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ABSTRACT 

An employee exhibited signs of illness after apparently inhaling fumes generated from a pipe that had 
been cut with a cutting torch. Identification and quantification of the hazardous air emission for 
reduction of risk via the Department of Energy Class B Investigation are described in this case study. 
The old hydrogen sulfide gas flare pipe in the heavy water plant of the Savannah River Site had been 
abandoned with one end open to atmosphere for almost twenty years. The pipe was being removed and 
cut into sections for disposal during an asbestos abatement project. It contained ash like corrosion 
deposits that smolder after torch cutting. Investigation revealed that burning of carbon and sulfur in 
the oxygen deficient atmosphere in the ash generated carbonyl sulfide (COS) and carbon disulfide 
(CS2) gas, which vented when the pipe was moved by the injured construction rigger. This is believed 
to be the first well documented exposure and response of a human to high concentration COS gas. 
Sulfur dioxide (SO2) gas is also generated during the cutting. SO2 is almost impossible to inhale and 
has apparently prevented a similar injury during the many years of US and Canadian heavy water 
plant de-construction experience. Immediate water quench of the smoldering ash after each cut has 
eliminated the hazard of residual COS and CS2 gas. This previously unrecognized industrial hazard 
may be encountered by other chemical and petroleum industries during torch cutting of pipes that 
contain similar deposits of iron oxide, iron sulfate, sulfur and carbon. 
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INTRODUCTION 

An employee exhibited signs of illness after 
apparently inhaling fumes generated from a 
pipe that had been cut with a cutting torch. The 
old hydrogen sulfide (H2S) gas flare pipe in the 
heavy water plant of the Savannah River Site 
(SRS) had been abandoned with one end open to 
the atmosphere for almost twenty years. The 
pipe was being removed and cut into sections 
for disposal during an asbestos abatement 
project. Samples taken from the pipe before 
the job started had indicated no residual H2S 
gas. The response of the employee immediately 
after exposure was not symptomatic of inhaling 
a high H2S gas concentration or sulfur dioxide 
(SO2) gas from the burning of H2S. The pipe 
contained ash like corrosion deposits that 
smolder after torch cutting. During the many 
years of US and Canadian heavy water plant de-
construction experience, there had been no 
similar event. 

Identi f icat ion and quanti f icat ion of the 
hazardous air emission for reduction of risk 
via the Department of Energy Class B 
Investigation are described in this case study. 

FACILITY DESCRIPTION 

The 400-D Area Heavy Water Plant (HWP) 
used the Girdler-Sulfide (GS) process for the 
extraction of heavy water (D26) from natural 
water by dual temperature exchange using 
hydrogen sulfide (H2S). Water passed 
downward through gas-liquid contacting towers 
counter current to H2S gas at high pressure, 
and D2O was withdrawn as an enriched liquid 
fraction between the hot and cold towers. The 
D 2 O was then concentrated by vacuum 
distillation. The original HWP, which was 
constructed in 1951, had three identical GS 
process buildings operating in parallel. Two of 
these buildings were shut down in the 1960's 
and dismantled in the 1970's without event. 

The remaining HWP was shut down in 1982 and 
abandoned-in-place. 

The HWP gas flare system provided for 
discharge of H2S safely at a height that 
provided adequate dispersion. This system 
consisted of the necessary yard piping 
connecting GS process towers, purge system, 
and gas storage facilities to two adjacent stacks 
400 ft high, which were supported by a single 
steel structure. The larger high pressure 
(HP) stack, equipped at the top with a pilot and 
ignitor system for burning the gas, was 
provided for large unscheduled releases. The 
small low pressure (LP) stack was not 
equipped with an ignitor and served principally 
as a vent tube for small quantities of gas that 
were constantly released. 

Electrically operated isolation values and flare 
dump valves were arranged so towers could be 
flared when there was a large leak or rupture. 
To prevent over-pressure, the H2S storage 
tanks and lowest strength GS towers had 
pressure relief valves that also discharged to 
the HP flare. The H2S burned to sulfur dioxide 
(SO2) at the top of the HP flare stack, and the 
hot gas increased the elevation and the 
dispersion. Although SO2 is more toxic, lethal 
concentrations down-wind at ground level was 
improbable. Escape from the irritating odor of 
SO2 gas was more likely than escape from the 
tolerable H2S gas. 

To prevent accumulation of inert gas that would 
lower D2O production, gas was vented from 
each GS process unit to a purge system in which 
the gas was scrubbed with water. About 15 to 
40 LB/hr of scrubbed purge gas (50% H2S and 
50% nitrogen) was continuously vented to the 
low pressure (LP) stack and released to 
atmosphere from the top of the 400 foot flare 
tower. Inert gas of about the same composition 
was occasionally vented to the LP stack from 
the H2S gas generation-storage tanks. Routine 
small H2S releases of up to 1700 LB/hr were 
also vented to the LP stack during depressure 
and steam purge of the GS equipment for repair. 
Steam pushed the H2S gas through low point 
equipment drains to a small tank that collected 
the condensate and vented to the LP flare header 
to the stack. 

Low pressure headers to the LP flare stack, 
provided in the original plant construction, 
were abandoned in 1976 due to corrosion. The 
purged gases were then vented via the HP flare 
headers to LP stack through a bypass line at the 
base of the flare tower. A flow diagram of the 
flare stacks is shown in figure 1. 
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Routine small H2S releases were vented to the 
LP stack during depressure and steam purge of 
the smaller GS equipment for repair (i.e.. 
replace a gas blower seal or a heat exchanger). 
There was also an almost continuous gas flow 
from the purge tower system. Both flowed 
through the 1 1/2-inch diameter bypass line 
into the 6-inch diameter LP stack. Before 
entering the LP stack, the gas passed through a 
separator for removal of entrained liquid. The 
separator drained into a LP sludge pot. Before 
being abandoned, the 4-inch diameter LP flare 
header connected directly to the separator and 
sludge pot, and there was no bypass between the 
HP and LP flare stacks. 

Releases from the LP stack were unignited, 
unless ignition occurred from pilots on the 
adjacent HP stack when wind conditions were 
favorable. To prevent the entry of oxygen into 
the system and possible flashback, a nitrogen 
gas purge was continuously added at the LP 
stack base. Nitrogen was provided from a 
portable cryogenic tank with standard nitrogen 
gas cylinders providing a backup supply. 

Larger H2S gas releases would pass into the 
20-inch diameter HP flare stack, after blowing 
the water seal in the HP stack base. The water 
seal was maintained above the HP flare header 
inlet to prevent oxygen entry and flashback. On 
loss of the water seal, a nitrogen purge into the 
HP stack base was automatically actuated. 
Releases of H2S from the HP stack were ignited 
and converted to SO2 by two pilots located at the 
stack top. Propane was supplied from a storage 
tank, and provision was made for ground-level 
ignition of the pilots using a flame front 
generator. 

All H2S gas was purged from the HWP with 
steam via the HP stack during the 1982 
shutdown. Many GS process vessel manhole 
covers were left open venting the abandoned 
HWP to atmosphere. 

A light weight oil was added as anti-foam to the 
feed water of the HWP, and the inside surface of 
all equipment was oily at shutdown. The 
carbon-steel piping in contact with H2S 
became coated with iron sulfide, which after 
shutdown oxidized to iron sulfate. Elemental 
sulfur was deposited when residual H2S was 
exposed to air. The section of 4-inch LP flare 
yard pipe being removed during this event had 
about an inch of these ash-like deposits, which 
was more than at other locations. 

During shutdown purging operations H2S was 
pushed from GS equipment until steam was 

observed venting from the top of the LP stack. 
The GS unit drain valves were then closed. 
Condensation of steam in the very long yard 
header resulted in some corrosion products 
from the LP stack exhaust being sucked back 
into the section of pipe being removed during 
this event. Solids also settled at this system 
low point as the result of pipe configuration and 
velocity. 

Other than having more corrosion deposits, 
there was nothing different about this section 
than other sections of the same pipe that had 
been cut with same Chem-o-lene/oxygen gas 
torch without event. 

SEQUENCE OF EVENTS 

On November 10, 1993, the LP flare pipe in 
question was drilled and monitored for 
combustible and H2S gas with negative results. 
The pipe was again monitored on the morning of 
November 11 with negative results just prior 
to the first cutting operation on this section. 
One end of the pipe had been open since 1976, 
but a bird nest was found that may have 
restricted gas exchange with the atmosphere. 
The section of pipe cut was approximately fifty 
feet long and was located on a pipe bridge about 
fifty feet from the base of the flare tower. The 
cut was made at 9:00 A.M., and the pipe 
remained in place until removed from the 
bridge at 2:00 P.M. and placed on timbers at 
ground level. 

The pipe was cut again at 3:45 P.M. while 
resting on the timbers. The affected worker 
was standing in close proximity conversing 
with the employee cutting the pipe. The 
affected worker and a co-worker attached 
slings to move a cut section of the pipe to 
nearby pipe supports. The affected employee 
reported getting a "whiff of some gas" while 
removing the choker from the pipe. Smoke was 
observed to be emitting from the pipe and the 
affected worker was seen bent over and 
coughing. Shortly thereafter, the affected 
worker complained of inhaling an unpleasant 
odor, feeling ill, and proceeded to an adjacent 
building. When approached by a co-worker, 
the affected worker was complaining of 
vomiting and nausea as he exited the building 
restroom. The worker was accompanied by the 
co-worker to the construction foreman's shack 
approximately two hundred yards away. The 
affected worker was observed to be pale, and 
complained of nausea and dizziness. 

The foreman transported the employee to the F-
Area Medical Facility. Upon arrival, about 30 
minutes post-event, the employee was 
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evaluated for complaints of coughing, chest 
discomfort, nausea, limb parathesias, and limb 
weakness. His mentation was essentially lucid. 
Vital signs showed increased blood pressure and 
respiration rate. He became diaphoretic, 
vomited, and began to show less mental agility 
than upon initial presentation. He was placed 
on high flow oxygen. An ambulance was 
summoned about 8 minutes post facility 
presentation, arriving within one minute. The 
patient (conversent) was loaded for transport 
to the local emergency department. 

Transportation was begun 16 minutes following 
arrival of the patient to F-Area Medical. 
During transfer, the patient became 
progressively lethargic and obtunded. Lights 
and sirens were initiated midway to the 
emergency faci l i ty, arrival being 
approximately 53 minutes post facility 
presentation. The patient did not lose 
consciousness and was arousable by verbal 
stimulation. 

The patient presented to the emergency 
department obtunded, hypertensive, 
tachycardic, diaphoretic, and having a right 
gaze preference. His lungs were clear. 
Erythema was noted about the upper chest and 
head. He was treated for hydrogen sulfide 
poisoning with amyl nitrite inhalents and 
intravenous sodium nitrite. Response was 
gratifying: the emergency room physician 
notes indicated a dramatic response to "normal 
mental status". (This is considered a positive 
therapy response, and any theory explaining 
the patient's clinical condition must account for 
this dramatic response to THE hydrogen sulfide 
antidote.) 

The patient was admitted to the ICU for 
observation. The next morning, he experienced 
a bradycardic episode and was transfered to 
another facility for hyperbaric oxygen (HBO) 
treatment. He demonstrated continuous 
improvement as judged by serial psychometric 
testing parameters and was discharged/released 
able to "return to work" four days post-toxic-
insult. A neuropsychology evaluation on the day 
of discharge found normal tests of attention, 
mental control, language, and visuospatial 
capabilities - but reduced rate of encoding of 
new information. There was notably no 
evidence of permanent brain damage. 

A few days post-discharge, the patient/family 
reported possible seizures, and had described a 
variety of sequelae for which numerous 
examiners have been unable to find an organic 
basis. An extensive (three day) neurologic and 
psychologic evaluation of the patient was done 

approximately three months post-toxic-insult 
by an expert, independent neurotoxicology/ 
neuropsychology clinic. Their conclusion: 
"There is no evidence by review of past medical 
records.and present examination to suggest any 
health outcome related to exposure on 
November 11, 1993." This finding is in 
disagreement with the employee's assertion of 
chronic injury. He has not returned to an 
active vocational status. Resolution by the 
Workmans Compensation Commissioner is 
pending. 

Laboratory data (creatine kinase) taken in the 
emergency room were compatable with an acute 
anoxic injury. The patient's creatine kinase 
excretion kinetics were first order, with 
creatine kinase becoming normal on the day of 
discharge (implies no recurrent injury 
mechanism). Brain MRI scans showed no lesion 
compatable with permanent injury. Heavy 
metal screening was negative. 

INVESTIGATION 

Savannah River Technical Center (SRTC) and 
independent laboratory analyses by x-ray 
diffraction of the corrosion deposits in this 
section of pipe indicated high concentrations of 
iron sulfate hydrates, iron oxide, manganese, 
and some carbon and elemental sulfur. X-ray 
fluorescence spectrum of the pipe sample 
confirmed the metal to be carbon steel. These 
corrosion deposits are throughout the GS 
process, but are in greater quantity at some 
locations. The low pressure flare header was 
known to have been one of the worst corroded 
systems. 

During deconstruction of the two GS Buildings 
in the 1970's, process pipe was also removed 
with cutting torches, and there was no similar 
event. The Canadians encountered no problem 
like this in deconstruction of two similar HWP. 
Analyses of samples from pipe in their third GS 
plant, which was also being dismantled by torch 
cutting, revealed identical composition of 
corrosion deposits. When these deposits of iron 
sulfate and sulfur are burned, toxic SO2 is 
released. The hot gas quickly disperses, and the 
workers avoid the irritating fumes. No 
breathing air protection has been used in this 
work, and Industrial Hygiene monitoring had 
indicated that none is needed. 

Exposure to SO2 is highly dubious based upon 
its extreme irritant nature and the lack of 
clinical correlation of severe coughing by the 
affected employee. The SO2 exposures had 
occured during SRS HWP operation when grade 
level H2S equipment ruptured and ignited, but 
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those workers merely held their breath and 
escaped with no harm. Exposure to H2S could 
also be rationally eliminated on clinical and 
historical bases, in addition to the fact that 
tests failed to indicate its presence prior to and 
following the torch cutting operations. The 
affected employee's initial presentation of 
nausea, vomiting, and hyperventillation (limb 
parathesias) is consistent with H2S poisoning, 
but the hour-plus time of gradual ischemic 
progression to obtundation in no way matches 
the SRS (and literature) experience. Hydrogen 
sulfide makes an immediate claim on its 
victims. Of the 56 H2S gas cases involving 62 
workers in 400-D Area during 30 years of 
operat ion, 12 required mouth-to-mouth 
resuscitation (all totally recovered when 
oxygen flow was restored). 

Multiple tests were performed using detector 
tubes in an effort to identify the gases present 
at the incident work scene and their relative 
concentrations. Upon arrival at the scene at 
4:30 P.M. (about 45 minutes after cutting of 
the pipe), Industrial Hygiene technicians found 
that a slight trace of white smoke was still 
visible emitting from the end of the pipe 
section remaining on the ground. The SO2 
detector tube was saturated (>25 ppm). There 
was no measurable concentration of H2S, NH3, 
H2SO4, or combustible gases present at that 
time. Some personnel at the scene reported an 
"ammonia-like" smell. 

On November 13, a simulation test was 
performed using a section of the pipe which was 
remaining on the ground. Personnel wearing 
self-contained breathing apparatus cut the 
pipe, and took field readings on the evolved 
gases using detector tubes. They collected gas 
samples with a syringe for transfer to a 
Tedlar® bag for analysis at the SRTC. Multiple 
cuts were made on the pipe including cuts at the 
bottom of the pipe where the bulk of the residue 
was located. Air temperatures were slightly 
warmer on the day of the test than on the day of 
the event (74° F versus 63° F) and wind 
velocities from the same direction from ESE 
were slightly lower (1.1 meters/second versus 
1.6 m/s). Only a high concentration of sulfur 
dioxide (525 ppm) and a trace of thiophene 
(0.1 ppm) were detected. The same Chem-o-
lene cutting gas bottle, oxygen bottle, cutting 
torch and associated hoses used on the day of the 
event were used for all simulations tests. 

Samples were introduced and concentrated for 
Gas Chromatography -Mass Spectrometry (GC-
MS) analysis of volatile compounds using an Ol 
Analytical model 4460A Dynamic Headspace 

concentrator (Purge and Trap), using a three 
stage (10 cm Carbopack B®/6 cm Carboxen 
1000®) trap. Separation was performed with 
a Hewlett Packard 5890 series II gas 
chromatograph on a 30m x 0.53mm VOCOL® 
fused silica capillary column with 3 (im film 
thickness. Quantification was performed with a 
Hewart Packard model 5971 quadrupole mass 
spectrometer. A glass jet separator was inline 
prior to the inlet into the mass spectrometer. 
Sample custody was not transferred between 
generation and analysis. 

Cyanide and sulfide was determined by bubbling 
a sample of the gas through mild caustic 
solution, and the resulting solution was 
analyzed by ion chromatography and also by 
spectrophotometric test kit de te rm ina t ion . 
Results indicated <0.01 mg cyanide per liter 
gas, and 1580 ppm SO2 gas venting at the cut 
end of the pipe.. 

On November 17, a second simulation test was 
conducted using insights gained from the first 
simulation and information gathered through 
personnel interviews on the exact sequence of 
events and personnel positions at the time of 
the incident. The second test was designed to 
optimize sampling for particulate. The pipe cut 
was begun at the bottom of the pipe consistent 
with methods utilized the day of the event. 
Samples were taken at the point of cutting 
external to the pipe, pipe ends, and multiple 
locations away from the pipe . Wind direction 
was from the SSW versus ESE and wind velocity 
was higher at 4.4 m/s. The temperature was 
7 6 0 F versus 63°F the day of the event. 
Differences in wind and temperature were 
judged to be minor and did not significantly 
affect the test data. 

Particle size distribution was determined using 
a Leeds and Northrup Microtrac laser 
diffractrometry system. Qualitative x-ray 
microanalysis of particulate matter collected 
on filters and in water impingers also indicated 
that virtually all particles were larger than 
two microns in size (predominately between 2 
and 20 microns) with iron, sulfur, and oxygen 
as the major constituents. Therefore, they did 
not pose an alveolar inhalation concern. In 
addition, it was calculated to require around 
five grams of FeS04 to pose a health hazard, 
which is more than could possibly have been 
inhaled by the affected worker. 

Analytical results of the second test indicated 
much the same as the first simulation test. 
Independent analytical methods indicated that 
toxic gas was 7500 ppm and 6000 ppm SO2 in 
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two separate samples of the gas venting from 
the cut pipe. However, the affected employee 
did not exhibit symptoms of SO2 gas inhalation. 
The field response better matched that 
described in literature from the inhalation of 
carbonyl sulfide (COS) or carbon disulfide 
(CS2). but neither was detected in the initial 
analyses. (A recheck later revealed 0.1 ppm 
COS and 12 ppm CS2, but not acutely hazardous 
concentrations.) 

Knowledgeable peers of the U.S. and Canadian 
chemical manufacturing community with many 
years of toxic gas experience were consulted. 
They confirmed that the field response of the 
affected employee were not that expected from 
their observation of H2S, SO2, ammonia 
(NH3), or hydrogen cyanide (HCN) gas cases. 
[Incomplete combustion of fuel in an oxygen 
depleted atmosphere generates hydrogen 
cyanide (HCN), which is a potential cause of 
death in airplane crashes. Although the affected 
employee responded to amyl nitrite, symptoms 
were not that expected from HCN poisoning.] 
This event could not be easily explained, but it 
appeared to be similar to events of unknown 
cause in the petroleum industry. Three 
fatalities and 63 injury reports in the many 
records -reviewed for health assessment 
documents of the U.S. EPA Office of Research 
and Development were removed from the data 
base, because experts agreed that the cause was 
not the chemical identified. Those records are 
no longer available, but field workers recall 
being the puzzled by the number that involved 
fumes during dismantling of oil and gas wells. 
The assumed H2S gas inhalation was not the 
cause, and so the data from an unknown was of 
no value for health assessments. Torch cutting 
of carbon steel pipe previously exposed to H2S 
saturated hydrocarbons may constitute an 
unrecognized industrial hazard. 

Carbon monoxide (CO) from incomplete 
combustion from a fuel rich cutting torch or 
from restricted air to the pipe may generate 
other toxic gases. Literature search revealed 
that COS and CS2 were manufactured until the 
1950's by reaction of hot elemental sulfur 
vapors and CO gas in iron pipe. Chemical 
reactions in a oxygen depleted atmosphere at 
high temperature are as follows: 

2C + O2 --> 2CO @ > 250OC 
2CO + 2S --> 2COS 
2COS--> CS2 + CO2 

If oxygen is present when burning is at a low 
temperature, then the chemical reactions are: 

C + 02 --> CO2 @ < 250OC 
S + O2 --> SO2 

On November 27, a third test simulated limited 
atmosphere exchange by sealing an end of the 
pipe with plastic sheet and tape. 1300 ppm 
CS2 and 1360 ppm COS vented from the pipe at 
break through of the cutting torch. 264 ppm 
CS2 and 310 ppm COS vented during cutting. 
Five minutes after cutting, 2 ppm CS2 and 1.4 
ppm COS vented from the pipe. The lower 
concentrations experienced during cutting that 
at initial breakthrough are attributed to the 
large amounts of oxygen that are delivered by 
the cutting torch which replaces the depleted 
oxygen atmosphere with an oxygen rich 
atmosphere. 

Analysis of the test results, coupled with 
reports of continued burning of pipe debris 
forty-five minutes after cutting operations 
ceased, indicated that conditions existed that 
would produce CS2 and COS. During torch 
cutting, high concentration of irritating SO2 is 
generated preventing inhalation of the gas 
mixture. However, carbon and sulfur 
smoldering in the oxygen deficient atmosphere 
of the ash-like deposits continues to generate 
CS2 and COS with less SO2. The affected 
employee may have inhaled this gas mixture as 
the open end passed near the face during the 
movement of the pipe. Higher concentrations 
trapped in voids of the ash may have vented 
when shook during pipe handling. 

The employee's progressive systemic cellular 
respiration interference in the face of high 
oxygenation, and his rapid and unequivocal 
response to nitrite antidote, is considered 
pathonomic for hydrogen sulfide or hydrogen 
cyanide poisoning. However, on the other hand, 
no clinically significant HCN or H2S was 
present before, during, or after the exposure 
incident. (Nor was there any recognized 
mechanism for these compounds to be produced 
with the substances and conditions present at 
the time of the incident.) The patient's gradual 
decline to obtundation is not compatable with 
H2S exposure. We were therefore forced to the 
thoery of an "in vivo" conversion of either CS2 
or COS into H2S. After extensive literature 
searches and multiple conversations with 
colleages nationally and internationally, we 
proposed that this toxic exposure was, perhaps, 
the first well doccumented human case of COS to 
H2S "in vivo" conversion (carbonic anhydrase 
substrate), in agreement with Chengelis and 
Neal's study of this phenomenia in rats, 1980. 
Only one corroborating statement in the 
literature was found, referencing the same 
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scientific paper: "Carbonyl sulfide, a by
product of coal hydrogenation and gasification, 
is metabolized "in vivo" to hydrogen sulfide by 
carbonic anhydrase". 

Unknowns abound. For example, CS2 must be 
accounted for. It did not cause the observed 
acute clinical behavior of this employee, but 
can induce long term psychologic problems 
(chronic low dose exposure). Its chemical 
synergism with COS "in vivo" (if it exists) is 
not addressed in the literature. Likewise, the 
effects of COS "in vivo" upon the longer term 
effects of CS2 is not addressed in the literature. 
Finally, the "in vivo" conversion kinetics of 
inhaled COS is totally unknown, even for animal 
models. There must be a controlling 
mechanism as considerable time elapsed before 
the full clinical impact of our employee's 
exposure was observed. It is unknown whether 
the presumed COS exposure diffused through 
the bronchial tubes or the alveoli of the 
employee, or if this were active or passive 
transport. Investigations are in planning 
stages at the present time. 

CONCLUSION 

Investigation revealed that burning of carbon 
and sulfur in the oxygen deficient atmosphere 
in the ash generated carbonyl sulfide (COS) and 
carbon disulfide (CS2) gas, which vented when 
the pipe was moved by the affected construction 
rigger. This is believed to be the first well 
documented exposure and response of a human 
to high concentration of the COS, and additional 
investigation is needed to establish the 
controlling mechanism in this event. 

Sulfur dioxide (SO2) gas is also generated 
during the cutting. SO2 is almost impossible to 
inhale and has apparently prevented a similar 
injury during the many years of US and 
Canadian heavy water plant de-construction 
experience. Immediate water quench of the 
smoldering ash after each cut has eliminated 
the hazard of residual COS and CS2 gas. 

This previously unrecognized industrial hazard 
may be encountered by other chemical and 
petroleum industries during torch cutting of 
pipes that contain similar deposits of iron 
oxide, iron sulfate, sulfur and carbon. 
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