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This document scrves a report summarizing the work performsad to determine kinetic behavior of
Halon 1301, HFC-227ea and HFC-134a in humans during a 30 mimte inhalation. This research
bezan on 3 Jan 97 and was compieted in August 1997 under Department of the Air Force -
Contract No. F33615-90-C-0532. Lt Col Teary Childress served as the Contract Technical
Monitor for the U.S. Air Force, Armmstrong Laboratory, Toxicology Division. Work was also
performed by U.S. Air Force personnel under work unit 7757A102. This work was cosponsored
by the USEPA under Interagency Agreement DWS 7937570-01-0 with Dr. Theodore Brna
serving ag the EPA project monitor and Dr. Reva Rubenstein, USEPA, OAR/SPD, serving as the
echnical project point of contact.
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ABSTRACT

International nsxeementandregmmdecisionshmdﬁvmwﬁviﬁutomplm ozone
depleting chemicals (C_)D'Ja? in fire suppression and reftigeration applications. In order to

ranging from 21-49 years of age were selected to inhale bromotrifluoromethane (Halon 1301,
0.5%), L,1,1,2-tetraflucroethane (HFC-134a, 0.4%) and 1,1,1,2,3,3,3-heptafiuoropropane HFC-
227¢a, 0.6%). Each inhalation exposure was to a single chemical and was scheduled to last 30
minutes. Inhaled concentration and end alveolar =xpired concentration. of chemical were

chemical of interest to determine the chemical time course in blood. Throughout the exposure
period, k 'man subjects were moritored via ECG, blood préssure and pulse rate measurements.
All seven volunteers completed the Halon 1301 exposures without effect on ECG, blocd pressure
or pulse rate. Halon 1301 concentrations in blood at exposure termination ranged from 0.19-1.24
mg/L. The HFC-134a and HFC-227¢a exposures were terminsted for safety reasons following
mmecwdmdmmnnolhblempidﬁsampulsemdmmeinhahﬁonexposm.
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INTRODUCTION

Jntemational agreement and regulatory decisions have driven
depleting chemicals (ODCs) in fire

human health considerations
should be assessed in the centext of likely exposure scenarios.

Cardiac sensitization is the toxic endpoint generally associated with acute exposure to
volatile, halogenated hydrocarbons, and conscquently, the regulatory community has used
cardiac sensitizntion for set*ing allowable e:~osure standards, Since it is likely that there is a
critical chemical concentration in human tissue which is related to the onset of cardiac
sensitization events, there is value in the ability to determine the chemical concentration in blood
during and following inhalation of Halon and Halon replaceruent chemical A valuable tool for
relating a chemical exposure scevario with the uptake and distribution of chemical in the buman
body is the phiysiologically based pharmacokinetic (PBPK) modei. Using a PBPK model, a
profile of chemical in th- blood or other target tissue can be generated using information about
the exposure concentration and duration. Com:. ved with appropriate toxicity testing data, the
target tissue conce atration of chemical can be =  to establish the leogth of exposure and
protective posture required to protect human k. _a while in the chemical environment. Specific
details have been published describing :he use of PBPK modeling to evaluate humans in an
environment where halogenated hydr: *arbon firc suppressants have been deployed (Vinegar and
Jepson, 1996).

While PBPK models have tremendous uiility in evaluating "what if* scenarios for human
exposure to chemicals, they also demand a reasonable level of validation in order to have & high
degree of credibility. The intent of this study was 0 collect PBPK model validation data for
Halon 1301, HFC-134a and HFC-227¢a in humans, The chemical exposure concentraticss were
designed to be well below any published Lowest O'xcervahle Advercs Effant T oval {LCAEL).
The goal was to produce chemical exposures sufficient for chemical quantitation in human
expired breath and venous blood while producing no adverse effects in the volunteers.
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METHODS AND MATERIALS

Test Materials:

Bromotrifluoromethane (Halon 1301): S
Manufacturer Aldrich Chemical Co (Milwaukee, W)
Trade Name Halon 1301

CAS # 75-63-3

Mol Weight 1489 ¢

Empirical Formula CF3-BR

Boiling Point -57.8C

1,1,1,2-Tetrafluoroethane (HFC-1 34a/P):

Manufacturer DuPont Fluorochemicals (Wilmington, DE 19898)
Trade Name HFC-1342a

Mol. Weight 102.03 g

Empirical Formala CH2F-CF3

Roiling Point -26.1C

1,1,1,2,3.3 3. Heptafluoropropane (HFC-227¢a/P):

Manufacturer Solvay Fluorides, Inc. (Greenwich, CT 06830)
Tracs Name Solkane ® 227 Pharma

Mioi. Weight 170.03 g

Emypisical Formula CF3-CHF-CF2

Boiiing Point -164C
Test Subjects:

Seven human volunteers particior.ed in this study. All were non-smoking healthy males
in the age range of 21-49 years. Physical examinations were performed which included an
asscssment of hematological, hepatic, reval, and cardiac (EKQ) status. Pulmonary function
testing by plethysmography was accomplished to determine pulmonary parameters, and a seven
site skin fold body fat determination was completed.

A written protocol detaifing *ais study was reviewed and approved by the Armstrong
Laboratory Human Use Feview Committee on 20 March 97. Review by the Lunical and
Biomedical Research and Lrevelopiant Division, Office of the Surgeon General, U.S. Air Foroe
was also accomplished and approval granted on 3 June 97. Each volunteer 'was Sriefed on
potential adverse exfects of the test materials and a signed consent form was obtained.
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Facility and Medical Perzonnel;

AnuposmesmaewmpﬁshedinammormaymmheU.SA.F. Medical
Cenujr, W'ﬁgln-Pattemon AFB, OH. Medicel mouitoring by personnel certified in Advance
Cardiac Life Support was provided by the Department of Anesthesiology. These individuals
ymem;:omible fornooomplishingeatheteﬁnﬂon,minnhﬁngnhneinﬁdon. obtaining time
interval blood specimens, and physiologic monitoring of subjects. The suite was fully equipped
to facilitate treatment of cardiac emergency if required. ‘

Quality Control and Analytical Conditions:

Purity analysis of stock test materials was accomplished by mass spectrometr, with sach
determined to be 2 99.9% pure. Test mixtures consisted of atmospheric air and test material.
Quality control of test mixtures was accoumplished by gas chromatography and random access
TDass spectrometry.

All Halon 1301 and HFC-134a exposurcs were conducted with subjecis in a sitting
position. For HFC-227ca exposures the subject was placed in a reclined position with back
approximately 45 degrees above horizontal. Subjects were advised to refrain from alcohol and
caffeine for approximately 12 hours prior to exposure, and to consume normal meals and plenty
of fluids.

Four 100 liter Tedlar bags were prepared for cach volunteer on the day of exposure.

Each bag contained a 950 ml mixture of neat gaseous chemical and compressed breathing sir.
Target concentrations were: 5000 ppm Halon 1301, 4000 ppin HFC-134a, and 6000 ppm HFZ-
227ea. Each bag was analy»ad and determined to be within 5% of ths target concentration. For
bag analysis, 0.1 ml of vapor from each bag was manually sampied on a gas chromatograpt with
a flame ionization detector (Model 5890; Hewlett-Packard, San Fernando, CA) and a Porapict Q
column (Supelco Inc., Bellefonts, PA). For Halon 1301 the oven temperature was 90°C, the
injector temperature wae 125°C, the helium cartier gas was 10 mi/min, and the detector
temperature was 250°C. For h™C-134a the oven temperature was 105°C, the injector
temperature was 80°C, the helium carsier gas was 10 mi/min, and the detector temperature was
250°C. For HFC-227ea the oven tempexature was 100°C, the injector temperature -vas 76°C, the
helium carricr gas was 10 ml/min, and the detector temperature was 250°C. Standard curves
were prepared for eech chemical to ensure lincar responses for the appropriate range, and were
periodically checked during the time a particular chemical was under study.

Pre-exposure Preparation:

' Approximately 45 minutes prior to the exposure a local topical anesthetic was applied to
the inside of both arms of the subject, covering approximately a 2 ¢m area around the antecubital
vein. An additional local injection of lidocaine was administered prior to catheter insertion.
Catheterization was accomj lished just prior to exposure with a 16G over-the-ncedle Vialon®
catheter (INSYTE, Becton Dickinson, Sandy, UT). The catheter was attached by 2 small bore
extension set (Burron Medical, Bethlehem, PA) to a three-way large bore stopcock with rotating
male luer lock adapter (Baxter, Deerfield, 11). Infusion solution was 0.9% sodium chloride.

< DRAFT
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attached via fecder tubes to
into the main inha} ation tube and

as held in place in front of the
subjects mouth with an adjustable support assembly, enabling subjects to place the mouthpiece
of the vaive in their mouth with minimal discomfort. The valve was cleaned with Sidex sol: tion,
thoroughly rinsed, dried, and a sterile mouthviece (Baxter, Valcncia, CA) placed on the
reouthport of the .alve prior to each exposure. “eeder tubes remained clamped until ready to
commence exposures. Exhavst was accomplished by tubing attached to a centralized salvage
system.

Figure 1
Mixture Delivery System

Each bag port openad 1o approximately 174> L.

100 titer Tedlar bag
Conrugated Stainless Stect Tubing :~stie Tubing
(1" 1D) (Salvags Line - 18mm)

. Thr2e Part Connector Vd
100 liter Tedlar bag /(3, 1D / /
‘ 4 ! Serubber
1 —_— 1U‘
100 titer Tediar bag 7/ N _SwmpleTuking
ST 14 satvage Line
.

v
— Two-way . RV
100 Liter Todlar bag |
Silicon Tubving

(3/8" LD)

Bags arc actually cquidistant
from three port connector.

Exposure Procedure and Specimen ollection:
.. 1mediately prior to commencement of the exposure, subjects placed their mouth over

the breathing valve mouthpiece and continued t. breath throwgh their nose. Feeder tube clamps
were removed and the main inhalation tube and valvs were primed by gently spplying pressure
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continurusly
spectrometer was controlled by a computer
which also displayed breath by breath values and stored data. Calibration was accomplished
prior to each exposure.

Prior to beginning the exposure (T = 0), 1 ml of blood was collected. After commencing
the exposure a 1 ml blood specimen was obtained every 30 scoonds until the S minute mark,
After obtaining a specimen at the 5 minutc mark, 1 m! of blood was obtained every 5 mims:es for
25 minutes. After obtzining 2 specimen at the 30 minute mark (end of exposure) 1 ml
specimens were then collected every minute for S minutes. At the 30 minute time point the
Tedlar bag feeder tubes were clamped and disconnected from the main inbalation tube. The
subject continued to breath through the valve for an additional S minutes while blood specimens
were collected. In order to obtair an undiluted blood specimen approximately 2.5 ml of blood
was initially drawn into a sterile plastic syringe. This was discarded due to dilution by saline
infusion fluid.-

Prior to exposure, 10 mi headspace autosampler vials (Kimble Glass, Vialand, NJ) were
tighdy capped with 20 mm Teflon/silicon septa (Nationa! Scientific Company, Lawrenceville,
GA) and the weights of each were recorded. Approximately 1 ml of blood was injected through
the septa into the vial at the time of collection. The vials were then re-weighed and the exact
amount of blood in cach vial was determined. A temperaturc-controlled Vortex evaporator
(Haake/Buchler Instrument Inc., Saddlebrook, NJ) was used to shake and incubate (55°C) the
vials until all of the chemical was driven out of the blood, usually about 1.5 - 2.0 hours.
Fllowing incubation, the vials were transferred to an HP 19395A headspace sampler (Hewlett-
Packard, San Fernando, CA) where they were held at 55°C until sampling. Blood headspace
analysis was determined on a gas chromatograph with a flame ionization detector (Model 5890;
Hewlett-Packard, Sen Fernando, CA) and a Poraplot Q colunm (Supelco Inc., Bellefonte, PA).
Gas chromatograph conditions were the same as for those listed for bag analysis. Standard curves
were prepared for cach chemical to ensure linear responses for the appropriate range, and were
periodicaily checked during ihe ime a partcuiar cemicai was under study. After compietion of
the exposure procedure cardiac monitoring and fluid infusion continued for approximately 15
minutes,

DRAFT



RESULTE

Haion 1301 (bromotrifluoromethane):

. Seven humen volunteers were exposed to Haion 1301 at 5000 ypm (0.5% v/v) for 30
minutes and monitored for 5 minutes post exposure. No changes in ECG, blood pressure or
heart rate were noted during the exposure. The Halon 1301 concentration in venous blood
ranged approximately 7.1-%old across the vohumteers. The Halon 1301 profiles in human blood
are shown in Figure 2.

Figure 2. Halon 1301 Biood Concentration vs. Time.

Btood Concentration of Hzlon 1301 dering
30 minute 5000 ppm exposure
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HFC-134a (1,1,1,2-Tetraflucroethane):

Subject #3 was the first volunreer cxposec to HFC-134a. The exposure concentration
was 4000 ppm (0.4% v/v) and was scheduled to last for 30 minutes with a 5 mipute post
exposure evaluation period as was accomplished in the Halon 1301 portion of the study.
Approximately 4.5 minutes into the exposure the subject lost consciousness and both pulse and
bleod pressure dropped to zero. The exposure was immediately aborted and the subject was

,  DRAFT




removed from the exposure apperatus. Medical personncl intervened and after vital signs were
restared the subject was administered 100% oxygen. Blood pressure and pulsc remained 8mlow
(approximately ¥ of baselinc) and the subject could not maintain consciousness in a seated
position. Thembjectwateclinedandmovedtoanopemﬁngmomnooveryueawhemhe
rested for approximately 1 howaﬂerwhichthesubjecfsvimlsignshadretmnedtopm-expom
values. Subject #3 displayed a rapid rise in blood concentration of HFC-134a which reached
129 mg/L at the 2.5 minute point in the exposure (Figure 3). The blood samplc scheduled for 3
migutes was not collected. The medical represcntative had consideruble difficulty getting blood
from the cannula at the 3 minute point and significant manipulation of the indwelling cannula
was noted. No further blood samples were takev. Initial review of the incident led investigators
to tentatively interpret the events as vasovagal. This seemed unlikely since subject #3 had
successfully completed the Halon 1301 exposure, given multiple blood samples and donated
blood without incident. However, at the time no other explanation seemed reasonable since the
exposure was presumably well within the "no adverse effects level" as based on published data.

The 2 days following subject #3's exposure, subject #5 was also exposed to 4000 ppm
(0.4% v/v) HFC-134a. There was some difficulty with blood colicction and manipulation of the
cannula was noted but exposure was yneventful through the first 10 minutes of exposure. At
approximately 10.5 minutes into the exposure the subject’s blood pressure and pulse began to rise
rapidly and the subject gave the hand signal for possible trouble. His pulse rose rapidly uatil it
was double the pre-exposure value at which time the sabject gave the hand signal to terminate
the exposure. The exposure was aborted but the in-dwelling cannula was not removed from the
subject. After 30 seconds, the subject's blood pressure and pulse were at pre-exposure levels.
The HFC-134a concentration in blood reached 0.70 mg/L at the point where the exposure was
terminated (Figure 3). Subject #5 breathed room air for 1 hour and was then exposed to 2000
ppm (0.2% v/v) HFC-134a. After 2.5 minutes of cxposure, the subject’s blood pressure and pulse
again rose rapidly, the subject signaled trouble and the exposure was terminated. The subject's
vital signs returned to pre-exposure levels within 30 seconds afer the exposure was terminated.
The in~dwelling cannula remained attached to the subject and blood was drawn for ap additional
10 minutes at 1 minute intervals. The venous blood concentration of HFC-134a was 0.16 mg/L
at the start of the 2000 pprn exposure and reached 0.38 mg/L at the time of exposure termination
(Figure 3). The HFC-134a concentration was still at 0.2 mg/L 10 minutes after the exposure was
terminated.

In addition to the objective effects, there were several subjective effects associated with
the inhalation exposures to HFC-134a. Subject #3 reported problems with dizziness and balance
following the exposure. At the time of this report (6 weeks post exposure), both the dizziness
and balance problems still persisted. Subject #S reported chest tightaess and a headache with
associated dizziness immediately following thc exposure. The headache subsided by the time the
subject woke up the day following the exposure. The day following the exposure, subject #5
reported unusual feclings in the chest resembling "flutters”. The chest tightness was reported to
subside within 3 days of the exposure and the "flutters” within 2 weeks of the exposure. As with
subject #3, subject #5 was still experiencing dizziness and balance problems at the time of this
rcport (6 weeks post exposure). Subject #5 also reported persistent ringing in the ears which was
still present at the time of this report. Based on the experiences of the first two subjects exposed
to HFC-134a no further human HEFC-134a exposurcs were conducted.

1
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Figure 3. HFC-134a Blood Concentration vs. Time

Blood Concentration of IFC-134x during
2.5~ 11.5 minute exposures
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HFC-227ea (1,1,1,2,3,3,3-Heptafluoropropane):

The data coliection and safety procedures were modified based on the expetience using
HFC-134a. The medical staff was increased to ensure that Loth the blood drawing and patient
condition could be completely and simuitaneously monitored. Additionally, instrumentation was
reprograirmed to capture complete ECG, blood pressure and pulse data throughout the
exposures.

Subject #1 was exposed to 6400 ppm (0.64% v/v) HFC-227¢a. Approximately 3.0
minutes into the exposure, the subject’s pulse rose rapidly and uncontrollably to double the
baseline (pre-exposure) value. The exposure was terminated after 3.5 minutes. The subject's
pulse returned to its pre-exposure level within 30 seconds after the exposure was terminated.
Blood continued to be drawn from the subject at 4.0, 4.5, 5.0, 6, 7, 8, 9 and 10 minutes after
exposure start time (Figure 4) . The HFC-227ea concentration in blood reached 0.19 mg/L.. In
the interest of safety, no further human exposures were conducted with HFC-227ea. However,
the day following the HFC-227¢a exposure, subject #1 was again set up in the exposure
apparatus. All aspects of the exposure were the same as in the HFC-227¢a exposure, including
blood collection, except instead of HFC-227ea, the sample bags contained breathing air. The
subject completed the cntire scheduled exposure without incident. No change in pre-exposure
ECG, blood pressure or pulse rate were observed.
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Subject #1 reported chest tightness, dizziness and balarce problems following the HFC-
227ca exposure. The chest tightness subsided within 3 days of the exposure but the dizziness
and balance problems persisted for 6-7 days before subsiding.

Based on the chemicel similarity between HFC-134a and HFC-227¢a and the similar
human responses during the exposures, it became the i
exposures would constitute a study of human effects
opinion, the study was terminated. '

Figure 4. HFC-227ea Blood Concentration vs. Time

3.5 minute 6000 ppm exposure
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The intent of this study was to generatc kinetic data for Halan 1301, HFC-134a and HFC-
77 7¢a that could be vsed to evaluate and validate a human PBPK model. The chemical
concentrations selected for the study were designed to be insignificant in terms of their potential
for producing adverse effects in humans. The items considered during selection of the chemical
concentrations were published exposure data in laboratory animals, intermittent inhalation —
exposure data in humans and regulatory standards set for hurnan exposure 10 thesc chemicals.

~ The adverse events observed during the exposures to HFC-134a and HEC-227ea were
unexpected and inconsistent with the published data. Based on the published data on HFC-134a
and HFC-227ea, no adverse effects should have been observed = the 0.4% vy and 0.6% levels,
respectively, used in this stady. Both HFC-134a and H¥C-227ea have been considered to be
inert compounds which exert toxic effects only after their concentrations are so high that oxygen
depravation effects prevail (Gracpel and Alexander, 1991). Rats and mice have shown no acute
toxicity during or after a 1 hour inhalation exposure to 810,000 ppm HFC-134a and dogs were
esscntially unaffected following an 80,000 ppm exposure (Alexander, 1995). Based on the
laboratory animal data, Alexander, 1995, conciuded that HFA-134a is devoid of acute and long
term toxicity, is poorly absorbed and is rapidly cxcreted.

In addition to the claims of inertness, the chemicals of interest have been reported to
rapidly leave the human systcm with an apparent halif-life of only 5.1 minutes (Harrison, 1996).
Similarly, avother report states that only 10% of the administered dose of HFC-134a rermained 10
minutes after termination of the exposure (Woodcock, 1995). The 5.1 minute half.life for HFC-
1342 and extremely rapid elimination is in contrast to the 31 minute apparent half-life reported
as part of a clinical pharmacology study (Ventresca, 1995). While the sample size was extremely
small in our study due to unplanned termination, the apparent half-lives of HFC-134a and HFC-
227:a arc cstimated to be 12.6 and 7.5 minutes, respectively (Figures 2 and 3). This probably
reprecents only the repid elimination phase sinoc data was not available 1o assess any siower
elimination phases that may be present. As such, the half-life estimates could be quite low
especially since measurable levels of HFC-134a were present 1 hour after the exposure was
terminated (Figure 2). The presence of HFC-134a in the blood 1 hour after cxposure was
unexpected. Alexander, 1996, reported that there was no carry over in blood after 30 minutes.
Halon 1301 cicared roore rapidly with an estimated half-life of 3.6 minutes,

Based on published work, regulatory approval aud commercial use of Halon 1301, HFC-
1342 and HFC-227ea, the exposute levels selected for the 30-minute inhalation exposures were
expected to be without adverse effects in bumans. Since the study was designed to collect only
kinetic information for use in PBPK model validation and only at "no effect” concentration
levels, clinical type experimental design was not adopted.

Even though no plausible mechanism is apparent for the adversc effects, the fact remains
that all 7 buman volunteers completed the Halon 1301 exposures while both the HFC-134a and
HFC-227ea exposures were terminated due to tae adverse effects described .a this report.

A Jditionally, no adverse effects were reported during "blank” exposures where all conditions
were the same as In chemical exposures except the test material was air, Based on sample size

o DRAFT
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and experimental design considerations .
offered at this time. Rather, o i e o
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