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ABSTRACT 

New techniques for the collection of formaldehyde (HCHO) at ppb-ppm 

concentrations ~n a~r are reported. HCHO samples are collected on 

filters impregnated with sodium bisulfite in either an active or passive 

(diffusional) sampling mode. HCHO reacts with sodium bisulfite to form 

a stable addition product. Samples are analyzed by a promulgated 

analytical method. The average collection efficiency of the filters ~n 

the active sampling mode ~s 101 ± 5.6% and concentrations as low as 10 

ppb may be detected in an 80-L air sample. The passive monitors col

lected HCHO linearly over a range of concentrations from 0.05 to 1.0 

ppm. In a sampling period of 100 hrs, 100 ppb of HCHO may be detected 

with the passive sampling device. Test atmospheres of HCHO were gen

erated by decomposing trioxane vapor over an acid catalyst. Observed air 

concentrations agreed within 3% to those predicted by theory. The gen

eration system was used to produce a range of HCHO concentrations 

between 0.05 and 2.00 ppm. 
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1. INTRODUCTION 

Formaldehyde (HCHO) 1s an important chemical used in the manufacture 

of many industrial and consumer products, particularly building materi

als, to which large numbers of consumers as well as workers are exposed. 

Annual production of HCHO 1s now over 9 billion pounds in the United 

States. 1 In a 1972-1974 survey, it was estimated that 1.6 million work

ers are exposed to HCHO in more than 60 industrial categories and 57,000 

of them are exposed for at least four hours per day. 2 Earlier the 

National Institute for Occupational Safety and Health (NIOSH) estimated 

that 8,000 workers are exposed to HCHO in the direct production of the 

HCHO monomer in its aqueous or anhydrous form. 3 (Formaldehyde 1s sold 

primarily in a 37% aqueous solution commonly known as formalin.) Work

ers are exposed to HCHO 1n the preparation of phenolic and urea

formaldehyde resins, polyacetyl resins, trioxane, and other polymeric 

derivatives, as well as HCHO containing consumer and industrial pro

ducts, many of which may release unreacted HCHO or decompose to HCHO and 

are therefore considered sources of exposure. Nearly one third of the 

1.6 million workers exposed to HCHO are employed in medical and health 

services professions. 2 

An even larger population residing or working in buildings contain

ing materials which out-gas HCHO, including particle board, plywood, 

fiberboard and urea-formaldehyde foam insulation, may also be exposed to 

significant levels of HCHO. Estimates of residential exposures vary 

over a wide range.4 Approximately 9.8 million individuals living 1n 

mobile homes, which often contain many building materials which release 

Hcao, have an average HCHO inhalation exposure of 1,200 g/yr/person. 
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Average inhalation exposures of 1,260 g/yr/person may also be signifi

cant for the 1 million people living 1n homes insulated with urea-

formaldehyde · foam. The 98 million residents of conventional homes are 

only exposed to an average 36 to 360 g/yr/person. Many office workers 

1n new buildings with little ventilation which contain new furniture, 

carpet, and drapes, often complain of ill health, which has been linked 

to HCHO exposure.5,6 

The large numbers of persons exposed to HCHO in such different 

environments underscores the need for a simple, sensitive, and accurate 

method for measuring ambient concentrations of HCHO in air. A new sam

pling technique has been developed which satisfies these needs. A glass 

fiber filter treated with a 5% sodium bisulfite (NaHS03) solution is 

used as the collection medium in either a passive-diffusion type sampler 

or an active sampling device through which air is drawn by a pump. 

To facilitate the development of the new sampler, a technique for 

generating test atmospheres of known HCHO concentration was also 

developed. The dynamic system 1s based on the catalytic decomposition 

of trioxane vapor and produces known concentrations of dry, monomeric 

HCHO in a flowing gas stream. 

1.1 Chemistry of Formaldehyde 

HCHO 1s a highly reactive gas which easily polymerizes to many 

forms. It remains as a monomer only when it is kept completely dry at 

temperatures between 80 and 100 °c. 7 Polymers are most commonly 1n the 

general form 
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and are known.as polyoxymethylenes. Paraformaldehyde is a well known 

mixture of low molecular weight polyoxymethylene glycols having the gen

eral form H-(CH2o)n-OH. The cyclic trimer, trioxane, lS used in the 

production of high molecular weight polymers known as acetal resins. 

Other higher forms of the amorphous polymers are produc;edupon addition 

of H2S04 to paraformaldehyde or aqueous HCHO solutions. 

In aqueous solution, HCHO exists primarily as its monohydrate, 

methylene glycol, . CH2(0H)2, which is the true reactant species in all 

solution reactions. High aqueous HCHO concentrations tend to promote 

polymer formation and the less ·soluble, large molecular weight species 

may precipitate. Vapors above aqueous solutions consist mainly of the 

unhydrated monomer with a small concentration of methylene glycol.7 

Formaldehyde reacts with a variety of inorganic and organ1c com

pounds as well as polymerizes to form a vast array of chemical products. 

A comprehensive treatment of the chemistry of HCHO lS given by Walker.7 

1.2 Health Effects of Formaldehyde 

Acute health effects from exposure to airborne HCHO include throat, 

respiratory tract, skin, and eye irritation and are well documented.3 

Humans vary in their ability to detect HCHO by its irritative effects 

and pungent odor. Some individuals are able to smell HCHO at concentra

tions as low as 0.8 to 0.05 ppm.4 NIOSH has recommended an occupational 

exposure limit based on the irritational effects of HCH0.3 All areas of 

the upper respiratory tract are susceptible to irritation7,8,9 and clin-
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ical symptoms include the swelling of mucous membranes and, at very high 

doses, pulmonary edema.lO Workers complain of dry, sore throats, 

headaches, and very often eye irritation at exposures between 0.1 and 5 

ppm.11 Eye irritation has been noted at HCHO concentrations as low as 

0.01 ppm.12 

Investigators have only recently begun to study the effects of 

long-term exposures to low concentrations of HCHO. Preliminary results 

indicate that health hazards may exist including allergies, general 

feelings of poor health, and, much more importantly, cancer. Individu-

als show extremely varied responses to repeated HCHO exposure. Some 

develop a tolerance to the irritative effects, 8 while others become sen-

. . d d . . 1 . 13 s1t1ze an exper1ence severe react1ons at very ow concentrat1ons. 

In a study of funeral home worker exposure to HCH08 it was noted that 

when some embalmers entered a room in which HCHO was in use, they were 

not able to open their eyes due to irritation, and began coughing. In 

contrast, others in the room continued to work with no ill effects after 

having been exposed to gradually increasing concentrations. Sensitiza

tion to all of the irritative effects of HCHO 1s one of the concerns 

related to long term exposure to low levels of HCHO. It has been sug-

gested that 4 to 8% of the population could become sensitized to HCHO, 

experiencing progressively more severe 

tions. 13 Sensitization of the skin 1s 

reactions to lower concentra

especially common. 14 After 

extended periods of exposure, allergic dermatitis may develop causing 

sudden inflammatory reactions on the slightest exposure to HCHO. 

Of far greater concern than HCHO's irritative effects is data from 

an investigation conducted by the Chemical Industry Institute of Toxi-

,. 
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cology (CIIT) on the carcinogenic potential of HCHo.l5 After 18 months 

of a two year study, a total of 36 squamous cell carcinomas were 

detected in the nasal cavities of 200 rats exposed to 15 ppm HCHO vapor. 

In the experiment, rats in groups of 240 were exposed to 15, 6, 2, or 0 

ppm HCHO for 6 hr/day, 5 days/week. No tumors similar to those detected 

1n the high exposure group were found in any other rats, indicating a 

' 
sharp dose-response relationship. The occurrence of the tumors 

increased sharply after the first 12 months of exposure, providing 

further evidence of a dose-response relationship. Since squamous cell 

carcinomas of the nasal turbinates are abnormal in rats, it has been 

concluded that the tumors were the result of HCHO exposure. NIOSH 

currently recommends that HCHO be handled as a potential occupational 

carcinogen. 11 

1.3 Existing Standards and Recommendations 

for Exposure to Airborne Formaldehyde 

The present federal occupational limit for exposure to HCHO is 3 ppm 

for an eight hour time-weighted average, with an acceptable ceiling con-

centration of 5 ppm and maximum peak above the acceptable ceiling of 10 

ppm for no more than 30 min.16 In 1976 NIOSH recommended lowering this 

standard to prevent any worker exposure to HCHO concentrations greater 

than 1 ppm for any 30 min period. 3 The suggested standard was designed 

to protect workers from irritation in all but those already sensitized 

to HCHO, based on numerous studies indicating 1 ppm as a threshold for 

human response. Occupational standards in other countries, as well as 
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Ln some individual states, vary greatly from the highest value of 10 ppm 

to a ceiling limit as low as 0.4 ppm in the Soviet Union.3 

Few regulations exist to control HCHO levels 1n non-occupational 

settings, although standards have been proposed in a number of states 

and foreign nations. Current and proposed standards for HCHO exposure 

levels in non-occupational indoor environments are given in Table 1. 
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. 2. _G_ENE;;._R...;;.A.;.;;T;..;;I..;;.O.;;_N _SY_S_T_E_M _F_OR_· FORMALDEHYDE TEST ATMOSPHERES 

2.1 Existing Methods for Generation of 

Formaldehyde Test Atmospheres 

Attempts to produce known concentrations of ~aseous HCHO for test 

atmospheres fall into two broad categories depending on the ultimate 

HCHO source, either aqueous solutions or thermally decomposed polymers. 

None of the procedures reported to date have produced a constant source 

of dry HCHO gas of accurately known concentration. 

Early researchers used various techniques for evaporating aqueous 

solutions of HCHO to produce gaseous HCHO. Use of a diffusion tube con-

taining formalin has been reported, .but resulting HCHO concentrations 

were only estimated.l9,20 To generate atmospheres containing HCHO, oth~ 

ers have passed an air stream over formalin, 21 withdrawn small volumes 

of head space from concentrated formalin solutions, 22 and evaporated 

formalin solutions into a metered gas stream.23 None of these tech-

niques produces dry HCHO gas and are therefore subject to HCHO losses 

due to interactions with water vapor. All of the procedures are also 

subject to interferences caused by the methanol which 1s added to forma-

lin as a stabilizer. 

Aqueous HCHO solutions have been injected into gas streams by 

volumetric24,25 and motor driven syringes. 26 In all reports the genera-

tion systems were used to study HCHO sampling devices, but no indepen-

dent verifications of HCHO con~entrations were reported; Evaporation 
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was assumed to be 100% and possible polymerization of HCHO was not 

investigated. 

By calculating evaporation rates based on Henry's Law, HCHO concen-

trations were calculated for a system in which air was bubbled through 

concentrated aqueous solutions. 27 Fairly accurate predictions of HCHO 

concentrations could be made, but the system remained constant for only 

short time periods and the gas stream produced contained large amounts 

of water vapor. 

The other broad class of HCHO generation systems involve the thermal 

decomposition of a polymer of HCHO, most frequently paraformaldehyde. 

To produce gaseous HCHO of unknown concentrations, paraformaldehyde 

powder was decomposed in the heated diffusion chamber of a commercial 

gas calibration system. 28 No attempts were made to calibrate the system 

to enable accurate determinations of HCHO concentrations. Gas samples 

taken from a heated paraformaldehyde source were also used to test a gas 

chromatographic detection system, 29 but the detector response was poor 

and no further attempts were made to measure the HCHO concentration. A 

commercial paraformaldehyde permeation tube has reportedly been used 

with success,3° but some investigators experienced many prob-

lems.3l,1Z, 33 In one case, paraformaldehyde permeation rates were found 

to be unstable.32 Incomplete depolymerization of paraformaldehyde 

resulted in HCHO generation rates as low as 65% of the predicted rate. 33 

In addition, other gaseous compounds were detected in the air stream. 32 

Attempts have been made to remove water vapor and the various dispropor

tionation products released from heated paraformaldehyde. 34 , 35 Effluent 

gas from the heated polymer source was passed through liquid nitrogen 
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traps with subsequent distillation and degassing procedures. However 

the system was extremely complicated and required a great deal of 

start-up time and maintenance. The efficiency of the trapping system 

has not been reported. The performance of a permeation tube containing 

polyoxymethylene has been compared favorably to that of the commercial 

paraformaldehyde tube, but few details were given. 30 

' 
An attempt has been made to generate gaseous HCHO at concentrations 

from 10-20 ppm by the pyrolysis of 3-methyl-3-butene-1-ol to the 

aldehyde and a hydrocarbon.36 The alcohol was released from a diffusion 

tube at a known rate. Failure to obtain stoichiometric quantities of 

HCHO was blamed on a less than 100% conversion of the alcohol, decompo-

sition of HCHO to CO, and poor results from the gas chromatographic 

analysis. 

Air bubbled through molten trioxane and swept past a catalyst was 

used to generate large quantities of HCHO for chemical reactions.37 

Conversion of trioxane to HCHO was reported to be as high as 89%. Since 

no unreacted trioxane or other gaseous interferents were detected in the 

gas stream, the authors believed conversions approaching 100% were 

obtained. Low yields were blamed on high HCHO concentrations which 

caused polymerization within the experimental apparatus. 

The system of Schnizer et al.37 was modified in this work to produce 

the ppb-ppm_concentrations of HCHO necessary to determine the collection 

efficiency of the impregnated filter samplers. By placing trioxane in a 

diffusion tube contained 1n a thermostatically-controlled oven, its 

vapor is released at a low, constant rate. The diffusion rate 1s mon1-

tored by periodically weighing the diffusion tube to obtain its weight 

loss. per uni.t time, 
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2.2 Experimental Methods 

A schematic diagram of the generation system developed 1n this work 

is shown in Figure 1. Molten trioxane (Aldrich Chemical Co., purity= 

98%, reported m.p. = 61-62.5°C) was allowed to flow through a capillary 

funnel, continuously heated with a heat gun, into the reservoir section 

of a diffusion tube with a diffusion path of 7.9-cm x 4.9-mm i.d. Care 

was taken to prevent the deposition of any trioxane on the walls of the 

diffusion path section of the tube. After the trioxane was solidified 

at room temperature, the diffusion tube was placed in the thermostati

cally controlled chamber of a Model 300 dynamic calibration system 

(Analytical Instrument Development, Inc., Avondale, Pa.). The tube was 

then maintained at 35.2 ± 0.05°C. To maintain an accurate measurement 

of the diffusion rate of trioxane vapor, the diffusion tube was weighed 

approximately every 48 hrs on a five-place analytical balance. 

Trioxane vapor emanating from the diffusion tube was swept through 

the catalyst bed in a stream of dry N2 flowing at 200m1 /min. The 

catalyst was prepared by coating Carborundum (Fisher Scientific Co.) 

ground to approximately 40 mesh, with 85% phosphoric acid (Mallinck

rodt). A 7.5-cm section of quartz tubing was packed tightly with 

approximately 18-g of catalyst material. The gas stream emerging from 

the catalyst was immediately diluted with room air to minimize the poly

merization of HCHO at high concentrations. Dilution air was scrubbed 

with 13-X molecular sieve to remove water and background HCHO. The 

catalyst temperature was raised to 160°C immediately after it was con

nected to the trioxane vapor source. This temperature was maintained to 

further prevent the accumulation e.nd repolymerization of HCHO. 



11 

A double-air dilution system, shown in Figure 1, was assembled to 

produce HCHO test atmo~pheres over a wide concentration range. All tub-

ing within the generation .system and sampling apparatus was Teflon, 

polyethylene, or glass, and mixing chambers were made of stainless 

steel. Therefore, HCHO was not allowed to come into contact with any 

reactive surfaces. Through a series of solenoid switches and valves, 

the system diagrammed in Figure 1 was operated by a single timer to 

insure exact exposure of samples to the dilute HCHO atmospheres. All 

flow rates were measured with a bubble flow meter. 

To test the performance of the generation system, samples were col

lected over 24-hour periods by bubbling the dilute HCHO gas stream 

through two distilled water bubblers connected in series. 38 To minimize 

evaporation, the bubblers were held at 2°C. Air flow rates through the 

bubblers were controlled at 0.84 1/min with critical orifices. The col

lection efficiency of this sampling method has been reported to be 

approximately 95%. 38 

Two wet-chemical, colorimetric analytical methods were used to 

analyze the bubbler solutions. The chromotropic acid (CTA) analytical 

method, presently recommended by NIOSH, 38 was chosen as the primary 

analytical . technique for all experiments. In this method, HCHO is 

reacted with chromotropic acid, a large conjugated dye molecule, to form 

a colored species which absorbs light at 580 nm. The reaction 1s car

ried out 1n the presence of sulfuric acid which acts as a catalyst and 

provides heat. The CTA method has been extensively tested, and has been 

shown to be extremely sensitive to HCHO with very few interferents. 38 

Analysis of trioxane vapor collected upstream of the catalyst showed CTA 
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to stoichiometrically respond to trioxane. Another method, based on the 

use of a pararosaniline (PRA) reagent system,39 showed no response to 

trioxane. The catalyst's efficiency in converting trioxane to HCHO 

could therefore be determined by analyzing air samples collected down

strea~ of the catalyst by both methods. 

To evaluate further the convers1on efficiency of the catalyst, a gas 

sample was withdrawn from the catalyst effluent and analyzed on a CEC 

Model 21-103B mass spectrometer with a room temperature inlet system. 

The sample was analyzed for unreacted trioxane and any other suspected 

trioxane or formaldehyde derived species. 

2.3 Results and Discussion 

After one week, the gravimetrically determined diffusion rate of 

trioxane stabilized and remained fai'rly constant for five months at 740 

± 10 ug/hour. Slight oscillations in the rate were probably the result 

of observed temperature fluctuations within the diffusion chamber. When 

the reservoir section of the tube became significantly depleted of 

trioxane, a slight drop-off in the diffusion rate was observed. 

Generation rates of HCHO from the catalyst were experimentally 

determined by measur1ng HCHO air concentrations and multiplying the 

results by dilution air flow rates (see Appendix I). Air samples were 

taken 1n water bubblers and the solutions analyzed by both the CTA and 

PRA methods. (The sampling efficiency of the bubbler method was assumed 

to be 95%). The generation rate based on 65 air samples analyzed by the 

CTA method was 761 ± 28 ug/hour. The corresponding rate based on 

analysis of 18 of the same samples by the PRA method (which does not 
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respond to trioxane) was 769 ± 29 ug/hour. Agreement of HCHO generation 

rates based on the two analytical procedures provides considerable evi-

dence that the conversion of trioxane to HCHO was complete. In addi-

tion, mass spectral analysis of a gas sample taken downstream of the 

catalyst failed to detect the presence of trioxane or other anomalous 

compounds in amounts exceeding 2% of the total HCHO present. 

The generation rate of dry HCHO gas from the catalyst, based on all 

83 analyses, was 103% of the gravimetrically determined diffusion rate 

of trioxane. This not only indicates that the conversion of trioxane to 

HCHO was complete, but also that no significant amount of HCHO was lost 

within the generation system. The slight positive bias observed is well 

within the limits commonly achieved with the type of gas dilution system 

used in this study, 17 and the precision of the analytical methods. 38 , 39 

During the initial investigation of the system, the catalyst was 

maintained at 300°C. HCHO generation rates were erratic and a material 

believed to be polymerized phosphoric acid was found coating the 

catalyst. A new catalyst was constructed and the temperature was 

lowered to 160°C where it was held from the time the trioxane vapor 

source was introduced into the system. The flow rate of the gas stream 

from the diffusion tube was also held constant. Under these conditions 

the catalyst remained clean and within one week an equilibrium was esta

blished between the HCHO/trioxane absorbed on the catalyst and the HCHO 

in the N2 stream. The generation rate of monomeric HCHO then remained 

constant over the entire five month time period of the study. It may be 

assumed that under these continuous operating conditions the catalyst 

will efficiently convert trioxane to HCHO indefinitely. 
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2.4 Conclusions 

Together with a double air-dilution system, the HCHO generation sys

tem developed in this work has been used to produce test atmospheres 

between 0.05 and 2 ppm of HCHO. Because the diffusion rate of trioxane 

vapor, and therefore the generation rate of HCHO, depends on the tem

perature and geometry of the diffusion cell, a virtually unlimited range 

of HCHO a1r concentrations may be produced by modifying these parame

ters. 

The method constitutes a significant improvement over previous HCHO 

generation techniques. The apparatus is easily assembled and operated 

with very little maintenance. The pure, dry gas stream produced by the 

generation system eliminates potential HCHO losses caused by interac

tions with water vapor, allows controlled humidity experiments, and 1s 

free from any interfering compounds. Most importantly, the generation 

system produces monomer1c HCHO at air concentrations that can be accu

rately predicted from gravimetric data and which remain constant for 

long periods of time. 
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3. TECHNIQUE FOR SAMPLING AIRBORNE FORMALDEHYDE 

3.1 Requirements of a Formaldehyde Sampler 

The most common method for sampling HCHO 1n occupational envlron

ments involves the use of a series of bubblers containing water or aque

ous NaHS03 through which air is bubbled. Although it provides adequate 

sensitivity, the method 1s not amenable to personal sampling in which 

the sampling device is attached to worker's clothing 1n the breathing 

zone. Personal samples give a far more accurate measure of worker expo-

sure than do area samples and are desired whenever feasible. Personal 

sampling requires a sampling device which is small, light weight, dur

able, and from which the sample is not easily lost. Fragile bubbler sys

tems do not meet these requirements. Passive samplers, which operate 

under the principle of diffusion or permeation, eliminate the need for 

personal sampling pumps, making them particularly attractive for use in 

a number of monitoring applications. 

Bubbler systems are also used for sampling HCHO in residential set-

tings. A system developed by Lin et al. uses pairs of bubblers which 

are mounted in a refrigerator to prevent sample loss over the longer 

periods required for sampling low HCHO levels. 40 The sampler is there

fore large and difficult to transport as are the samples themselves, 

which must be kept below 4°C. At present, residential sampling programs 

require the presence of trained personnel and a fairly large cash 

investment. New concerns about the health hazards associated with expo

sure to low levels of HCHO may vastly increase the population which may 

be at risk to the harmful effects of the chemical. Therefore the s1ze 

and expense of a device to monitor' HCHO on a large scale is critical.· 
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Samplers must be inexpensive and easy to operate to allow comprehensive 

assessment of HCHO exposures in homes and offices. 

3.2 Existing Methods for Determining Concentrations 

of Airborne Formaldehyde 

3.2.1 Active Sampling Methods 

Active methods for sampling HCHO fall into two broad categories. 

Until recently, all methods involved the use of bubblers containing a 

variety of liquid reagents which react with HCHO. At present, research 

has shifted to the development of solid trapping reagents for the col

lection of HCHO. Both old and newer methods are briefly reviewed 1n 

this section. A more thorough review is given in the National Science 

Foundation's monograph entitled Formaldehyde and Other Aldehydes. 27 

Drawing air through a set of bubblers containing distilled water or 

aqueous bisulfite solutions is the most commonly used method of HCHO a1r 

sampling. NIOSH38 and the Intersociety Committee of the American Public 

Health Association42 recommend the bubbler method and its use has been 

reported in a wide-variety of laboratory and field studies. 

Bisulfite solutions were first used to collect HCHO in air by _Gold

man and Yagoda. 43 They reported a minimum 95% collection efficiency for 

HCHO at concentrations at or above 7 ppm with 100-mL ·of a 1% NaHS03 

solution. Wilson26 reports 100% HCHO collection using the same method. 

Bisulfite solutions were also the collection medium used in the study of 

interferences in the Chromotropic Acid analytical method 21 and in the 
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presence of aerosols. 31 

Water bubblers have been used to collect HCHO in the laboratoryl9,44 

and in field tests.40, 45 NIOSH currently recommends the use of bubblers 

containing distilled water for HCHO sampling when no other aldehydes are 

present. The collection efficiency of two water bubblers in series has 

been reported to be 95%.38 

Altshuller et a1. 19 claimed 100% collection efficiency for bubblers 

containing 0.1% chromotropic acid in concentrated H2so4 . Others46 ,l 5 

have used this sampling technique with reportedly good results. Bub

blers containing dinitrophenylhydrazine, 35 dilute hydrochloric acid, 23 

and 1% purpald (4-amino-3-hydrazino-Smercapto-1,2,4-triazole) in sodium 

hydroxide, 47 have all been used to trap gaseous HCHO. The purpald 

reagent system was developed to produce a simple, visual test to measure 

the HCHO released from building materials. 

Although they provide ad~quate collection efficiency for HCHO, all 

of the bubbler methods referenced above are poorly suited for personal 

and residential sampling. The samplers are subject to potential break

age and skills, and evaporation may become a significant problem over 

long sampling periods. Use of bubblers with pre-filters to remove aero

sol has been found to yield spur1ous results. 31 Impingers containing 

sulfuric or hydrochloric acid, dinitrophenylhydrazine, or any other 

reagent which may be corrosive or overtly toxic to humans in any form 

should never be used for sampling homes in which untrained personnel are 

present. 
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Methods to collect HCHO on solid sorbents by physical or chemical 

processes are better suited for personal sampling since they eliminate 

hazardous liquids and are much less cumbersome. A number of methods 

involving the use of solid sorbents to collect HCHO have recently been 

reported. 

Activated alumina was chosen from a series of porous polymers and 

gas ·chromatographic packings as the collection medium for HCHO personal 

monitor by one group of researchers. 48 The material was packed into a 

small glass tube through which air was drawn. Instability of HCHO on 

the adsorbent necessitated very short sampling periods and immediate 

sample elution, rendering the me~hod too limited for field use. 

Gaseous HCHO reacts with 2,4-dinitrophenylhydrazine (DNPH) to form a 

hydrazone derivative which may be analyzed by gas chromatography (GC) or 

high performance liquid chromatography (HPLC). Researchers have col

lected HCHO on DNPH-coated amberlite XAD-2 and after solvent elution, 

samples were analyzed by GC with electron capture detection. 25 Silica 

ge1, 30 and glass beads 35 have also been used as supports for the DNPH 

reagent. In both of these methods, 30 , 35 samples were analyzed by HPLC 

and UV detection. All methods employing DNPH showed fairly good collec

tion efficiencies for HCHO. However, glass beads coated with DNPH 

showed little retention of HCHO under dry sampling conditions. 35 Poor 

comparison data for the collection of HCHO in bubblers containing water 

and on the DNPH-coated. silica gel samplers was not satisfactorily 

explained. 30 Preparation of all of the DNPH samplers was complicated, 

making them inconvenient for routine HCHO monitoring programs. 
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Another modification of the solid sorbent technique involves the use 

of a charcoal tube impregnated wit~ a proprietary oxidizing material 

which converts HCHO to formate. 24 , 31 Sample solutions are analyzed by 

ion chromatography. Kim et a1. 24 reported initial HCHO recoveries of 

102.5% with a relative standard deviation of 6.8%, but the samplers were 

not tested under humid conditions. In field tests, 31 impregnated char-

coal tubes gave very low results in the presence of aerosol, but com-

pared well with bubblers in non-aerosol environments. The authors cau-

tioned against use of the tubes in any environments which may contain 

formate, formic acid, acetate, acetaldehyde and acetic acid which would 

be trapped on the charcoal and behave like HCHO, as well as fluoride and 

chloride which interfere in the ion chromatographic analysis. 

3.2.2 Passive Sampling Techniques 

Passive a1r sampling techniques are based on the physical processes 

of permeation and diffusion and have been developed for the sampling of 

· f d 41 49 SO The application of diffusion to a var1ety o gases an vapors. ' ' 

passive air sampling 
.. 
was first reported by Palmes et al. 41 They 

reported on a method for collecting nitrogen oxides and include 1n 

their work an excellent discussion of the theory of diffusional sampling 

for any gaseous substance. 

Previous to this work, only one attempt to develop a passive monitor 

for HCHO has been reported. 51 Poroplastic film was impregnated with a 

series of chemical reagent systems which develop a color upon exposure 

to HCHO. None of the chemical systems tested was free from serious 

problems. Research was concentrated on a system based on rnethylben-

zothiazolone hydrazone hydrochloride (MBTH), which is presently used for 
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sampling total aldehydes in air. 42 The method appears promising but may 

not be specific for HCHO. Also, a suitable solvent must be found which 

is non-volatile and free from trace quantities of HCHO. 

3.2.3 Instrumental Techniques 

A number of instrumental methods for the quantification of HCHO are 

potentially adaptable to direct reading devices which may,provide real

time measurements of HCHO air concentrations. A portable GC capable of 

detecting HCHO has been reported52 but no concentration range was g1ven. 

Another GC system reduces carbonyl compounds over an active metal 

catalyst after column separation. 29 The reduced compounds are quanti

fied with a flame ionization detector. Losses of HCHO on the GC column 

as high as 20% were reported, and it was concluded that a better GC 

separation technique for HCHO was needed. Another device measures the 

fluorescent radiation emitted by HCHO upon excitation by a frequency 

doubled tunable dye laser.34 Although this detector has not yet been 

modified for air sampling, the device is specific for HCHO, and has been 

used in the laboratory to detect HCHO a1r concentrations as low as 5 

ppm. The authors believe some instrument modifications will enable HCHO 

detection 1n the ppb concentration range. Direct reading instruments 

have the advantage of providing real time analysis of a1r contaminants, 

but are not often useful for personal sampling. 

3.3 Proposed Sampler and Advantages 

The sampling system reported in this work consists of a glass fiber 

filter treated with NaHS03 which is placed in either a filter cassette 

through which air is drawn for active sampling, or a glass vial for pas-
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s1ve sampling. HCHO reacts immediately with NaHS0 3 to produce a stable 

addition product, sodium formaldehyde bisulfite. After sampling, the 

filters are washed with distilled water and the solutions are analyzed 

by a wet-chemical colorimetric technique. 

Minimal sample dilution volumes increase the sensitivity of the 

method by a factor of eight over the present recommended technique. Use 

of an accepted, well-tested analytical technique provides for easy adap

tation of the sampling system by a laboratory presently performing HCHO 

analyses. This is a great advantage over other proposed methods. 

Filter preparation 1s simple and rapid, and the samplers are very lnex

pensive. The filters are stable both before and after sampling when 

properly prepared. 

The active samplers are lightweight and small, and are therefore 

easily worn near the breathing zone. Filters are contained in inexpen

slve commercially available filter cassettes. The samplers cannot be 

broken or spilled, and require no refrigeration. Unlike some other pro

posed methods for the determination of airborne HCHO, the device does 

not contain any hazardous chemicals. In general, the sampler should be 

more attractive to workers, facilitating comprehensive monitoring pro

grams for formaldehyde. 

Passive monitors offer advantages over active samplers when large 

sample volumes are not required s1nce they need no pumps. Sampling 

rates are determined by the diffusion or permeation rate of a substance 

through a1r or some barrier which separates the collection medium from 

the ambient environment. After the rate at which the sampler collects 

the contaminant species of interest has been determined, no further 
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calibration is necessary as pressure and temperature effects are negli

gible over the range of typical sampling conditions. 41 The HCHO passive 

monitor developed 1n this work consists of a filter treated with NaHso3 

which rests at the bottom of a 2.5 x 9.5-cm glass vial. It may be 

operated by lay persons and is very inexpensive, making it perfectly 

suited for sampling in homes and office buildings. The sampler is merely 

uncapped, placed in a vertical position, and is left for an appropriate 

sampling period, then recapped and returned to a laboratory for 

analysis. 

3.4 Experimental Methods 

3.4.1 Filter Preparation 

Glass fiber filters (37-mm and 24-mm Type AP40, Millipore, Bedford, 

MA.) were prepared for sampling by soaking them in 5% solutions of aque

ous sodium bisulfite (NaHS03) until they became completely wetted. 

Filters were dried in a desiccator under a constant stream of N2 . An 

infrared heat lamp was used to speed-up the drying process. To prevent 

an uneven distribution of bisulfite, the filters were dried flat by set

ting them on the points of disposable pipette tips fixed to the desicca

tor plate. 

It was observed that the amount of time 1n which the filters were 

dried was directly related to their collection efficiency for HCHO. 

Filters which were dried quickly (-2.5-hrs) by blowing N2 on them and 

under a heat lamp, were very brittle and generally performed more reli-

ably than those which were 

filters in the desiccator 

dried' overnight. Keeping the number of 

at any given time as low as possible also 



23 

hastened the drying process. Filters not used immediately after drying 

were stored in air-tight Teflon jars under N2 . 

An iodine titration was used to quantify the amount of bisulfite on 

wet and dried filters treated with 1% NaHS03 solutions. (During the 

initial experiments of this work, filters were routinely treated with 1% 

NaHS03). Titrations indicated that approximately 0.5-mL of aqueous 

bisultite solution is absorbed by a filter. Thus, immediately after it 

has been treated with a 5% NaHso 3 solution, each filter contains approx

imately 19,000ug of the bisulfite ion. The amount of bisulfite remaining 

on dried filters treated with the 1% NaHS0 3 solutions varied greatly. 

Yet at losses of up to 50%, the filter capacity far exceeded that neces

sary to capture any amount of HCHO relevant to the sampling method. 

3.4.2 Preparation of Samples for Analysis 

After sampling, filters were placed in glass vials and eluted with 

distilled water. The samples were always kept in solution untir they 

were analyzed. In general enough H2o, up to - 20-mls, was added to pro

duce 0.2 to 3.0 ug/ml HCHO. Concentrated solutions were diluted a 

second time to bring them into the appropriate concentration range. The 

vials were shaken and aliquots of the HCHO solutions were centrifuged 

long enough to remove extraneous filter material. It was determined 

(see results section) that HCHO was completely and immediately released 

into solution, allowing prompt sample analysis if desired. 

Four mL aliquots of the sample were withdrawn from the -centrifuge 

tube and analyzed by the CTA method38 with no modifications. (Although 

more sensitive, the PRA method was not used because the bisulfite 1on 
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causes a large interference.) 

3.4.3 Standards 

Aqueous HCHO solutions were prepared and standardized following the 

procedure given by Miksch et a1. 39 Paraformaldehyde was refluxed at a 

concentration of approximately 8 mg/mL until the solution became es~en

tially clear. Any undissolved solid material was removed by filtration, 

and the solution diluted to approximately 4 mg/mL. The solution 1s 

standardized against a sodium sulfite solution by a pH titration. Con

centrated HCHO solutions were restandardized every four months and no 

significant changes 1n concentration were observed. Dilute standard 

solutions were prepared from the concentrated HCHO stock solution every 

month. At least five standard solutions of HCHO, and a distilled water 

blank, were analyzed to generate a standard curve for every sample 

batch. A representative standard curve is shown in Figure 2. Correia-

tion coefficients of 0.999 were routinely obtained for the s1x point 

standard curves. 

To investigate any effects they may have had on sample analysis, 

NaHS03-treated filters were placed in dilute HCHO standard solutions and 

analyzed following the procedures given above. No difference was 

observed 1n the slopes of standard curves generated with and without the 

filters. Therefore, standards were routinely analyzed without the addi

tion of impregnated filters. 

3.4.4 Validation of the Passive Sampling Method 

Passive samplers were prepared by carefully placing a single 24-mm 

filter treated with NaHS0 3 in the bottom of a 2.5•cm x 9.5-cm glass vial 
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as illustrated in Figure 3a. The samplers were always kept tightly 

capped with a plastic "caplug" before sampling. If a passive monitor was 

to be stored for more than one day pr1or to sampling, the vial was 

filled with N2 and capped. 

To calibrate their sampling rates, the passive monitors were exposed 

to five HCHO concentrations ranging from 0.05 to 0.8 ppm for one week 

sampling periods. The expetimental apparatus for the calibration tests 

is diagrammed in Figure 4. Dilute gaseous HCHO from the generation sys

tem was pumped into two metal cans 17.8-cm deep and 16.5-cm in diameter. 

Cans were chosen as "environmental ·chambers" because they contained 

clean, unreactive surfaces, and they could be tightly sealed and fitted 

with Swagelok connections. Each can held five passive monitors, which 

were kept vertical in wire stands. Temperature was controlled by plac

ing the cans in a carton lined with insulation. Air in the can was well 

mixed by a fan-type magnetic stirrer operated by compressed a1r (conven

tional a.c. magnetic stirrers became too hot during continuous operation 

and the stirring bar often moved off center). 

The dilute HCHO gas stream was drawn out- of the cans through a 

series of bubblers by vacuum. Flow rates were controlled by syringe 

needle critical orifices. The dilute HCHO gas stream was withdrawn from 

the cans at rates maintained such that the passive monitors removed no 

more than 5% of the HCHO in the test atmosphere as it moved from the 

inlet to the outlet of the chamber. A bubble flow meter was used to 

measure flow rates. 

Bubbler samples were collected downstream of each can continuously 

over 24 hour periods. Concurrently, two bubbler samples were taken 
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also varied to determine the capacity of the filters for HCHO as well as 

to detect possible kinetic effects. Humidity was introduced into the 

gas stream by splitting the dilution air stream and passing it through 

water contained in two gas washing bottles in parallel, upstream of the 

HCHO source. Humidity was measured with a dew-point hygrometer (Model 

91, Yellow Springs Instrument Co., Inc., Yellow Springs, Ohio). 

3.5 Results and Discussion 

3.5.1 Choice of Impregnating Reagent 

A ser1es of chemical reagents known to react with gaseous HCHO was 

investigated 1n selecting a reagent with which to impregne3:te the 

filters; Dilute HCHO gas was drawn through glass tubes containing mil

ligram quantities of the reagents followed by two bubblers in series. 

Bubbler solutions were analyzed to determine the degree of breakthrough 

from the test reagents. Percent breakthrough for the reagents investi

gated are given in Table 2. (The lower the_ breakthrough, the better the 

reagent performed in trapping HCHO.) On the basis of this data, sodium 

bisulfite and methoxyamine hydrochloride were selected for further 

study. 

Methoxyamine hydrochloride reacts with HCHO to form an ox1me. This 

offers the attractive possibility of a gas chromatographic analytical 

method. In preliminary experiments, back-up bubblers behind filters 

soaked in methanol solutions of methoxyamine hydrochloride never indi

cated any HCHO breakthrough. However, repeated attempts to detect an 

oxime peak 1n sample solutions with a nitrogen specific detector were 

unsuccessful. The research was discontinued, and full effort was 
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devoted to developing the NaHso3 method. 

3.5.2 Collection Efficiency of the Active Sampler 

Five percent solutions of aqueous bisulfite were used to impregnate 

filters after preliminary investigations indicated that 1% solutions 

produced substantial breakthrough, and that 10% solutions gave high 

blank values. Initial recovery data appeared promising, although it was 

quickly observed that the collection efficiency of the impregnated 

filters was directly related to their "brittleness". HCHO recoveries of 

100% were obtained with filters which were extremely brittle after dry-

1ng. The tendency of aqueous bisulfite to oxidize in the presence of 

air 18 was suspected as the cause of poor filter performance, although it 

is not known how this relates to the "brittleness" of the filters. Dry

ing the filters quickly, under a stream of N2 and an infrared heat lamp, 

minimized poor filter performance. 

Initial investigation of the sampling method included experiments to 

measure the efficiency with which HCHO is eluted from the filters, and 

the stability of the sodium formaldehyde bisulfite addition product 

formed on the filters during sampling. Approximately 0.05-mL aliquots 

of a 1% sodium formaldehyde bisulfite solution were dropped onto two 

impregnated filters. The filters were allowed to dry, then analyzed 

against reference solutions following the procedure given in the Experi-

mental section. Three more filters were loaded with 0.05-mL of the 1% 

sodium formaldehyde bisulfite solution, allowed to dry, and 200-L of 

clean air was drawn through them. These filters were also analyzed for 

HCHO and the results compared to reference solutions. The washing pro

cedure, based on two filter samples, was 98% complete. At least 97% of 
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the addition product remained on the filters after 200-L of a1r had been 

drawn through them (no HCHO was detected in the back-up bubblers). 

Two general sampling schemes are often employed in the evaluation of 

occupational environments. In one case, a contaminant is monitored for 

peak exposures, while in the other case, samples are taken to measure 

8-hr time-weighted average (TWA) exposures. To determine their perfor

mance under both of these sampling conditions, impregnated filters were 

subjected to a series of tests in which sample time, sample flow rate, 

and HCHO concentration were varied. For sampling peak exposures, 

filters were tested at three HCHO air concentrations (2.0, 0.84, and 

0.20 ppm) for 15 minutes each in small sample volumes. Longer samples 

were collected from a lower range of HCHO concentrations (1.1, 0.50, and 

0.11 ppm) for four hours in correspondingly larger sample volumes. In 

all tests the relative humidity was 0%, and the temperature was approxi

mately 20°C. Results are summarized in Table 3. 

The average HCHO collection efficiency over the entire range of sam

pling conditions was 101%. Although recoveries varied from 90 to 111%, 

no trends relating sampling efficiency to HCHO concentration, sampling 

time, or flow rate is obvious. The pooled relative standard deviation 

was 5.6%. 

Experience in developing the new impregnated filter method has shown 

that to a very large extent the variation in sampling performance was 

caused by the use of "bad" filters, most likely the resuit of incomplete 

drying. (Samples in which more than 20% breakthrough to back-up bub-

blers was detected were not included in the final data analysis or 1n 

Table 3. All raw data 1s given 1n Appendix II.) In a number of 
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instances, it was observed that within the same run the collection effi

ciency of one pa~r of filters was 100%, while another pair, dried in the 

same batch, caught as little as 30% of the HCHO passed through. The 

fact that the sporadic instances of significant HCHO breakthrough to the 

back-up bubblers were independent of air concentration or flow rate, 

implies that general filter capacity for HCHO was not exceeded nor was 

the rate at which HCHO reacts with NaHS03 . This points to some unknown 

process which causes some filters to have little or no capacity for for

maldehyde. 

HCHO breakthrough from the first filter in a sampling cassette to 

the second was also sporadic. Generally, the amount of HCHO on the 

front filter was much greater than that found on the back filter. In 

some instances more HCHO was found on the back-up filters than on the 

front ones, but no HCHO was found ~n the downstream bubblers. More 

often .though, it was observed that when more than 25% of the total 

amount of HCHO passed through a sampling cassette was found on the back 

filter, significant breakthrough to the bubbler had occurred. This 

observation is difficult to explain since both front and back filters 

have the same capacity for HCHO. If the unknown process mentioned above 

causes some filters to have little capacity for HCHO, on the average 

back and front filters should experience breakthrough with the same fre

quency. 

The sampling efficiency of the impregnated filters for HCHO was also 

investigated in light of the instability of aqueous bisulfite in air. A 

"worst case" experiment was designed to determine the effects of high 

humidity on the performance of impregnated filters. 90-L air samples 
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containing 1.15 ppm HCHO at 85% relative humidity were drawn through 

samplers over two-hour periods. As shown in Table 3, no reduction in 

collection efficiency was observed for 11 samples under these test con-

ditions. This suggests that the performance of the impregnated filters 

is generally unaffected by humidity at any level. 

3.5.3 Performance of the Passive Monitor 

The excellent results obtained for the collection efficiency of the 

active HCHO samplers encouraged the development of a passive sampling 

device for HCHO. Passive samplers are better suited for measuring the 

low contaminant concentrations associated with indoor air pollution in 

homes and office buildings for reasons cited previously. 

Ficks First Law of Diffusion can be used to describe the transport 

of gas #1 (in this case HCHO) through a mixture of gases #1 and #2 

(air). If the concentration of gas #1 is maintained at zero at one end 

of the diffusion path, Fick's Law, integrated over the length of the 

diffusion path, yields an expression that relates the quantity of a gas 

transferred through the diffusion tube to the concentration of that gas 

external to the tube. This expression is given as 

where: 
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Q1 = quantity of species #1 transferred 

n12 = diffusion coefficient of gas #1 1n gas #2 

A = cross-sectional area of the diffusion path 

L = diffusion path length 

ci = concentration of gas #1 external to the diffusion tube 

t = time 

This expression becomes useful in passive monitoring if the collec-

tion medium within the sampling device is essentially 100% efficient for 
I 

the contaminant spec1es of interest. Ambient time-weighted average con-

centrations can be determined from the amount of a contaminant collected 

by the passive monitor if the exposure time, geometry of the diffusion 

tube, and the diffusion coefficient of the contaminant species 1n a1r 

are known. 

Unfortunately the diffusion coefficient of HCHO is not well docu-

mented. Therefore, it was necessary to test the passive monitors at a 

series of known HCHO concentrations to establish a calibration curve 

relating the amount of HCHO trapped on the impregnated filters to the 

HCHO exposure level (ambient HCHO concentration x time of exposure). 

The rate at which the pass1ve monitor collects HCHO is obtained from 

this calibration curve. Results of the calibration experiments are 

given in Table 4. The theoretical concentrations listed in the first 

column were calculated us1ng the weight loss of the trioxane diffusion 

tube and dilution a1r flow rates within the generation system. 
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Reference method HCHO concentrations are averages determined from daily 

bubbler samples. The data are plotted in Figure 5. (Concentrations 

used in calculating exposures were based on the "reference method" meas-

urements.) This calibration curve enables a user to determine time-

weighted average concentrations of HCHO by measur1ng the amount of HCHO 

collected by a filter in a known total exposure time. Lower detection 

limits for various HCHO exposures are g1ven by the curve and aid 1n 

planning monitoring programs appropriate for a variety of sampling 

applications. The passive monitor developed 1n this work provides ade

quate sensitivity for sampling at the current occupational permissible 

exposure limit of 3 ppm for an eight hour period. A sampling period_ of 

100-hrs would allow detection of 0.1 ppm for indoor air quality audit_s. 

A linear regress1on was performed to fit the pass1ve monitor data to 

the simple equation: 

ug HCHO collected = 0.283 x (ppm-hrs) + 0.094 

The correlation coefficient (R 2) given by the regression analysis 1s 

0.997, indicating that the collection of HCHO by the passive monitor 1s 

well described by the laws of diffusion. The linearity of the calibra

tion curve indicates that the rate at which HCHO was trapped by the 

impregnated filters did not vary as concentration increased. It may 

therefore be inferred that the collection efficiency of the pass1ve mon

itor for HCHO was high enough to provide excellent performance over a 

wide range of HCHO concentrations. Each calibration point falls on the 

regression line within the standard deviations given in Table 4. 
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The slope of the calibration 1 ine actually reflects the sampling 

rate of the passive monitor. Conversion factors may be used to convert 

ug HCHO/ppm-hrs into the more ·familiar sampling units of cc/min. The 

sampling rate obtained from all of the passive monitor data is 3.84 

±0.16 cc/min. This rate applies only to HCHO in a1r and the specific 

configuration of the passive monitor reported here. By increasing or 

decreasing the area to length ratio of the device, which in this case 1s 

0.517-cm, the sampling rate may be modified to allow monitoring for 

longer or shorter (as in occupational environments) time periods. 

The regression analysis of the pass1ve monitor data yields one more 

important parameter. The diffusion coefficient of HCHO may be estimated 

from the sampling rate determined above. Using the measured area to 

length ratio of the passive monitor, the diffusion coefficient of HCHO 

1n air is calculated to be 0.124 cm2/sec. The diffusion coefficient of 

NO, which has a molecular weight very close to that of HCHO, is 0.150 

cm2/sec at 19 °c,53 the temperature at which the passive monitors were 

validated. Because HCHO 1s a larger molecule than NO, one would expect 

its diffusion coefficient to be somewhat less than that of NO, as was 

observed. The value obtained for the diffusion coefficient provides 

further evidence that the HCHO passive monitor is following the laws of 

diffusion with an adequate collection efficiency for HCHO. 

3.6 Conclusions and Areas of Future Research 

Both the passive and active samplers performed well 1n laboratory 

validation tests •. The active sampler is well suited for monitoring peak 

HCHO concentrations or for use 1n determining t1me-weighted average 

exposures. Excellent sensitivity allows for short sampling periods even 
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at low HCHO concentrations. This may be useful in evaluating env1ron

ments in which HCHO concentrations vary and good time resolution is 

required. The average collect ion effie iency of the active sampler, over 

a range of sampling conditions and HCHO concentrations, was 101% with a 

pooled relative standard deviation of 5.6%. HCHO concentrations as low 

as 10 ppb may be detected in an 80-L air sample. 

The HCHO pass1ve monitor performed well over a wide range of HCHO 

concentrations. A linear relationship was shown between the amount of 

HCHO trapped on the impregnated filter and the HCHO concentration to 

which it was exposed for a known sampling period. Concentrations as low 

as 100 ppb can be detected over a sampling period of 100 hrs. By modi

fying the geometry of the passive sampling device the sensitivity may be 

increased to allow sampling in occupational settings. The sampling rate 

of the passive monitor is 3.84 ± 0.16 cc/min, and the equation of the 

calibration line for ug HCHO trapped vs ppm~hrs 1s given by 

ug HCHO = 0.283 x (ppm-hrs) + 0.094 

with an R2 value of 0.997. 

Continuing research in a number of areas 1s still needed to fully 

evaluate the performance of the impregnated filter sampler methods in a 

variety of sampling applications. This will requ1re field testing as 

well as laboratory work. Specifically, present research needs include: 

1. Field validation of both the passive and active HCHO samplers. It 

1s especially important to evaluate the active sampler in occupa

tional environments at both high and low HCHO concentrations, and 
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the passive monitors 1n low HCHO concentration environments, partic

ularly those in which many people may be exposed. 

2. Investigation of the filter drying process. Some means of either 

improving the drying process or establishing some test to determine 

whether a filter has the required capacity for HCHO is imperative if 

the samplers are to have any wide spread use. Investigation of the 

surface characteristics of the dried filters may provide information 

useful in designing a better drying process. 

3. The development of a HCHO pass1ve monitor for industrial hygiene 

applications. Passive monitors provide real advantages 1n the sam-

pling of occupational environments. Since they sample at a known 

rate, essentially unaffected by normal temperature and pressure 

variations, they provide accurate evaluation of worker exposure with 

no regular calibration. They are light weight and easy to wear 

because they require no sampling pump. By modifying the present 

HCHO pass1ve monitor configuration, the sampling rate could be 

increased to provide adequate sensitivity for short-term sampling 

4. Evaluation of the pass1ve monitor sampling performance under a 

variety of test conditions. Although high humidity did not affect 

the performance of the active HCHO sampler, tests should be under

taken to verify these results for the passive monitor. The effects 

of extreme temperatures and pressures on the passive monitor sam

pling rate could also be investigated. 

5. Investigation of the effects of possible chemical interferents. It 

1s very likely that few compounds will cause any significant 
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interference when sampling with NaHS0 3 and us~ng the chromotropic 

acid analytical method. It ~s stated in the NIOSH formaldehyde 

method no. P & CAM 12538, that at a~r concentrations higher than 

that of ambient HCHO, saturated aldehydes, some alcohols, phenols, 

ethylene, propylene, and 2-methyl-1, 3-butadiene may cause interfer

ences to the CTA method. With the possible exception of a few low 

molecular weight aldehydes, no reason exists to suspect that NaHS0 3-

treated. filters will retain any of the potential interferents listed 

above. 
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AMBIENT AIR 

INDOOR AIR 

u.s. 
-cautomia 

Minnesota 
Wisconsin 

Netherlands 

Federal Republic 
of Germany 

~ 

Level 
3 (0.1 ppm • 120 ug/m ) 

0.1 ppm IIIBX 

0.2 ppm 

0.5 ppm 
0.4 ppm 

0.2 ppm 

0.12 ppm III8X 

0.1 ppm max 

0.1 ppm max, new buildings 
0.4 ppm min, old buildings (a) 
0.7 ppm max, old buildings (a) 

0.1 ppm max 

Table I. Formaldehyde Standards 

Status 

Recommended by AIHA 

Proposed 

Proposed emergency standard 
Proposed effective 05/1/80 

Proposed effective 05/1/81 

Recommended 

Recommended by Ministers of 
Housing and Health 

Proposed by the 
National Board of Health 
and Welfare 

Recommended by the 
Ministry of Health 

References 

1. American Industrial Hygiene Association, "C0111111unity Air 
Quality Guides, Aldehydes," Am. Ind • .!!I&· Assoc • .:!·, 29: 
505 (1968). 

2. State of California, Assembly Bill No. 2586, as ammended 
in Assembly, April 16, 1980. · 

3. News release from the Minnesota Department of Health, Hay 22, 1980. 
4. State of Wisconsin, Department of Labor and Human Relations, 

Safety and Building Division. Proposed Formaldehyde Rule, 
Wis. Adm. Code, November 1979. (Not enacted as of July 11, 1980,) 

5. I. Andersen, "Formaldehyde in the Indoor Environment - Health 
Implications and Setting of Standards," paper presented at the 
Indoor Climate Symposium, Copenhagen, Denmark, August 3D
September 2, 1978. 

6. R. Baars, "The Formal Aspects of the Formaldehyde Problem in 
the Netherlands," paper presented at the "International 
Climate Symposium," Copenhagen, August 3D-September 2, 1978. 

7. H. Wshren, "Formaldehyde Indoor Air Standards in Sweden," 
paper presented at the CPSC Technical Workshop on Formal
dehyde, Washington, D.C., April 9-11, 1980. 

8. Dr. Bernd Seifert, Institut fur Wasser-, Boden- und 
Lufthygience des Bundesgesundheitsamtes, Berlin, Germany, 
private communication, May, 1978. 

(a) 0.4 to 0.7 ppm is a border area. L 1 hi h th 0 7 d Levels eve s g er an • ppm o not meet the standard, Levels lower than 0.4 ppm do meet the standard. 
within the border area do not meet the standard if the dwellers complain. In recently built houses, 0.7 ppm 

during the first six months. should be acceptable 
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Table 2 

PERFORMANCE OF POTENTIAL HCHO TRAPPING REAGENTS 

B-napthol 
chromotropic acid 

Reagent 

5,5-dimethyl 1,3-cyclohexadione 
3-methyl-2-benzothiazolone hydrazone (MBTH) 
2,4-dinitrophenyl hydrazine 
hrydroxylamine hydrochloride 
methoxyamine hydrochloride 
p-nitrophenyl hydrazine 
sodium bisulfite 

% HCHO BreakthroughA 

98 
97 
90 
81 
80 
48 
<5 
<5 
<5 

ABreakthrough was determined by measur1ng the quantity of HCHO 1n 
bubbler solutions collected downstream from the trapping reagents 
and comparing the amount with the known quantity. 
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Table 3 

RESULTS OF ACTIVE SAMPLING EXPERIMENTS 

Duration of Volume HCHO Air Cone. Collect ion 
~ Samples Sampled Known Obs. Efficiency RSD 

(min) (L) n (ppm) (ppm) (%) (%) 

15 3.5 12 2.00 2.17 108 8.9 
15 20 12 .839 .839 100 4. 5 
15 12 8 .195 .186 95 5.5 

240 140 7 1.08 1. 20 111 7.3 
240 90 9 .503 .453 90 5.7 
240 180 6 .112 .112 100 5.2 

120a 90 11 1.16 1.23 106 4. 7 

asamp1es collected at 85% relative humidity 
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Table 4 

RESULTS OF CALIBRATION EXPERIMENTS FOR THE HCHO PASSIVE MONITOR 

Known HCHO Reference Method Duration of HCHO 
Air Conc.a HCHO Air Concentrationb Sampling Collectedc 

(ppm) (ppm) (hrs) (ug) 

.058 .060 :!: .002 162.67 2.96 • .22 

.096 .101 :l: .003 154.52 4.39 :l: .17 

.201 .204 :!: .006 141.17 8.40 :l: .26 

.397 .407 :l: .008 158.84 17.5. 1.7 

.839 .871 :!: .025 160.24 39.4 :!: 2.4 

aBased on weight loss of trioxane diffusion tube 
bDetermination based on 24-hr bubbler samples. Average of 14 

readings = absolute standard deviation 
cAverage of 10 filters :!: absolute standard deviation 



49 
List of Figures 

Figure 1. Apparatus for generating ppb-ppm levels of formaldehyde gas. 
Trioxane vapor emanating from a diffusion cell is swept over a catalyst 
bed, and the resultant formaldehyde gas is diluted to the desired con
centration using clean room air. 

Figure 2. Typical chromotropic acid standard calibration curve. 

Figure 3a. Schematic diagram of passive sampling device for formal
dehyde. 

Figure 3b. Schematic diagram of the experimental device used to evalu
ate the performance of the NaHS03 treated filters in the active mode for 
sampling formaldehyde. 

Figure 4. Schematic diagram of the apparatus used for the evaluation of 
the HCHO passive monitor. The actual apparatus was constructed in 
duplicate and the two metal cans were placed 1n an insulated box, and 
each containing five passive monitors. 

Figure 5. Amount of formaldehyde captured by the passive sampling dev
ice plotted as a function of formaldehyde exposure level (exposure level 
=ambient air concentration x time of exposure). Ambient concentrations 
used in calculating exposure levels are based on reference method meas
urements. 
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Appendix I 

Air Concentrations and Dilution Factors 
Used to Determine Generation Rates of HCHOa 

Run ff HCHO Air Cone. (ug/L) Dilution Factor Analytical Me tho db 

ffl .070 10,478.5 CTA 
.073 10,478.5 CTA 
.072 10,478.5 CTA 
.075 10,478.5 CTA 
.069 10,478.5 CTA 
.075 10,478.5 CTA 
.on 10,478.5 CTA 
.079 10,478.5 CTA 
.080 10,478.5 CTA 
.074 10,478.5 CTA 
.072 10,478.5 CTA 
• 074 10,478.5 CTA 
.071 10,478.5 PRA 
.075 10,.478.5 PRA 
.072 10,478.5 PRA 
.074 10,478.5 PRA 
.079 10,478.5 PRA 
.081 10,478.5 PRA 

ff2 .119 6,192.0 CTA 
.124 6,192.0 CTA 
.118 6,192.0 CTA 
.122 6' 192.0 CTA 
.122 6,192.0 CTA 
.126 6,192.0 CTA 
.123 6,192.0 CTA 
.125 6,192.0 CTA 
.126 6,192.0 CTA 
.127 6,192.0 CTA 
.126 6,192.0 CTA 
.129 6,192.0 CTA 
.119 6,192.0 PRA 
.124 6,192.0 PRA 

ff3 .243 2,956.7 CTA 
.248 2,956.7 CTA 
.259 2,956.7 CTA 
.261 2,956.7 CTA 
.249 2,956.7 CTA 
.252 2,956.7 CTA 
.258 2,956.7 CTA 
.260 2,956.7 CTA 
.245 2,956.7 CTA 
.2q5 2,956.7 CTA 
.244 2,956.7 CTA 
.244 2,956.7 CTA 
.254 2,956.7 PRA 
.258 2,956.7 PRA 
.250 2,956.7 PRA 



.253 2,956.7 PRA 
fF4 .486 1,487.7 CTA 

.492 1,487.7 CTA 

.495 1,487.7 CTA 

.503 1,487.7 . CTA 

.498 1,487.7 

.510 1,487.7 

.495 1,487.7 

.500 1,487.7 

.490 1,487.7 

.497 1,487.7 

.509 1,487.7 

.505 1,487.7 

.521 1,487.7 

.508 1,487.7 

.517 1,487.7 

.512 1,487.7 
• 518 . 1,487.7 

#5 1.059 724.2 
1.070 724.2 
1.060 724.2 
1.084 724.2 
1.048 724.2 
1.080 724.2 
1.040 724.2 
1.147 724.2 
1.036 724.2 
1. 030 724.2 
1.017 724.2 
1.070 724.2 
1.036 724.2 
1.089 724.2 
1.093 724.2 
1. 052 724.2 
1.077 724.2 

8 The generation rate of HCHO is obtained by multiplying 
the experimentally determined air concentration by the 
measured dilution air flow rates of the generation system. 

beTA = Chromotropic Acid Method 
PRA = Pararosaniline Method 

CTA 
CTA 
CTA 
CTA 
CTA 
CTA 
CTA 
CTA 
CTA 
PRA 
PRA 
PRA 
PRA 
CTA 
CTA 
CTA 
CTA 
CTA 
CTA 
CTA 
CTA 
CTA 
CTA 
CTA 
CTA 
CTA 
CTA 
CTA 
PRA 
PRA 

56 



Appendix II 

Observed HCHO Concentrations - Active Sampling Experiments 

Duration of 
Sampling (min) 

15 

Duration of 
Sampling (min) 

15 

Duration of 
Sampling (min) 

15 

Theoretical HCHO 
Cone. ( ug/L) 

2.46 

Theoretical HCHO 
Cone. (ug/L) 

1.03 

Theoretical HCHO 
Cone. (ug/L) 

.240 

Observed HCHO 
Cone; (ug/L) 

1.75* 
1.99* 
1.98* 
1. 57* 
2. 73 
2.38 
2.63 
2.49 
2.66 
3.23 
3.04 
2.53 
2.62 
2.63 
2.52 
2.61 

Observed HCHO 
Cone. (ug/L) 

0.960 
1.06 
1.01 
0.982 
1.05 
1.10 
1.08 
1.06 
0.996 
1.05 
0. 971 
0.991 

Observed HCHO 
Cone. ( ug/L) 

.216 

.226 

.218 

.225 

57 



Duration of 
' Sampling (min) 

240 

Duration of 
Sampling (min) 

240 

Theoretical HCHO 
Cone. ( ug/L) 

1. 33 

Theoretical HCHO 
Cone. ( ug/L) 

.137 

.255 

.233 

.221 

.236 

Observed HCHO 
Cone. ( ug/L) 

1.48 
.255* 

1.41 
1.42 
1. 37 
1. 69 
1.43 
1.53 

Observed HCHO 
Cone. ( ug/L) 

.076* 

.145 

.088* 

.133 

.142 

.134 

.126 

.141 

*nata discarded because the breakthrough of HCHO to the 
back-up bubbler was greater than 20%. 
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Appendix III 

Amounts of HCHO Trapped by Passive Monitors 

Duration of · 
Sampling (hrs) 

162.7 

Duration of 
Sampling (hrs) 

154.5 

Duration of 
Sampling (hrs) 

141.2 

Known HCHO 
Cone. (ug/L) 

0. 72 

Known HCHO 
Cone . ( ug/L) 

0.118 

Known HCHO 
Cone. ( ug/L) 

.247 

HCHO Collected 
on Filters (ug) 

2.87 
2.89 
2.85 
2.93 
3.03 
2.60 
2.91 
3.91 
2.91 
3.42 

HCHO Collected 
on Filters (ug) 

4.10 
4.30 
4.52 
4.52 
4.24 
4.21 
4.48 
4.54 
4.63 
4.36 

HCHO Collected 
on Filters (ug) 

8.00 
8.20 
8.53 
8.45 
8.24 
8.20 
8.45 
8. 77 
8. 77 
6.40* 
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Duration of 
Sampling (hrs) 

158.8 

Known HCHO 
Cone • ( ug/L) 

.488 

HCHO Collected 
on Filters (ug) 

18.9 
18.8 
16.7 
17.3 
15.6 
17.9 
19.1 
19.5 

.17. 7 
13.9 
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