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Introduct on

A great d=al of concern a~d speculation *as arisen lately on the presence
of known zarciroge-s in tre work envi-o--e~t [1], particulariy the possible
presence of Bis-cHlore~et'yl etre~ (BCML). an active & haloether in
textile ranufactu-irg (2-4]. Forred fro- tre reactio~ of for-aldehyde
."(HCHO) and jonic crloride co~pou~ds, thre toxicity of BCHE was wel)
establisred {5-10], Fowever its role in the tevtiTe erviron—ert until now
has been so-ewat clouded. Mew evidence fro- on-site ronitoring faor BCME
and varicus para-otevs at two textile pla~ts and acco—-aryirg ¥ -et c and
reactior ~echa~is— studies co-ducted by Be-d“x Spec”al Projects for tle
National Institute for Occupatio-al Safety ard Yealt* (NIOSHY) *as begun

to resolve so-e 0f thre urcerta’rity. Irstru-e-{tal in this was the develop-
nent of a two-pro-g attack certeri-g o~ laboratory a-d enviro--2-ta?l

investigatiors (see Figure 1).

This report su——arizes the prelirinary project findings to date. The
Taboratcry study centered on tte kiret‘cs and reaction recharis~s of

BCME forration. The environre~tal effort involved the develop-ent and
verification of existing ard newly evolved savplirg protocols ard analyt-
ical te:tniques coupled wit* field ronitoving o various work e-viron-
ments acluding textiles where a significart potertial for BCME forma-
tion was thought to exist {2-4]. Sa-pling was not Vimted to tre reasure-

ment of BC“E but also ircluded ot“er possible coriributing para—eters.

The corcurrent studies allowed support ard co—parisons of results.

Sur~ary and Co~clus‘o-s

The effects of possible BCIE formation ray have a significant and far reach-

Ing dmact on future work processes and work epyiro-~ents. Recause of this
* - 3
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the study of its role in the work envirenment requives 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 reviews, laboratory and field studies.

Surveys were also conducted at two textile plants in order to ascertain the
'presence and extent of BCME and its reactants, including envirormental

factors.

The following are preliminary 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.

é. In the workplace environment, the relative abundance of water masks
its effect in the rate equation but will still play an‘important role in

the formation 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 Tow which may allow the spontaneous forma-

tion of BCME at ambient conditions.

4, The presence of reactants needed for BCME appeared in low ppm levels
in textile finishing operations.
5. Only traces of heavy metals were present.in the textile finishing

envirorment,

6. No BCME was detected above 0.1 ppb in the textile environment using
separate gas chromatography and 9&5 chromatography/mass spectrometer

analysis.

(3)



KINETIC STUDY OF BCME REACTION MECHANISHS

Since 1887 it has been a standard practice to prepare BCME in the laboratory
by mixing parafotmaIdehyde and concentrated hydrochloric acid and adding

~ chlorosulfonic acid slowly to the mixture with cooling to obtain an 76 to
81% yield {11]. BCME also has been found as a major byproduct in the
industrial preparation of Eh]oromethyl methyl ether (CME) from‘paraform—
aldehyde, aluminum chloride, and water. Since the establishment of the
carcinogenicity of BCME [5-10], attention has been directed not only to

its detection but-also to its mechanisms of formation in the industrial
workplace. The following points demonstrate some of the important find-

ings prior to the inception of this project.

®» BCHME was formed spontaneously from foirmaldehyde and hydrogen chloride
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

e At ambient temperaturekand humidity, BCME is not formed in detectable
amount (0.1 ppb) from formaldehyde and hydrogen chloride up to 200 ppm.
At concentrations above 500 ppm, only low ppb levels of BCME were
defected. The steady state was not attained at less than 18 hours.

" The reaction rate was independent of the humidity.

- G.J. Kallos and R.A. Solomon, Am. Ind. Hygiene Assoc. J., Nov.,
469 (1973) '

~ ® BCME formation was exponéntia]]y related to the reactant concentrations,
indifferent to the reactor surface. The yields were consistently low in

dry atmosphere and insensitive to temperature.’

- L:S. Frankel, K.S. McCallum, and Ledelle Coljier, Environ. Sci. and

Tech., 8(4), 356 (1974)
Tech., 8(4) (1974) ()



e BCME was not observed from the aqueous reaction of formaldehyde and
hydroch]oﬁic acid at concentrations up to 2,000 ppm at ambient tempera-

ture for 18 hours:

- J.C. Tou and G.J. Kallos, Am. Ind, Hygiene Assoc, J., July, 419

(1974)

POSTULATED MECHANISHMS

The reaction can be discussed in terms of thyee different media;

e The gas phase rééctions‘

. = The condensed phase reactions (polar and nonpolar)

o Heterogeneous reactions (gas-Tiquid, gas-solid, and Yiquid-solid

systems)

At the present time, only homogeneous reactions are being studied, each

according to which one of thekthree components, water, formaldehyde, and
hydrogen chloride, is présent in excess; as shown in Figures2 to 4; The
laboratory apparatus to effect some of this work are included in the

Appendix.

In view of the multiplicity of reaction schemes and the varjety of exist-
ing experimental parameters, it is a small wonder that the prevailing
state of understanding régarding the BCME formation is rather complex

and confusing. In order to resolve the selection and elimination process,
kinetic study of the reaction in gaseous as well as in 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 ave the following;

(5)
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A. “Via Chloromethyl Alcohol Intcrmediate and 4-Center Transition “State

k
1
HCHO + HC1 *-k*-‘—’* C]CHZOH
|
k2
201CH20H ' C]CHZOCHZC] + HZO

d[BCME] = _ dICICHAON] = k,[C1CH,0R)
—dt - Tt .

2

= _ Ko IHCHOLIHCY] - kK 2 THCHO1 2 [HET)

- dIHCHOIHCT] = 2k, K. (HCHO1Z (12

dt

When HC1 is in excess,

- AIHCHO] = kopo tncnop?

dt
-rd[HCHOT. ~k . dt
‘fTﬁfﬁET% Jf obs.
1 =k, t+ 1
[ACHo]  °bs- [HCHO]

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

to formaldehyde.

When HCHO and HC1 are at equivalent concentrations, x.

2
- 2 = ket
3-2%%% = Zszex4

dx _ 3
|l - ’-—L;"" szex. )

dX = kK, [dt

ol

o '.1 - ’ . 3

[
Thercfore, the reaction is of third~order kinetics.
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ﬁ: Via Formaldehyde Dimer and 4-Center Transition Sfate

k'l ‘ Hzfi:'_':":
ZHCHO ;::::2 5 3 (7.5.)
LI CHZ
Ht===0 kz
C Yo 210 — C]CHZOCHZC1 + Hy0
1 (B

Cd[BCHE] _ _ dlHC1Y ' 2
e S = kp[7.5.1He1]

=" kK, THCHOT2[HC1 12
KHhen HCHO is in ekcess, o

UL N P

dt
dlHCTY _ g a
“f[%ETj%" kops . fdt

1 . ) 1
ety = Fobs.® * greTy
Therefore, the reaction is of pseudo second-order kinetics with

fespect to hydrogen chloride.

+
‘.

¢. Via HOCHZOH and 4¥Center Transition State

k

1
HCHO + H)0 == HOCH.0H

k1
. T, -~
ZHOCH,OH  —2 HOCHZOCHZOH + Hy

3 a0

uocuaocnzou b 2HCT —Ss c1cn205H2c1 + 2,

H_IW_LEl =k [HOCH,OCH os][chJZ

d[”OCHZZCHZOEJ-- ~ka HOCH 0CH,CITHCTI? + kp[HOCHO0H)®

(9)




é@idcnt?y, a condition of ky>>ky has to be assumed.

dIBCre) . d[HOCH,0CH01] _ _ d[HOCH,OH] | 12
dIBCiL) . e R kz[.HOCJZ ]

K,d11CHO][HCT] oLt 12[HET 12
- - 11
il koKq ’[HCHOJ [He1]

- QLHEHOINEL] = kK, THCHD]2[HEY 2

Hhen HCHO and HCT are at'equivalent concentration, x.

dxz -

Ca 0% . 4
- Zt\a—-f = 2k2KeX

d% _ L v o3
- g T ke

dx . 1 &
"js:-g"‘ kaKefdt
i Kt sl
X = Rahe Xo

" Therefore, the reaction is of third-order kinetics. .

D. Condensed Phase Reaction

k
HCHO + HC1 ;::%2 C1CH,0H
. . k_]
L k2 )
CICH,0H + HCHD  —=» CICH,0CH,OH

"

. ks .
CUCHOCHLOH + HCl  —o " CICH0CH,CT + Hy0

It is rather difficult to cstimate the relative size of kp and k3. In
polar media, kg is likely to be greafcr than kp, involving a SH1 type
process, and the rate equalion can be readily integrated. In a nonpolar

media, k, micht be greater than <3 and it mav be difficult o solve.

(10)



The information on hand regarding BCHE formation is obviously complex,

but the complexity is more apparent than real. Al17 the experiments in

the referenées cited above were carefully devised and accurately carried
out. The data are therefore relijable 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 experimenth facts from a vafjety of sources. The diffi-
culties presented above will also.serve to.exp1ain the discrepencies of
results noted earlier by Marceleno [2;3] where BCME was found but where-
findings could not be duplicated. When this seemingly elusive reaction
mechanism 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
iﬁagé of solution is already in the offerind. A few salient points are

enumerated here.

1. Reaction Kinetics -- It was found that BCME formation is related
exponentially to the reéctant 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 bressure in the kinetic study of gas phase reactions
would have been vemarkable. It was unfortunate and surprising to find
that the HCHO permeation rate in the plastic bags was far greater than
was anticipated as is shown in Figure 4. Because of this, all-glass

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

(1)
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Another problem encountered was in the use of HCT in the exverimental
systems since HCHO and BCME concentrations were to be determined by gas
chromatography, any HC1 present would be an interference. This was
resolved by using a combination of carbosieve B and Porapak T in the

chromatographic column.

3. Reversibility of Gas bhase Reaction -- In the gas phase reaction of
HCHO and HC1, two stages were noticed. HCHO at first decreased, followed
by an increasing Erend. By keeping 4,670 ppm HCHO and 4,670 ppm HC1 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 BCML kept under vacuum at
91°C for 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 mixture of HCHO

+

and HC1 (see Figure 5).

4. BCME Formation from Hydrogen Chloride Versus Magnesium Chloride --
- A mixture of equivalent amounts (0.1 mq]e) of HCHO and HC1 in aguecus
medium covered with hexane was stirred overnight in an jce 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. The mediun in which BCME is formed -~ In the preceeding experiments
aqueous as well as organic layers existed so that BCME could conceivably
be formed first in fhe aqueous layer and subsequently diffused into the
organic layer; or formaldehyde and hydrogen chleride-could migrate into
the corganic layer and BCME be formed afterward. To resolve this issue,

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

(13)
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in which BCME was formed.by observing its kinetic order.- As is shown in
Figure 6, the BCME reaction proceeded rather fast and reached a low
plateau at a very early stage. The curve appeared to be non linear dnd
of nonzero order, indicating that the reaction most likely had taken
place in the agueous phase. If the plot had been linear and of Zzero

order, the indication would be that it had taken place in the organiz

Tayer.

6. Diffusion rate versus reaction rate ~- Assuming that the diffusion
rate of HCHO and HC1 is greater than the reaction rate, the concentra-
tion of HCHO and HC1 in the organic layer will be constant and the rate

equation can be derived as follows:

dBCEE] = kinero)* 1]

g
= K[HeHo)%[He11°
= K

d[BerE) = kd:

farserz] = kftat

[BCHE], =-kt + [BCHE],

[BCHE] ¢ = kt

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

t1Te,w111 be a straight 11ne passing through the origen,
7. Effects of Termperature and Chloresulfuric acid on the formation of

BCME -~ Experiments similar to the precedTng double layer. reaction (at

0 C) were performed at 30 C and no BCHE was formed.

(15)



BCME FORMATION IN AQUEOUS PRASE-
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Similar experiments performed at 10°% gave an 0.0024 mote percent yield

of BCME,

Addition of chlorosulfonic acid dramatically increased the yield ( a

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

8. Effect of Ho%sture on the formation and decomposition of BCHE ~-
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 formatibn of BCHME. Ffurthermore, 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 would mask its effect in the
rate equation. |

. Reactionlorder of Formaldehyde -- It was reported that BCME forma-
tion is related exponentially to HCHO concentration. Obviously, the
reaction is of higher than first order kinetics with respect to HCHO,

a fact which would be anticipated from the mechanism schemes.

]q. Spontanuity of Formation -~ It was further found that the BCME
formation was insensitive to temperature. This implies that the

slope of Arrhenius plot is rather flat, and consequently the energy of
activation for the BCME formation is relatively low. Therefore, the

process might very well be spontaneous at ambient condition,

(17)
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Experiment

1
VI
» VIII
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TABLE 1
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o 0.1
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The inherent difficulties of studying this type of problem are twofold:
nonconventicnality and uncertainty, At 100 ppm range, there are only
0.075 mg of water in a 1iter of air. A 50 percent relative humidity

at ambient temperature ranges between 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 cbserved reaction rate’
would overshadow the true réte of reaction. This situation would, of
nécessity, not only confuse the experimental results but also under-

mine the confidence they deserve.

Ficld Survey

The selection of work environments for study were dictated by the follow-
ing criteria: (1) the work environment's potential for BCIHE formatioh as
indicated by the chemical components utilized; (2) the number of workers
exposed; (3) representativeness of the-plant to the industry in which it
is classified; and (4) the ability or eése of measuring and ascertaining
contributing factors to possible BCML formation. The first criteria was
used to seTect industries; the others were used to select specific plants.

Table 2 lists the industries selected.

(19)



TABLE 2

SELECTION OF INDUSTRIES -FOR STUDY
' BCME PROJECT

Production of Textiles (Finishing
Production of Dyes

Production of Formaldehyde-Type Resins
Production of Paper |

Production of Fertilizers

Foundriés

Laboratory Processes

The selection of textiles was considered of primary importance in this
project. Previously, Marceleno and Bierbaun;and Marceleno [3] had con-
ducted pré]iminary pilot plant studies and sampling in several textile
finishing operations with results that indicated the presence of BCHE
in the Tow (0.1 - 8.0 ppb) range. Subsequent meetings with industry
representatives {American Textile Manufacturers Institute and Textile

Horkers Union of America) had attested to that selection.

Processes Studies

Textile finishing uses many substances which ine various characteristics
to fabric. Those used in pérﬁanent press treatment of fabric are con-
sidered 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 formaldehyde resins in con-

junction with magnesium chloride catalysts. Because both free formaldehyde
and chloride ions are present in this process in quantity, this process

was chosen for study.
(20)



Two plants were studicd: one, a finisher of heavy weight drapery and
upholstery fabrics, and the other, a producer of currently fashionable

knit fabrics. 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'a whole. Theequipment, mat-
erials, and process are typical of what m1ght be expected in other
finishing plants around the country, The flow chart (Figure 7) 1nd1cates

the major steps in the process. _ .

The.init1a1 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, agd small amounts of such things as various softeners and hand

'  bui1ders. The 250 §a1]on 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-

“ward. running rollers.

To remove moisture, the cloth js drawn through a series of ovens. The
first, a predryer, quickly heats the fabric to approximate1y.250°F for
about 2 minutes. Allowed to'coo] slightly, the fabric is dfawn into
the dryer, more commonly called a “tenter frame" or simply "frame".
Here, temperatures are again about 250°F but the residence time is
about twice as Tong. At this point, only the uﬂcuréd resin is present

in the fabric, .
| . (21)
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FIGURE 7 - Flow Ctarge of a Typical Finis!*~g Process




The dried but uncrued resin-containing cloth is then subjected to a teuw-
perature of approximately 350°F for about 1 to 2 minutes. Using this
resin-catalyst system, 350%F is satisfactory for curing the resin.

Once this step is completed, the fabric has obtained the wrinkle 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 clath
form seen in woven fabrics. Some users of knitted goods are equipped
rto wqu with the tubular fabric while others desire the flat cloth,
~open width form, Hence, two types of finishing are depicted in the

fiow chart in Figure 8.

The flat cloth (open width) finishing is essentially the same as that
found in more typical finishing operations with several differences.
One is the need for opening the tubulér knitted fabric, a step which
immediately precedes introduction of the fabric into the bath. Another
is the lack of a separate predryer, dryer, cure oven system. All pre- .
dry%ng, drying, and curing are conducted in the same dryer or tenter
frame. A third difference in the process is the resin-catalyst mix-
tﬁreh It utilizes as much as 3 times the resin and catalyst quantity
per 250 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 second process used for tubular knits is somewhat different. The
heavier concentration resin-caté1yst mixture is used, but before the
fabric is drawn Through the mixtu}e, it is subjected to both steaming and
stretching. Fabric temperatures are typically 100°F when entering the

resin-catalyst pad box. The fabric is squeezed between rollers 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 is 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 (while still in tubular form). At this
point, the fabric is moved to the dryer-cure oven where is it subjected
to temperqtures of 350° to 400°F for several minutes. Once this step is

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

Parameters to he Studied

When investigating the possible formation of a substance such as BCME
in the workplace, sampling must be tonducted for ﬁot only BCME but also
for other substances or conditions which are linked to it, along with
physical parameters which may be influential in allowing or hindering
formation. The substances and parameters selected for measurement are

‘shown in Table 3.

(25)



" Table 3

SUBSTANCES AND PARAMETERS MLEASURED
BCME PROJECT

BCME

Formaldehyde

Chloride Ion (Hydrogen Chloride}
Metallic Dusts |
Temperature

Humidity

Air Movement

Pressure

Lighting

By analyzing these substances and parameters along with process variab]es;

more 1ight can be shed on the conditions necessary for BCME formation.

Sampling and Analytical Methodology

Primary screening and analysis of samples were conducted on-site by means
of 2 mobide laboratory which was equipped with a gas chromatograph;
spectrophotometer, and .pH meter, Thus, many analyses could be cénducted
in the field without the proplems of laboratory ana1ysis time lag. The

advantages of this type of equipment capability are obvious.

—
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Because of the field laboratory caﬁﬁhi]ity, two mcthods typica]]y,were
used for sampling and analyzing BCME. The "Dow liquid media, derivative
formation method" [12] was emp1oyed principally for field screening of
potential BCML formation areas. If the "Dow" sample proved positive, a
companion, side-by-side sample using a porous polymer (Porapak Q) sampling
tube would be sent to thg Kennedy Space Center taboratories for gas
chromatographic/mass spectrometric analysis (12-15]. In addition, four
air sémp]es were quantitatively analyzed by NIOSH. Table 4 shows the _

result of the MS/GC ana]&sis.

Independent collection and analysis using separate methods was deemed
necessary to confirm the presence of BCME. It also served to confirm
negative results. Detection Tevels of 0.1 ppb were usually possible with

the twoe mefhodo]ogies above.

Formaldehyde was sampleﬁ and analyzed by the commonly used "Chromatropic

- Acid" method [16]. A1l samples were analyzed in the field laboratory.

Chloride ion was collected by bubbling workplace air through distilled
water. Analysis of the chloride jon contact was made by using a
calibrated specific ion electrode. These samples were also analyzed

in the field.
Limited dust sampling was conducted to detect any significant metals

which might be present. Spectrographic analyses were conducted on

these samples.

(27)



Sawple No,
17

27

37

43

TABEL 4

:Qualitative Analysis of Four Textile

Comggynds Identified

ethylene Oxide
ethanol

isopropyl alcoheol
vinyl acetate
benzene " No
ethyl propionate
toluene

ethylene oxide
ethanol

isopropyl alcohol
benzene

ethyl propionate No
toluene

ethanol
isopropyl alcohol
vinyl acetate
benzene No
toluene

ethanol .
isopropyl alcohol
ethyl propicnate Ho
toluene

n-butyl propionate

Air Samples

BCME present

BCME present

BCME present

BCME present



The physical environmental parambters were measured using simple instru-
mentation such as thermometers, psychrometer, and velometers. Lighting
was noted as incandescent, fluorescent, suntight, 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
durihg the actual survey. The sampling periods ranged from 3 to 4
ﬁours.

Concentrations of the two suspected components needed for BCME formation
were in the Tow 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 Adm%nistration (OSHA) aﬁcepted
threshold 1imit values and do not, in themselves, appear to present a

serious health hazard.

.Chloride ion concentrations ranged up to about 1.1 ppm with sTightly
hiéher 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 levels of nonmetallic sub-
stances such as suAfur and chioride aerosols.

(29)



The physical porameters which were measured indicated that the type con-
ditions present were warmer and dryer than usual ambient air (70°F, 50%

relative humidity).

The presence of BCME was not detected in any samwples. However, this
.~does not eliminate tﬁe formation potential for other textile finishing
processes or operations. Conditions and processes can vary and may
play a very influential role in the BCME 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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