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Chapter I 

INTRODUCTION 

Since July 1977, the University of Minnesota School of Public Health 

has been studying hospital ventilation and thermal standards. There has been 

considerable reluctance by official agencies to consider lowering these 

standards because of concern over possible adverse impact on the health, 

safety and comfort of patients and staff. However, in an era of increasing 

energy-conservation consciousness, a critical reassessment of the validity 

of these standards is necessary. It is quite likely that if current 

standards are found to be excessively conservative, major energy conservation 

measures could be undertaken by rebalancing and/or modification of current 

heating, ventilating and air conditioning (HVAC) systems. 

One of the major unanswered questions raised by this study deals with 

chemical loading of the hospital indoor air environment. The literature 

is deficient in this regard, and consequently, the influence of reduced 

ventilation rates on the chemical loading is unknown. To establish whether 

or not reducing ventilation rates would increase airborne chemical contamination 

to unacceptable levels, a field survey was conducted to develop an inventory 

and dosage estimates of hospital generated rborne chemical contaminants 

to which patients 9 staff and visitors are exposed. This report outlines 

the results of that study. 

For as long as recognition has been given to the importance of providing 

hospital patients with clean air. attention has been primarily focused on 

eliminating biological contaminants and controlling the spread of infection. 

Ostensibly, the large volume of 11 Clean" outside air that is brought into the 



hospital environment is used to dilute the biological contaminant load, 

Today~ in addition to the use of air to control bi ical contamination, 

numerous chemicals are used in the hospi k i 11 mi isms and to 

clean surfaces with little regard of their ct on employee and patient 

health. The classic case of such exposure in the name of protection was 

Joseph Lister's practice of spraying carbolic acid (phenol, which has a 

Threshold Limit Value (TLV)* of five parts per million (ppm)) when he was 

operating or changing dressings to reduce the danger of airborne infection, 

a practice he followed and advocated from 1870 until 1887, In the interest 

of protecting patients from biological agents, hospitals have continued to 

expose both patients and staff to a wide variety of airborne toxic chemicals, 

When considering possible chemical contamination of hospital air, 

distinction must be made between the effect of indoor air quality on patients 

and on hospital employees, Protection of the he&lth of e~ch ~opul~ticn makes 

specific demands on the hospital ventilation system, Perhaps the most impor­

tant consideration for patient health is that patients have 24-hour-per-day 

exposure to the same air supply, In this respect they differ from what would 

be considered a normal civilian population, In 9 existing air quality 

standards and criteria are all based on the assumption that humans divide 

each day between two environments, work and non-work, The only data based 

on continuous exposure to one indoor air source come·from the Natural 

Aeronautics and Administration (NASA) and the U.S, Navy who have studied 

the effects on human health of air supplies in spacecraft and submarines9 

respectively, Although results from e studies can provide some useful 

*The Threshold Limit Value (TLV) is that concentration of an airborne chemical 
to which a healthy worker may repeatedly exposed, day after day9 for a 
normal 40 hour work week, wi.thout adverse effect. "TLV': is a ~op_'(righted 
term of the American Conference of Governmental lndustr1al Hyg1en1sts, 
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data on effects of continuous exposure to airborne contami ~ they have 

not lead to standards that would be applicable to hospitals, The differences 

between ventilation requirements in a closed cabin and in a hospital, 

in which air it continuously supplied from the outdoors,and between 

physically fit military personnel and hospital patients, 1imit the applica­

bility of NASA and naval data to the hospital situation, 

A second factor to consider in determi-ning the effects of indoor air 

quality on patients is that their health may be impaired in such a way that 

could make them more susceptible than a healthy population might be to the 

same air contaminants. This could be a particular problem in the case of 

infants, the elderly,or people hospitalized with cardiopulmonary or eye 

problems, 

Finally, air quality standards are for the most part based on eliminating 

health hazards rather than simply avoiding possible annoyances, In a 

hospital, in which people with illnesses are presumably being treated to 

improve and restore their health, it can be argued that air ought to do more 

than not pose a hazard. That is, the environment should actually be supportive 

to the patient, 

Unlike the situation with indoor air quality and patient health, the 

question of the effect of chemical contamination on hospital employees has 

been examined to some extent in the literature, Three reasons can be 

cited for this attention: 

l, High exposures have occurred in the hospital environment, primarily 

in the laboratory and operating room, but also occasionally with 

housekeeping operations. In these instances the offending agent 

has generally been readily recognized and thus easily studied and/or 

controlled. 

2, Study design is s ightforward using industrial hygiene techniques, 
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including the same analytical tools used in the industrial 

environment. 

3. Recognition the epidemiological signi cance certain acute 

hospital occupational health problems 9 such as the rate of spontaneous 

abortions among female anesthesiologists, has focused attention 

on other hospital related occupational hazards such as mercury 9 

formaldehyde and xylene. 

Protection of employee health requires different ventilation considera­

tions from those needed for patient protection. Hospital employee exposure 

to chemical contaminants is a relatively typical occupational exposure. often 

occurring in 8-hour periods, with the possibility of acute accidental 

exposure, or long-term low-level exposure to toxic agents. The problems 

can be localized, as in laboratories or operating rooms allowing 

for local control; for example. fume hoods can be used in 

laboratories in which toxic chemicals are used. Problems can also be more 

generalized, such as those produced by chemicals used in housekeeping or 

in construction and maintenance activities in the hospital. 

Thus the question of the effect of airborne chemical contaminants on 

hospital patients is unique, and the data-criteria used for development of 

public and occupational air quality standards and criteria cannot be applied 

to the hospital patient, Although the special circumstances of the hospital 

patient have been mentioned anecdotally in theliterature as an interesting 

area for possible study~ serious methodological investigation the 

presence and health effects of airborne chemical contamination in hospitals 

has not yet been undertaken, 

The thrust of the present study is to provide the initial step of such 

an investigation andto develop a qualitative assessment of potential exposure 

1 4 



to chemicals used in the hospital environment. As noted previously and 

as is documented herein, patients can be exposed to a wide variety of chemical 

agents, some of which are relatively toxic and a few are even suspected 

carcinogens. 

While emphasis was on patient exposure, some examination of occupational 

exposure was inevitable, Personnel thought the hospital continually empha­

sized the concern that their exposure--not the patient's--was more detrimental. 

This point led to a more in-depth assessment of the laboratory air environment 

as documented in Chapter 3. 
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Chapter 2 

PATIENT EXPOSURE 

This chapter documents the results of an industrial-hygiene-type 

survey of hospital chemical usage in housekeeping operations with an 

objective of assessing potential patient exposure. Stress is placed 

on a qualitative evaluation of attendant hazard. 

2.1 STUDY METHODOLOGY 

Seven Twin Cities~ Minnesota hospitals were selected for survey. 

In selecting these institutions, the following factors were considered: 

1. Number of beds 

2. Type (public vs, private vs. research) 

3, Housekeeping service (in-house or contract), 

Table 2-1 summarizes the characteristics of the seven hospitals, 

Table 2-1 

SURVEYED HOSPITALS 
Approximate Housekeeping 

Hose ita 1 Number of Beds T,tee Staff 

1 566 Private In house 

2 530 Private In house 

3 298 Private In house 

4 546 Private In house 

5 774 City In house 

6 Private Contracted service 

7 788 Research Contracted service 
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These factors ensured inclusion of a sufficient diversity of facilities 

with respect to size and operating practices to en 

of chemical agents to which the patient could 

size and operating complexity may increase the 

s the 

For example, 

a 1 for greater 

contamination because more chemicals may be used, and contracted 

housekeeping services might use different strategies and equipment 

to clean hospitals. 

Initial contact was made through the respective chief operating 

officers. After agreement for participation was reached, an operating 

engineer in each hospital was appointed to serve in a liaison capacity 

and to provide information on their hospital's physical plant operating 

procedures and ventilation systems. Each engineer was asked to provide 

the following information: 

L Type of ventilation system, 

2. How patient rnom' aro ventilated. 

3. Huw laboratories are ventilated, 

4. Type of ventilation in janitor's closets, 

5. Age and condition of hospital buildings and 

6. Number of air changes in patient rooms and corridors. 

The engineers each provided an introduction to the respective hospital's 

housekeepi~~director who, tn turn, was asked for the following data: 

1. Types of housekeeping products in_use, 

2. Chemical ingredients of each product 

3. Use dilution, 

4. Quantity used yearly, 

5, UsE pattern~ 

6, Occupational complaints associated with individual product 

7. Patient compl nts associated with individual product~ 
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8. Painting procedures. 

9. Aerosol use, and 

10. Level of employee training. 

2.2 RESULTS 

The seven hospitals surveyed in this study, with one exception, 

are all over 10 years old,with some approaching 30 years and older. 

The newest hospital does comply with the current U.S. Department of 

Health, Education, and Welfare (DHEW) hospital construction requirements. 

For the older hospitals, design ventilation rates range from no mechanical 

ventilation in patient rooms and corridors to two total air changes per 

hour which complies with current DHEW requirements. 

Several engineers voiced the opinion that due to lack of maintenance 

and checking, their ventilation syste~s undoubtedly do not meet their 

design requirements. Of the seven hospital operating engineers, only 

two had any idea of the number of air change rates in patient rooms 

and corridors. Both of these engineers had participated in the design 

of their hospital •s ventilation system. Both systems were designed to 

comply with DHEW regulations and presumably had two air changes per 

hour in both patient rooms and corridors. Neither system had 

been checked recently to verify air flow rates. 

Three of the seven hospitals contained some patient areas that 

had no mechanical ventilation. Most of the hospitals studied have 

been expanded time and again, usually with different DHEW requirements 

applying to each expansion. While each new building appendage complied 

with requirements in effect at the time of construction, the older portions have 

typically not been renovated. Consequently, in these older buildings, the 

airborne chemical loading should be assessed with particular concern since 

there may be no means of exhaust. 
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Discussions with the housekeeping directors revealed that a 

total of 88 different housekeeping products were used in the seven 

hospitals. These encompassed a wide variety of cleaning materials 

including detergents~ disinfectants, cleaning flui and solvents. 

Appendix A tabulates these products, including composition where 

such information is available. 

Table 2-2 tabulates the number of products used by each hospital. 

It can be seen that of the 88 total products, any one hospital uses 

considerably fewer. 

Table 2-2 

NUMBER OF CLEANING PRODUCTS USED 

Hospita 1 Number of Products * 

1 

2 

3 

4 

5 

6 

7 

25 

11** 

31 

12** 

8** 

17 

17 

-----

*These data were provided by hospital housekeeping directors. In all 
seven hospitals, it appears that nursing staffs are allowed to buy 
additional housekeeping products directly. 

**These are likely to be gross underestimates as products counts may 
have been by category such as 11 Waxes. 11 

The number and variety of housekeeping chemicals is but one dimen-

sion of the problem. Of probably greater significance is the quantity 

used. The amount of material sprayed into hospi 1 air is staggering, Fur­

ther~ the amount of cleaning products used yearly in the surveyed hospitals 

is measured often in hundreds of bottles and hundreds of gallons and 
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hundreds of containers. For example Hospital 3 uses the following 

yearly: 

1. 

2. 

3. 

4, 

870 gallons general disinfectant cleaner, use dilution 1 ounce 

to 1 gallon water 

75 gallons all purpose cleaner~ use dilution 2 ounces to 1 

gallon water 

75 gallons glass cleaner 

30 cases of air freshener 

5. 15 cases of heavy duty cleaner 

All seven hospitals had employee training programs associated 

with their housekeeping departments and provided their staffs with 

fact sheets showing how, when, and why to use particular products. 

The contract housekeeping service in Hospitals 6 and 7 had the most 

efficient way to advise employees which product to use in a given 

situation, Most products used by the contract service prominently displayed 

a label explaining the product's use, although not all products had labels. 

In the other five hospitals, fewer products had attached labels, and when 

they were present, they generally provided less information. 

Housekeeping directors did complain that in spite of labels, 

employees would sometimes take too much initiative by using too much 

of a produ 9 assuming that "more is better," and sometimes even brouaht in 

their own concoctions thinking they were more effective. 

2.3 HOUSEKEEPING PRODUCT COMPOSITION 

The problems associated with determining the chemical ingredients 

of products used within the hospital are many. As noted, product labels 

are often not present; even when they are xed to the container, they 

generally not contain warnings and almost never cite product 

composition. There is no doubt that many ingredients contained in these 
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products are toxic, This was confirmed by the Minneapolis Poison Control Center. 

Gleason et al. Clinical Toxicology of Commercial Products; or the 

National Institute of Occupational Safety and Health (NIOSH) book. 

Suspected Carcinogens: A Subfile of the Registry of Toxic Effects of 

Chemical Substances, Contacting manufacturers for chemical ingredient 

information is usually a fruitless venture because of the claim that it 

is proprietary information, Even the Poison Control Center could not 

provide chemical ingredients of many products. One manufacturer did 

provide an alphabetical list of all chemicals used in its line of house-

keeping products. The list omitted percent concentrations and also 

omitted the name of the product that contained each ingredient. Of 

the chemicals listed by this particular manufacturer. 17 appear on the 

NIOSH list of suspected carcinogens, 

The three appendices to this report were developed to determine 

product ingredients and the degree of hazard each product miqht present. Ap­

pendix A is a list of all housekeeping products used in the seven hospitals. 

Ingredients are listed when they were available. Appendix B lists the 

hazardous properties of chemicals that were found to be contained in 

individual housekeeping products. Appendix C lists probable product 

ingredients for general product categories, These can be used as 

assumed compositions for those products in Appendix A for which 

ingredients are not known. 

2.4 EVALUATION OF AIRBORNE CONCENTRATIONS 

No attempt was made to measure airborne concentrations of any 

housekeeping product ingredients. The problems in so doing are myriad. 

Most collection techniques as well as analytical methods have been 

developed based on occupational exposure limits for chemicals found 
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Chapter 3 

LABORATORY OCCUPATIONAL EXPOSURE 

Almost all hospitals contain laboratory facilities used for diag­

nostic work or research. As noted previously, the exposure to chemicals 

and physical agents in these laboratories is considered an occupational 

hazard with federal limits set for permiss·ible exposure. However, 

only the Occupational Safety and Health Administration's (OSHA) general 

workplace regulations are applicable,as no specific laboratory regulations 

have been promulgated as yet. 

3.1 STUDY METHODOLOGY 

To evaluate the chemical hazards involved with working in hospital 

laboratories, five extensive walk-through surveys were conducted in 

the laboratories of the five private hospitals, with emphasis on 

evaluation of ventilation system and design, including consideration of 

the potential for contamination of patient areas from laboratory 

operations. In addition, chemical sampling was also conducted in the 

Hospital 6 laboratories. 

The laboratories studied did not include those of Hospital 7. 

This is a research hospital with unique problems not representative of 

other types of public and private hospi s. 

By far two most common chemicals used in laboratory areas are 

formaldehyde and xylene. Both of these chemicals are extensively used 

in tissue and sli preparation areas in 1 quantities. They have 

extremely low odor thresholds ( low 1 part per million (ppm)) and 

can be annoying to Another possible chemical hazard is cyanide. 



Cyanide is used in most hospitals 1 automatic blood gas analyzers~ and 

concern was expressed by1aboratory workers that they would adversely 

affected by exposure to this chemica 1. Because these chemicals are 

so widely used in hospitals and because concern was expressed as to the hazards 

associated with them~ sampling was conducted in Hospital 6 to ascertain 

if in fact laboratory chemicals are a problem for patients or staff, 

3. 2, RESULTS 

As a general observation~ ventilation was inadequate in all 

laboratories. Some individual laboratories did not even have mechanical 

(general dilution) ventilation. In one labor·atory in Hospital 6, 

a fan was used to circulate air (and thus disperse contaminants) within 

the room. 

There was no evidence of fume hoods being properly used. In 

some instances~ benches under hoods were used for chemical storage 9 

indicating that the hoods were not used at all. In Hospi 6, the 

pathology laboratory used a biohazard safety cabinet as a hood, 

clearly the wrong use for this device, Another laboratory in the same hospital 

had the only point source control tern among seven hospi ls 

surveyed, 

componen 

Resul 

3.2,1 

However~ it was cons from . 11 the·, she 1 f" 

and not capable of fulfi1ling its intended on, 

of chemical sampli in Hospital 6 are as follows: 

Formaldehyde sampling was conducted in the pathology laboratory 

using impingers for sample collection and a gas chromatograph 

analysis, In this laboratory, ssue is cut on an open bench top 

without any form local exhaust ventilation, The OSHA standard for 

formaldehyde exposure is 2 ppm over an 8-hour period with a maximum 

allowable exposure for 15 minutes also of 2 ppm, The concentrations 
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4,1, HOUSEKEEPING PRODUCTS 

Chapter 4 

DISCUSSION 

In the hospital environment there are many different types of surfaces 

requiring cleaning. These include: carpeted floors, painted walls, tile 

floors, stainless steel fixtures, and porcelain bowls and sinks, 

Manufacturers tend to designate their products for cleaning only certain 

types of surfaces, thus encouraging housekeeping departments to use 

a greater diversity of housekeeping products. 

In addition, some manufacturers sell products that duplicate or 

counteract the performance characteristics of other products in their 

own line, with each product having slightly different chemical ingredients. 

For example. one manufacturer sells both "high concentrate high foam 

formula 11 and "low sudsing" carpet shampoos, both to be used for the same 

purpose. Another manufacturer sells a 11 defoaming agent 11 which can be 

used to eliminate suds in any detergent solution, 

The reliance on chemical action as a substitute for physical labor 

has been evident throughout the survey, That some ~f these products 

contain hazardous ingredients is beyond question as is documented in 

the appendices to this report. However, what is not as clear, is whether 

al1 housekeeping departments recognize the injurious potential of these 

materials to both patients and staff. Discussions with the housekeeping 

di in the seven surveyed hospitals indicated that cleaning product 

use was well controll in some institutions, but not in others. The 

awareness in these latter institutions is evident in terms of 



both quantities used and lack of concern over potential synergistic and 

antagonistic effects between similar and counteracting products. 

In all of the surveyed hospitals there were only a few housekeeping 

procedures that could be characterized as presenting an outright hazard 

to patients. The most notable are wax stripping and waxing both of which 

involve spreading of large volumes of chemicals on floors and allowing them 

to stand. In the case of waxing, drying time by evaporation can take as 

long as 30 minutes which is sufficient time for vapors to spread throughout 

an entire hospital. Concern was expressed by some housekeeping personnel 

about "new" t evaporating waxes. These·products dry extremely fast 

but due to their od«Jriferous nature their use had been discontinued in these 

hospitals. Almost none of the wax and wax stripping products used had 

warning labels in evidence nor use instructions, 

Other housekeeping procedures do not generate as much airborne 

contamination as waxing and wax stripping. Still. many chemicals are 

very caustic and contain possible sensitizers, 

One familiar counter argument is that in use. many of these products 

are greatly diluted, thus decreasing their hazardous potential, While 

this may be a mitigating factor in some instances, in others it is not, 

For example. many paints. varnishes, and floor sealers used in hospi ls 

contain sensitizers such as epoxi and isocyanates, Formaldehyde has 

also identified as a sensitizer. Concentrations of produ 

at less than measurable concentration may cause adverse reactions in 

sensitive individu s, In addition, one of the metal cleaners contains 

13 percent phosphoric acid. at its use dilution, 

None of the housekeeping departments used ae sprays in their 

housekeeping operation, Those products that were sprayed were con ned in 
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pump type sp les incl u ls as disinfectants and 

detergents. However~ ·in most itals, nursing s can purchase 

disinfectan and deodorizers, and they are prone to use aerosol containers. 

In one hospital nursing s an aerosol disin ctant air fresh-

ener that contained 5 percent 

Tertiary Amyl Phenol, 2.6 rcent P 

1-p- lorophenol, 4.5 percent 

nyl Phenol, 0.4 rcent Hexachlorophene 

and 87.5 percent inert ingredients. Phenol can absorbed through the 

skin and mucous s; thus the 

should be closely scrutini The e 

bacteria is transient at t and infl 

contact time and type of bacteria. Manu 

ctice of spraying it in the air 

t of phenol on any airborne 

by many factors such as 

r advertising is very 

biased and only shows why a given product is effective and almost never 

discusses why it might ine ctive. Scienti c data should be evaluated 

by product users and common sense should show that some of these products 

are ineffective and/or dangerous. For example, even Lister re-evaluated 

his practice of spraying phenol into air, a practice he encouraged and 

then abandoned realizing it was dan rous. 

4.2 LABORATORY OP IONS 

The results of the laboratory s are in themselves deceiving. 

cals were well below occupational Concentrations 

exposure limits; 

verse alth 

as 

well 

ring a 

low 

cipitate 

The 1 a bora 

the su 

ver, 

cts re ·1 

tory wor 

to 

express concern over 

and xylene exposure such 

roat ·i tation. It is well- urnen that exposure 

tional exposure lirni se contaminants can pre-

ve il on terns su were totally inadequate 

a ign s ndpoint. Only one hospital had point source control 

ventil on in use in its es but se tems were inadequate 
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and not designed for their present use. 

The primary method used to eliminate chemical exposure is dilution 

ventilation. From a health standpoint this is very undesirable because 

it allows chemicals to be drawn into the main ventilation system where they 

are recirculated, and also allows direct exposure to the worker. In the 

case of formaldehyde~ the amount released and drawn into the ventilation 

system is in addition to that formaldehyde which can normally be found 

indoors being released from formaldehyde urea resins contained in 

building materials and many household products such as mattresses. The 

problems associated with the release of low levels of formaldehyde are 

already well~documented and an attempt should be made to keep airborne 

formaldehyde concentration to a minimum. 

A question raised but unanswered by this study concerns the movement 

of airborne laboratory chemicals by convection currents to adjacent 

patient areas. Many hospital laboratories are in very close proximity to 

patient areas and the potential exists for contamination of patient areas. 

Another unanswered question also arises as to the synergistic effects 

of laboratory chemicals. Many laboratories serve as a chemical repository, 

unfortunately, without proper storage. There is great potential for con­

tamination of patient areas from these facilities. 

4.3 CONCLUSIONS 

The hospital is an extremely complex environment, with the general 

public believing that hospitals are the epitome of good sanitation practices 

and that the staff are the fountainhead of knowledge of hazards to health. 

The fact is that most hospital workers dismiss general chemical contamina­

tion of air as a problem to patients and instead focus on their own 

occupational exposure. This is understandable. The patient population 

4~4 



is transient and they are usually primarily conce about their 

immediate medical problems, not environmental problems. Everyone enter­

ing a hospital is familiar with the pervasive smell of deodorants and 

deodorizers and most people associate these odors with c·leanliness. The 

average patient is comforted by these odors which indicate that the air 

and environment are presumably clean. In reality, the chemical makeup 

of hospital air probably adversely affects both patient and worker health. 

As far as the concern about possible over-exposure to chemical agents 

in the laboratories~ operating rooms, morgues and maintenance shops, no 

particular new efforts need to be initiated. The contamination control 

techniques borrowed from industrial hygiene technology, such as local ex­

haust ventilation when properly applied, will keep the potential hazard 

under control. 

The far more vexing problem is the uncontrolled use of a wide variety of 

chemical agents by the housekeeping department, maintenance staff, and on 

nursing stations. In our limited survey we found 143 different chemical 

compounds used in 88 different formulations for sanitizing agents, air fresh­

eners, deodorizers, detergents and solvents. Of these 143 chemical compounds, 

12 are considered very toxic, 29 moderately toxic, and 23 are suspected of 

being carcinogenic. About half of those suspected of being carcinogenic are 

also moderately to very toxic. All of these materials present a potential 

hazard to the patients, because they are used extensively in the patient care 

areas of the hospital. Appendix B for the specific compounds with tox-

icity ratings of 4 and 5 and those identified as suspect carcinogens. 

It is doubtful that the airborne concentrations of these compounds in 

the patient areas ever hazardous concentrations in the sense of ex-

ceeding establi threshold limit values. However, it is, in the opinion 



of the writers, a serious violation of good contamination control practices 

to introduce moderately and very toxic, and particularly carcinogenic, 

materials into the hospital environment. It is a widely held opinion that, 

in the case of the carcinogenic materials, there is no limit below which 

carcinogenisis will not take place. 

For toxic and potentially carcinogenic agents ventilation should not be 

depended upon as a control measure. Instead, they should be banned from 

the hospital environment. 

4-6 



Appendix A 

HOUSEKEEPING PRODUCTS USED IN SURVEYED HOSPITALS 

The trade name, manufacturer or distributor, and product use information 

contained in this appendix was obtained from product labels. Product 

ingredients were found on the product label, through the Hennepin County 

Poison Control Center, or from Gleason et al. (1969), Probable ingredients 

for some products with unknown ingredients can be found in Appendix C, The 

information contained in Appendix C was obtained from Gleason et al ,(1969), 
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Appendix B 

HAZARDOUS PROPERTIES OF HOUSEKEEPING CHEMICALS 

The columns in this appendix contain the following information on 

the hazardous properties of commonly used hospital housekeerinq chemicals; 

this information is included to facilitate evaluation of the injurious 

potentia: of individual chemicals, 

I. Chemical name 

The chemical name is that obtained directly from the product label, 

the Minneapolis Poison Control Center, or from Gleason et al (1969). 

II. Toxicity Rating 

The toxicity ratings assigned to some of the cher.1icals vtere obtained 

from Gleason et al (1969). The defining of the toxicity rating is as follows: 

Toxicity Rating 

6 Super Toxic 

5 Extremely Toxic 

4 Very Toxic 

3 Moderately Toxic 

2 Slightly Toxic 

1 Practically Non-toxic 

Probable Lethal Dose (Human) 

mg/kg 70 kg Individual (150 lb) 

less than 5 a taste (less than 7 drops) 

5-50 between 7 drops and l teaspoonful 

50-500 between teaspoonful and 1 ounce 

500-5 gm/kg between ounce and 1 pint (or l lb) 

15 gm/kg between 1 pint and quart 

above 15 gm/kg more than 1 quart 





III, Threshold limit Value 

The Threshold mit Value (TLV) is the mum concentration of the 

chemical to whi a thy worker can over an eight-hour day. 

40-hour wo without Concen ons are expressed 

in parts per million (ppm) by volume, 

trademark American Conference of 

Governmental I Hygienists. 

IV. Suspected Carcinogenl 

The classifi ion of a chemical as a suspected carcinogen was obtained 

from a National Institute Occupational Safety and Health (NIOSH) report 

(December 1976; see references). The preface to this report states: 

This publication does not indict a substance as a hW?1an carcinogen. 
Rather it reports published data which suggest that the substance has 
caused neoplastic or carcinogenic effects. The experimental designs 
used in the cited studies may be unsuitable for prediction of hW?1an 
effects. Their inclusion in the Registry does not reflect an evalu~ 
ation with respect to the adequacy of the data~ or consideration of 
negative or contradictory studies. 

The National Institute for Occupational Safety and Health (NIOSH) 
identifies a tance as a potential hW?1an carcinogen by means of the 
criteria document process. This involves exhaustive literature review 
and careful consideration by experts leading to a definUive conclusion. 
This subfile is published to serve as a guide to the literature 3 and 
as an indication of those substances which may require further research 
and evaluation. 

1 



Chemical Name 

acetic acid 

2-alkanoxy polyethoxy ethanol 

alkylamine dodecy1benzene sulfonate 

Toxicity 
Rating 

0 

alkyl dimethyl benzylammonium chloride 4 

alkyl dimethyl ethylbenzylammonium chloride 4 

alkyl phenol 2, 3 

N-alkyl-n-ethylmorpholinium ethyl sulfates 

alkyl phenol polyglycol ether 2, 3 

2-amino ethanol 0 

ammonium silicofluoride 4 

amyl acetate 3(?) 

anthraquinone dye 

aqua ammonia 0 

benzaldehyde 3 

bis (tri-n-butyltin) oxide 

n-butyl phthalate 2 

carboxy vinyl polymer 

cas tor oil 2(?) 

certified color 

chlorine dioxide - stabilized 

citric acid 

coconut amide 

coconut fatty acid 

coconut fatty acid - protein condensate 

corn dextrine 

diazo dye 
B-2 

Threshold 
Limit Value 

(ppm) 

10 

3 

12.5 

25 

0' l 

Suspected 
Carcinogen? 

yes 

yes 

yes 

yes 



Chemical Name 

diethylene glycol butyl ether 

diethylene glycol ethyl ether 

dihexyl sodium sulfosuccinate 

dilauryl dimethyl ammonium bromide 

3, dimethyl ~ 4,chlorophenol 

dioctyl sodium sulfosuccinate 

dipropylene glycol 

dodecylbenzenesulfonate 

essential oil 

ethanoldiglycine disodium salt 

ethyl alcoho1-190P, denatured 

ethylenediamine tetraacetic acid - sodium salt 

ethylene glycol 

ethylene glycol butyl ether 

ethylene glycol ethyl ether 

fluorescein color 

fluorochemical emulsion 

fluorochemical surfactant 

formaldehyde with 13% methanol 

formic d 

gl n 

hexachlorophene 

hexylene gl 

hydroxyacetic acid 
B-3 

Toxicity 
Rating 

3 

3 

4 

2 

2(?) 

3 

4 

3 

3 

0 

4(?) 

2 or 3 

Threshold 
Limit Value 

(ppm) 

1000 

100 

2 

5 

25 

Suspected 
Carcinogen? 

yes 

trisodium salt yes 

yes 

yes 

yes 



Chemical Name 

isopropyl alcohol 

lanolin 

latex polymer emulsion 

laurel sulfate, mg-na blend 

lecithin 

lignosulfonate 

linear aliphatic polyether- nonionic 

linear alkylbenzene sulfonate 

metal crosslinked uni-polymer 

methyl salicylate 

mineral spirits - rule 66 

modified coco diethanolamide 

modified linear aliphatic polyether 

myristyl-trimethyl ammonium bromide 

neatsfoot oil 

nitroso dye 

nonylphenol poly (ethyleneoxy) ethanol 

odorless mineral spirits 

oil emulsion 

oleic acid 

o 1 ive oils 

opacifier, clarifying agent 

optical brightener 

organic phosphate ester 

Toxicity 
Rating 

3 

4 

3 

1 

1 

1 

orthobenzyl parachlorophenol - isopropyl solution 3 

B-4 

Threshold 
Limit Value 

(ppm) 

(skin) 
980 mg/m3 

Suspected 
Carcinogen? 

yes 

yes 

yes 



Chemical Name 

loro paraphenyl phenol 

oxyethylated straight chain alcohol 

paradiisobutyl phenoxy-ethoxy 
ethyldimethyl-benzyl ammonium chloride 

paraffin 

perchloroethylene 

perfume - various 

petroleum distillates 

petroleum naptha 

o-phenyl phenol 

phosphor-ic acid 

phthalocyanine dye 

pine oil 

po.ly (methyl vinyl ether/maleic acid) 

potassium hydroxide 

potass ·ium 4-chl oro-2-cycl opentyl phenate 

potassium laurate 

potassium ortho phenylphenate 

Toxicity 
Rating 

4 

4 

3 

3 

3 

3 

3 

potassium s 2 

i um p-te ary amyl phenate 

methyl ether 3(?) 

lytic enzyme 

1 (?) 

artz 

silicone emulsion 
B-·5 

Threshold 
Limit Value 

(ppm) 

2 mg/m3 

670 mg/m3 

(skin) 

2 mg/m3 

100 

Suspected 
Carcinogen? 

yes 

yes 

yes 

yes 

yes 

yes 



Chemical Name 

silicone emulsion, dimethyl-polysiloxane 

soap - high titer tallow 

sodium bicarbonate 

sodium bifluoride 

sodium carbonate 

soidum carboxymethylcellulose 

sodium chloride 

sodium dichloroisocyanurate dihydrate 

sodium dodecyl benzene sulfonate 

sodium 2-ethylhexyl sulphate 

sodium hydrosulphite 

sodium hydroxide 

sodium hypochlorite 

sodium linear alky1ate sulfonate 

sodium metasilicate 

sodium orthosilicate 

sodium perborate monohydrate 

sodium phosphate 

sodium sesquicarbonate 

sodium silicofluoride 

sodium sulfate 

sodium tetraborate pentahydrate 

soidum tripolyphosphate 

sodium xylenesulphonate 

surfactants 

terpineol 

B-6 

To xi city 
Rating 

2 

3 

3 

3 

3 

3 

3(?) 

3(?) 

4 

3 

3(?) 

3 

Threshold 
Limit Value 

(ppm) 

2 mg/m3 

Suspected 
Carcinogen? 

yes 

yes 

yes 

yes 



Chemical Name 

p-tertiary amyl phenol 

tetrahydro-1 ,4-oxazine 

tetrapotassium pyrophosphate 

tetrasodium pyrophosphate 

thermoplastic polyester resin 

triazinty stilbene brightener 

triazole stilbene brightener 

tributoxyethyl phosphate 

l ,1,1 trichlorethane 

triethylene glycol 

3,5,5 trimethyl hexanal 

trisodium n-hydroxy ethylene diamine triacetate 

trisodium phosphate 

wax emulsion 

white mineral oil 

xylene 

B-7 

Toxicity 
Rating 

4 

3(?) 

3 

2(?) 

1 

4 

Threshold 
limit Value 

(ppm) 

350 

435 mg/m3 
(skin) 

Suspected 
Carcinogen? 

yes 

yes 





Appendix C 

PROBABLE PRODUCT COMPOSITION 

This appendix tabulates the probable composition of general classes of 

products used for routine hospital housekeeing. These formulae are 

included to provide guidance as to the chemical formulations of those 

trade name products in Appendix A of unidentified composition. See 

Appendix B for Toxicity Rating criteria. 

Source: Gleason et al. (1969). 





Air Saniti rs 

A'Jkyl dimethyl ethyl benzyl and alkyl dimethyl 
benzyl ammonium compounds* 

Water 

Versene 

May contain: 
Essential ons 
Isopropanol* 
Prope 11 ants 
Propy·l ene glyco 1 
Triethylene glycol 

Bathroom Dedorant 
1. Naphthalene* 

2, Paradichlorobenzene* 

3, Sodium bisulfate* 

Deodorizers 

Toxicity Rating 4 

20% 

Toxicity Rating 4 

Toxicity Rating 3 

Toxicity Rating 3 

(These compounds may or may not contain a trace of perfume) 

Cleanser Type 
L Pine oi1* 

Anhydrous soap 
Water 

2. Quarternary ammonium compound* 
Non-ionic surfactant 
Phosphates 
EDTA 
For metal surfaces9 sodium nitrate 
Synthetic phenols 
Isopro~·anol 
Anhydrous 
EDTA 

Toxicity Rating 3 
60% minimum always 
30% maximum 90% 

10% 

2.5-10% 
0.6-2.5% 
2-3% 
0.5-1% 

3.5-5% maximum 
2-3% 
5-15% 
0.5-1% 

to ma 100% 
Trace amoun color and fragrance 

n: Magnesium sulfate 

C-1 

Toxicity Rating 3 
99% 

1% 



2. Naphthalene* 
Cedar wood 

3. Paraformaldehyde* 

SQra,t Type Dedorizers 
L 1, 1, 1-Trichloroethane 

Isopropanol 
Triethylene glycol 
Dipropylene glycol 
Di-isobutyl phenoxy ethoxy ethyl 

dimethyl benzyl ammonium chloride 
Essenti a 1 oils 
Propellants 

2. Metazene 
Petroleum distillates 
Propellants (Freons) 
May contain: Aluminum chlorhydrol 

2,3.4,5-bis(2-Butylene)tetrahydrofurfural 
Carbon tetrachloride* 
Cellosolve acetate 
Dich1orodif1uoromethanol 
Ethanol 
Fatty esters 
Formaldehyde 
Hexachlorophene 
Lauryl methacrylate 
~1ethoxych 1 or 
Methylene chloride 
Orthophenylphenol 
Paradichlorbenzene* 
Pine oil 
Piperonyl butoxide 
Pyrethri n 
Synthetic surfactants 
Trichloromonofluoromethane 
Wax 
Zinc phenolsulfonate 

perfume 

C-2 

Toxicity Ratin9 4 

80% 
0-20% 

Toxicity Rating 4 
85% 

Toxicity Rating 2 
10% 
6.9% 
4.1% 
4.0% 

0.5% 

Toxicity Rating 2 or 3 
4.0% 
6.0% 
up to 90.0% 

up to 10% 

Toxicity Rating 3 
2-3% 
203% 
trace 
to 100% 



Disinfectants 

d 
Acids 

Acetic 
Alkyl Ca Cla) dimethylbenzylammonium 

chloride 
Ammonium 1 de 
Benzoic acid 
Boric acid* 
Butyric acid 
Carbonic acid 
Chloroacetic acid* 
Citric acid 
Formic and related 
Lactic d 
Propionic acid 
Pyroligenous acid 
Salicylic d* 
Sulfurous aci 

Alkalis 

ds* 

1. Ammonium hydroxide* 
Water 

2. Sodium hydroxide* 
Sodium ca 
Sometimes contain: 

Borax 
urn hydroxide* 

Sodium silicates 
Trisodium phosphate 

Halog_~~ 
L Liquid 

Sodium 
urn 
urn 

Watet~ 

2. 

te* 

ne compound*, e.g. 

b, 

Di 
Di 1 
Pelletizing binders, etc. 

cium hypochlori 
contain: 

urn phosphate 
a zone 

Pine 1 

ash 
urn 

C-3 

Toxicity Rating 4 

No rating 
3-29% 
71-97% 

94% 
2% 

No rating 
5-16% 
0.1-1 . 0% 
5-10% 
84-90% 

Toxicity Rating 3-4 
50-100% 

0-92% 
0,50% 

50-100% 

0-92% 



Iodophor Disinfectants 
--Polyethoxy polypropoxy ethanol-iodine complex 

Nonyl phenyl ether of polyethylene 
glycoliodine complex 

Hydrogen chloride 
(provides 1.6% available iodine) 
or Phosphoric, citric or butyronic acid 

Dairies mostly use organic acids. 

Miscellaneous Disinfectants 
Formaldehyde* 
May contain: 

Mercury compounds 

Phenol Disinfectants 
Chlorophenols e.g., ortho benzyl-p-chlorophenol 

or chloro-2-phenyl phenol (also sodium salts) 
Phenols* (often from coal tar) 

Phenol ) 
Tertiary amyl phenol) 
Cresol ) 
0-Phenylphenol ) 

Versene 
Complex phosphates, e.g., tetrapyro­

phosphate, tripolyphosphate, as K and 
Na salts 

Glycerine 
Soap 
Isopropyl alcohol 
Surfactants, e.g., sodium dodecyl 

benzyl sulfonate 
Water 
May contain: 

Aromatic hydrocarbon solvents* 
("coal tar hydrocarbons or coal tar 

neutral oils") 

Quarternary Ammonium Compounds 
1. Quarternary ammonium compounds* 

Mostly derivatives of dimethyl benzyl­
ammonium chloride 

Water 

2. Quarternary ammonium compounds* 
Ethylene oxide condensate 
Sodium carbonate 
Versene 
Inert ingredients, probably liquid 
Glycerine 
Soap 
Isopropanol 
Sodium dodecyl benzyl sulfonate 

C-4 

Toxicity Rating 2 
7-10% 

7-10% 
0-10% 

Toxicity Rating 3 
20% 

small amount 

3-8% 
Toxicity Rating 4 

20-50% 

1-3% 

1-3% 
1% 
4-30% 

0-20% 

44-58% 

Toxicity Rating 4 
. 20-50% 

to 100% 

Toxicity Rating 3 
3-6% 
6-10% 
2-3% 
0-2% 

1% 
4-30% 
7-20% 



May contain: 
Dyes 
Essential oils 
Ethanol 
Nonyl phenol polyethylene glycol ether 
Nonylphenoxy polyoxy ethylene ethanol 
Sodium tripolyphosphate 

~~Type Disinfectants 
L Isopropanol* 

4'5-dibromsa1icy1anilide 
3,4'5-tribromsalicylanilide 
Other polybrominated salicylanilides 
Inert ingredients, about 70% 
(e.g., propellants such as Freon 11 and 12) 

2. Vancide B (sodium bithionolate) 
Ethanol* 
Water 
Propellant 12 
Propellant 114 

Window Cleaners 

Glass 
---1-.- Butyl celloxolve 

Alcohol 
Wetting agent 
Isopropanol 
Dyes 
Silicone 
Water 
May contain: 

A l ka 1 i 
Ammonia 
Bentonite 
Ce 1 ite 
Essential oils 
Hydrated 1 ime 
Maphthas 
Nonyl phenoxy polyethoxy ethanoliodine comples 
Organic solvents 
Phosphoric acid 
Polyethoxy polypropoxy polyethoxy­

ethanol iodine comples 
Sodium polyphosphate 
Turkey red oi 1 

(carnauba, Japan) 

2. Isopropyl alcohol 
G lyco 1 
Ethylene glycol 

C-5 

Toxicity Rating 3 
up to 30% 
up to 0.45% 
up to .45% 
up to .1% 

0.5% 
25.0% 
54.5% 
4.0% 
16.0% 

Toxicity Rating 2 
3-5% 
3-5% 
0.5-1% 
0-15% 
trace 
trace 
to 100% 

Toxicity Rating 2 
6-25% 
10-11% 
1% 



Surfactant (usually an anionic but 
occasionally a nonionic such as Triton X-200 
or Turkey red oil) 

Water 

3. If a spray, a small amount of Freon 
May contain: 

Dyes ) 
Perfumes ) small amounts 
Phosphates) 
Fillers 

4. Window waxes 
Silica abrasive 
Amine soaps 
Waxes 
Petroleum solvent* 
Ammonium hydroxide 

General Purpose Waxes 
Natural and synthetic waxes and/or resins 
Fatty acid emulsifiers 
Morpholine 
Alphatic* and/or aromatic* (tixicity 

rating 4 if over 25%) petrolsum 
solvents 

Ortho-benzyl-p-chlorophenol 
~1ay contain: 

Alkali 
Ammonia 
Alkyl sodium sulfate 
Borax* 
Burnt umber 
Essential oils 
Greases 
Oil dyes 
Shellac 
S il i ca 
Silicone 
Turpentine 

Toilet Bowl Cleaners (Acid Cleaners) 
Toilet bowl 

1. Solid 
Sodium acid sulfate* 
Octyl or nonyl phenoxy polyethoxy ethanol 
Sodium sulfate 
Sodium acid oxalate* 
1,3-Dichloro-5,5-dimethyl hydantoin* 

(probably similar to chlorinated 
i socyanurates) 

Sodium chloride 
Sodium carbonate 
Perfume (pine oil~ methyl salicylate~ etc.) 
~1ay contain: Alkyl aryl sodium sulfonate 

C-6 

60-85% 
Toxicity Rating 2 

ca. 6% 

Toxicity Rating 2 or 3 

trace 

Toxicity Rating 3 

Toxicity Rating 3 
70-100~~ 

0-3% 
0-2% 

0-95% 
o-1om; 
0-10% 
0-1% 
0-2% 



o- or p-Dichlorobenzene 
Hepta decyl hydroxyethyl imidazoline 

Iodine 
Soda ash 
Sodium metasilicate 
Sodi urn nitrate 
Sodium tripolyphosphate 
Turbifying agents, e.g., 

Polystyrene resin 
Polyacrylate resin 

Tetra sodium pyrophosphate 
2,2' Thiobis (4,6 dichlorphenol) 
Tris(hydroxymethyl)nitromethane 
Versene 
Zinc chloride* 

0.1-0.5% 

*Starred ·ingredients(*) may be responsible for major toxic.effects. 

C-7 
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