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I.. SUMMARY -

In June 1981, the National Institute for Dccupationa1 Safety and Health
(NIOSH), received a request from the Plumbers and Gasfitters Local
Unfon 12, Boston, Massachusetts, to evaluate health effects from
working with oo!yviny] chloride (PVC) pipne cements and cleaners. To
evaluate the effects of these exposures we conducted: 1) a mail
questionnaire survey of the 1ocal union's membership; and 2) . an" ;
environmental evaluation of solvent exposures and medical evaluation of
nine exposed workers at three uork sites. where high solvent exposures
might occur. 3 . oo TEE

Of nine time-weighted average (TWA) exposure determinations for methyl
ethyl ketone (MEK), tetrahydrofuran {THF;. and cvcighexanone. none
.excesded the survey criteria of 590 mg 590 mg/M3, and 100

mg/M?, respectively. Likewise, four peak“ exposure determinat1ons
did not exceed survey criteria of 885 mg[M 735 mgfm ; and 400

mgiM . THWA exposures for. 1)MEK ranged from none detected to 170
mg/M3 (mean of 26 mqu );  2)THF ranged from 0.6 to 400 mg/M3

(mean of 100. mg/M3); and 3)cyc10hexanone ranged from none detected to
36 mg/M3 (mean of 4 mg/M3). Dimethyl formamide was not detected on
any of the air samples. A combined exposure index calculated for the
vapor mixture and based on irritation and nervous system effects
indicated one of the nine plumbers' exposure to be ahbove survey’
eriteria (1.33 vs 1,0).

Of the 740 plumbers surveyed by mail questionnaire, 353 (48%) .
responded. - Most had worked with plastic pipe, almost half for 10 or
more years, but only 78 has worked with it for more than 13 weeks in
the preceeding year. Dizziness (54%), headache (41%), eye irritatinn _
(36%), irritation of the skin of the hands (36%), ani tingling or
numbness in the fingers (33%) were frequently reported and were
attributed by the plumbers to working with PVC pipe. However, the low
response rate for the survey and the tendency for responders to report
more symotoms than non-responders indicates that the prevalence of
reported symptoms may be overestimated

The nine plumbers participatinq in the medical survey reported a
prevalence of symptoms, similar to that found in the mafl questionnaire
survey. Physical examinations and laboratory testing showed no
abnormal findings attributable to solvent exposure. As a group, the
participants had no appreciable decrement over the uorkday in any of
the neuropsychological tests.

The environmental data did not indicate excessive solvent exposures.

- None exceeded survey criteria or OSHA standards, and only one of nine

- combined solvent exposure fractions exceeded evaluation criteria. The
medical study of a limited number of plumbers documented no impairment
of brain function and no work-related chronic disease, but the
questionnaire survey revealed a high reported preva1ence of acute
"symptoms associated with working with PVC pipe. However, due to the:
nature of this study, a definite 1ink between the solvent exposures and
reported health effects was not established. Recommendations to reduce
solvent exposures in plumbing are 1nc1uded in Section VIII of this
report.

KEYWORDS: SIC 1711 (Plumbing, Heating, and Air Conditioning), PVC
pipe cement, methyl ethyl ketone, tetrahydrofuran, cyclohexanone,
dimethyl formamide, neurobehavioral tests, headache, dizziness, nausea,
-eye, nose, throat, and skin irritation.
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INTRODUCTION

In June 1981, the business manager of the Plumbers and Gasfitters Local

Union 12, Boston, Massachusetts, requested a Health Hazard Evaluation
to assess exposures to PVC pipe cements and cleaners as used by the

" union's membership. The purpose of this evaluation was to assess the

significance of symptoms of headache, dizziness, nausea, numbness of
the fingers, and irritation of the eyes, throat, and sk1n, reported by
plumbers using PVC pipe cements and cleaners and to determine the '

potential of these compounds to cause acute, transient changes in brain:
function and chronic, persistent changes in brain or nerve function. -

In June 1981;-wa1k-through'teurslef'constrhction sites were conducted
at the former Charlestown Naval Shipyard, the Villa Victoria housing

- development in Boston's South End, and the E.M. Duggan.Company in

Canton. In July and August, 1981, a questionnaire survey of the local
union's membership was conducted. On July 27, September 9, and

. September 10, 1981, worksite evaluations were performed. The results

of these activ1t1es were presented to the union's membership at a

meeting of Local Union 12 on dprin 29, 1982.
. BACKGROUND |
| During the past ten yeaks in the Boston area, plumbing contractors have

. increasingly used plastic pipe in preference to the traditional metal
pipe for waste and vent systems. . The labor-intensive lead soldering of.

metal pipe joints is being replaced by the rapid “gluing" of plastic
pipe with solvent-based compounds. The most commonly used system in
Boston utilizes PVC pipe, a "cleaner" composed of methyl ethyl ketone
(MEK) and tetrahydrofuran (THF), and a "cement" containing .various
combinations of MEK, THF, cyclohexanone, and dimethyl formamide (DMF).
To join two pieces of pipe, a plumber applies a generous coat of
cleaner to the appropriate surfaces and after less than a minute,

-applies. the cement over the same area. The two pieces of pipe are
- manually held together for less than a minute and the joint is
completed. Much of the pipe gluing is done at prefabrication shops.

Subsequently, at building sites, connections are made to mains and

fixtures under well- to poorly-ventilated working conditions. The
.cleaners and cements are applied with rag or brushes. Exhaust fans and
personal protective equipment such as gloves and respirators are rarely

used. Dried glue is removed from the hands by peeiing or by washing
with PVC p1pe cieaner. _

METHODS

Three sites were surveyed' E.M, Duggan Company in Canton
(prefabrication shop - 1 plumber); Villa Victor1a housing deve1opment.
in Boston's South End (confined space work - 1 plumber); and the D
Street housing project in South Boston (basement renovation work - 7
plumbers). This selection was intended to identify high exposure

"+ locations. A1l plumbers working with plastic pipe at these sites were

monitored for exposure to solvents and underwent medical tests.
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For certain solvents excessive exposures may cause mucous membrane
irritation and acute, reversible changes in brain function similar
to the "high" experienced after alcohol consumption (6,7). There
are no short-term legal exposure limits for the four soIvents of
this study but the ACGIH has recommended excursion values to
control peak exposures. Recently, several studies of workers

- repeatedly exposed to these organic solvents, as sing1e aqents or
- mixtures, have shown persistent effects.

These workers (house painters, industrial spray painters, prlnters.
car painters, and viscose rayon workers) (8-11), had been exposed
to solvents for nearly eight hours per day, f1ve days per week, at
air concentrations ranging from 20-100%. of the acceptable Thresho]d
Limit Values for mixtures (12).

Damage to per1phera1 nerves-is not'beIieved to result from
exposures to any of the four solvents used in PVC gluing systems.
However, MEK is known to increase the peripheral neurotoxicity of

~ two other solvents, methyl-n-butyl ketone (13) and n-hexane (14).

Occupational exposures’to DMF have resulted in acute and chronic
liver injury, alcohol intolerance and abdominal pains and nausea
{5)." None of the compounds has been shown to cause cancer in
humans or experimental animals (7). The National Cancer Institute

“has initiated long-term animal studies of cyclohexanone and

dimethyl formamide (7).

A11 of these substances remove.fat from the skin. COnseqﬁent1y,
after repeated skin exposure, they are capable of causing dry skin
and dermat1t1s. ;

VI. RESULTS

A.

Environmentai

Table 2 summarizes the results of the p1umbers breathing zone air
_ sampling for DMF, THF, MEK, and cyclohexanone. DMF was not

detected in any of the air samples, as expected from bulk sample .
analyses. Cyclohexanone was appreciably above the detection Tevel -

for just one of the samples --- the result being 36 mg/M3 as

compared to the survey criteria of 100 mg/M3. The.
tetrahydrofuran air samples ranged from 0.6 mg/M3 to- 400 mg/M3
as compared to the environmenta1 criteria of 590 mg/M3 for TWA
samples or 735 mg/M3 for peak sampies. The MEK air samples -
ranged from "none detected" to 170 mg/M3 as compared" to the -
survey criteria of 590 mg/M3 for TWA samples or 885 mg/M3 for

‘peak -samples. THF concentrations contributed the most to the

calculated vapor mixture fractions. Six of the plumbers had )
fractions of 0.10 or less; three had fractions of 0.23, 0.48, and
1.33. Therefore, one of the nine plumbers sampled had an exposure
which exceeded the survey criteria of 1.0 for a calculated vapor
mixture fraction. None of the individual solvent air

 concentrations were greater than OSHA legal standards.
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- TABLE 1
EVALUATION CRITERIA AND OSHA STANDARDS

PLUMBER AND GASFITTERS LOCAL UNION 12
BOSTON, MASSACHUSETTS

60 (15 min.) ACGIH

Substance Environmental Criteria (mg/M3) Source ~ Primary Health Effects OSHA Standard (ma/M3)
" Methyl Ethyl Ketone 50 - NIOSH Irritation; Liver, kidney, .
' B 885 (15 min.) _ ACGIH* . nervous system effects © 590 -
Tetrahydrofuran 90 : NINSH | Irritation; Headaches, :
" 735 (15 min.) - ; ACGIH : ‘nervous system effects 590
Cyclohexanone 100 _ NIOSH ' *Irritation; Liver, kidney,
400 (15 min.) ACGIH ' . nervous system effects 200
Dimethyl Formamide 30 ACGIH Irritation; Liver toxicity 3
: 0

Air concentrations are time weighted average (TWA) exposures for a normal
(8 to 10 hours) workday of a 40 hour workweek unless otherwise designated.

*Th+eshold Limit Values (TLV's) for Chemical Substances and Physical Agents
in the Workroom Environment with Intended Changes for 1981. = -
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TABLE 7

NEUROPSYCHGLOGICAL TEST RESULTS'

'COMPARISON OF PRE-WORKDAY SCORES HITH POST-HORKDAY SCORES

PLUMBERS AND GASFITTERS LOCAL UNION 12

BOSTON,- MASSACHUSETTS

PRE-WORKDAY

POST-WORKDAY
TEST "7 MEAN SCORE MEAN SCORE -
b ° (+ 5.’0.) "" s._Do)
“N=6 “N=6
Intelligence
VYerbal - . _
Yocabulary 36.5 + 13.2 - 38.0 + 11.8
Memory
Attention/Concentration - - '
Digit Span Total 11.5 + 1.6 11.0 + 3.0
Digit Symbol Total 47.7 + 8.9 41.7 + 11.0
Short-Term Verba1 Memory : :
Associate Learning 2.0 + 0.7 1.6 + 0.6
Short-Term Visual Memory
Visual Reproduction 9.8 + 3.6 12.5 + 2.5
Psychomotor Function
Santa Ana Dexterity c
Preferred Hand - 22.2 + 3.6 24.5 + 3.8
~ Non-Preferred Hand 22.3 + 4.1 23.5 + 4.2
Reaction Time - -
(best 5/6 trials) Teoox
Sound: Preferred Hand 217.7 + 60.5 236.7 + 60.1
Sound: Non-Pref. Hand  209.9 ¥ 51.1 214.6 ¥ 65.8
Light: Preferred Hand 260.5 ¥ 33.1 ° 253.1 ¥ 36.1
259.5 ¥ 47.7 247.6 E 29.8

Light: Non-Pref. Hand

Mood States
POMS

Tension
Depression
Anger
Vigor
Fatique
Confusion

et
-FIO'I?U‘IU'I*-I
N~oonN®Ow

|+ +] + + + +

6.0 + 2.7
2.27 1.6
0.8 % 1.6
18.0 ¥ 3.8
6.7 F 2.2
3.2F 1.5
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