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Introduct~o")

A great d~al of concern a~d speculation ~as arisen lately on the presence

of kno~."n ':arciro\Je'-s in t~e llO"'k env~"'o~-e.. t {l). pa ...ticularly tire possible

presence )f Bis-cbloro-et~yl et~e'" (BeVe). an active ~ ha'oet~er i~

textile ranufactu~irg [2- 4 ], Fo ....red J'"ro- t'"e reactio'" oJ'" fOl--alde1yde

. '(HCHO) and i011C chloride cO-Dou-ds, tre toxicity of BCnE was well

establi'sl-ed [5-101, rmJeve" its role iry tl-e tevtne erviron-ert u'1til nOId

has been so-e~<'!~at clouded. hew evide1ce f".o- on-~ite r"o'1ito"'; .. g for BO'(

and varicus para-ete"'s at two text:le pla~ts and acco-... aryirg ~:ret~c and

reactior -echar 1s- studies co-ducted by Be~d:x Spec:al Projects for t~e

National I~st1tute for Occupat:o~al Safety ard u ealtl- (~IOSU) l-as begu,

to resolve so~e or tre Urcerta:rty. Irst"'u-e-tal in this was t1e develop­

nent of a two-pro ... g attacl< certeri'"g 0'" laborato~y a~d elviro~'-2-ta1

investigatJors (see Figure 1).

This rerort su~~arizes tre prelirinaYy project findings to date. The

laboratcry study ce... teyed o~ t~e ~iret:cs and react:on recharis-s of

aCME forration. The er)viro'1~e ... tal ef-Fort irvolved the develop--e'1t and

verification of existing and ne\!ly evolved saTpling protocols and analyt-

ical te:~'1iques coupled wit~ field ronitol-ing or various work e-viron-

ments i1Cluding textiles Ii/here a sig"ificart potertial for BOT for1la­

ticn was thought to exist (2-4J. Sa-pling was not lim:ted to t~e reasure­

ment of BC"E but also included ot~er possible contributing para-eters.

The corcurrent studies allo~!ed support ard co-pari sons of results,

SUr"~ar> B'1d Co:-dus:o-s

The effects of possible BC'1E farnation r"ay have a significant and far reach­

ing in~act on future work processes and work enviro--ents, Because of this,
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the study of its role in the work environment rcqlJires a lengthy and detailed

examination. The results presented are findings which have been developed

up to this point and represent preliminary conclusions based on what has been

determined from literature rev;eh's, laboratory and field studies.

Surveys \'Iere also conducted at tvlO textile plants in order to ascertain the

presence and extent of BCME and its reactants, including environmental

factol'S.

The follO\'ling are preliminal·y conclusions based on the findings to date.

As more work is conducted, some new finding will no doubt result.

1. The kinetic rate equation for BCME formation appears to be expotentially

related to reactant concentration and will be a higher than first order

reaction.

2. In th~ workplace environment, the relative abundance of water masks

its effect in the rate equation but will still play an important role in

the fornation of BCME ..
3. Because formation of BCME appears to be insensitive to temperature.

the Arrhenius plot slope is relatively flat. Consequently, the energy

of activation is relatively low which may allow the spontaneous forma­

tion of BCME at ambient conditions.

4. The presence of reactants needed for BC11E appeared in low ppm 1eve1s

in ·textile finishing operations .

.
5. Only traces of heavy metals \'iere present. in the textile finishing

environment.

6. No BCME was detected above 0.1 ppb in the textile environment using

separate gas chromatography and gas chrorna'tographY/lIlass spectrometer

analys·i s.
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KINETIC STUOY OF BOlE REACTION liCCHi\NIsr·1S
~~------------ - _. _...

Since 188/ it has been a standard practice to prepa}'e BCME in the laboratory

by mixing parafotmaldchyde and concentrated hydrochloric acid and adding

ch10rosulfonic acid slowly to the mixture with cooling to obtain an 76 to

81% yield [l1J. B01E also has been found as a major byproduct in the

industrial preparation of ch10romethy1 metllyl ether (OlE) from paraform­

aldehyde, aluminum chlori~e, and water. Since the establishment of the

carcinogenicity of BCr·1E [5-10], attention has been directed not only to

its detection but'also to its mechanisms of formation in the industrial

workplacE~. The fo1101·l1ng points demonstrate some of the important find­

ings prior to the inception of this project .

.. BCI4E \'Jas formed spontaneously from fOl~maldehyde and hydrogen chlodde

in ppm range in humid air and that steady state was reached in less than

1 minute.

- Rohm and Haas Company, News Release, Dec. 27. 1972

o At ambient temperature and humidity. BC1·1E is not formed in detectable

amount (0.1 ppb) from formaldehyde and pydrogen chloride up to 200 ppm.

At concentrations above 500 ppm, only low ppb levels of BCME were

detected. The steady state \oJas not attained at less than 18 hours.

The reaction rate was independent of the humidity.

G.J. Kallas and R.A. Solof!1on, Am. Ind, Hygiene Assoc. h Nov .•

469 (1973)

• BCME formation ~las exponentially related to the reactant concentrations,
- .

indifferent to the reactor surface. The yields were ~onsistently low in

dry atmosphere and insensitive to temperature:

- l.S. Frankel, K.S. McCallum, and ledelle Collier. Environ. Sci. and

]j?ch., 8(4), 356 (1974)
(4 )
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• BOlE was not observed" fl~om the aqueous reaction of fonn'll dehyde and

hydrochlodc acid at concentrations up to 2,000 ppm at ambient tempera­

ture for 18 hours:

- J.e. Tou and G.J. Kullos, Am. Ind. Hygiene Assoc. h July. 419

(1974 )

POSTULATED folECHANISl·1S

The reaction can be discussed in terms of three different media.

e The gas phase reactions

-The condensed phase reactions (polar and nonpolar)

~Heterogeneous reactions (gas-liquid, gas-solid, and liquid-solid

systems)

At the pre~ent time, only homogeneous reactions are being studied, each

according to which one of the three components, water, formaldehyde, and

hydrogen ch1ori de, is present in excess, as sho\'m in Fi gures 2 to 4. The

laboratory apparatus to effect some of this work are included in the

Appendi:>< .

In view of the multiplicity of reaction schemes and the variety of exist­

ing experimental parameters, it is a small wonder that the prevailing

state of understanding regarding the BCME formation is rather complex

and confusing. In order to r~solve the selection and elimination process)

kinetic: study of the reaction in gaseous as well as ;n condensed phases

were conducted. Reaction orders) rate constants and activation energies

were determined. Some of the rate equations appeared manageable and have

been integrated. Among them &~C the following~

(5)
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A•. Via Chloromethyl Alcohol Illtcrmediatc and 4-Ccnter Transition 'State
. k

HCHO + IlCl l} C1 CHZOH
~k

-1

d[BCME] =
dt

,; _ & d[HCHO][HCl] = k2'K~2[HCHO]2[HCl)2
2 dt

- d[HCHO) [HC1) = 2k2Ke (HCHO]2[HC1]2
dt

When Hel is in excess,

- d[H~~O] := kobs . [HCHOJ2

-Jd[HCHOJ=jk b dt
[HCHO)2 0 s.

1 = k t + 1
'[HCHO] obs. -:-:-[H-==C~HO""'-)

Therefore, the reaction is of a pseudo second-order kinetics with respect

to forma.' dehyde.

When HCHO and HCl are at equivalent concentrations, x.

dx
2

- 2k K x4·ot- 2e

~2r.~ = 2k2Kex4

I dx - k K x3
I .. dt - 2 e .

' .., , ,
., ..--.y:::: kZk t ·f -:-rr

.: xc. .e Xoi;

. .
Therefore, the reaction is of tbird-olde, Kinetics.

(8)



-D. Via Formaldehyde Dimcr and 4-Center Transiti'on state

"ZC=O
• t •

: . : + 2HCl
• I,

O=CHZ

H
2
C:::::: 0
I I

: : (r.s.)
I ,

o=.::.::. CH2

. .

When HCHO is in excess)

-~ = k [HC1J2
dt obs.

-JPD{~ll = k 'fdt:I!-lClTZ obs.

1 _ ,. t ~ 1:IHCIJ - Kobs. '~ .

Therefore, the reacti on is of pseudo second-order kineti cs "'t'i th

~~spect to hydrogen chloride.

c. Via HOCH20H and 4-Center Transition State

k1
HCHO + H20 ~ HOCHZOH

. K_l
. .-.

2HOCHZOH

HDCHZOCHZOH + 2HCl

':~i!'1El = k3[HOC1-12.0CH20H?~HC1]2

~[HOCH20CH20HJ = -k-<[HOCH2.0CH ClH][HCl]2 + k2[HOCHZOH]2
'. dt ... .2 .

(9)



E'"vidc:ntly, (l condition of k3»k2 has to be' assumed.

£[Q~r'~[l = _ d[HOCIIZOCH201l] = _ d(HOCIl?Oll] = k2[HOCHlHl]2
dt dt ; 2dt

Kcd[IICIlO][HC1J = k K 2[HCHOJ2[HCl J2
- • 2dt . 2 e . I

.. ill:HC\{~~ = 2kZKe[HCHO]2[HC1]2

When HCHO an~ HCl are at equivalent concentration, x.

dx2 4.. CIt = 2kZKex

. 2vdx - 2k K x4
.. ~'cit - 2 e

dx - k )' x3
.- dt - Z 'e

"J* ~ kzKefdt

1 = k K' t .{... 1 '
XZ Z e xo

2

- There.fore, the reaction is of third-order kinetics •

.'

"

D. .Condensed Phase Reacti on

HCHO + HCl
k1
~ C1CHZOH

.. k..1

.0

k2
., C1CHZOH + HCHO ~ C1CH.?OCHZO~.

k .
• C1CHZOCH20H + HCl ~. C1 CHZOCHZCl + H20

It is rather difficult to estimate the relative size of kZ and k3. In

polar media, k3 is likely to be greater than kZ; involving a SHl type

process, and the rate equvLion can be fEad11Y integrated. In a nonpolar
--

mediu, k2 mightbe greater than k3 and 'it mav be difficult to s01ve.

(10)
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The inforlllation on hand regarding 13Cf1E formation is obviously complex,

but the c;)ll1plexity ;s more apparent than rea). All the experiments in

the references cited above were carefully devised and accurately carried

out. The data are therefore reliable and valuable. The prevailing

state of perplexity and puzzlement seems, in the main, generated from

the lack of a rigidly proven reaction mechanism, capable of satisfactor-

ily explaining experimental facts from a variety of sources. The diffi­

culties presented above will also.serve to explain the discrepencies of

results noted earlier by Marceleno [2-3J where BCME was found but where

findings could not be duplicated. When this seemingly elusive reaction

mechanis:n is finally established> these facts> contradictory though they

may seem, can no doubt be explained in full, which in turn would strengthen

the still sought-after mechanism. As a matter of fact; a faintly delineated
.

image of solution is already in the offering. A few salient points are

enumerated here.

1. Reaction Kinetics -- It was found that BCME formation is related

exponentially to the reactant concentration: That is to say, the

reaction is of higher than first-order kinetics. Keeping a picture

of the reaction in mind, few would venture to expect otherwise.

2. Gas Phase Reactions -- The simplicity of use of plastic bags to

maintain constant pressure in the kinetic study of gas phase reactions

would have been remarkable. It was unfortunate and surprising to find

that the HCHO permeation rate in the plastic bags vias far greater than

was anticipated as is shm·m in Figure 4. Because of this, all-glass

systems were required for both liquid phase and gas phase reactions.

(11 )
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Another prob1CIIl cncountcrcd \',Ill sin the use of lIel in the cX!Jcri mental

systems since HellO and GCr1C concentl'ations were to he determined by gas

chroma to'jraphy, any Hel pr2sent \~ould be an i nterfcrence. Thi s was

resolved by using a combination of carbosieve Band Porapak T in the

chromatographic column.

3. Reversibility of Gas Phase Reaction -- In the gas phase reaction of

HCHO and HC1, t\',IO stages \·/ere noticed. HCHO at first decl'eased, followed

by an increasing trend. By keeping 4,670 ppm HCHO and 4,670 ppm Hel at

86°C for 28.3 hours, 0.65 ppm BCME was obtained (0.014 mole percent

yield). On the other hand, 5.8 microliters BCME kept under vacuum at

91°C fo~ 18.3 hours gave 12.94 percent .HCHO. One problem encountered

(and as yet unsolved) was the appearance of an unidentified component

that has the same retention time as the peak found in a ~ixture of HCHO

and Hel (see Figure 5).

4. BCtJIE Formation from Hyd}'ogen Chloride Versus t1agnesium Chloride -­

A mixture of equivalent amounts (0.1 mole) of HCHO and Hel in aquec~s

medium covered with hexane was stirred overnight in'an ice bath, giving

an 0.007 mole percent yield of BCME in the hexane layer. A similar run

with magnesium chloride gaven an 0.027 mole percent yield.

5. Th(~ medium in which BCf',1E is formed -- In the preceeding experiments

aqueous as well as organic layers existed so that BC~1E could conceivably

be formed first in the aqueous layer and subsequently diffused into the

organic layer; or formaldehyde and hydrogen chloride·could migrate into

the orgunic layer and BCr~[ be formed ofter\'lord. To resolve this issue)

an attempt was lIlade to identify the medium. (polar or nonpolar solvent)

(13)
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in \'/hich BCHE was for'med by observing its kinetic order.· As is shown in

Figure 6, the BeME reaction proceeded rather fast and reached a low

plateau at a very early stage. The CUI've appeal~ed to be non 1inear and

of nonzero order, indicating that the reaction most likely had taken

place in the aqueous phase. If the plot had been linear and of ~ero

prder) the indication would be that it had taken place in the organiz

layer.

6. Diffusion rate versus reaction rate -- Assuming that the diffusion

rate of HCHO and HCl is greater than the reaction rate, the concentra-

tion of HCHO and HCl in the organic layer ...lill be constant and the rate

equation can be derived as follows:

.
s!IBU:::] = k[flCHO)X[HCl JY

dt

= k[HC~OJO[HC1JO

= k

d[Bcr':E] = kdt

time' will be a straight line passl'ng through the origen.

~d[BCI:::] = kJ;dt

[BC/,:E]t =- kt + [BCf1EJo

. [BCl-1E] t =. kt

The reaction therefore is of zero order kinetics
and q plot of BCME versus

and Chlorosulfuric acid on the form?tion of

to the preceding double layer; reaction (at

performed at 30
0e and no BCr'1E was formed.

7. Effects of Termperature

BCME -- Experiments similar

OOC) \'IC~re

(15 )
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Similar experiments performed at lOoC gave an 0.0024 mole percent yield

of BC~tE.

Addition of chlorosulfonic acid dramatically increased the YieJd ( a

23-fold increase) as shown in Table 1 and Figure 6.

8. Effect of Moisture on the formation and decomposition of BCME --

It was reported that the yield of BCME in gas phase was consistently

lower in dry atmosphere but not significantly different under various

ambient humidity. It is therefore clear that the water molecules do

participate in the formation of BCME. Furthermore, the experiments

were carried out at 100 ppm levels and the ambient moisture content in

the atmosphere was about 150 times in excess. This unsuspected presence

of relative abundance of water naturally Hou.ld mask its effect in the

rate eCiuation.

9. Reaction order of Formaldehyde -- It was reported that BCME forma­

tion is related exponentially to HCHO ~oncentration. Obviously, the

rea~tion is of higher than first order kinetics with respect to HCHO,

a fact which would be anticipated from the mechanism schemes.

10. Spontanuity of Formation It was further found that the BCME

formation was insensitive to tempet"ature. This implies that the

slope of Arrhenius plot is rather flat, and consequently the energy of

activation for the BeNE formation is relatively low. Theref~re, the

process might very \'Jell be spontaneous at ambient condition. •

(17)



TABLE 1

Corl(:~p~(-r. ?h;;s(: ?:~::r:tis··,~.---------------._-

R€a:t~[,n For;:,a1c'=~;~'(:'::
__ .•f

c.;.\'"

Cover i r~~l TCi;;~~ r<: tl: rc: Hydrogel". C:"j ; c ," i ~i :
Exp..:ri;;;~nt Solvent (0 c) (1-:01 Q)

11 Hex~ne 0 '0.11

VII Toluene 10 0.46

. VIII Benzene 30 Q.l0

BCl:~ \' 1e1c!s
(1·101 c ~;)

0.007

Yield:; lifter­
Addi,,; Ch1o:'')­
sul f( r:i c Ac i d

(" 1 c'),',:) c: N

.
0.OS52

(18)



The inherent difficulties of studying this type of problem are twofold:

nonconventionality and uncertainty, At 100 ppm range, there are only

0.075 ffig of water in a liter of air. A 50 percent relative humidity

at ilmbient temperature ranges bet\'leen 15,000 to' 16,000 ppm. This

unsuspected presence of a'relatively huge amount of water in relation

to reactant concentrations in the reacting system could not but mask

the true picture of reaction. Consequently, the observed reaction rate

would overshadow the true rate of reaction. This situation would, of

necessity, not only confuse the experimental results but also under­

mine the confidence they deserve.

[i el d Surye.l'.
The selection of \-lOrk environments for study\'!ere dictated by the fo11o\-/-

1n9 criteria: (1) the work environment's po~ential for BCI1E formation as

indieat€~d by the chemical components utilized; (2) the number of \'lOrkers

exposedj, (3) representativeness of the plant to the industry in which it

is elas:;ified; and (4) the ability or ease of measuring and ascertaining

cDntributing factors to possible BCME formation. The first criteria was

used to select industries; the others were used to select specific plants.

Table 2 lists the industries selected.

(9)



TAGLE 2

SELECTION OF INDUSTRIES ·rOR STUDY
BCME PROJECT

Production of Textiles (Finishing

Production of Dyes

Production of Formaldehyde-Type Resins

Production of.Paper

Production of Fertil i zers

Foundries

taboratory Processes

The selE~ction of textiles was considered of primary importance in this

project. Previously, Marceleno and Bierbaum and Marceleno [3] had con-
.

ducted preliminary pilot plant studies and sampling in several textile

finishing operations with results that indicated the presence of BCME

in the low (0.1 - 8.0 ppb) range. SUbsequent meetings with industry

representatives (American Textile Man~facturers Institute and Textile

Workers Union of America) had attested to that selection.

Proc~sses Studies

Textile finishing uses many substances which give various characteristics

to fabric. Those used in permanent press treatment of fabric are con­

sidere~ perhaps the most important. In crease resistant finishing, cloth

is treated with a resin-catalyst mixture, dried and cured. One of the

most common mixtures includes glyoxal urea fOl~maldchyde resins in con­

junction with magnesium chloride catalysts. Because both frea formaldehyde

and chloride ions are present in this proces~ in quantity, this process

was chosen for study.
(20)



Two plants were studied: one, q finishel~ of heavy \'wight dropery and

upholstery fabrics, and the other, a produ~er of currently fashionable

knit fabri~s. Each had a somewhat different process.

1. Drapery and Upholstery Fabrics

The finishing process in this plant utilized a conventional approach

which is representative of the industry as'~ whole. Theequipment, mat­

erials:. and process are typical of wha~t might be expected in other

finish'ing plants around the country. The flow chart (Figure 7) indicates

the major steps in the process.

The initial step is the mixing of the resin-catalyst materials which is

done in a separate area of the facility. The mixture'typically contains

approximately 30 gallons of resin, 88 pounds of magnesium chloride,

water, and small amounts of such things as various softeners and hand

,builders. The 250 gallon mix has a pH of about 6 and is typically at

ambient temperature. Once mixed to specifications based on desired

characteristics, the mix is sent down.into'the pad box. Here, the

cloth is drawn through the resin-catalyst material. Most of the excess

resin··catalyst is removed by drawing the cloth through a series of in­

war.d running rollel~s.

To remove moisture) the cloth is drawn through a series of oyens. The

first, a predryer, quickly heats the fabric to approximately.2500F for

about 2 minutes. Allowed to cool slightly, the fabric is drawn into

the dryer, more commonly called a Iltenter frame II or simply "frame".

Here, temperatures are again about 2500 F but the residence time is

about twice as long. At this point, only the u~cured resin is present

in the fabric.
. (21 )
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The dried but uncrued resin-containing cloth is then subjected to a tem­

perature of approxillliltely 350°F for about 1 to 2 minutes. ,Using this

resin-catalyst system. 350°F is satisfactory for curing the l~esin.

Once this step is completed. the fabric has obtained the "Jr;nkle resis­

tant characteristics desired. The fabric is then ready for such things

as inspection and warehousing.

2. Knitted Fabrics

Because of the means whereby knitted fabrics are made) two finishing

processes were used in the other plant stuides. Knitted fabrics are

made in a tubular form rather than in the more conventional flat cloth

form seen in woven fabrics. Some users of knitted goods are equipped

to work with the tubular fabric while others desire the flat cloth)

open "r1dth form. Hence) two types of finishing are depicted in the

flow chart in Figure 8.

The flat cloth (open width) finishing is essentia11y the same as that

found in more typical finishing operations "lith several differencp.s.

One is the need for opening the tubular knitted fabric) a step which

inmediately precedes introduction of the fabric into the bath. Another

is the lack of a separate predryer) dryer) cure oven system. All pre-

drying, drying. and curing are conducted in the same dryer or tenter

frame. A third difference in the process is the resin-catalyst mix­

ture .. It utilizes as much as 3 time·s the resin and catalyst quantity

per :~50 gallon batch as that used in a typical resin system. Other

conditions are essentially the same including resin pH, temperatures)

and residences times (slightly modified to be compatible with the

equipment) •

(23)
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The scc.ond process used for tubul ar knits is somc""hat different. The

heavier concentration resin-catalyst mixture is used, but before the

fabric is drawn through the mixture, it is subjected to both steaming and

stretching. Fabric temperatures are typically lOOoF when entering the

resin-catalyst pad box. The fabric is squeezed bet't/een l~ollers. to

remove excess moisture and resin-catalyst material after running through

the resin-catalyst containing pad box. The fabric is then drawn into a

predryer and ;s heated to 250°F for about 2 minutes.

After leaving the predryer, the fabric is matched for stripes and moved

to a precalendering operation. The fabric is then steamed and stretched

again to specifications on width (whi10 still in tubular form). At this

point, the fabric is moved to the dryer-cure oven where is it subjected

to temperatures of 350° to 400°F for several minutes. Once this step is

completed, the cured fabric is ready for inspection arid warehousing.

Parameters to be Studied

When investigating the possible formatipn of a substance such as BCME

in the workplace, sampling must be conducted for not only BCME but also

for other substances or conditions which are linked to it, along with

physical parameters which may be influential in allm·ling or hindering

formation. The substances and parameters selected for measurement are

shown in Table 3.

(25)



Table 3

SUBSTANCES AND PARAMETERS MEASURED
BCr'1E PROJECT

BCME

formaldehyde

Chloride Ion (Hydrogen Chloride)

Metallic Dusts

Temperature

Hum; dity

Air ~1ovement

Pressure

Lighting

By an~'yzin9 thes~ substances and parameters along with process variubles,

more light c()n be shed on the conditions necessary for BCl-1E formation.

~~e'in9 and Analytical Methodology

Prim~r~ screening and analysis of samples were conducted on-site by means

of a mobi,le 1aboratory which was equipped with a gas chromatograph,

spectl~Qphotometer, and "pH meter. Thus, many analyses could be conducted

in thl~ field without the problems of laboratoryanalysis time lag. The

advantages of this type of equipment" capability are obvious.

.....



Because of the field laboratory capability, two methods typically \'lere

used for sampling and anulyzing' BCl-1E. The "Dow liquid media, derivative

formatio'l methodJ' [12] \;lliS employed principally for field sc\~eening of

potential Bcr·1E formation areas. If the "Dow" sample proved positive. a

companion, side-by-side sample using a PO\~oUS polymer (PO\~apak Q) sampling

tube would be sent to the Kennedy Space Center Laboratories for gas
, '

chromatographic/mass spectrometric analysis [12-15]. In addition, four

air samples \'lere quantitatively analyzed by NIOSH. Table 4 sho\'ls the

result of the MS/GC analysis.

Independent collection and analysis using separate methods 1'laS deemed

necessary to confirm the presence of B~ME. It also served to confirm

negative results. Detection levels of 0.1 ppb were usually possible with

the two methodologies above.,

Formaldehyde \'Ias sampled and analyzed by the commonly used "Chromatropic

Acid" method (16). All samples were analyzed in the field laboratory.

Chloride ion \'Ias collected by bUbbling workplace air through distilled
, '

water. Analysis of the chloride ion contact was made by using a

calibrated specific ion electrode. These samples were also analyzed

in the field.

Limit(~d dust sampling was conducted to detect any significant metals

which might be present. Spectrographic analyses were ,conducted on

these samples.

(27)



Sample No.

17

27

37

43

TABEL 4

: Qualitative Annlysis of Four Textile Air Samples

ethylc>oe Oxide
ethanol
isopropy~ alcohol
vinyl acetate
benzene No BCME present
ethyl'propionate
toluene

ethylene oxide
ethanol
isopropyl alcohol
benzene
ethyl propionate No BCME present
toluene

ethanol
isopropyl alcohol
vinyl acetate
benzene No BCME present
toluene

ethanol
isopropyl ~lcohol

ethyl propionate No BCME present
toluene
n-butyl propionate

(28)



The phys'ical environmental parameters YH~re Inr.dsurcd lIsing simple instru­

mentation such as thermometers, psychl'ometcr. and velOll1ctcl'S. Lighting

was noted as incandescent, fluorescent. sunlight. etc. Noting physical

parameters was conducted at each sampling site about midway through the

sampling period. There were additional notings if conditions changed

.significantly.

Sampling for BCME was limited to area sampling. No personnel sampling

was conducted because the primary goal was to detect the presence of

BCME in the work environment. Samplers were placed where the potential

for formation was considered to be optimum for the conditions noted

during the actual survey. The sampling periods ranged from 3 to 4

hours.

Results

Concentrations of the two suspected components needed for BCME formation

were in the low ppm range. Levels of formaldheyde approached 1.5 ppm

in several areas in each facility studied. These levels are within

the Occupational Safety and Health Administration (OSHA) accepted

threshold limit values and do not. in themselves, appear to present a

serious health hazard.

,Chloride ion concentrations ranged up to about 1.1 ppm with slightly

higher levels noted in the resin-catalyst mixing area. Again, no

apparent health hazard is present (no known exposure limits are avail­

able). Dust determinations indicated that expected metals such as

magnesium were present but in trace amounts. Other metals, were not

present. The dust samples indicated high l~vcls of ~onmetal1ic sub­

stances such as sulfur and chloride aerosols.

(29)



The phys; Cil1 pll r'ume ters \':h; ch I'Jere measured i ndi e(l ted tha t the type con­

ditions present \'!ere \o.Janner and dryer than usual ambient air (lOOF» 50~~

relative humidity).

The presence of BOlE \'las not detected in any samples, HO\'Jever~ this

"does not eliminate the formation potential for other textile finishing

processes or operations. Conditions and processes can vary and may

playa very influential role in the BC~jE formation reaction. It is for

this reason that, if the potential exists on an individual process,

sampling should be conducted to assure that BCME formation is not

occurring.

(30)
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