interview. Five of the
six parcicipants reported development of symptoms either immediacely
post-exercise or within a fewv hours of exercise. These fire

fighters vere either not wvearing a respirator or had removed it as
part of the drill.
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Symptoms reported included;

1. Sore throats (3 persons).
2.  Difficulty breathing {(2).

3. Joint {(upper and lover extremities) stiffness and pain (23,
4, Chills and fever (2).
%+ Headaches (1).

6. Generallized fatigue (1),

(me training participant, who reported being exposed to dense smoke,
continued to be bothered by joint paln and exertlonal shortness of
breath (in excesa of that perceived as normal) for two weeks
folleving the sxercise. This was the only individual wvho received a
medical evaluation at the time of the event; no exposure-specific
bilelegical monitoring teats were parformed at that tipe. All of

theae intervieved were asymptomatic at the time of the medical
Intervieva.

VII. CONCLUSIQNS

YIII.

Baszed on the data collected, dense clouds produced froem Zn Cl; smoke
generating devices should be considered hazardous, Chemleals measured
in the 5D smoke bomb clouds are consistent vith the results of a
previous HIOSH investigation of smoke bomb type deviceal and BYSpT omS
reported by the Horth Riverside fire fighters are conslstent with thosze
reported in previous eplsodes (Table 43.2-11

A well trained individual wearing a properly operating SCBA will he
adequately protected while in the atmospheres generaced by the devices
evaluated as part of this scudy; hovever, even a short-term unprotected
exposure to the copponents of & dense smoke cloud could resule in
gerious health affects.

RECOMMERDATIORS

l. HNo amoke generating device should be considered "absolutely safe" ar
"non=toxic”. Additionally, product licerature should be obtained

and manufacturer’'s guildelines followed vhen using any smoke
generating device,

2. If zinc chloride smoke generating devices are used to generate dense
clouds, the smoke should be considered hazardous and parcicipants
who enter the smoke should wear a self contalned breathing apparatus

(SCBA). Practices like “buddy breathing” should not be conducted in
these dense smoke clonds,

3. Anyone who enters any type of smoke cloud should be instructed to
leave the area immediately if they notice any problem {(such as a
leak in the SCBA). If auch individusls experience any breathing
difficulcies, they should recelve medical evaluation as soon as
possible.
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-

Standard operating procedures should be {pplemented for training to
teat new devices and for actions to take ghould anyone experlence
problems during & tralning exercise.

While an SCBA, worn by a tralned individual will eliminate the
inhalation hazard associated with the zinec chloride smoke generating
devices, thopght should be given te what the real goals of fire
training exercises are and vhat atmospheric characteristics are
required to fulfill those goala. For example, im it necessary to
generate a depnse smoke to cbacure vislon, or can the face shield of
the SCEA be darkened to simulate szmoky conditions? Once goals are
delineated, a declsion can be pade as to whether the use of the 2ine
chlorlide devices are Iindicated or whether alternative methods should
be evaluated. VWhatever method Is chosen should be based on the
risks and benefits assoclated with each.

Warning labela con individusl amoke generating devices should be

medified to include information on the principal smoke cloud
components.
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North Riverside Fire Department

Morth Riverside I111inois

Haterial Evaluated

Analytical Techniques

Hydrochlaric A¢1d

Chlorinated Hydrocarbons
qualitative and quantfitative

samples

Metals

Iinc Compound
Ident If ication

HETA BT7-109
Febraury 17, 1987
Media Flow Rate
{LPH)
UEBU=-234 tubes ] 0.5

Charcoal Tubes 0.2 and 0.5
Mixed Cellulose 2.5

Ester Membrane Filter

Hixed cellulose 2.5

Ester Filter

Samples were analyzed tor hydrochleric acid by
fon chromatography according to NIOSH Method
7903. The A and B sections of the silica gel
tubes and the fiber end u_=mm were each
separately desorbed in 10 ml of eluant and
heated in 2 boiling water bath for 10 minutes.
The resulting solutions were filtered through
0.45 micron filter, and an aliquot of each
solution was analyzed via a Ofonex 2010 1on
chromatograph utilizing a WISP 7108 auto

sampler.

Qualitative samples were desorbed with 1 ml of
C52 and screened by gas chromatography (FID)
The sample with the higher concentrations was
further analyred by GC/MSD to identity
components. (Quantitative samples were desorbed
as above and then analyzed using a GC-FID

Samples were digested with nitric and
perchloric acids. The residues were dissolved

in a dilute solution of the same acids and the
resulting sample solutions were analyzed for

trace metal content using _ancnﬂﬁimqw Coupled
Plasma-Atomic Emission Spectroscopy (ICP-AES).

Analysis via Transmission Electron Hicroscopy
via Fumwalde-Dement procedure outlined fn NIOSH
publication no. 77-204. Each preparation was
examined 230x and 18,000x magnification.
Elemental spectra were obtained during the
analysis.



Table 2

Health Effects of Identified Smoke Cloud Components

Horth Riverside Fire Department - Fire Training Facility

dorth Riverside [111nois

HETA B87-109
February 17, 1987

Chemical

TOCH

FedTcal Oulfcome

Reference

Iinc Chleride Fume
(ZnClz)

Hydrachloric Acid
(HCT)

4nﬂ1un=_u1nnﬂ:*~n=m
(Perchloroethylenc)
nnn_m-nﬁ—uu

Hexachloroetbhane
nnn_uunn—uu

Trichloroethylene
[CHC1=CCT)

Carbon Tetrachloride
[CCly)

Hexachlarobutadiene
{CC12=CL1-CCT=CCTp)

2000 mg/m3

100 ppm
(140 mg/m3)

500 ppm

300 ppm

1000 ppm

300 ppm

fever, ¢yamosis, tachypnea, burning skin
and eyes, conjunctivitis, irritation of
nose and throat, cough, copious sputum,
chest pain, preumonia, pulmonary fibrosis

burning eyes and skin, dermatitis,
inflammation and ulceration of nose,
and throat, cough, choking

frritation of eyes, nose, throat,
nausea, flushing of face

and neck, vertigo, dizziness,
incoordination, headache, somnolence,
erythema, Tiver damages, cancer

eye irritation and cancer

headache, vertigo, visual
disturbances, tromors, somnolence,
nausea, yomiting, {rritation of eyes,
dermatitfs, cardiac arrhythmias, cancer

skin irritation, central nervous system,
depressfon, nausea, vomiting, liver and
kidney damage, 1iver cancer

eye and nose {rritatfon, kidney tumors

12,16,18

12,16,19

12,13,16,19,22,23

12,13,16,1%

12,13, 16,19,24,26

13,16,19,25.26

16,26

TILH = ConcentratTon of subject chemical reported to be imediately dangerous to Tife andfor health of

Individual exposed without adequate protective equipment.

Pocket Guide (Reference 19).

1oLl yalues are listed fm the NIOSH



Table 3

Refultd of Enviromental Saempling In Smoke Cleouds From S50 Smoke Bombi
Horth Riverlde Fire Departiment
North Riverside, [11lnels

HETA 87-109
Febriary 12, 1987

ol Concentratlons for Chemicals ledsured In Sacke Cloud | __,l....._

Eanm

u_—.ﬂ.—q No. of Fhlore= exachliere-  headchlora- richiora-
Locatfon Samples Test  HCI ethylenes  CCTy* butad lenes ethine* ethylens In InCTpee Jead
Lecond Floor T T 1028 L= K . 1-1.7 [T, 0. 1-0. 11

- Fo =44 LT R 5604 (0. 7-0.8) 0.05=0.0F
Third floor, F Tl 1.9-4.1 3.6-4.1 (RD-0.5) KD (1.2=1.3) K0 10-11 I1-23 i
near Wi rdow F T2 6.4-5.5 5.5=6.3 (0.4=0.5) Kb [1.4-T.8] Kb 19-20 40-42 HD
Basement,
BIITIards room 1 12 {04} [0.49) KD HD i KD Fa i.2 ND
Roof, cutifde 1 11 2.3} HO MD KO NIy KD .31 0.6%5 HD

- 1 12 0.5) KD i) HD ha KD 0,39 0,82 KD
Ground Tevel, 1 TI HD - - - - - MO 1] HO
outside 1 12 i1} - - - - - ND HD ]
ACGIH = 7-C 1M0-5TEL  125-5TEL 0. 24=T 100-T Nong 2=-5TEL  2=5TEL 0.15-T
MIOEH = Rane MWEL 12.6=C Hone LFL Hane Rone None 0. 10-T
OEHA = 7-c 2070-C 150-C None 1a-1 Ko -7 1-T 0.05-T

4 ardl,

Une sample Troa each test, evalunbed fo dJefermine The zTnc compounds present, messured T3- ' =
wat pratent fn the wir cumple st & level Below the Tabaratory Vimft

Sample bimes were ranged from 15-20 sinvtes for all sasples. Cheafea
pf detectfon, but below the Tsboratory Timit of quantitetfon, the mumbers Tisted are €31 lmates.

T = Time-weighted Average HCT = Hydrochloric st1d
STEL = Shart-term eaposwre Timit CE1g = Carbon tetrachleride
c = [alling value not to be excesded in = Mg
HiEL = Minimize workplace exposure level InCty = Iinc chleride
LFL = Loweit feaszibile level Fh = Lead
HO = Hone detected
* = Chemfeal consfdéred to be & carcinogen by N[OSH, andfor O3HA andfer ACGIH
This stsumes all 2inc meagured

= Yalues for zinc chloride are caltulated by multiplyfng the total zinc messured by & faclor of 2.1.
13 zinc chloride.



Table 4

Pareial Llesting Of Eeported Eplacdea
Invalving Szoke Bozsb (ZnCls) Devices

Summaty of Beported
Health Effect

Beferences
Date) Evene
Locatian
Baf-§ Zine chloride amoke device
Feb B3 devices cmught flre and
Malta filled tumnel with estisaced
volume of 100,000 fed
of pmoke. Two of 10 deaths
occurred as late aa the
14ch day after the accldent,
S1x weeks after the
accldent, two people were
aEil]l adversely affected.
Bef=3 In thras geparasce ipcidencs,
1959; 17=19 year old alrmen were
Texas accldenctly oversrposed
to smoke during routine
survival training.
Ref=0 3% year old fireman participated
Fre-1963 in & fire exercise. Smoke
Ontario, generater placed at the bottom
Canada of a depression — bulldings on
three sidea, Patient triled
to extinguiash bemb. A colleague
vithdrew almoac immedlately.
Ref=7 19 vear old vas expomned
Pre=1964 to smoke during & civil
England?

defense tralnlng exercize,

exposure time estimated
o bhe 4 minotes.

10 descha; dyapnea, cheat tight;
eplaternal and epigascric pain,
red & tearing eyes, cough with
copioua erpectoration; blood
stalned spucum, nauses & vosiclng,
cyanosls, hesdache, high fever.
Two autopsles showed red &
gedezatous lungas & mucous
membhranesa; ulecsration ar che
bifricacisn of the trachea. Liver,
kidney & cerebral congeationo.
Burning throat, paroxryamal
coughing, nauses & retching
during firat 48 hours, dyapoea,
fever & malalee. TFever up to

10% F, developement of tachypnes
and evancesls. Xray showed
iofiltrate in both lungs.

Symptoms negaktive after I-4 month.

Both subjecta reported navaes,
sore throat, and chesat
thightneas, Primary aubject

had a fever, Xra¥ showed diffuse
infiltrates 30 hours afcer
&xposurs, cyanosis, and
confusion, Died on the lA:h day.

Iomediate complaints were
retroaternal pain, abdozimal
crapps, anxlety, cvanosls,

and high fever, X-ray

showed lung edesa,

necrogls, hemorrhage and an
Infarct of the upper left limg.



Table 4

{continued)

Partial Listing Of Reported Episodes
Involving Smoke Bomb (ZnCla) Devices

Reference/

Dates
Location

Event

Summary of Reported
Health Effece

Ref-6
HMar B1

Ref-2
Apr &1
Ma

Ref-10

Ref=3
Jun §3
[ofa]

Det B&
IL

22 year old male during fire
fighting exercise on ship,
resplrator facepliece come apart.
Stayed in smoke for 5 minutes for
"fear" of "messing up™ exercise.
Deviece chosen because 1t was
advercised as non-toxile.

Welded galvanized pipe during
previous few days.

During buddy breathing exercise
a fire fighter was cvercome.
Participants noted that device
wvere marketed sz "medically
proven eafe and non-toxic®.
Bombs had been used for years.

B2 "wictims" and 28 medical
peraonal were ewposed to amoke
during an airport disaster drill

Fire chief developed proeblem with
sooke pac during a "buddy
breathing” exercise in & garage.
Bombs warned of irrication.

Chief inhaled a "breath” of smoke.
NHFPFA in letter recommended not
using texic smoke.

5 of & fire fighters wers affected
while conducting smoke training

Cough, sore throat, shortness
of breath over next 4 days
copplained of cough and was
lethargic, died on Sth day.
Autopsy shewved bilateral
severe necrotizing
preuseonitis and dilatation of
right atrium and ventricle.

Resplratory and i{ntestinal
inflammation, awollen lymph
nodes, ¢hills, headache,
nauses, fatlgue and

sore throat.

Imeediate cough, hoarse, sore
throat, later symptoms were
nausea, fatigue and heéadache.

Dlfficule breathing, chest
pains, hot and snd cold
flashes, and nervouvaness, At
hospital emsrgency rocm.
temperature = 101 F |, axypen
administered followved by
recovery Within 24 hours

Symptoms included headache,
chills and fever,

breathing difficulty, jolint
pain and sore throats

ximoke device or sxposure are as described in the article or abscract
for the reported eplsode.



FIGURE I

Diagram of North Riverside Fire Department Building

HETA 87- 109
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FIGURE 11

Location of 5D Smoke Bombs

During NIOSH testing in Morth Riverside Fire Dept - Training Facility

February 17,1987
HETA 87 =109
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VR Absirndt [Umii: 303 weeds] In response to & request from the International Association of Fire
Fighters, an assessment was made of the toxlcity of smoke clouds produced by a rinc-chloride
(7646857} (InCll) emocke generating device used in training exercises at the Fire Tralaing
Facllity of the North Riverside Fire Department (5IC-9224), Horth Riversids, Illinods.
Analysls indicated that the smoke contained bi:rd:nchlnrin-nnid (7647010}, zinc compounds and
gevaral chlorinated hydrocarbons. Evaluations were made during two separate training
exercises. Hydrochloric-acid concentratione ranged from trace amounts to 44mg/m3, exceeding
the OSHA recommended celling level criteria of 7mgf/m3. Zinc-chloride concentratisns ranged
from 63 to 172mg[m3; the limit was 2mg/mi, Perchloroethylene (127184) concentrations ranged
up £0 G2mg/md. The amount of smoke generated for the exercise significsntly surpassed that
recommended by the manufacturer. Five and six participante in the two exerclses expeclonced
symptoms Including breathing difficulty, joint pain, fever and chille, and general farigue.
These individuale were not wearing & respirator or had removed it as part of the drill. The
authors conclude that the dense clouds generated by the smoke generating devices should be
considered hazardous to individusle without respiratory protection. The authors recommend the
uge of & self contained breathing apparatus during training exercisas
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HIOSH-Tachnical-Assletance-Beport, HETA-87-109-1950, Region-5, Hazard-Confirmed, Firecen,
Smoke-lnhalation, Acid-mists, Zinc-compounds
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