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PREFACE 

The -Hazar9 Evaltrations and. Te~hti}cal . Assistance Branch of NIOSH conducts field 
il)vestigations:;,,pt·_ possible. --·nealth . haiards in the workplace. These : 
inv~s}igat.~09s-.-'are'· condu~tecf ·o'n.per -the·.·.authodty of Section 20{.a) (6) of ttie 
Q~cupati.~nal .~afety .af'.ld Healt:li --J~c:t of 1970, 29 u.s.c. 669{a)'(6) whic~ · ·; · 
author.ize,s. the ~ec·retary of.:Health and'- Human Services, . fol.lowing a written . 
r~ues(·Jrom .aiiy:·employer : ~r. authorized -representative of ~mployees~ to .. .. 
·deter.in}ne··. wliether :any :s'ubs.t~n-~e ·normally found in the place ·of ·employr:nent ·has 
potentf a·J ly toitc··,-~ffects · iri; such ·conc~ntration~- as used or foun.d·~ · :: · . · . ·· . 

:· ~· .. :.. J: . '. ... . • :: . •, .:." 
• : •. , • • ' • • • • ' I :'- , • ! • • 

Th,ef:~azard E'vQ.lµ~tions and· Technica·l
: 

:·Assistance 
• :•: • : • 

Branch
• • 

. also 
• ' 

prov
• '• 

.·ides, ·upon ·. 
l"e<]._U°e!St,.:. mep_:i.c.a·l', . nursing,. and..indl,l_Str:"i~:1 h:ygi,~rie techli.iciiJ :-and <;OnSUlt'iit:ive. 
·a·s~·.i.:stanGe ·..r.r.M··to Feder.al,'.·state, a.n·q\ lo_cal ·,:a-gencies'; ·1iibor; industry ·and =.. 
other 'groupsl;Qf:' indiyiduals · to contr6r ·occupatlonal .hea·lttf hazards and · to· 
prevent. relat€d:, trauma·.. and dise·~s-e • , .' . . · .·. . · . . ·..· . · I ' :/ . ' ., 

f • : · . 

.
··.: 

...
:~·:·

~.~
. ,

-
· ~.; 

_.: >t 
• 1,: 

..
• 

;:
• 

..
.•• 

1 
!.~ •• 1 •• • • . .. • • ••:;: :·;: : • ..= . .t : . • • : : ~. • ., . . • 

~ .•' ··1-.~· . ~. • . . .. ~-. . . ·.l~) 
. :. ·... . •, : . . .; .~

"' ,~ 
, , : . 


? • ... ..~ : 


' ... " ..:/• 
. }/:_.'. ..... ;·_· :·. '; .·· .

·: : 
:

+ ••• • 

,:1. ... . 
. .~·, . 

... .. ~:·.
,, ..... • ~ 'i.! ~ 

. : .:~::: . 
: ; . ,... ..... ........ :.i.. 

. .,
i ::, 

... ..
.:··~ ..· ., 

' 
··,:~ ... 

;,• 

Mention of company names or products does not constitute endorsement by the 
National Institute for Occupational Safety and Health. 
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HETA 81-305-961 NIOSH INVESTIGATORS: 
OCTOBER 1981 Paul Pryor, I.H. 
AURORA SCHOOLS Stan1ey J. Reno 
AURORA, COLORADO 

I. SUMMARY 

At the request of the Aurora Schools. Aurora, Colorado, an environmen­
tal evaluation was conducted at the East Middle School-.A.urora School 
District by the Natiom~l Institute for Occupational Safety and Health 
(NIOSH) on June 19~ 1981. The request concerned the potential exposure 
to teacher aides from methyl alcohol (methanol) during the use of 
spirit duplicators. There are four spirit duplicators used by the 
teacher. aides at the East Middle School. The duplicating· fluids were 
found to consist of 84% methanol for the Type II-DLI, Inc. and 81% 
methanol for the Klean Write solution. 

A total of three personal sampl'es and three area samples· wPre collectP.d 
for 15, 35, and 45 minute periods. Two ·additional instruments were 
also used during the survey to give immediate results on methanol expo­
sures in the work area and breathing zone. 

In each of the sampling methods used, significant exposure levels above 
the Occupational Safety and Health Administration Time Weighted Average 
(OSHA - · TWA). standard (260 mg/M3) · and the· NIOSH reconrnended le"'.el of 
1047 mg/M3 for a 15 minute sampling period _. were found. These levels 
ranged from 396.0 to 640.0 mg/M3 for the TWA and 968.0 to 1400.0 
mg/M3 for the 15 minute sampling period. There were no exhaust ven­
tilation systems used on these duplicating machines. 

The results of the medical questionnaire showed that all of the teacher 
aides experienced some adverse health symptoms, , e.g., blurred v1s1on, 
headaches, burning of the nose, sluggishness, dizziness·, sore. throat, 
dermatiti's, chest tightness, and depression. The majority of these 
symptoms are characteristic of toxic ·exposure to methyl alco~ol . 

On the basis of the envi ronmenta1 and medica1 data, NIOSH deter­
mined that· a health hazard from excessive methyl -alcohol existed 
to the teacher aides at th~ East Middle School~ Aurora, Colorado. 
This · exposure exists to those operating ·the duplicator, a.s well as 
those persons present in the room . while · this process is in opera­
tion. Recomm~ndations on eliminating or controlling the health 
hazard· at this work site are included in this repor.t. 

,.!.,,. 
KEYWORDS: SIC 821 .1 (Elementary. and :. secondary·.Schools), teacher aides, 
methyl alcohol, metha'nol, spirit du~·licatdrs-; ·· _. . · .. . ~ . ... ,, ..
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]I. INTRODLCTION 

NIOSH received a request in May 1981 from· the Aurora Schools, Aurora, 
Colorado, to determine if there was a health hazard from excessive 
levels of methyl alcohol (methanol) to teacher aides at the dist-ri €t' s 
East Middle Scnool who. ·operate spirit duplicators. An environmental 

· ·· survey was conductea· on June 19·, 1981, and the environmental data, as 
· '.well ·as conclus1ons and· recommendations, were· sent to all concerned 
· · p~r~~es on 1 July 16·; ·1981. ·. 

IU • . BACKGROUND · 

A "spirit · duplicatoJ?" ·is ·a -machine that uses methyl . alcohol, or 
· · spirits,: to reproduce· printed rn,aterial. 1he process consists of taking 

a master copy with a reverse image printed on it in an alcohol soluble 
dye and placing it on the drum of the duplicator. The paper to be 
printed is· fed' under and in contact with a wick · that is saturated with 

·. · methyl- alcohol. · · A thln--layer of .alcohol is laid ·on the paper. As the 
alcohol-wetted paper ;comes 1n ·ccmtact with the master copy, the alcohol 
dissolves a small portion .of- the dye and transfers the · image to the 
finished sheet. The evaporated methyl alcohol may result in an inhala­
tion · exposure · to the ·operator. ..When the duplicated papers. are stacked 
-the rriethy1 a:lcoh6l ~lowly evaporates. Methyl alcohol evaporates aj: a 
faster rate ·when · each sheet of paper is exposed to the air, such as. 
during collating-and ~tapling. 

·	The amount of time a ·teacher ·aide spends. duplicating varies from day to 
day. FOJ: example,·. an · aide: may spend two to three hours a day, four: 
days a week duplicating, then on. the fifth day spend four to five 

·· hours. Others: may, spend., four .to six hours a day. Hence, it is nrDt 
easy to characterize .a· typical .work day but a typical work week may be 
described. · · · · 

. 	
Exposure of .teacher aides is also -likely to have occurred as.:a result 
_of skin absorption during ·the .handling of paper wet with methyl alcohol 
or washing hands with methyl alcohol. Some aides wore rubber gloves. 

The duplicators at this school had no local or general mechanical 
exhaust. 

IV. ENVIRONMENTAL DESIGN ANO t-,£THODS 

1. · ~nvironmenta1 

Breathing zone and area . samples· were collected for methyl alcohol 
vapors · over 15, 35, and . 45 minute samJ:)ling· periods. Becat1se the 
exposure· time· varies from day to day,, 15-minute samples we:re col­
lected- to indicate the potential exposure while operating the 
duplicator and to determine if the methyl alcohol concentrations 
exceeded the NIOSH 15-minute recommended exposure level. 

Personal breathing zone air samples were collected' on silica gel 
tubes using low flow pumps. The pumps drew air through the tube at 
a flow rate of 200. cubic centimeters (cc) per minute. The silica 
gel samples were analyzed by gas chromatography·. 

­

­
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The breathing· zone and. area air concentratJons. were also measured· 
using a Wilks Miran 103 gas analyzer, which was specific for methyl 
alcohol analysis·, · and colorimetric · gas detection devices. The 
colorimetric meth~d has an accuracy· of plus or minus 35 percent at 
one-half the· exposure liinit and an accuracy of plus al:' minus 25 
percent at one to five times the exposure limit . 

2·. Medical 

A medical questionnaire was administered to the teacher aides. 

V. EVALUATION· CRITERIA 

1. Environmental 

The environmental evaluation criteria- for methyl alcohol are the 
eight hour time-weighted, average (TWA)·· of 200 ppm or 260 mg/M3 
(OSHA standard) and' the short term exposure level for any 15 minute 
period of 800 ppm or 1047 mg/t-P (NIOSH recommended level). 

2. Toxicological 

The two most common routes of occupational exposure to methyl alco­
·hol are inhalation and absorption through the skin. Sigos and 
symptoms of methyl' alcohol iritoxication· include headache; dizzi- ­
ness; nausea; vomiting-; weakness; vertigo; chills; shooting pa.ins 
in the lower extremities; unsteady gait; dermatitis; multiple 
neuritis characterized · by paresthesia; numbness; prickling and 
shooting pain· in the back of the hands and forearms, as well as 
edema of. the arms; nervousness; gastric pain; insomnia; blurred 
vision; general visual disturbances; blindness and· acidosis (meta­
bolic disturbance) . · · 

M~thyl a1C080l is not known to be a liver toxin in humans; however, 
there have been no long-term epidemiologic sttJdies of chronic, low­
level occupational exposure. There have been a few older animal 
studies where autopsy revealed deterioration of basic -liver tissue 
(parenchymatous deg_eneration)· proceeding, in the ·mor~ severe cases, 
to focal necrosis (localized areas of tissue death) . It is diffi­
cult to interpret these reports of liver toxicity in animals which 
were ddne. in the eal'ly 1900' s. The data. is presented summarily and 
not fn sufficient detail for careful evaluation. In general, the 
animal data is inconclusive. It is reported· that primates · and· ·non­
primates me~abolize methyl alcohoi differently·, and· the i1Tpo:rtarn:::e· 
of this difference is not well known. 

There have been autopsy. report~ of pancreatic necrosis in humans after 
acute ingestion of methyl alcohol. As with liver toxicity,. the pancre­
atic pathology in humans is not speqific, and ·-chronic · etnanol intake ls 
usually an-important confounding and· likely causative factor • . 

VI. RESULTS ANO DISCUSS!ON 

L Envil'onmental . 

Analysis ·of the two. duplicating . fluids used· at the- $Chool were 
found· to consist of 84% methanol f(?r Type I! - DLI, Ire. and 81%·­
methanol for Klean Write solution. 
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Methyl alcohol concentrations. were measured in the breathing zone 
of one teacher . aide and at various locations, in, the room while 
duplicat~ng· operations were in progress. Measurements were made in 
only· one room· at the school and involved only one of the four dup­
licators used at this school. The reason only· one room. ar:td one 
mac:hine we:re evaluated: was t.hat the survey was pe1:formed, during 
summer recess and. the· requester was conc:ernedl about instituting 
engineering. changes as soon as possible if ove1;exposures. were 
detected. 

Personal and· area sample results a.re shown· in Table I. The area 
sample results ranged from 396. 0 - 550.0' · mg/w.· fo:r a. 45 minute 
sampling period. The personal sample results ranged from 969.0 

· 1400.0 mg/W for 15 minute. sampling periods. As noted in Table 
I,. the lowest personal methyl alcohol · exposure occurred during the· 
first 15 minutes of the duplicating operation and for each addi­
tional 15 minute sampling period the exposure levels increased sig­
nificantly.. This· increase was also noted when we sampled with the 
other two sampling techniques. That is, when we initially sampled 
with the Wilks Miran we found levels from 200- 300 ppm. After 10 
minutes of duplicating the· co11centratio.n detected on the Wilks 
exceeded ·the detection capabilities (300 ppm) of this detection 
method. This increase was also noted when the colorimetric samp­
1 ing method was used. 

2 . 	 Medical 

Each of the teacher aides gave medical histories. The . results 
showed that all of the: aides experienced some adverse health symp.­
toms, e.g., blurred vision, headaches, burning of the nose, slug­
gishness, diiziness, sore throat, dermatitis, chest . tightness, and 
depression. All ef the ~ides felt that the symptoms occurred while 
.either performing the duplicating operation or . while in the room 
where duplicating was or had· been performed. Eac:h felt ~hat their 
symptoms subsided. after leaving the exposure area · and especially 
during the weekend or ·holidays.. · 

This medical data indicate ·that the teacher aides had symptoms 
suggestive of m~thyl alcohol toxicity. 

VII. CONCLUSIONS. 

l. 	 All of the samples taken durin9 the survey . period indi.cat~ that 
excessive exposure· I~vels to methy 1 alcohoi did. exist and would 
exist in the future when. the .duplicating. operation is . in progr~ss. 

2. 	 Work practices, sue~ as collat~ng an·d stapling of f 're~~ly dup.lica­
ted pap~ts, as. well as .wa~hing hands with me~hyl alcoh~l, .wi11 
result in additional exposures. · 

3.. 	 A variety of ·adverse health effects consistei'lf·w-ith methyl . aicohel 
toxicity were observed· in teacher aides. and the preva1erce of s\.,!ch 
effects appear to i ncrea·se with the arriotJnt of time · spent: ·at the 
duplicating; m~chine or: while .in· the room where: this process . is in. 
operation. 

­
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4. 	 The likelihood of similar overexposures in other areas. where dupli ­
cating is performed .is very. high. :rhis 9ondition not only would 
exist in other rooms at the East Middle School:,. but als9· in other 
schools in the Aurora- School District that use spirit duplicators. 

· 5. 	 Simple engineering .controls are available· to control these expo­
sures (refer to Figures l-3). 

VIII. 	 RECOM~NDATIONS 

In view of the findings of NIOSH' s environmental study·, as well as 
per~onal communications· with individuals· in the school . system, the. 
following · recommendations are made to provide a better work environment 
for the concerned employees: , 

. 	 . . 

l. 	 Provide local exhaust ventilation (see drawings Figures l, 2, and· 
3) on "spirit dup+icators" unless measured air concentrations for 
the duplicator fluids indicate ventilation is not necessary. 

· · 2. 	 Prevent re-entry of exhausted vapors through nearby open windows or 
doors. 

3. 	 Allow duplicated paper to "air" for 24 hours before collating and 
stapling. 

-
· 4. 	 Do not wash hands with the duplicator fluids to remove inks from 

the hands. · use soap .and water or a waterless hand cleaner . 

5. 	 Provide ruqber gloves for_· thos~ individuals who handle papers. 

6. 	 Once exhaust eng~neering controls have been instituted for the 
machine· evaluated in this survey, a re-evaluation should be per­
formed to assure that the new exhaust system is performing prop­
erly·, i.e., reducing the exposure below .the· ·.criteria established 
for this survey,. 

7~ It ·would be prudent for the Aurora School System to evaluate other 
~schools in their district where spiri~ duplicators are used and, if 
· necessary, institute exhaust ve·ntilation as recomme·ndei;i-
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; ~ · • 1 ~ :: • 
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TABLE I 


t-ETHYL ALCOHOL CONCENTRATIONS 


Aurc:i_ra Schools 

Aurora, .Colorado 

J~ne 19, 195_1 
,' ' . . ' 

.. . 
,.. ' 

Sa!!!Qle T;t~e ~ 

·.-:. :.- ,... 
. . 

Sample Sampling 
-· .. Nu[llbei: ,~:· . ..... Time (minutes) 

Sample 
Results (mg/M3) 

-,. 
Area/Desk-wesf' si"de .. 51 45 ·. 

' .­

416 .o:,­
: ' I "l 

Area/Desk-south side . .52 .. 45 396.0 

Area/Book Shelf 53 45 550.0 

Personal/Operator 54 35 640.0 

Personal/Operator .. ~55 15 969.0 
. .· , 

Personal/Operator 56 15 1080.0 


Personal/Operator 57 15 1400.0­

ENVIRONMENTAL CRITERIA: OSHA (TWA) 260 mg/M3 
-, - -- . ' NIOSH (C) 1047 mg/W 

mg/M3 = milligr_ams of sample per cubic meter of air. 

TWA= 8-hour, time-weighted average. 

C = Ceiling which should not be exceeded within any 15 minute period.­

1 


.I . .. . . .·. . . .~- . ...- .. . : 


: ·. . . ··: \ '.· 

­



""'' 

1" 
SLOT 

STACK TO 
EXHAUST 
FAN 

SHELF· OR TOP-LINE 
UP EDGE WITH 

NOTE: FRONT EDGE OF. 
-ADO HOOD SP. TO ORUM 

SYSTEM S?. FOR 
FAN SIZE 
EXH. TAKE OFF -~ 

CAN ·BE DOWN. 

' 

flGl:lRE 1 

"DUPLICATING MACHINE EXHAUsr· 
-PREFERRED METHOD­

GOOD ENCLOSURE WITH SLOT EXHAUST 

f 
HOOD SPECS: 


EXH. VOL 400 CFM· 

HOOD SP. 0.30 .. 

RIBBON OR 
SOLID 
CURTAIN 

. 
// \ 

I 
I SPIRIT · \( 

STACKr-----j DUPLICATOR 
DUPLICATEDL---I IBENCH TOP PAPERSI -.... !"'1 

• I r-,-:..--.: I HERE ,\ ; I I -,.., 

·FRONT VIEW 


,2...1s". . 
AIR FLOW

-PROVIDE FOR 
MAKE-UP AIR ~ SLOT 
EG.VENTIN 

I t--------fl .DOOR 
I I I 

-LOCAL CODES MAY . OUPLICATOR I 1 l t 
PROHIBIT EXHAUSTING I I . DRUM I I 

THROUGH WINDOW I I I I
I L _ _.._____ J I
PANES 

· BENCH TOP l I 

Ef~O VIEW 


RIBBON· OR 
SOLID · 
CURTAIN . . 

. T
1 
1" 8" 

TG..-i1 

ENCLOSE BACK 
FROM SHELF TO 
BENCH TOP 



I I 
I I 

FIGURE 2 


. "DUPLICATING..~1ACHl~JE EXHAUST'; 
~AlTERNATE METHOD­

KITCHEN RANGE TYPE HOOD 
WITH GOOD ENCLOSURE 

.. f 
NOTE: TAPE ALL JOINTS 
ON PRESSURE SIDE OF FAN 

36" WIDE HOODS ARE'-. 
AVAILABLE ,------:K~1=-rc:::-:HL:-:E:":"N:""R:::"A:-:N~G~E=------, --, 

I HOOD STD SIZE II 
J APPROX 18" X 30" I EXTEND .J" ON 
...,..,...______35"·------+-~~ EACH SIDE 

RIBBON OR RIBBON OR .
SOLID SOLID CURTAIN
CURTAIN 

,,,,.-......., 

/ . ' 
I \ 
I \SPIRIT . . ·I STACK

r---:::J DUPLICATOR DUPLICATED
L---I I ·PAPERS 

@~NCH TOP I ·-... n HEREI r--~-...11>,. ' 1 -~ 
FRONT VIEW 

EXH. VOL
400 CFM 
MINIMUM

' DRUM 
KITCHEN RANGE 
HOOD STD SIZE 18" RIBBON OR .. . : : .. . SOLID CURTAIN 

NOTES:. · .· M~:::-15.. . l\ . 
-PROVIDE FOR MAKE~liP ENCLOSE ,BACI< 

AIR EG. VEN.TS IN DOOR FROM HOOD TO · . . 
BENCH TOP . 

-LOCAL CODES MAY -· ·· . 
•., ./ (~-----11PROHIBIT EXHAU~TING 

' . ~ .: .::·: . .: I"I - .THROUGH WINDOW PANES 
• .~ ' : ' .j. ·,., ( : ~UPLtCATOR 

I I i ~-~UM I I 
..... ., , , I~ ·· .1 I 

. L ~ ··.:.J ,., 
.: ·a~.~~~ TQ~ . ,...•1......_::.:<>- I 

l 

LINE UP EDGE 
OF HOOD WITH 
FRONT EDGE OF 

END VIEW 




f!-GURE 3 

,.DUPLICATING MACHINE EXHAUSr' 
-ALTERNATE METHOD­


WALL FAN WITH GOOD ENCLOSURE 


TOP-CAN ALSO BE A SHELF 

RIBBON OR 
SOLID 
CURTAiN · ·. ... 

·
· 
 

BENCH TOP 

\. 

WALt: 
FAN 

. . 
STACKr-----::i DUPLICATOR I 
DUPLICATEDL---.I : · l.. 
PAPERS ·I· ·. ,._ --- n,_-...__,I HEREI I 

I •. f --~ . 

EXH FAN: 
WALL TYPE 
WITH AUTO· 
:~UTTER 
400 CFM 
MINIMUM 

·:· , .. 

NOTE: 

-LOCAL COO ES MAY 
PROHi'Blt WINDOW. : 
MOUNT .· .• '· .. . : . .; .. . :. 

-PROVIDE FOR MAKE-UP · ., 
AIR EG. VENTS IN 
DOOR 

12..·15.. 

/J_

/ ,. 

·I \---~~-­
:_ lsPtRIT \ 

·FRONT VIEW 

SHELF-LINE UP 
EDGE WITH FROr.JT

..·. ··'-:_·· TEDGE OF ORUM\ 

. AIR F~OW 12'"·15.. . ,., 

. ;--X-~---~-fl 

....- ·· I·· t. . ··.. I I 

: . I I. DUPLICATOR I I 
• : ,:..:, : ,; .. .. '.: I' I ORUM I I 
.. . .. . f·1~ I I 

; I L:-.-----J I 
BENtH·-TOP,...... ·f · .. ·. I 

.,:::: ::-~ . ::. . 

.~t::: 
END VIEW 

RIBBON OR 
SOLID 
CURTAIN· 

RIBBONED. OR 
SOLID CURTAIN'. 

· 

~ 

'., ~ 
AUTO­
SHUTTER 

WALL 

r----...__, . ··' ... 
- .: . ;,. 

. .... ... 

!
•I
I


	Health Hazard Evaluation Report



