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The field of industrial hygiene is concerned, among other things, with the protection of the health of the worker in industry by the elimination of toxic sub­stances from the working atmosphere. Its progress to a highly specialized science has been paced by the development of accurate laboratory methods for the evaluation of air contamination. With the ability to determine these exposures has come the need for standards for interpreting them. This has led to the establishment of tables of maximum allowable con­centrations, which are the highest concentrations of substances in the air which will not injure the average individual during a full working day.
' B asic  Co n siderations

These values are usually given in one of three forms: 1) gaseous proportion, 2) weight, and 3) number of particles. Substances which are dispersed in air in true molecular form as gases or vapors, like chlorine or benzol, are expressed in parts per million, calculated as a gas. On the other4 hand, dusts, fumes and mists, as for instance lead or chromic acid, con­sist of particles of varying size and random distribu­tion, and cannot be expressed in these terms. Most of these concentrations are therefore expressed .as milligrams per cubic meter of air. Occasionally, the value is given as milligrams per ten cubic meters of air, which is considered the average volume inspired by a worker in an eight-hour working day, and is therefore supposed to <give some idea of his actual intake of the toxic substance. A special category has been created for the mineral dusts, such as silica, asbestos and talc, which cause proliferative changes in the lungs. .Since the important factor in these cases appears to be the number of particles inhaled, they are reported as million particles per cubic foot of air, together with the concentration of offending agent in the mineral.
The promulgation of tables of maximum allowable concentrations, or MACs as they are generally referred to, has been a comparatively recent develop­ment. Until about twenty years ago, very few field deaminations of air contaminants were being made, 

other than dust counts. About this time, industrial hygienists began to collect data on injurious indus-
* Press uteri a t  the lXtli A nnual Safety Convention of the G reater New York Safety Council, A pril 16th, 1948.

trial exposures and to correlate it with the toxic of various gases, vapors, fumes, mists dusts, determined largely by animal experimentation,^ and based in most instances on lethal dosage. This material was then organized into tables of maximum allowable concentrations by several State agencies concerned with protecting the health of their workers.The establishment of these criteria created a need for further analytical techniques, and portable equipment for analyzing or sampling air in the field. As .these problems were solved one by one, data on exposures under actual working conditions began to be amassed, and more experimental research was undertaken, so that today there has been accumulated considerable material on which the present tables are based.
In order to discuss the means of arriving at a max­imum allowable concentration, and its applications and limitations, it is necessary to review the considerations which enter into establishing such a criterion. One is the mode of action on the body. Some substances, such as lead or carbon tetrachloride, are systemic poi­sons, which are taken up by the blood stream and car­ried to all the tissues, giving rise to toxic symptoms in many parts of the body. Others, like silica dust, remain in the respiratory tract and exert their pri­mary injurious effect there. Still others, for example ammonia, exhibit mainly a severe- irritant reaction on the respiratory tract, which tends to clear up after the individual leaves the environment. Then there is a large group, including many solvents such as the acetates and( ketones, which evoke an unpleasant sens­ory reponse or a mild irritation to the mucous mem­branes, but must be considered more obnoxious than toxic.
Another consideration is the tendency of the toxic substance to accumulate in the body. This is deter­mined by the manner of elimination of the substance, and is usually in inverse proportion to the rate of excretion. Some substances, systemic poisons like Ieadj or local poisons like silica, are cumulative in the tia—1 sues, and may only evidence a toxic effect aft<§ ^  months or years of exposure. Others, such as carbon 

monoxide or carbon tetrachloride, exert their toxie2 I effect only during and shortly after exposure. T h ^ f j ;  does not mean, however, that the toxic effect itself not cumulative, as repeated small insults to an orgaSP5*4 may eventually result in considerable disability.
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Building Plans
.Sources of DataWith these considerations in mind, therefore, let us see how the MAC values have been established. The first basis in most instances has been animal experimentation. When a substance is suspected of being toxic, tests are made on a variety of animals by as many routes as is practical: inhalation, feeding, patch testing on the skin and eyelids, and injection under the skin, into? the muscles, the veins, the abdom­inal cavity, the trachea and any other parts of the body that might be indicated. By varying the dosage widely, it is possible to determine, not only how much of the substance is necessary to kill the animals, but also how much causes minimal symptoms and what parts of the body are most sensitive to it. From this are determined the! toxic range within which the substance appears to fall, and what signs of poisoning to look for in individuals exposed to it.There are, however, several limitations inherent ‘in this method. First, the reaction of any one type of animal to a toxic substance is no proof that a human being or any other animal will react similarly. The use of a variety of animals sometimes mitigates this factor to some extent, but frequently the range of response of the various species, not only quantita­tively, but even qualitatively, renders the problem even more complex.A second limitation is the difficulty of fully evalu­ating the cumulative effects of a toxic compound. For one thing, the life span of most experimental animals is much shorter than that of humans, sot that it is impossible to demonstrate the effects'which only appear after years of exposure. Even when the expos­ure can be compressed within their life time, the difficulties of conducting such long drawn out experi­ments are almost insuperable, particularly in inhala­tion1 studies. This, of course, is not a problem where the toxin is known to be non-cumulative.The other basis for establishing a maximum allow­able concentration is by data obtained^ from observa­tions on humans. Although a few experiments on

laboratory exposure of individuals ta toxic substances have been performed, by far the greatest part' of this data has been collected by observations in the field. When one or more workers become ill from an expos­ure which can be determined, an upper limit is estat - lished, and a tentative MAC can be set sufficiently below that limit to allow an adequate margin of safety. When a group of workers have been shown to toler­ate aj determined exposure for an adequate length of time with no toxic signs or symptoms, this can be assumed as a safe exposure. Further information is sometimes obtained by surveying a group of workers for medical evidence of poisoning while simultane­ously studying the air contamination. As more data accumulates, the standard can be set more accurately, but it is easy to see that a great many determinations are necessary before any statistical accuracy is pos­sible.
There are many limitations to this technique also. Except for the field surveys just mentioned, ekpos- ures are practically never determined at the time the workers become ill, and have to be measured and eval­uated after the fact. All the potential errors inherent in determining the concentrations to which the work­ers are actually exposed, which will be discussed in detail later, affect the validity of any observation. Furthermore, in borderline over-exposurees, it is often difficult to differentiate symptoms due to industrial poisoning from those of non-industrial diseases to which any worker might succumb. Then the range of individual idiosyncrasy must be considered. On the one hand, a few individuals will always prove so susceptible to certain toxic substancees that it is often unfair to use their reactions as a criterion for an upper limit, and it may be necessary to exclude them from an industry in which they are exposed to sub­stances to which they are hypersensitive. In addition, sonie workers may be over susceptible because of disease or personal habits: the ultrasensitivity of chronic alcoholics and people with liver diseasei to1 car­bon tetrachloride is a good example. On the other hand, it has been found that natural selection tends to eliminate from certain industries all but those who are relatively insensitive to the poisonous substances handled. To use the toxic thresholds of these work­ers, therefore, as a basis for establishing a safe expos­ure creates the danger of setting the MAC too high and endangering the worker of average susceptibility entering the occupation. Finally, the disease picture in acute poisoning is often very different from that in the chronic; so that the absence of acute symptoms in a group of workers is no indication that they are not exposed to. concentrations of a toxic substance which will cause chronic poisoning in a period of time. As an example, the failure of a worker exposed to benzol vapors to demonstrate acute symptoms severe enough to require medical attention is no guarantee that he may not develop an aplastic anemia several years later.In the case of those substances characterized by their irritating qualities rather than by specific toxic' effects, the establishment of MACs is attended by still further difficulties. The original MAC tables were promulgated on toxic effects, and their extension to the relatively non—toxic solvent vapors has brought in the new concept of considering the discomfort of the workers as well. The result has been that in some cases, the MAC has been set at the sensory limits determined by controlled observations on humans, as
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for example, methyl ethyl ketone or turpentine; while in. others, a compromise value has been adopted which is lower than necessary to protect a worker from poi­soning, and yet too high for optimum working condi­tions, as was done with acetone and ethyl acetate. A careful; evaluation of the basis for one of these MACs is therefore necessary in order to apply it to a par­ticular situation.
Occasionally, correlation between animal experi­ments and human observation supplies still further information. This is usually done in a series of stan­dardized experiments known as range-finding tests, which are utilized .in giving a tentative MAC to new organic compounds which are developed for industrial use. A limited series of acute exposures are made on several groups of animals of different species, using a widely distributed range of dosage. On the basis of pathology, reactions to varying concentrations, and lethal dosage, thé toxicity is compared with that of a chemically related poison with an accepted MAC, and an approximate MAC set for the new compound. These tentative MACs can then be used as an indica­tion of the safety of the particular corftpound, and as a guide in planning adequate control measures.
It should be understood that all MAC values, even those which have been established for many years, are not immutable, and periodic revision of the values is constantly being made by both the governmental agen­cies and semi-official organizations responsible for their establishment and application.

I ndustrial Applications
Having seen how these criteria are established, and arrived at some) understanding of their limitations, the next consideration is their application. The primary use is as a yardstick for surveying the hazards of an industrial process. With an adequate means for measuring the concentration of a toxic substance in the air, the presence and location of amounts in excess of the MAC can'be determined, and the necessity for control measures established. For example, analysis of lead dust and fumes in the air at the various opera­tions in the manufacture and assembly of storage batteries will indicate where the MAC is being exceeded, and what steps must be taken to render the plant safe. Evaluation of a new potentially hazardous process m the pilot plant stage will often indicate the necessary controls . before large scale operations are commenced, and avoid expensive alterations at a later date.
Another use for the MAC is in planning industrial ventilation. If the quantity of a toxic substance which will be released into the workroom atmosphere in a given time is known, then the volume in cubic feet of general ventilation necessary to dilute it below the MAC can be calculated. In this way, a ventilation system can be designed which will afford adequate protection to the workers without the cost and discom­fort of an inordinately large circulation of air. A good illustration of this procedure would be planning the ventilation for a paint-dipping operation, under cir- cumstancees where the composition of the solvent and the approximate volume of paint to be used daily would be fairly constant.Quite frequently, the MAC serves as a guide to, the selection of a safer solvent. Where the choice of sev­eral solvents is available, and other factors need not be considered, then the use uf the one with the liigh-

est MA'C is always preferable, both because it is, safe- est and easiest to handle, and because it reduces the ventilation requirements. Due consideration to vapor pressures at room temperatures must be given, how­ever, since a low-boiling liquid, even though it has a higher MAC, may actually result in a more toxic atmosphere because of higher concentrations. Usually the decision is complicated by factors such as effec­tiveness, cost and availability of the solvent, but the MAC should always be given its proper weight., Sim­ilarly, when an excessive exposure to a! particular sol­vent has been shown, substitution of a less toxic sub­stance is. a control measure of choice, and the table of MACs is a very helpful guide in making the pro­per selection.A further application of an MAC might be in, eval­uating the exposure of an individuaj worker. Where certain symptoms were complained of which might or might not be due to a particular toxic substance handled by. him, knowledge of whether the air concen­trations were significantly below the recognized toxic limits would be very helpful to the physician treating him. A great deal of caution must be used in- such an evaluation, however, because of the wide range of individual susceptibility to many substances. In a given situation, where the diagnosis was definite but no evidence of exposure in excess of the MAC could be found, and where the toxic symptoms were con­fined to one particular worker, the indications might favor transfer to other work of that particular indi­vidual because of his hypersensitivity, rather than the installation of unnecessarily severe controls.
L imitations and P itfallsAs has been mentioned before, the basis for both the determination and application of an MAC hinges in most instances on proper determination of air con­centrations. It is not the purpose of this paper to dis­cuss in detail the technique of air tests, which is a complete topic in itself; but some consideration of the problems involved' is necessary in, order to understand fully the limitations of MACs and avoid the pitfalls of faulty application.Since in almost all instances the portal of entry is the mouth and nose, it is of primary importance that determinations be made in the breathing zone of the worker. There are some occasions where the concen­tration of the toxic substance is uniform throughout the workroom, as for example in many painting opera­tions where no local exhaust ventilation has been installed; but in general, the concentration drops rapidly with distance from the source. In this case, a general room sample would be meaningless. It is necessary to follow the worker for a considerable period of time, with the sampling tube either held close to his face or actually attached to it. The sam­ple thus obtained will correspond fairly exactly with the average contamination of the air breathed in by the worker.It is also extremely important to have a thorough understanding of the process being surveyed, in order to insure that the sample obtained represents an average exposure of the worker. Many examples of this can be cited. In studying the exposure of foundry workers to metal fumes, it is necessary to follow the worker through an entire cycle of operations, includ­ing filling the ladle, drossing, and pouring into the miilds, and to he sure that these operations constitute a representative schedule for the particular foundry.
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A low melting alloy may be in use for the particular pour tested, or the casting of one large mold instead of a series of small ones may give an entirely different picture than that usually present. The exposure at a degreasing tank is controlled to a great extent by the size of the objects being cleaned, the speed at which they are removed from the tank, and their tendency to trap solvents in concavities. The fact that the concen­tration is below the MAC for the particular solvent when the parts are neatly stacked with .concavities downward and are lifted out slowly is no guarantee of safety unless it is shown that this is normal oper­ating procedure for the plant. Certain types of equip­ment will have variable exposures even during appar­ently continuous operation. For example, dust con­centrations will be highest in th& beginning when mix­ing a dry powder with a solvent, but will rise steadily in a crushing operation, as more fine particles are created. In such processes, failure to include a full cycle, including loading and unloading operations, would destroy the value of any sample taken.
Seasonal variation, too, must be evaluated in mak­ing air tests. During the warmer months, there is a marked increase in general room ventilation because windows and doors can be kept open, which tends to reduce the concentration of air contaminants. This is partially overcome in the case of solvents, where higher temperatures- may cause increased vaporiza­tion. A further factor is the seasonal fluctuation in production found in many industries, which may cause concomitant fluctuations in the quantities of toxic substances handled. All these factors should be investigated at the time are tests are made, and due allowance made for them, particularly when recon­structing the exposure under which a worker be­came ill.
With cumulative poisons, such as lead or mercury, a sample of a representative working cycle, taken in tha breathing zone of the worker, can be directly com­pared with the MAC, since it indicates the amount of toxic substance inhaled in a given period of time. With acute irritants and many volatile solvents, how­ever, still another factor has to be considered: fluctua­tion. A concentration of 50 parts per million over a half-hour sampling period may represent a vapor evenly distributed during that time, or it may equally well represent 200 parts per million for five minutes and 20 4for the remainder of the time. The latter exposure to a solvent with an MAC of 50 parts per million might be pronounced safe on the basis of an air test, and yet the workers might be subject to irri­tation during the brief periods of higher exposure. Furthermore, for complex physiological reasons involv­ing rates and avenues of excretion, and relative solu­bilities in blood and tissues, a worker might retain a great deal more of a poison when exposed to a fluctuating concentration, than to a constant one of the same average level. For these reasons, there are instances where a technique for rapid sampling' is indi­cated, with frequent observations throughout the work­ing cycle to catch the peaks. Recently, several new instruments for making rapid air analyses have appeared, and thd data obtained with them may throw much new light on this problem.
In the case of many inorganic compounds, their sol­ubility products and other chemical properties must also be considered. For example, lead borosilicate has been substituted for other, more toxic, lead salts in

the manufacture of pottery glazes because of its great insolubility, which causes it to be absorbed more slowly from the lungs after deposition. On the other hand, occasionally certain salts of a metal appear to- t. j  be more taxic then the metal itself, due to the addi^F* 'i effect of the acid radical. Barium peroxide and possi­bly lead chromate are instances of this.Qne final word of caution. In using an MAC to determine whether a particular substance can be used safely in a given situation, the question of exposure over and above that produced by the established oper­ating procedure must be evaluated. Where leaks, spills or other accidents are frequent, they may expose the workers to dangerous concentrations of vapor which would not be picked up by a single air test. Also, the natural tendency of a worker to disregard safety precautions when they inconvenience him must be allowed for.
Co n c l u sio n s' Ip conclusion,, then, there are a number of fields of application in industrial hygiene for the tables of maxi­mum allowable concentrations. They can be used as a yardstick in surveying industrial processes and elect­ing organic solvents from the point of view of safety. They are useful in planning ventilation for many potentially hazardous operations. They will often be of value in determining whether a worker might have been poisoned. Care must be taken, however, to con­sider all the variables which might affect the applica­tion of an MAC to a particular situation, and to insure that the air tests with which it is compared truly represents the concentration of toxic substances to which the worker is exposed. Lastly, it must be remembered that the MACs are not unchangeable■ <m&l constants, but rather values which have been estab- lished  ̂on the basis of limited experience with animal experimentation and human observation, and therefore subject to revision as further information throws new light on their reliability. For this reason, it is in gen­eral preferable not to seek to have fixed values estab­lished by law or written into codes, but rather to use them as guides for purposes of control; so that due allowance can be made for special circumstances, developing concepts or new data.
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ERRATUMIn the November 1848 issue of the Monthly Re­view, in an article by Harris on Paints, Lacquers and Lumber, Talc was listed in Table 3 under* “Highly Toxic” materials, This was an error. It should have appeared in the record column under “Less Toxic” natures.
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The field of industrial hygiene is concerned, among other things, with the protection ot the health of the worker in industry by the elimination of toxic sub­stances from the working atmosphere. Its progress to a highly specialized science has been paced by the development of accurate laboratory methods for the evaluation of air contamination. With the ability to determine these exposures has come the need for standards for interpreting them. This has led to the establishment of tables of maximum allowable con­centrations, which are the highest concentrations of substances in the air which will not injure the average individual during a full working day.
Basic Considerations

These values are usually given in one of three forms: 1) gaseous proportion, 2) weight, and 3) number of particles. Substances which are dispersed in air in true molecular form as gases or vapors, like chlorine or benzol, are expressed in parts per million, calculated as a gas. On the other4 hand, dusts, fumes and mists, as for instance lead or chromic acid, con­sist of particles of varying size and random distribu­tion, and cannot be expressed in these terms. Most of these concentrations are therefore expressed as milligrams per cubic meter of air. Occasionally, the value is given as milligrams per ten cubic meters of air, whirii is considered the average volume inspired by a worker in an  eight-hour working day, and is therefore supposed to give some idea of his actual intake of the toxic substance. A special category has been created for the mineral dusts, such as silica, asbestos and talc, which cause proliferative changes in the lungs. Since the important factor in these cases appears to be the number of particles inhaled, they are reported as million particles per cubic foot of air, together with the concentration of offending agent in the mineral.
The promulgation of tables of maximum allowable concentrations, or MACs as they are generally referred to, has been a comparatively recent develop­ment. Until about twenty years ago, very few field determinations of air contaminants were being made, other than dust counts. About this time, industrial hygienists began to collect data on injurious indus­
* Prestiiterl a t fins'18tli A nnual Safety Convention of Liu* G reater New York Safety Council, April 16tU, 1948.

trial exposures and to correlate it with the toxic effects of various gases, vapors, fumes, mists and dusts, determined largely by animal experimentation, and based in most instances on lethal dosage. This material was then organized into tables of maximum allowable concentrations by several State agencies concerned with protecting the health of their workers. The establishment of these criteria created a need for further analytical techniques, and portable equipment for analyzing or sampling air in the field. As these problems were solved one by one, data on exposures under actual working conditions began to be amassed, and more experimental research was undertaken, so that today there has been accumulated considerable material on which the present tables are based.
In order to discuss the means of arriving at a max­imum allowable concentration, and its applications and limitations, it is necessary to review the considerations which enter into establishing such a criterion. One is the mode of action on the body. Some substances, such as lead or carbon tetrachloride, are systemic poi­sons, which are taken up by the blood stream and car­ried to all the tissues, giving rise to toxic symptoms in many parts of the body. Others, like silica dust, remain in the respiratory tract and exert their pri­mary injurious effect there. Still others, for example ammonia, exhibit mainly a severe irritant reaction on the respiratory tract, which tends, to clear up after the individual leaves the environment. Then there is a large group, including many solvents such as the acetates and| ketones, which evoke an unpleasant sens­ory reponse or a mild irritation to the mucous mem­branes, but must be considered more obnoxious than toxic.
Another consideration is the tendency of the toxic substance to accumulate in the body. This is deter­mined by the manner of elimination of the substance, and is usually in inverse proportion to the rate of excretion. Some substances, systemic poisons like lead or local poisons like silica, are cumulative in the tis­sues, and may only evidence a toxic effect after months or years of exposure. Others, such as carbon monoxide or carbon tetrachloride, exert their toxic effect only during and shortly after exposure. This does not mean, however, that the toxic effect -itself is not cumulative, as repeated small insults to mi organ may eventually result in considerable disability.
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for example, methyl ethyl ketone or turpentine; while in others, a compromise value has been adopted which is lower than necessary to protect a worker from poi­soning, and yet too high for optimum working condi­tions, as was done with acetone and ethyl acetate. A careful- evaluation of the basis for one of these MACs is therefore necessary in order to apply it to a par­ticular situation.
Occasionally, correlation between animal experi­ments and human observation supplies still further information. This is usually done in a series of stan­dardized experiments known as range-finding tests, which are utilized in giving a tentative MAC to new organic compounds which are developed for industrial use. A limited series of acute exposures are made on several groups of animals of different species, using a widely distributed range of dosage. On the basis of pathology, reactions to varying concentrations, and lethal dosage, the toxicity is compared with that of a chemically related poison with an accepted MAC, and an approximate MAC set for the new compound. These tentative MACs can then be used as an indica­tion of the safety of the particular compound, and as a guide in planning adequate control measures.
It should be understood that all MAC values, even those which have been established for many years, are not immutable, and periodic revision of the values is constantly being made by both the governmental agen­cies and semi-official organizations responsible for their establishment and application.

I ndustrial Applications
Having seen how these criteria are established, and arrived at some] understanding of their limitations, the next consideration is their application. The primary use is as a yardstick for surveying the hazards of an industrial process. With an adequate means for measuring the concentration of a toxic substance in the air, the presence and location of amounts in excess of the MAC can'be determined, and the necessity for control measures established. For example, analysis of lead dust and fumes in the air at the various opera­tions in t|ie manufacture and assembly of storage batteries wilt indicate where the MAC is being exceeded, and what steps must be taken to render the plant safe. Evaluation of a new potentially hazardous process in the pilot plant stage will often indicate the necessary controls before large scale operations are commenced, and avoid expensive alterations at a later date.
Another use for the MAC is in planning industrial ventilation. If the quantity of a toxic substance which will be released into the workroom atmosphere in a given time is known, then the volume in cubic feet of ¡general ventilation necessary to dilute it below the MAC can be calculated. In this way, a ventilation system can be designed which will afford adequate protection to the workers without the cost and discom­fort of an inordinately large circulation of air. A good illustration of this procedure would be planning the ventilation for a paint-dipping operation, under cir- cumstancees where; the composition of the solvent and the approximate volume of paint to be used daily would be fairly constant.Quite frequently, the MAC serves as a guide to the selection of a safer solvent. Where the choice of sev­eral solvents is available, and other factors need not lie considered, then the use of the une with the high­

est MAC is always preferable, both because it is safe- est and easiest to handle, and because it reduces the ventilation requirements. Due consideration to vapor pressures at room temperatures must be given, how­ever, since a Iow-boifing liquid, even though it has a higher MAC, may actually result in a more toxic atmosphere because of higher concentrations. Usually the decision is complicated by factors such as effec­tiveness, cost and availability of the solvent, but the MAC should always be given its proper weight. Sim­ilarly, when an excessive exposure to a1 particular sol­vent has been shown, substitution of a less toxic sub­stance is a control measure of choice, and the table of" MACs is a very helpful guide in making the pro­per selection.A further application of an MAC might be in. eval­uating the exposure of an individual worker. Where certain symptoms were complained of which might or might not be due to a particular toxic substance handled by, him, knowledge of whether the air concen­trations were significantly below the recognized toxic limits would be very helpful to the physician treating him. A great deal of caution must be used in- such an evaluation, however, because of the wide range of individual susceptibility to many substances. In a given situation, where the diagnosis was definite but no evidence of exposure in excess of the MAC could be found, and where the toxic symptoms were con­fined to one particular worker, the indications might favor transfer to other work of that particular indi­vidual because of his hypersensitivity, rather than the installation of unnecessarily severe controls.
Limitations and P itfallsAs has been mentioned before, the basis for both the determination and application of an MAC hinges in most instances on proper determination of air con­centrations. It is not the purpose of this paper to dis­cuss in detail the technique of air tests, which is a complete topic in itself; but some consideration of the problems involved is necessary in order to understand fully the limitations of MACs and avoid the pitfalls of faulty application.Since in almost all instances the portal of entry is the mouth and nose, it is of primary importance that determinations be made in the breathing zone of the worker. There are some occasions where the concen­tration of the toxic substance is uniform throughout the workroom, as for example in many painting opera­tions where no local exhaust ventilation has been installed; but in' general, the concentration drops rapidly with distance from the source. In this case, a general room sample would be meaningless. It is necessary to follow the worker for a considerable period of time, with the sampling tube either held close to his face or actually attached to it. The sam­ple thus obtained will correspond fairly exactly with the average contamination of the air breathed in by the worker.It is also extremely important to have a thorough understanding of the process being surveyed, in order to insure that the sample obtained represents an average exposure of the worker. Many examples of this can be cited. In studying the exposure of foundry workers to metal fumes, it, is necessary to follow the worker through an entire cycle of operations, includ­ing filling the ladle, drossing, and pouring into the molds, and to he sure that these operations constitute a representative schedule for the particular foundry.
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Building Plans
S ources op DataWith these considerations in mind, therefore, let us see how the MAC values have been established. The first basis in most .instances has been animal experimentation. When a substance is suspected of being1 toxic, tests are.made op a variety of animals by as many routes as is practical: inhalation, feeding, patch testing on the skin and eyelids, and injection under the skin, into? the muscles, the veins, the abdom­inal cavity, the trachea and any other parts of the body that might be indicated. By varying the dosage widely, it is possible‘to determine, not only how much of the' substance is necessary to kill the animals, but also how much causes minimal symptoms and what parts of the body are most sensitive to it. From this are determined the! toxic range within which the substance appears to fall, and what signs of poisoning to look for in individuals exposed to it. _ .There are, however, several limitations inherent in this method. First, the reaction of any one type of -animal to a toxic substance is no proof that a human being or any other animal will react similarly. The use of a variety of animals sometimes mitigates this factor to some extent, but frequently the range of response of the various species, not only quantita­tively, but even qualitatively, renders the problem even more complex.A second limitation is the difficulty of fully evalu­ating the cumulative effects of a toxic compound. For one thing, the life span of most experimental animals is much shorter than that of humans, sd that it id impossible to demonstrate the effects which only appear after years of exposure. Even when the expos­u re  catn be compressed within their life time, the difficulties of conducting such long drawn out experi­ments are almost insuperable, particularly in inhala­tion’ studies. This, of * course, is not a problem where the toxin is known to be non-cumulative.The other basis for establishing a maximum, allow­able concentration is by data obtained ..from observa­tions on humans. Although a few experiments on

laboratory exposure of individuals to, toxic substances have been performed, by far the greatest part* of this data has been collected by observations in the field. When one or more workers become ill from an expos­ure which can be determined, an upper limit is estal; - fished, and a tentative MAC can be set sufficiently below that limit to allow an adequate margin of safety. When a group of workers have been shown to toler­ate a) determined exposure for an adequate length of time with no toxic signs or symptoms, this ‘ can be assumed as a safe exposure. Further information is sometimes obtained by surveying a group of workers for medical evidence of poisoning while simultane­ously studying the air contamination. As more data accumulates, the standard can be set more accurately, but it is easy to see that a great many determinations aré necessary before any statistical accuracy is pos­sible.
There are many limitations to this technique also. Except for the field surveys just mentioned, expos­ures are practically never determined at the time the workers become ill, and haye to be-measured and eval­uated after the fact. All the potential errors inherent in determining the concentrations to which the work­ers are actually exposed, which will be discussed in detail later, affect the validity of any observation. Furthermore, in borderline over-exposurees, it is often difficult to differentiate symptoms due to industrial poisoning from those of non-industrial diseases to which any worker might, succumb. Then the range of individual idiosyncrasy must be considered. On the' one hand, a few ‘individuals will always .prove so susceptible to certain toxic substancees that it is often unfair to use their reactions as a criterion for an upper limit, and it may be necessary to exclude them from an industry in which they are exposed to sub­stances to which they are hypersensitive. In addition, some workers may be oversusceptible because of disease or personal habits.: the ultrasensitivity of chronic alcoholics and people with fiver disease? ttf car­bon tetrachloride is a good example. On the other hand, it has been found that natural selection tends to eliminate from certain industries all but those who are relatively insensitive to the poisonous substances handled. To use the toxic thresholds of these work­ers, therefore, as a basis for establishing a safe' expos­ure creates the danger of setting the MAC too high and endangering the worker of average susceptibility entering the occupation. Finally, the disease picture in acute poisoning is often very different from that in the chronic; so -that the absence of acute symptoms in a group of workers is no indication that they are not exposed to, concentrations of a toxic substance which will cause chronic poisoning in a period of time. As an example, the failure of a worker exposed to benzol vapors to demonstrate acute symptoms severe enough to require medical attention is no guarantee that he may not develop an aplastic anemia several years later.In the case of those substances characterized by their irritating qualities rather than by specific toxic- effects, the establishment of MACs is attended by still further difficulties. The original MAC tables were promulgated on toxic effects, and their extension to the relatively non—toxic solvent vapors has brought in the new concept of considering the discomfort of the 

workers as well. The result has been that in some cases, the MAC has been set at the sensguy limits determined by Controlled observations on humans, as
6



for example, methyl ethyl ketone or turpentine; while in others, a compromise value has been adopted which is lower than necessary to protect a worker from poi­soning, and yet too high for optimum working condi­tions, as was done with acetone and ethyl acetate. A careful) evaluation of the basis for one of these MACs is therefore necessary in order to apply it to a par­ticular situation.
Occasionally, correlation between animal experi­ments and human observation supplies still further information. This is usually done in a series of stan­dardized experiments known as range-finding tests, which are utilized in giving a tentative MAC to new organic compounds which are developed for industrial use. A limited series of acute exposures are made on several groups of animals of different species, using a widely distributed range of dosage. On the basis of pathology, reactions to varying concentrations, and lethal dosage, the toxicity is compared with that of a chemically related poison with an accepted MAC, and an approximate MAC set for the new compound. These tentative MACs can then be used as an indica­tion of the safety of the particular compound, and as a guide in planning adequate control measures.
It should be understood that all MAC values, even those which have been established for many years, are not immutable, and periodic revision of thei values is constantly being made by both the governmental agen­cies and semi-official organizations responsible for their establishment and application.

Industrial A pplications
Having seen how these criteria are established, and arrived at some) understanding of their limitations, the next consideration is their application. The primary use is as a yardstick for surveying the hazards of an industrial process. With an adequate means for measuring the concentration of a toxic substance in the air, the presence and location of amounts in excess of the MAC can'be determined, and the necessity for control measures established. For example, analysis of lead dust and fumes in the air at the various opera­tions in t\ie manufacture and assembly of storage batteries will indicate where the MAC is being exceeded, and what steps must be taken to render the plant safe. Evaluation of a new potentially hazardous process in the pilot plant stage will often indicate the necessary controls before large scale operations are commenced, and avoid expensive alterations at a later date.
Another use for the MAC is in planning industrial ventilation. If the quantity of a toxic substance which will be released into the workroom atmosphere in a given time is known, then the volume in cubic feet of general ventilation necessary to dilute it below the MAC can be calculated. In this way, a ventilation system can be designed which will afford adequate protection to the workers without the cost and discom­fort of an inordinately large circulation of air. A good illustration of this procedure would be planning the ventilation for a paint-dipping operation, under cir- cumstancees where the composition of the solvent and the approximate volume of paint to be used daily would be fairly constant.Quite frequently, the MAC serves as a guide to the selection of a safer solvent. Where the choice of sev­eral solvents is available, and other factors need not be considered, then the use of the one with the higli-

est MAC is always preferable, bath because it is safe- est and easiest to handle, and because it reduces the ventilation requirements. Due consideration to vapor pressures at room temperatures must be given, how­ever, since a low-boiling liquid, even though it has a higher MAC, may actually result in a more toxic atmosphere because of higher concentrations. Usually the decision is complicated by factors such as effec­tiveness, cost and availability of the solvent, but the MAC should always be given its proper weighty Sim­ilarly, when an excessive exposure to a! particular sol­vent has been shown, substitution of a less toxic sub­stance is a control measure of choice, and the table of MACs is a very helpful guide in making the pro­per selection.A further application of an MAC might be in, eval­uating the exposure of an individual worker. Where certain symptoms were complained of which might or might not be due to a particular toxic substance handled by. him, knowledge of whether the air concen­trations were significantly below the recognized toxic limits would be very helpful to the physician treating him. A great deal of caution must be used iri such an evaluation, however, because of the wide range of individual susceptibility to many substances. In a given situation, where the diagnosis was definite but no evidence of exposure in excess of the MAC could be found, and where the toxic symptoms were con­fined to one particular worker, the indications might favor transfer to other work of that particular indi­vidual because of his hypersensitivity, rather than the installation of unnecessarily severe controls.
L imitations and P itfallsAs has been mentioned before, the basis for both the determination and application of an MAC hinges in most instances on proper determination of air con­centrations. It is not the purpose of this paper to dis­cuss in detail the technique of air tests, which is a complete topic in itself; but some consideration of the problems involved is necessary in. order to understand fully the limitations of MACs and avoid the pitfalls of faulty application.Since in almost all instances the portal of entry is the mouth and nose, it is of primary importance that determinations be made in the breathing zone of the worker. There are some occasions where the concen­tration of the toxic substance is uniform throughout thé workroom, as for example in many painting opera­tions where no local exhaust ventilation has been installed ; but in general, the concentration drops rapidly with distance from the source. In this case, a general room sample would be meaningless. It is necessary to follow the worker for a considerable period of time, with the sampling tube either held close to his face or actually attached to it. The sam­ple thus obtained will correspond fairly exactly with the average contamination of the air breathed in by the worker.It is also extremely important to have a thorough understanding of the process being surveyed, in order to insure that the sample obtained represents an average exposure of the worker. Many examples of this can be cited. In studying the exposure of foundry workers to metal fumes, it, is necessary to follow the worker through an entire cycle of operations, includ­ing filling the ladle, drossing, and pouring into the molds. and to he sure that these operations constitute a representative schedule fur the particular foundry.
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A low melting alloy may be in use for the particular pour tested, or the casting of one large mold instead of a series of small ones may give an entirely different picture than that usually present. The exposure at a degreasing tank is controlled to a great extent by the size of the objects being cleaned, the speed at which they are removed from the tank, and their tendency to . trap solvents in concavities. The fact that the concen­tration is below the MAC for the particular solvent when the parts are neatly stacked with concavities downward and „are lifted out-slowly is no guarantee of safety unless it is shown that this is normal oper­ating procedure for the plant. Certain types of equip­ment will have variable exposures even during appar­ently continuous operation. - For example, dust con­centrations wilL be highest in thèc beginning when mix­ing a dry powder with a solvent, but wilt rise steadily in a crushing operation, as more fine particles are created. In such processes, failure to include a full cycle, including loading and unloading operations, would destroy the value of any sample taken.
.Seasonal variation, too, must be evaluated in mak­ing air tests. During the warmer months, there is a marked increase in general room ventilation because windows and doors can be kept open, which tends to reduce the concentration of air contaminants. This is partially overcome in the case of solvents, where higher temperatures may cause increased vaporiza­tion. - A further factor is the seasonal fluctuation in production found in many industries, which may cause concomitant fluctuations in the quantities of toxic substances handled. All these factors should be investigated at the time are tests are made, and due allowance made for th^m, particularly when recon­structing the exposure under which a worker be­came ill.
\i\rith cumulative poisons, such as lead or mercury,- à sample of a representative working cycle, taken in tha breathing zone of thè worker, can be directly com­pared with the MAC, since it indicates the- amount of toxic substance inhaled in a given period of time. With acute irritants and many volatile solvents, how­ever, still another factor has to be considered: fluctua­tion. A  concentration of 50 parts ,per million over- a half-hour sampling period\ "may represent a vapor evenly distributed during that time, or it may equally well represent 200 parts per million for .five minutes .and ,20 for the remainder of the time. The latter exposure to a solvent with an MAC of 50 parts per million might be pronounced safe on the basis of an air test, and yet the workers might be. subject to irri­tation during the brief periods of higher exposure. Furthermore, for complex physiological reasons involv­ing rates and avenues of excretion, and relative solu­bilities iri blood and tissues, a worker, might retain a. great deal more of a poison when exposed- to a fluctuating concentration, than to a constant one of the same average level. For these reasons, there are instances where a technique for rapid sampling! is indi­cated, with frequent observations throughout the work­ing cycle to catch the peaks. Recently, several new „ instruments for making rapid air analyses have appeared, and thtì data obtained with them may1 throw much new light on this problem.
In the case of many inorganic compounds, their sol­ubility products and other chemical properties must also be considered. .For example, lead borosilicate has been substituted for other, more toxic, lead salts in

the manufacture of pottery} glazes because of its great insolubility, which causes it to be absorbed more slowly from the lungs after deposition. On the other hand, occasionally certain salts of a metal appear to be more taxic then the metal itself, due to the added effect of the "acid radical. Barium peroxide and possi­bly lead chromate are instances of this.One final word of caution. In using an MAC to determine whether a particular substance can be used safely in a given situation, the question of exposure over and above that produced by the established oper­ating procedure must be evaluated. Where leaks, spills or other accidents are frequent, they may expose the workers to dangerous concentrations of vapor which would not be picked up by a single air test. Also, the natural tendency of a worker to disregard safety precautions when they inconvenience him must be allowed for.
Co n c lu sio n sIp conclusion^ then, there are a number of fields of application in industrial hygiene for the fables of maxi­mum allowable concentrations. They can be used as a yardstick in surveying industrial processes and elect­ing organic solvents from the point of view of safety. They are useful in planning ventilation for many potentially hazardous operations. They will often be of value ih determining whether a worker might have been poisoned. Care must be taken, however, to con­sider all the variables which might affect the applica­tion of an MAC to a particular situation, and to insure that the air tests with which it is compared truly represents the concentration of toxic substances to which the worker is exposed. Lastly, it must be remembered that the MACs are not unchangeable constants, but rather values’ which have been estab- lished  ̂on the basis of limited experience with animal experimentation and human observation, .and therefore subject to revision as further information throws new light on their reliability. For this reason, it is. in gen­eral preferable not to seek to have fixed values estab­lished by law or written into codes, but rather to use them as guides for purposes of control; so that due allowance can be made for special circumstances, developing concepts or new data.
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ERRATUMIn the November 1948 issue of the Monthly Re­view, in an article by Harris on Paints, Laeqners and Humber, Talc was listed in Table 3 under “Highly Toxic” materials. This Was an error. It 
should have appeared in the record column under “Less Toxic” natures. ^  * V.
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More Toxic Than You Think
Many common solvents and chemicals used in labs and plants are extremely 
toxic and should be handled with caution. The maximum allowable concentra­
tions for many of these chemicals are listed in the table following. The concen­
trations listed have been determined from experience and experimentation. If 
you are. using any of these materials worker exposure should be determined 
routinely. Even the best designed ventilation system may not be doing a good 
enough job. A small investment in Air Sampling Equipment may prevent loss of 
skilled employees, compensation payments and besides is just plain humanitar­
ian. We will be happy to suggest analytical methods.

Threshold limits should be used as guides in the control of health hazards and should not be 
regarded as fine lines between safe and danger­ous concentrations. They represent conditions 
under which it is believed that nearly all workers may be repeatedly exposed, day after day, with­out adverse effect. The values listed refer to timerweighted average concentrations for a nor­mal workday. The amount by which these figures may be exceeded for short periods without injury to health depends upon a number of factors such as the nature of the contaminant, whether very high concentrations even for short periods pro­duce acute poisoning, whether the effects are cumulative, the frequency with which high con­centrations occur, and the duration of such periods. All must be taken into consideration in arriving at a decision as to whether a hazardous situation exists. Special consideration should be 
given to the application of these values in as­sessing the health hazards which may be asso­ciated with exposure to combinations of two or more substances.Threshold limits are based on the best avail­able information from industrial experience, from experimental studies, and, when possible, from a combination of the two. These values are based on various criteria of toxic effects or on marked discomfort; thus, they should not be used as a common denominator of toxicity, nor 
should they be considered as the sole criterion in proving or disproving diagnosis of suspected occupational disease.

These limits are intended for use in the field 
of industrial hygiene and should be employed by persons trained in this field. They are not in­
tended for use, or for modification for use, in 
the evaluation or control of community air pollu  ̂tion or air pollution nuisances.

The Threshold Limit Values for 1981 have been copy­
righted and published by the American Conference of Gov­
ernmental Industrial Hygienists. This publication ia reprinted 
here w ith the permission of the American Conference of 
Governmental Industrial Hygienists. Inquiries and reprint 
orders should be directed to  Secretary-Treasurer, American 
Conference of Governmental Industrial Hygienists, 1014 
Broadway, Cincinnati 2, Ohio.

These values are reviewed annually by the Committee on Threshold Limits for changes, re­visions, or additions as further information be­comes available. The Committee welcomes the suggestion of substances to be'added to the list 
and also comments, references, or reports of ex­perience with these materials.

Recommended Values

G a s e s  a n d  V a p o r s

Substance P.P.M.* Approx. Mg. per Cu. M.f

Acetaldehyde................................................... 200 360
Acetic ac id ..................................................... - 10 25
Acetic anhydride................... ......................... 5 20

1,000 2,400
Acetylene tetrabrom ide.. ............................. 1 14

0.5 1.2
Acrylonitrile—Skin........................................ 20 45
Allyl alcohol—Skin........................................ 2 5
Ally! chloride................................................... 5 15
Allyl propyl diaulfide.............................. 2 12

100 70
Amyl acetate...................... ............................ 200 1,050
Amyl alcohol (iaoamyl alcohol)................... 100 360
Aniline—Skin.................................................. 5 19

0.05 0.2
Benzene (bgnzol)............................................ 25 SO
Benzyl chloride............................................... 1 5
Boron trifluoride....................... .................... 1 3

0.1 0.7
Butadiene (1,3-butadiene)...................... 1,000 2,200
2-Butanone (methyl ethyl ketonej....... . 200 590
B utyl acetate (n-butyl acetate). . . . . . . . . . . 200 950
B utyl alcohol (rc-butanol)............................ 100 300
tert. Butyl alcohol........................... — . . . . 100 300
Butylam ine.......................... .......................... 5 15
B utyl celloaolve (2-butoxyethanol)............ 50 240
p-tert. Butyltoluene...................................... 10 60
Carbon dioxide................................................ 5,000 9,000
Carbon disulfide—Skin........  .. — ........... 20 60
Carbon monoxide......................................... 100 no
Carhon tetrachloride—S k in ,................ . 25 160
Celloaolve (2-ethoxyethanol)........................ 200 740
Celloaolve acetate (2-ethoxyethyl acetate). 100 540

1 3
Chlorine dioxide.......................................... . 0.1 0.3
Chlorine trifluoride..................................... . 0.1 0.4
Chlorobenzene (monochlorobenzene)........ 75 330
Chloroform (trich loro m ethane)............. . 50 *, 240
1-Chloro-I-nitropropane................................ 20 100



Gases and Vapohs—Continued

Substance P.P.M.* Approx. Mg. per Cu. M.t
Chloropicrin.............................................., . . . 0.1 0.7
Chloroprene (2-chloro-l,3-butadiene)........ 25 90
Cresol (all isomers)—Skin............................. 5 22
Cyclohexane..................................................... 400 1,400
Cyclohexanol.................................................... 50 200
Cyclohexanone................................................. 50 200
Cyclohexene...................................................... 400 1,360
Decaborane—Skin ...........................................
Diacetone alcohol (4-hydroxy-4-methyl-2-

0.05 0.3
pentanone).................................................... 50 240

0.1 0.1
o-Dichlorobenzene........... .............................. 50 300
p-Dichlorobenzene.......................................... 75 450
Dichlorodifluoromethane.............................. 1,000 4,950
1,1-Dichloroethane......................................... 100 400
1,2-Dichloroethane (ethylene dichloride). 100 400
1,2-Dichloroethylene...................................... 200 790
Diohloroethyl e ther........................................ 15 90
Dichloromonofluoromethane........................ 1,000 4,200
1, 1-Dichloro-l-nit roe thane............................ 10 60
Dichlorotetrafluoroethane............................. 1,000 7,000
Diethylamme................................................... 25 75
Diffuorodibromome thane.............................. 100 860
Diisobutyl ketone...........................................
D imethylaniline

50 290
(N-dimettiylantline)—Skin....................... 5 25

Dim ethyl for in amide...................................... 20 60
1,1-Dimethylhydrazine—S k in .................... 0.5 1
Di me tliy la ulfate—Skin.................................. 1 5
Dipropylene glycol m ethyl ether................ 100 600
Dioxane (diethylene dioxide)....................... 100 360
E thyl ace ta te ... ............................................ 400 1,400
E thyl acrylate—S k in ..................................... 25 100
E thyl alcohol (ethanol)................................ 1,000 1,900
Ethylam ine...................................................... 25 45
Ethylbenzene................................................. . 200 87»
E th y l bromide................................................. 200 89»
E thyl chloride................................................. 1,000 2,600
E thyl ether....................................................... 400 1,20»
E thyl form ate................................................. 100 300
E thyl silicate........... ..................................... 100 850
Ethylene chlurohydrin—Skin...................... 5 16
Ethylenediamine...................................... . 10 30
Ethylene dibromide (1,2-dibromoetImne). 25 190
Ethylene imine—Skin.................................. 5 9
Ethylene oxide............................................... 50 90

0.1 0.2
Ftuo rot rich loro me thane................................ 1,000 5,800
Formaldehyde......... ...................................... 5 0

5 20
Furfuryl alcohol.............  .............................. 50 200

500 2,000
2,000Heptane («-heptane).................................... 500

Hexane (rt-hexane).............. ................... 500 1,800
Hexanone (methyl butyl ketone)............... 100 410
Hexone (methyl isobutyl ketone).. . . . . . . . 100 410
Hydrazine—Skin ................. .. 1 1.3
Hydrogen bromide........................................ 3 10
Hydrogen chloride.............. ......................... . 5 7
Hydrogen cyanide—Skin...................... . 10 11
Hydrogen fluoride.. . . . . . ............................. 3 2
Hydrogen peroxide, 90%................... ........... 1 1.4
Hydrogen selenide.......................................... 0.05 0.2
Hydrogen sulfide..................... ..................... 20 30

0.1 1
IsoDhorone....................................................... 25 140

N ote: The word "Skin" following a  compound’s name 
indicates th a t the liquid compound can penetrate the skin 
to cause systemic effects. '

Substance P.P.M.* Approx. Mg. per Cu. M.f
Iaopropylaiuine............................................... 5 12
Mesityl oxide................................................... 25 100
Methyl acetate................................................ 200 610
Methyl acetylene............................................ 1,000 1,650
M ethyl acrylate—Skin................................... 10 35
Methylal (dimethoxymethane)......... .......... 1,000 3,100
Methyl alcohol (methanol)........................... 200 260
M ethyl bromide—Skin.............................. ... 20 80
Methyl cellosolve (2-inethoxyethanol)..... 25 80
Methyl cellosolve acetate (ethylene glycol 

monoinethyl ether acetate)...................... 25 . 120
Methyl chloride............................................... 100 210
M ethyl chloroform (1,1,1-trichloroethane). 500 2,700
Methylcyclohexane......................................... 500 2,000
M ethylcyclohexanol...................................... 100 470
Met hy Icy clo hexa none.................................... 100 460
Methyl form ate............................................... JOO. . . 250
Methyl isobutyl carbinol (methyl amyl al-

25 100
a-M ethyl styrene........................... ............. . 100 480
Methylene chloride (dichloromethane). . . . 500 1,750
Monoinethyl aniline—Skin........................... 2 9
N aphtha (coal ta r) ......................................... 200 800
N aphtha (petroleum).................................... 500 2,000
Nickel carbonyl.............................................. 0.001 0.007
N itric acid........................................................ 10 25
p-Nitruaniline—Skin..................................... 1 6
Nitrubenzene—S kin ................ ..................... 1 5
N itroethane...................................................... 100 310
Nitrogen dioxide............................................. 5 9
Nitroglycerin.................................................. 0.5 5
Nitrom ethane................... ............................. 100 250
2-Nitropropane................................................ 25 90
Nitrotoluene—Skin......... .............................. 5 30

500 2,350
0.20.1

1,000
200

2,950
700Pen fanone (methyl propyl ketone)............

Perchloroe thy Iene (te trucido m ethylene)... 100 670
Phenol—Skin ......... ........................................ 5 19
Phenylhydrazine—Skin....... ........................ 5 22
Phosgene (carbonyl chloride)...................... 1 4
Phosphine....................................................... 0.05 0.07
Phosphorus trichloride.................................. 0.5 3
Propyl ace ta te ................................................ 200 840
Propyl alcohol (isopropyl alcohol)_______ 400 . 980
Propyl ether (isopropyl ether).................... 500 ' 2,100
Propylene dicliloride(l,2-dicldoropropane) 75 350
Propylene ¡mine—Skin................................ 25 60
Propylene oxide........  ........... . 100 240

5 15
0.1 0.4
U.l 0.5

Stoddard solvent............................. 500 2,900
Styrene monomer (phenylethylene)......... 100 420
Sulfur dioxide................................................. 5 13
Sulfur hexafluoride.. . . . . . . . . . . . . . . . __ __ 1,000 6,not)
Sulfur monocldoride............................. . i 6
Sulfur pentafluoride...................................... 0.025 0.25
1,1,2,2-TetrachIoroethane—S k in .. ____ .. . 5 35
Tetrahydrofuran............................................ 200 590
Tetranitrom ethane............. ................... . 1 8
Toluene (toluol)_____. . . . .......... .................. 200 750
o-Toluidme—Skin.......................................... S 22
Tolylene-2.4-diisocyanate.................. . 0.021 0.141
Trichloroethylene.........................  ............. 1Q0 520
Triethylam ine...... .......................................... 25 100
Tri fluaromonobroi no m ethane.................... . 1,000 6,100
T urpentine............ ......... ........................... 100 560
Vinyl chloride (chloroethylene)........... 600 i;300



50
50
50
50
50

O ther inert dusts........................................................ 50
It Millions of particles per cubio foot of air baaed on impinger 

samples counted by light-field techniques.

T e n t a t iv e  V a l u e s

Substance P.P.M.1
Approx. Mg. per Cu. M .ÏT

Acetonitrile.......................................................... 40 70
Allyl glycidyl ether (AGE).............................. 10 45
Boron oxide......................................................... 15
tert. B uty l chromate (as CrOi)...................... 0.1
n-Butyl glycidyl ether (B G E )........................ so 270
B utyl m ercaptan................................................ 10 35
C hloroacetaldehy da........................................... 1 3
C hlorobromometh ane........................................ 200 1,050

1
D D V P (O, O-Dime thy  1-2,2-Dichlorodi- 
* vinyl phosphate)............................................
Digtycidyl ether (D G E )................................... 10 55
D im ethyl acetamide.......................................... 10 35
E ndrin  (1,2,3,4,10,10-hexachloro-0,7-epoxy- 

1,4,43,5,0,7,8,8a-octa hydro-1, 4-endo, 
endo-5,8-dimethano-naphthalene).............. 0.25

E thanol am ine.................................................... 0.5 1
E thyl m ercaptan................................................ 250 040
Glycidol................................................................ 60 150
Heptachlor (1,4,5,6,7,8,8-heptacbloro-3a, -

4 ,7 ,7a-tetrahydro-4,7-methanoindene).. 0.25
sec-Hexyl acetate............................................... 100 590
Isopropyl glycidyl ether (IG E )...................... 50 240
Ketene.................................................................. 0.5 0.9
Methyl m ercaptan.............................................. 50 100
1-Nitropropane................................................... 25 90
Pentaborane................................................... .. 0.005 0.01
Perchloromethyl m ercaptan............................ 0.1 0.8
Phenyl glycidyl e ther (F G E )......................... 50 310
Phosdrin (2-carbomethoxy- 1-methyl vinyl

dim ethyl phosphate)..................................... 0.1
n-Propyl n itrate.................................................. 25 n o
Syatox................................................................... 0.2
2.4.5T (2,4,6-trichlorophenoxy acetic acid). 10
Teflon decomposition products (as F ) .......... 0.05
1,2,3-TrichIoropropane..................................... 50 300
l,l,2 'T richloro-l,2 ,2-trifluoroethane............. 1,000 7,000
Triorthocresyl phosphate................................. 0.1
Triphenyl phosphate........................................ 3

Ç P arts  of vapor or gas per million parts of air by  volume 
a t 25° C  and 760 mm. H g pressura.

1 Ï  Approximate milligrams per cubic meter of air.
William L. Ball Hervey B. Elkins W. Clark Cooper Russel G. Scovill Herbert E. Stokinger William F. Reindollar Keith H. Jacobson Allan L. Coleman, Chairman

A Br ief  Review of Air Samp l i ng  N e c e s s i t i e s
BANTAM AIR SAMPLER

For routine air sampling and inspection especially worker breathing zone 
sampling. Combines high air flow with lightweight. 115v60cy. Complete 
with I !1 filter holder, flowmeter, on-off switch, fuse.

Cat Air Flow 
(liters/min)

Duty Price

19700-1 16 Continuous $128.00
19002 30 11 130.00
19001-1 45 Interm ittant 130.00

HIGH VOLUME AIR SAMPLER
For air sampling where extremely high volumes of air are required. W ill col­
lect sufficient sample for analysis in a short time. This single speed sampler 
has a nominal capacity of 150 cfm, ¡5 powered by a 4* H. P. universal motor, 
weighs only 12 lbs, and measures 7|-x 7^-x 85*" overall. Complete with dial 
reading flow gauge, 2 orifice plates, on-off switch, and 20 foot line cord.

# 16002 HURRICANE SAMPLER, 150 cfm, 115 volts, 25-60 cycles . . . $99.00

This two-speed sampler has nominal capacities of 196 cfm at high speed and 
150 cfm at low speed. It is powered by a universal motor developing 1 H. P. at 
full speed, weighs 15 lbs. and measures 7 jx  7 ^ x 8^-11. Complete with dial 
reading flow gauge, set of 3 orifice plates, on-off switch, and 20 foot tine 
cord.

^16003 HURRICANE SAMPLER, two-speeds, 115 volts, 25-60 cycles . $136.00

NOTE: Hurricane samplers are supplied without filterholders. Choose the filterholder 
bqst suited to your application from those listed.



Gases and Vapors—Continued D ust, F umes and M ists—Continued

Vinyl toluene................................................... 100 480
Xylene (xylol)............................................... 200 870
Xylidine—Skin................................................ 5 25

* Parta of vapor o r gas per million parts of air by volume a t 
25’ C and 760 nun. Hg pressure.

t  Approximate milligrams per cubic m eter of air. 
t  Probably sufficiently low to protect against prim ary sensi­

tization, b u t m ay not protect persons specifically sensitized.

D u s t , F u m e s  a n d  M i s t s

Substance

Aldrin (l,2 ,3 ,4 t10,10-hexacbloro-l,4,4a,5,S,8a- 
hexahy dro-1,4 ,5 ,8-dimethanonaphthalene)—
Skin................................................................................

Animate (ammonium sulfam ate)...............................
Antim ony.........................................................................
ANTU (alpba-napbthyl-thiourea).............................
.Arsenic........... ..................................................................
Barium (soluble compounds}......................................
Beryllium............. ..........................................................
Cadmium oxide fume....................................... ...........
Calcium arsenate......................................................
Chlordane ( l ,2 ,4 P5,6,7,8,&-octachIoro-3a,4,7,7a-

tetra-hydro-4,7-methanoindane).............................
Chlorinated camphene, 60%........................................
Chlorinated diphenyl oxide.........................................
Chlorodiphenyl (42% chlorine)—Skin.......................
Chlorodiphenyl (54% chlorine)—Skin.......................
Chromic acid and  chromatea (as CrOj)....................
Crag herbicide (sodium 2-I2,4-dichlorophenoxy]

ethanol hydrogen sulfate).........................................
Cyanide (as CN)—Skin ...............................................
2,4-D (2,4~dichloropheno'xyacetic acid )....................
D D T  (2,2-bis [p-chlorop h en yl ]-1,1,1-trie h loro-

ethane) .................................. .......................................
Dieldrin (1,2,3,4,10,10-hexachloro-6,7-epoxy- 

1,4,43,5,6,7,8,8a-octahydro-l ,4 ,5 ,8-di methano-
naphthalene)—Skin....................................................

Dinitrobenzene—Skin............................... ......... ......
Dinitrotoluene—Skin......... .........................................
Dimtro-o-creaol—Skin...................................................
E P N  (O-ethyl O-p-nitrophenyl thiejobenzene-

phoaphonate)—Skin...................................................
Ferbam (ferric dim ethyl dithiocarbamate)..............
Ferrovanadium dust.................................................. .
F luoride.-.................................. .................................
Hy droquinone.................................................................
Iron oxide fum e.............................................................
Lead................................... ...............................................
Lead arsenate.............................. ...................................
Lindane (hexachlorocyclohexane, gamma isom er)..
Lithium hydride............... ............................................
Magnesium oxide fum e.................................................
Malathion (O,O-dimethyl dithiophoaphate of di­

ethyl inercaptosuccinate)—Skin............................
Manganese.......... ..........................................................
Mercury........................................ ......................
Mercury (organic compounds)—Skin...................
Methoxychlor (2,2-di-p-methoxyphenyl-1,1,1 -tri-

chloroethane).............................................................
Molybdenum

(soluble compounds)..................................................
(insoluble compounds).............................................

Nicotine—S k in .........................................................
Parathion (O, O-diethyl-O-p-nitrophenyl thio phos­

phate)—Skin................................................................
Pentachloronaphthalene—Skin...............  .................
Pentachlorophenol—Skin .......... .................................
Phosphoric acid........ ................................. ..................

Mg. per Cu. M.S

0.25
15
0.5
0.3
0.5
0.5
0.0020.10.1
2
0.5
0.51
0.50.1

15
5

10
1
0.251
1.5 
0.2
0.5

151
2.5 
2

15
0.2
0.15
0.5
0.025

15
15
50.1
0.01

15
5

15
0.5
0.1
0.5
0.51

Substance Mg. perCu. M .l
Phosphorus (yellow)................................................................. 0.1
Phosphorus pentachloride............................................ 1
Phosphorus pentasulfide............................................. 1
Picric acid—Skin............................................................ 0.1

2
5

Selenium compounds (as Se)...................................... 0.1
0.1
2
0.15
1

T E D P  (tetraethyl dithionopyrophosphate)—Skin. 0.2 
..  0.05

0.1
T elry l (2,4,6-trinitrophenylm ethylaitranune)— 

Sltin  ..................................................... ....................... .. 1.5
. .  0.1

5
15
5
1.5

Uranium
. .  0.05

0.25
Vanadium

(VtO* d u s t) ,................................................................. 0.5
0.1

Warfarin (3-[a-acetonylbenzylj- 4-hydroxy cou-
0.5
5

15
5

} Milligrams of dust, fume, o r m ist per cubic meter of air.
Radioactivity: For permissible concentrations 

of radioisotopes in air, see U. S. Department of 
Commerce, National Bureau of Standards, Hand­
book 69, “Maximum Permissible Body Burdens and Maximum Permissible Concentrations of 
Radionuclides in Air and in Water for Occupa­tional Exposure", June 5, 1959. Also, see T7. S. Department of Commerce, National Bureau of 
Standards, Handbook 59, “Permissible Dose from External Sources of Ionizing Radiation", 
September 24, 1954, and addendum of April 15, 
1958.

M i n e r a l  a n d  N o n -M e t a l l ic  I n o r g a n ic  D u s t s

Substance M.F.P.C.F.jl

Silica
Quartz

5
20
50
5

20
Silicates

5
20
50
20

Talc..................... . . ,  ............................................. 20
Miscellaneous ;

Aluminum Oxide— .................................................
* Y

50


