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PREFACE

The Hazard Evaluations and Technical Assistance Branch of NIOSH conducts field
investigations of possible health hazards in the workplace., These
investigations are conducted under the authority of Section 20(a)(6) of the
Occupational Safety and Health Act of 1970, 29 U.S.C. 669(a)(6) which
authorizes the Secretary of Health and Human Services, following a written
request from any employer or authorized representative of employees, to
determine whether any substance normally found in the place of employment has
potentially toxic effects in such concentrations as used or found.

The Hazard Evaluations and Technical Assistance Branch also provides, upon
request, medical, nursing, and industrial hygiene technical and consultative
assistance (TA) to Federal, state, and local agencies; labor; industry and

other groups or individuals to control occupational health hazards and %o
prevent related trauma and disease.

Mention of company names or products does not constitute endorsement by the
National Institute for Occupational Safety and Health.
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SUMMARY

Cn November 9, 1982, the National Institute for Occupational Safety and
Health (NIOSH) received a request to evaluate carbon monoxide (CO) exposures
and worker complaints (headaches, eye and nose irritation) in the offices in
the Chancery Building, Diocese of Pueblo, Pueblo, Colorado. Symptoms were
reported to have started when the building's furnace was turned up because
of cold weather. The local city-county sanitarian had measured concentra-
tions of 8 parts per million (ppm) of carbon monoxide (C0) in a second floor
office. Although he suspected the furnace as the source of C0, he was
unahle to find elevated readings in the furnace room.

On November 17 and 18, 1982, the NIOSH investigator visited this 90-year old
stone building to obtain information on the heating system, inspect the
premises, interview the workers, and to obtain detector tube readings for

carbon dioxide (C02) and carbon monoxide (CO) levels, and to take tempera-
ture and humidity readings.

Heat is supplied by hot water baseboard radiators. The natural gas furnace
is located in the basement in a separate room along with the gas water
heater. There is no central air circulating system, although the heating
pipes run through holes knocked out of the walls and cut into the ceilings.

By and Targe these were not sealed in basically unfinished rooms. Ventila-
tion is obtained by opening windows.

Nine of the ten workers interviewed had had headaches during the problem
period, and four had eye irritation. Air sampling by NIOSH failed to iden-
tify a CO buildup, even after running the furnace at davtime Tevels all
night. However it did appear that at least some thermostats were not func-
tioning properly as the building had temperature readings of 76.5° and 80°
F. on first entering in the morning. Humidity was low (less than 25%) as
would be expected in a dry climate with no added humidification. CO»
levels were uniformly low, only slightly above outside levels.

The most Tikeiy explanation for the problem at the beginning of the heating
season is that some blockage in the chimney had occurred over the summer and
is now burned away. CO could have reached the 2nd floor office through the
holes in the furnace room ceiling and the abandoned dark room wall. Dusty
baseboard radiators could have contributed to the eye irritation.

On the basis of environmental and medical data, NIOSH concluded that a
health hazard did not exist in the Chancery Building of the Diocese of
Pueblo, Pueblo, Colorado, at the time of the NIOSH visit. It is sug-
gested that a CO problem probably did exist at the beginning of the
heating season due to a chimney obstruction. Recommendations for
preventing future problems are included in this report.

KEYWORDS: SIC 8661 (Religious Organization), carbon monoxide, indoor air
quality, carbon dioxide, temperature, relative humidity.
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The tational Institute for Uccupational Sefety and health (1.10SH) received a
reguest on November 9, 19:2, from the bBuilding PManager/Uirector of Bishop's
Development Fund (BLUF) to cenduct & health hazard evaluation of carbon rmono-
xide (CO) exposures and worker complaints in the offices of the Liocese of
Puehlo in the Chancery Building, Pueblo, Colorado. Workers then comp®ained
of headaches and burning eyes and noses.

The probleri wes first callec toc hIOSH's attention Uctober 26, 198Z, when the
local city-county sanitarian callec the NIUSH Region VIII office in Denver,
Colorado. He had been called in to investigate the problem whi.h had been
going on for the previous three weeiis. The problems started when the fur-
nace was turnec up because of cold weather. He obtained readings of 8 parts
per million (ppm) of carbon monoxide (CG) in a second floor office using an
MSA direct reading CO meter. Although he suspected the furnace as the
source of CO, he was not able to find elevated readings in the furnace roor.

He sugoested to th- Buildine Manager that N1OSH be invited in tec see if we
could solve the problem.

The KIOSK investicator visited the huilding on Nevember 17 and 18, 1982, to
obtain information on the heating system, inspect the premises, interview
the workers, and to obtain detector tube readings for carbon dioxide (C02)
and carbon monoxide (CU), and temperature and humidity readings.

BACKGROUND

The Chancery Building is about SC years cld, of stone construction, and has
three floors and & basement. 1t is sited on a corner lot in rolling ter-
rain. The front of the building is set well back from a street with light
traffic most of the day. The side is somewhat closer to a quiet side
street. The basement containc a number of storage rcoms. The furnace roon
is located at the far end of the hall from where the stairs come down tc the
basement. There 1is a door a* the top of the hasement stairs which is
usually closed. The first and second floors coitain offices. The Eishop's
office on the first floor has just been remodeled, but this was done since
the problem being studied was at its worst. The third floor is an apartment
for the Chancellor. There is a door at the top of the stairs which is
usually kept closed.

Heat is supplied hy hot water baseboerd racdietors. The natural cas furnace
is located in the basement in a separate room along with the gas water
heater. Chimney pipes lead inte a stone chimney which runs to roef peak
level, although at third floor level the roof slopes away from the chimney.
There is no central air circulating systen, althoush the heating pipes run
through holes knocked out of the walls and cut into the ceilings. By and
larae these were not sealed in basically unfinished rooms. The rooms on the
differert floors are grouped intc a number of zones, each with its own ther-
mostat. Ventilation is cbteinec bv opening windows. There are window air
conditioners for some of the first floor offices and the third floor apart-

ment. There is a swamp cooler at the end of the second fleer hall for the
second floor.
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Iv. WETHOLS

A.

General

Initially information wes cbtained about the building in general, heat-
ing, cooling and ventilaticn, and housekeepino. Individual workers were
intervievied for Jjob histeories, health problems, and smoking hahits.
Because the weather wes sormewhat warmer than was the case when the
rrohlem started, by afterncon many windows were being opened. Therefore
arrvangements were made to have the heat Teft at the usual davtine
settings overnight the nicht before samples were to be taken. Unfortu-
nately the secornd flcor thermostats were set back, but the first floor
thernestats were left at their dey time settings. Air quality assess-
ment involved obtaining temperature and humidity readings and detector
tube samples for carbon dioxide (CUZ] and, 1in some cases, carbon
monoxide (CO) at a variety of locations. CU measurements were done at

most Tlocatiens in the morning, but in only a few Tlocetions in the
afternoon.

Sampling Locations

OQutside air by front door.

Furnace room - basement.

1st floor hall at foot of stairs to znd floor.

¢nd floor hall near top of stairwell.

3rd floor hall near back window.

A number of lst and 2nd floor offices (see Table I).

Instrumentation

Temperature and humidity were obteined using & Bendix model 566-%
Psychron® which mneasures both dry bulb and wet bulb temperatures.
Relative humidity is read from a chart using the difference between the
two temperature readings.

Carbon Dioxide (CUy) was measured using a ULrager Tuke - Carbon Dioxide

0.01%/2. With ten pump strokes this tube measures concentrations
between 0.01 and 0.3% by voclume.

Carbon monoxide (CG) was measured using a Drager Tube - Carbon !ionoxide
5/c. With ten pump strokes this tube measures concentrations between 5
and 150 parts per million (ppm). These tubes, when used with the Uragor
Pump, have heen certified by NIGSH te an accuracy of %359 at+ 25 ppra CO
and of *25% at 50 to 250 ppm (less pump strokes for higher readinas).
Twenty (20) strokes were used to get readings approximately half of this
rance.

V. EVALUATION CRITERIA

R.

Ventilation adecuacy was estimeted from the potential for CO, buildup
within an occupied area.l Ajr normally contains about 0.05% carbon
dioxide. As most living creatures, including man, produce CUp as an
end product of metabolism, if an enclosed area is occupied and not
adequately ventilated the concentration of COs will g¢radually build
up. The ventilation can further be evaluated by observing how long it
takes after occupancy has been redvuced for the COp levels to return to


http:daytir.ie

Heal th Hazard Evaluation Report Ho. &3-04%, Pace 4

normel. CGUp 1is also producec by combustien, such es smoking. COp
levels anticipated in this study would have no health effects. Lxper-
ience in Finland in a building of concrete block construction ard
carpeted floors found reculating fresh air by COs Tevel worked accept-
ably with maximum CCz level set at 0.08%.¢ At higher Tevels com-
plaints were received concerning air quality. About 35% of workers were
smekers.

B. Carbon Monoxide® (CO) is preduced when carbon contezining compounds are
burned in a limited air supply. The likely sources in this study would
be a malfunctioning furnace and/or cigarette and pipe smoke. Under
other circumstances automobile exhaust or a malfunctioning cook stove
might be considered. Small quantities of CO result from the metabolic
breakdown of hemoclobin in man, but the amounts would be too smzll to
measure by the methods used in this study. CO binds to the hemoalohin
in the red blood cells Zz0 to 290 times more strongly than does oxygen.
This impairs the blood's ability to carry oxygen to the tissues of the
body. The firmediate health effects are related to the proportion of
heroglobin which is bound with CO. This proportion in turn is deter-
mined by how concentrated the CU is in the air, how long the contami-
nated air is breathed, and how wuch air is breathed during the exposure
time. (Hard physical work increases depih and rate of breathing.)

Non-smokers usually have 0.3 to 0.7% of their hemoglobin tied up with
Co0. In smokers this may rise to 5 to 10%. Although there are some
circulatory changes at lower Tevels which could affect individuals with
severe cardiorespiratory problems, at carboxyhemoglobin Tevels of less
than about 15% saturation about the only noticeable effect would be a
loss of wvisual sensitivity to light, most noticeable as a decrease in
night vision. Above that symptoms include headaches of progressive
severity, nausea, decreased manual dexterity and judgment, and at higher
levels (50+%) coma, convulsions, and death. Non-smokers not reaularly
exposed to CUG might notice symptoms at somewhat Tower levels. Unless
severe poisoning has deprived the brain of oxvgen long enough to cause
damage, recovery is usually complete if the individual is rapidly moved
to uncontaninated air. Recovery is hastened if oxygen is administered.

To prevent excessive CU absorption three sources of criteria commonly
accepted tn assess workroom concentrations of contaminants are:

1. HNIOSH criteria for recommended standards........... 35 ppn
2. Occupational Safetv and Health Administration (CSHA)
standards (29 CFR 191G), January 157&.....cccuon... 5G ppm

5. American Conference of Governmental Indusirial Hygienists
Threshold Limit Values (TLVs) for Chemical
Substences in the Workroom Environment............. 50 ppn

These levels should prevent significant health problems even with expo-

sures of 8 tc 10 hours per day, 4C hours per week for a working 1ife-
time. Higher concentraticns can be tolerated for short periods.

C. Temperature as experienced in an office building is more & matter of
comfort than health risk. Because it is more sociably acceptable to put
on extre clothing for warmth than to take off clothing for coolness,
workers are more likely to be comfortable in & cooler room if they are
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prepared for it. Federal energy conservation dictatec offices only be
cooled to 78° F. This was generally regarded by the occnpants as a
Tittle warm for sustained mental activity. heating above the Tow 70's
not only can make the occupants uncomfortable, but wastes energy.

Relative Humdity measures how much water vapor is present in the air in
relation to how much water air at that temperature could hold if it were
completely saturated. PRelative humidities in mid range, about 30% to
80%, are the more comfortable. Except at extreme ranges there are no
health conseouences. Ury air tends to dry the mucous membranes of eyes,
nose and throat, but reduce the preception of discorfort due to tenpera-
ture. Moist air increases the preception of uncomfortable terperatures
and reduces the efficiency of sweating as a way of getting rid of excess
body heat. Relative humidity will chance with temperature changes.
When air is heated during the winter the relative humidity drops consid-
erably because warm air can hold much more water vapor than can cold
air. 1f this becomes too much of a problem, for example considerahle
problems with static electricity, the air can be humidified by adding
water vapor through @ number of mechanisms. Because moist, warm sur-
faces encourage growth of molds and slimes, it is necessary that the
humidifyina devices be kept clean. Spores from molds and slimes can
cause respiratory problems in some sensitive people.

VI. RESULTS AND DISCUSSION (See Table 1)

A.

Carbon Monoxide (CU)

WMo hazardous Tevels of CO were found. The highest Tevels found in the
furnace room (2-3 ppm) were the same as those found outside the front
door the first thing in the morning. What levels as were found may have
related to the operation of the furnace (in the furnace room) cr toc the
smokers on the staff. (At such Tow levels the detector tube readings
are not very accurate.) Assuming that the levels found by the city-
county sanitarian were accurate, the most 1ikely source of CU would be a
malfunction in the furnace provided there was a reasonably direct way
for the CO to get from the furnace room to the second fleor office (the
EDF Secretaries' Office) where it had been measured. The Uirector of

BDF, a smoker, was not in the office that day so he could not have con-
tributed to the CU level.

Rl1though the furnace appeared to be operating properly at the time of
the NIOSH studv, it is cquite possible that some blockage, such &s a
bird's nest, could have developed in the chimney over the summer and has
since burned away. It could have caused trouble during the first few
weeks of furnace operation. The CO could have reached the second floor
office by following the pipes through the holes in the ceiling of the
furnace roorm and out through the hole in the wall in the abandoned dark
room just off the office in question. As the weather was ccld, the
building would have been shut up as tightly as possible which would hold
in CO as well as warmth.

Carbon Uioxide (COy)

The highest COp levels were found in the Chancellor's Office right
after a closed door meeting with the windows shut (.07-.08%). After a
window was open, levels dropped to those of the outside air. CCy
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levels also tended tn be slichtly hiaher 1in the offices of srokers
(.04-.05%). The other two elevetions were in the Znd floor hall when
the bathroom door was closed (.06%), and in the furnace room (.04%
rising to .06%). The elevation in the Znd floor hall probably relates
to the occupancy of the second floor offices with the usual source of
ventilation (the bathroom window) cut off. The elevation in the furnace
room might relate to the operation of the furnace and/or water heater,
or could relate tc the relative stillness of the air. Carbon dioxide,
being nearly twice as heavy as air, tends to settle in depressions and
enclosures if there are few or no disturbances tc keep the zir mixed.
This Tatter explanation may well be the correct one as the CO level
dropped in the afternocn whereas the CO02 level continued to rise.

C. Temperature and Humidity

Outside temperatures were Tlow enouch overnight to keep the furnace
running, desired for this study to allow CO buildup if it were to
occur. HWrat was not expected was that temperatures in the building
would be 76.5° F. in the 1lst floor hall and 80° F. in the second floor
hall. This suggests that scme cof the thermostats are not functionina
properiy. As expected, vrelative humidities were on the Tow side
(11.5 to 18%) first thina in the morning rising somewhat durino the day
as the building cooled down, was occupied, and windows were opened.
Qutside humidity dropped to 24.5% by afternoon. As expected, the inside

humidities were slightly lower as the air was heated without adding
water vapor.

D. Enployee Interviews and Uther Interview Data

Ten persons who worked in the building were individually interviewed for
job history, health precblems, and anythino else they could tell about
the problem being studied. A1l but one had experienced headaches which
characteristically developed during the day, were helped by analgesics
and got better with fresh air or leaving the office. The situation has

gotten better inr the recent past. Two workers 2lso identified headache
problems of longer duration.

Four of the workers alsc coiplained of eye irritation. It was deter-
mined that the radiators had not been thoroughly cleaned before the
heating season began. Heating the surmer's dust along with the drop in
humidity caused by heating already dry air could account for the eye
irritation. 7This problem had subsided some by the tire of the NIOSH
study.

t. Other Observations

On the second floor of the hallway was a small room with window which
contains & postal machine, & Scritomatic® Duplicator for addresses, a
snall spirit duplicator, and the coffee rachine. o one is officed in
the room so nc air samples were taken during this study. Past studies
by MICSH have shown thet extencive use of a spirit duplicator in an
inadequately ventilated area can lead to excessive methanol exposures.
When the duplicator is to be used it would he wise toc open the window.
Blso if use is to be extensive, consideration should be given tc rota-
tinoc the job between several of the secretaries.



Health Hazard Evaluation Report Ho. 83-042, Page 7

Vil,

VIII.

IX.

CONCLUSIONS

1.

Currently there is no carben monoxide (CO) problem, although by history
it appears likely that there was a problem at the beginning of the
heating season. The holes in ceilings and walls would have allowed CO
and other fumes from the furnace room to reach the 2nd floor office
where the city-county sanitarian measured 8 ppm CO0. Somewhat elevated
CO levels could have contributed to the headaches noted by most workers.

Eve irritation prcbably related to decreases in humidity when the inside
air began being heated, and possibly to dust accumulated on the base-
board radiators over the summer.

Judging by the temperatures in the building first thing in the morning
when thermostats were left at the daytime settings, it appears that some
of the thermostats are not functioning properly. Excessive room temper-
atures could alsc have contributed to the headaches noted by most
workers. Additionally, it appears that the zonal control of heat is not
ideal in some areas where there has been subsequent partitionina.

RECOMMENDATIONS

4.

The thermostats should be checked for proper functioning.

Consideration should be given to some humidification during the heating
season. As warm, moist surfaces encourage growth of molds and slimes
which produce spores which can cause allergic respiratory reactions in
some people, it is important that humidifying devices be kept clean.

At the start of the heating season the furnace and chimney should be

checked for proper functicning and the baseboard radiators thoroughly
cleaned.

If it is decided to considerably tighten up the building, provisions
should be made for adequate fresh air intake.
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3. U.S. Lepartment of Labor/GSHA - Region VIII.
4. NIOSK - Region VIII.

5. Colorado Lepartment of Health.

6. State Designated Agency.
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TABLE 1
Environmental lieasurements

Chancery Buildina, Uiocese of Pueblo
Pueblo, Colorado

Wovember 18, 1982

Location Tire Temperature Relative ESE co Mctes
' Dry BuTb Wet Bulb  humidity o parts per
P i 5 % million
Outside Front Loor 6:50 35.5 32 76.5 .02 Z2-3 1,2,3
g:25 -———- —-——— ——— .01-.0z 1-2 4,5
11:20 5 43 26 02 trace 5.6
15:45 64.5 48 24.5 .02 trace 1,7
Furnace Reoori, basement lxdh 82 52 30 .04 2-3
11:08 76.5 50 3 .05 -3
14:00 81 565 18.5 .06 trace
Hall, 1st floor 12074 76.5 51.5 11.5 03 1-2
14:45 76 55 22 .03-.04 ---
Hall, 2nd fleor 7:40 80 5€ 18 02-.05  1-2
12:05 77 54 17 .06 —— 8
15:10 76 63.5 15 .G32 -—
Hall, 3rd floor 8:40 74 53 £0 . 04 1-2 S
15:25 75 54 21 .04 -
Bishop's Secretary's Uffice 10:10 76 53 i6 03-.04 2
Ist floor
Chancellor's Gffice, 11:30 76 5% 2z 07-.08 2-3 10
1st floor 14:35 73.5 53.5 £2.5 .0z —— 11
Chancery COffice, 1st floor 9:55 78.5 54 14 .5 0353-.08 2-3
14:40 75 53.5 17 .03 —— 12
Director BUF Office, 8:10 77 55 ] .04 2-3 13,14
2nd floor
BUF Secretaries' Office, G:15 76.5 55 21.5 G4 1-2 15
2nd floor 14:55 76.5 54.5 18.5 b trace 15
Business Manacer's Cffice, 7:55 80 5 18 L04-.05  1-7 15
2nd floor i4:15 717 .5 56.5 23.5 .04 2 13,16
Business Secretaries’ 9:40 73 53 22 L 2-3
Office, 2nd floor
Bookkeeper's Office, 9:25 74.5 54 22 L04-.05  2-5 13,14
2nd floor 11:50 73.5 53 20.5 .05 3 13,14
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10.

11.
12
13.
14.

15.

16.

TABLE I (continued)
Environmental Measurements (hotes)

Chancery Building, Diocese of Fueblo
Pueblo, Colorado

November 18, 1982

Ho breeze.
No traffic.

Relative humidity may not be accurate as wet bulb temperature dropped to
freezing.

S1ight breeze.

Light traffic.

Light breeze.

Moderate traffic.

Door to bathroom off hall closed. Bathroom window often left open a crack.
Some windows to rooms opening into the hall open.

Just after a closed door meeting with 5 people--one a cigarette smoker, one a
pipe smoker.

One window open wide,

One window open a crack.

Smoker's office.

Twe cigarettes smoked in room in last 1-2 hours.

Uffice where 8 parts per million (ppm) of CO had heen measured by the
city-county sanitarian.

Pipe smoking in progress.
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