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PREFACE 


The Hazard Evaluations and Technical Assistance Branch of NIOSH conducts field 
investigations of possibl~ health hazards in the workplace. These 
investigations are conducted under the authority of Section 20(a)(6) of the 
Occupational Safety and ·Health Act of 1970, 29 U.S.C. 669(a)(6) which 
authorizes the. Secretary _of Health .. and .Human Services, following a written 
reQuest from. any employer o~ .authorized · representative of employees, .to 
determine whethel'." .any.' subs_tance normally foun·d in the place of employment has 
pote_ntially toxic effectsJfsu~h ·concentra~io~s as used or found • .. . . . . . •, . . 

. ·. . . ' . .. ·" . . 
Th~ Hazard Evaluations and Technical' Assistance· Branch also provides·, · upon 
reouest, medi ca·l; nursing, -. and industria1 ~ygi~ne . tect:rnfca 1 and c0.nsul tative 
ass.i$tance (TA) to Federal., stale, · and local · agencies; labor; industry and 
.o\her groµ'ps . ~r individuals to control occupational health hazar~s -and to 
prevent r~Jated trauma .~nd disea.se. 

Mention 0.f company names or products does not constitute endorsement by the 
National Institute for Occupational Safety and Health. 
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.. 
I. SUMMARY 

. . . 
In May, 1981, the.· .Na-t1.onal Ins·tftute for Occupational' Safety and· Heal th 
(NIOSH) received.-a req·ues_t for a Health Hazard Evaluation at Robertson Paper 
Box Company~· Montevfl le, Conriecti cut. The request concerned a recent 
occurrence ·of a fata1·· case of _.aplastic anemia .among the workers on the 

'• .· 
possible ·as~O~i~tj~rf ~e.:t:.Wf!!en .ihat ·~ase. and e·xposur~ to -_dipropylene glycol . 
monomethy1 _· ether ..(l;)PG~MELin -the u. ·v. wash ·-solution..': i.n· the·. color press area 
of the facility. · ·· · · 

In the s·unmer a~d falT of f981; a medical team from the Occupational Heal th 
Program at r.ale University · (under .contract to NIOSH) conducted ·· medical 

· ·examina.tions of ei.g'ht expo~~·d workers. These examinations ·included medical 
history and exposure ques'tfons, physical examinations, .: and a·- hematological 
evalu~tion which ·1nc1uded bone .marrow. aspiration .and biopsy. · l_n Octo~er, 

· 1981, a NIQSH . i n.dus~r1 a.l hyg1eni s~ .collected sev~n environmental air samples 
to eval ua:t~ expos!:(res ·"to dipropyl ene glycol mono~thyl : ~ther . f n the col or 
press area of the plant. · In addition bulk. samples of· the cleaning solution 
were collected for· analysis. 

The seve~ environmental air sampJes found airborne concentrations of DPGMME 
to range between .0.60 to 6.43 ppm. Those concentration~ were all below the 
current ·osHA standard of 100 ppm•. The bulk samples of the wash solution 
contain 2-propanol, DPGMME, . and a small amount of ethylene glycol monoethyl :· 
ether. No benzene ·was detected in any of the cleaning solutions being used 

,, in the pl ant. 

The eight e~amined ·workers ranged in age from 23 to 59 years and the 
duration o·f exposure· to. the u. v. wash ranged from one-.to six years. 
Physical exami natf ori, 'blood counts·; differentials, and ·pl atelet counts were 
all within the normal range. · Bone marrow biopsies revealed a strong array 
of pathological findjngs including .six .with myeloid hypoplasia. Comparisons 
with bone biqpsy sp~~i~ens from .melanoma patients (as a control group) was 
inconclusive due to. .'the high prevalence of abnormalities :· in the melanoma 
group. . · · 

A high prevel_anc;e ·o.i clinically 'foapparent, bone marro~ .·injury was found in!I 
.this group of empl~y~es· at the Rob~rtson Paper Box Company. Although the 
eti~logy of these c~arges could not be precisely· determined, exposure to i 

I di propyl en·e glycpl . ~~,:i.omethyl ether and/or ethylene glycol monethyl ether ·

! 
~re suspected as ·t~e caus~ of these health effects~ · Reconnnendations to . 1 
reduce exposure to these substances are · found in ·Section VI II of this report~ j 

' KEYWO.RDS: ' SI,C 2752·, dfpr<;>pylene · glycol monomethyl ether, ethyl~ne glycol 
monomethyl ·ether,'>gly~ol ethe·r, bone· marrow injury, ap1a·stic anemia. 
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II. INTRODUCTIOI 

In May 1981, NIOSH rece;-ved a request for a· heal th hazard eva1 uati on at 
Robertson Paper Box Company, Monteville, C9nnecticut. The request 
concerned the occurrence of a fatal case of apl asti~ anemia among the 
workers at that facility and the possible association between that case 
and exposure .to dipropylene glycol monomethyl ether. 

The NIOSH evaluation .includes a .walk through survey .a_nd ·medical· 
examination of eight exposed workers by~ tea~ from t~e OcGupational 

· · Health Program at Yale _Un~versity (under contrac~ .. to ·-_NI0SH) . 1n the 
surilner and fall of 1981. In a·ddition, in .October··1981·, ·a NIOSH 
·fodustrial hygienist conducted an industriaJ hygiene· survey .at the . 
facility. Results of these_evaluations were prese.nted to. -the . company 

.· and. to the employees .in May 1982. · .. .. .· _..... ·-, .. _.:.,·. · -. 
.... . . . .... 

· · ·U I. · BACKGROUND 

Robertson. Paper .Box Company, Inc., is a ·commerci'a.l. ·offset ·printin_g 
··faci 1f ty f n Montevi 11 e·, Conneeti cut, empl oyf ng appr:oximately ·500 .men· 

and women. Employees are represented by Ul'lited Steel -Wotk.ers of. 
America, Local 14977. 

The NIOSH evaluation focused on the color press areas where the ,. worker 
.with apl asti c anemia ha_d worked. These presses are operated for a full 
2 ·shifts 5 days per week. Three people work each· pre$$ per ·sh1 ft ­
pressman A, pressman ff., and the pressman's helper_. At .each pi-ess the 
helper spends more tfme at the fe~ding end of the pr:ess th~n either 
pr~s sman. An ultraviolet cure process · i s used from .20' to. -50'1; of .th~ 
time on the five-color press only; the remainder of the runs on the 
five-col or press, and a11 runs on the six-co1or pr.es s ~re oi i based. 
Oil based runs ·present similar exposures and conditions on . both - - . 
presses. Local ventilation is by canopy hobd at ~he fjnish .end of each 
press; there .' 1s no 1ocal' exhaust between the rollers. . 

. . 
Opportunity for respiratory and dermal contact with 1,nks, -dil uents and 
blanket washes occurs primarily during end ~>f _j9b and ..e.nd :of shift 
washing of presses, blankets and plates. Additionally, -. rolJers .~re 
often wiped down during· the run. Both wipe down . and: washing operations 
require· going in the unventilated area · between rollers .and usin.g· either 
wash-soaked rags or . spraying the rollers with wa_sh solution and .wiping 
off with dry rags • . Gloves are only intermittentlJ used ·by some · 
workers. Other opportunities for exposure occul\" .becaus~ :contai·.ners of 
.diluent and wash solutions ·are left open on the ~enche$: during 'th~ run 
and :: during refilling of cont~iners and squirt bottles. - Th~s .latter 
task is the ·responsibility of the helper. · - . · :·-· · I 

L. 

The ·company has .had all · seven employees :with . substantial -c~ntact..with 
the .u.v. pr~cess on the five-color press e,xamined by _~ pijysi~ian.,and 
tested .for blood chemistries, complete bl ~ad ·count. and dif.ferenti,al and 
ur·1nalysi s. Result's of all ·examin~tions were wi :thin . normal 1imi ts_ for 
the laboratory. 

http:to�-_NI0SH).1n
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In- November. 1980,,' Federal OSHA performed· a. detailed: e_nvironmental 
survey.· of the: five and six-color press area·.. As rioted above deterg.~nis. 
had already, been substituted' for glycol'ated- ethe·rs in, ~h~ u,.v. wa.sti 
process. Bulk mea,surable quantities of the follow.ing were found-: 

1 hexanol- Methyl ethyl ketone 

2 terpinol ethyl ·benzene· 

co~f ·tar naphtha glycerol triacetate .- . 

xylene stoddard solvent 

toluene acrylic epoxy. resins 

<ii chl <>r-omethane ·pigments and. non-volatile dilu~nts 

1;2 ~ichlorethylene 
. ·­

' 1,1,l trichlorethane 

In addition, bulk sampling, of the formerly, used U.V, wash solution 
confirmed :its constituents as dipropylene glycol monomethyl ether and 
2-propranol. -There were no measurable amounts of benzene, ethylene 
glycol ethers or any other substance highly suspected of human bone 
marrow toxicity. 

Quanitative air sampling by OSHA included whole shift personal and area 
collections. · Results demonstrated that all substances (excluding· 
di propylene -glycol monomethyl ether) were present in concentrations 
below e·stablfs_hed' OSHA· standards or ACGIH TLV's • . 

Based on the initial evaluation of the process, the company .decided to 
switch to a substitute materia.l for the U.V. wash~ 

However, in t~e early part of 1981, based .on the ob~ervations of 
workers and .management regarding the limited efficacy .of the substitute 
detergent in. the. U.V._clean-up process, U.V. wash containing­
dipropylene· glycol monomethyl ether was reintroduced at the five color 
press. Work practf'ces were changed to limit possible dermal exposur.e
to the solution but frequent intermittent airborne contact resumed •. 
Additionally, the proportion of time spen"t at the five color-press on 
U.V. jobs had increased from about 20% to about 50% of the total work 
week. Because of ·continued concern by all parties, a request for a 
NIOSH Health H·azard Evaluation was submitted·. 

IV. METHODS 

A. Environmental 

On October 7, 1981, air ·samples-,(three per~onal breathing zone 
and . four_area) were ·taken during the end of the second shift 
cleaning operations of a UV cured .job on the five color press. 

http:based.on
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MSA mQdel G pumps at· fl ow- rates of 1 to 1.5 _l pm were used· for the 
personal sampTes and one area sample , and· Sipi n- pumps at fl ow 
rate~ ranging. from, 0 . 14 1pm to ..Q.25 1pm. for remaining: area 
s.ample$. Samples were collected on jumbo charcoal tubes andi 
analyzed by g_as chromatography with f1ame ionization detectors 
for dipropylene glycol monomethyl ether at the Utah Biomedical 
Testing Laboratory. Whatman filter paper wa-s· used to take wipe
samples. · · 

Bulle sample~ ·of the two wash·ing solution .were also collected and 
-analyzed ·by GC/MS· with particular attention_·:.~o the ··pr.esenc~ of 
·benz.ene. . · · · · 

B. 	 Medical 
. 	 ' 

· Because..:of ·the l imi te<i number of men exposed: ~nd because. of. the 
insensf-.tivity of usual clinical tools .(f.e.~- complete blood 
count, physical examination etc~) as fndicatprs of early marrow 
involvement, ·the ·.1nvestig·ators opted to. dfrect·,clinical efforts 
a_t the target organ of exposed subjects - -~one marrow• .· All seven 
men curre·ntly working on the five-color pr;e·ss. and one,· recent 
retiree were invited to participate• .Subseqtiently, -two other 
men; a- foreman and the ink mixer were invited because of 
.suspected exposure. All exami.nations were. p~rformed :with 
informed consent at Yale-New Haven Hospital at the Occupational 
Health Clinics. Approval of the Yale· University School of 
Medicine·~uman Investigation Committee was obtained in . ~dvance·. 

. . 	 ' 

The protocol cons1sted of four components: 

1. 	 Health and-environmental exposure questi,onnai r~ completed, 
during an. interview with a staff physici.an. · 

2. 	 Physical examination- focusing on the reticuloendothelia.l 
organs. 

3. . Peripheral blood examination for complete blood count, 
·diff~_rential, platelet count and reticulocy.te stain; serum 
and -red cell .folate; B12 level. ··_ , . . : 

4. 	 Bone ··marrow aspiration and biopsy obta-ined· under 1oeal 
anesthesia from· the .posterior superio~ i-liac crest with a. 
Ja·mshi di- needle by a hemoto1ogi st. .Mar,row wa.s.examined· · 
with the fo11 owi-ng preparati ons: · 

·a. ·wr.ight and hematoxyl in and eos1 n .stains· of- aspirate 
and· biopsy for morphologic and, ~1:,1antitative .anal-ysis. 

b. 	 Aspirate was cultured for cytogenetic anaJysis. 

c. 	 Spec.ial ·stains -wf-th DNA esterase, PAS and -Sudan B·.by_ 
- standard methods. . ... 

­

http:reticulocy.te
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All ·subjects received · complete results o_f- ·ihe.ir examination 
witliin one month of their vis.it. In .addition to th-is 
COf!llllunication-, .the principal investigator v.is_ited
the plant to di"scuss 

. 	
these results:, per.sonan

. . . 
.t 
. - . · ea~n O · subject . at 

and1 J!)r-i·v.a:tel'Y. 

·c. Controls and Statistical Methods 

Because o.f the di scomfcfrt of the procedure~ control bone marrow 
biops·i~s were so'ught' from the-pathol o·gy files .or Yale-New Haven 

. . ,ttospitals·. ...... A.,gf.9up_- of...~one _marrow ~i"~psi_est obtained on a 
... ·... ·p'rbtocol fron{ p·atien~s--with. ·malignant melanoma' but ·without known 

-bematologic:·:abnonnal ties or .marrow :involvement were chosen. 
!· · ' The~e .ten· .. ~iibJects rang~d in _age from ·3s··to· _63 ·wi~h a mean of 52
: • 1> 	 · ·' years~ .·· Al thQugh.·· har~ny·· •·matched•· or 'nonn·a1 •-:;,·, :· ttiey were se 1 ected 
I • i • :~ • .··:· as an·:avail,~bl'e~-~~~-:d~ftn~bl_e group marrowed prior:·_to treatment 

.wi thouf knowledge .of ·'the "presence of heniatologlc ·disease .. 
. 	 . .. :· · ...

·. Study and con_t~o.1, marrows were relabeled· _and .~ixed· for reading by 
: a ~emotolJc pathologist ,who was. unaware of ·t~e- ~linical · status of 

. · · the' ·patients/ ·Marro~s were · rated · for the· following · 
· characteristics: · ·. · · · 

1. > ·total cellularity (low, normal/high} · 

2. 	 presence of PAS-positive stromal material . (present, absent) 

3. 	 myeloid/erythroid ratio (normal, relative myeloid
hypopl asi a) · :. 

4. . presence and distribution of iron (l~w. normal, high) 
' . 

· s. · ·presence of infiltrate of lymphocytes; __ plasma cells, mast 
· cells or macrophages ( present or. absent-)-... · 

Two by .-two contingency tables of cases and .controls were examined 
for the .mc1jor parameters of .marrow injury - hypocel lul ari ty, 
relative .myel.oid hypoplasia, and the presence of, PAS positive 
strom~. · Chf~square tests were performed for -significance; 
remaining features were·. inspe~ted· for ·trend·. 

V. EVALUATION CRITERIA 

· A. Environmental Criteria 

l As a guide to the evaluation of the hazards posed by workplace
i. exposures, NIOSH field staff employ environmental evaluation

l criteria 'for · assessment of a numb~r of chemical .. and physical
·agents. These criteria· are intended to suggest. 1 eve 1 ·s of 
exposure to .which mos'.t workers may be exposed· up to .10 · hours per 
day~ 40 hour·s per week ·tor a working lifetime ~ithout 

'. '• 	 · experiencHig a·dverse_health effects. ~t. i_s, however, -important 

http:o_f-�ihe.ir
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to note that not all workers will be protected from adverse 
health effects. if t .heir exposures are maintained below these 
levels. A small percentage may.experience adverse health effects 
because of individual susceptibility, a pre-existing medical 
condition, and/or a hypersensitivity {allergy). 

In a~dition, some hazardous substances may act in combination 
with other workplace exposures, the general environment, or with 
medications or · personal habits of the worker to produce health 
effect~ ~_ven i.f ·the occupational . exposure~ _are controlled at the 

. . 	level -~et .-by.. the.· evaluation criterion.:..-'.T~es~ ,_c~mbined .. effects
are · often .riot .cons,i.de.r.ed {n the evaiu·ation:.c.d 'teria. · Al so, _. some 
substances_·~re absor;bed ·by direct" cc:mtact wi;t~.:.:the skin. ~nd · 
mucous· membr~ne~~- and thus .potentially ..increas.e the ove~all . 
exposure:~ Finally, _eyal ua;tion _crite_da· ~a}(_ctiange ·ov~r the .years 
as ·.ne_w.J~for~at16~·.._Qn the toxic _- e.f_fe-c.~s. of ...a1"·\~ge.nt become 
available~ · ···.· · · · · · ... · · ·,__· ·: . . -: ..:·-.: · · 

The primary sources of envfronmental eval!,la_tiqn .cr-iteria for -.the 
workplace are: 1) NIOSH Criteri~ Document's:-;-and recommendations, 
2) the American c'onference ·of Gover.nmeotaL-Inch.istrfal Hygienis.ts' 
(ACGIH) Threshold Limit Values· (TLV' s), and ·..3} -the. u~.s. · · 
Department _of Labor (OSHA) occupational health ·standards. Often, 
the NIOSH re·cotmriendations and ACGIH TLV' s are .lower than the 
correspond~ng 0$HA standards. Both NIOSH recommendations and . 
ACGIH TLV's ·usually are .based oti more· .recent information than are 
the OSHA standards. The OSHA standards also.may be required to 
take 1.nto account the feasf bi1i ty of coilt.rol l.f ng exposures in . 
variou·s industries where the agents are used; the . . 
NIOSH-recommended standards, by contrast, are· based pr._fmarily 9n 
concerns relating to the prevention of occupational disease. In 
evaluating the exposure levels and the recomnel')datfons .for 
reducing these levels found in this report, ft should. be noted 
that industry is leg.ally required to meet only those levels 
specf fi .ed by an OSHA standard. · 

A time-weighted average {TWA) . exposure ref~rs .. to the a't!erage 
airboroe con¢entrat1on of a substance duri.ng a ·n9rmal 8- to 
10-hour·workday. Some substances ·have recommended short-term 
exposure limits-or ceiling values which are intended to · 
supplement the ·TWA where there are recognized to~ic eff~cts .from 
high short-term exposures. · 

B. 
 Toxicity, 

Di propyl~ne Glycol .Monomethyl Ether (DPGMM;.)_< ·_. 

Di propylene .glycol mon·omethyl · ~ther is a cblorless lJquid of. l_ow 
-volatility• . -It ~as low sin·g1e · dose ·toxicity in .animal: testfog. 
Exposure may. b~ t~ansiently pai_nful to the ,ey~~~ .. but dp~s. not. 
appear to cause sfgnif:1.cant eye damage.l , ··:. ·._'. . . ·. ., 

­
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http:a1"�\~ge.nt


Page 7 Health Hazard Evaluatiori Report No. 81-304 

There t·s currently no- avai1ab1 e data relating exposure to this 
agent to b!)ne marrow toxicity. However, a related, chemical 
ethylene glycol monomethy1 e,:her has been ass.oci a.t~d _with 
suspected' marrow damage in ani·ma1-s and humans. 2 • 3 • 4', 5 The 
current OSHA standard for DPGMME is 100 ppm or 600· mg/m3. 

VJ:. RESUll..TS 

A. Envi ronmenta.l 

,Bulk' s·ampi i ng ·of the· sol uti ans used dur.f ng -'.elean-up of the 
5.:..col or. press was comparable to that' of OSHA, excep·t for the 
presence .of a small peak for ethylene glycol ~onoethyl ethe~, not 
previ<>'usly found. ~onsultation with suppliers revt!aled that th'is 
fs present at a concentration of 10% in the blanket wash solution 

.. ~s~.d O!'J. '1ll_ p_resse~. .No benzene was dete¢~~d•: 1n· either bulk 
•' 	 sample. ·. 
i' 
I 	 Air sampl fog results for di propylene. glycol monomethyl ether were 


as follows: 


RESULTS 

Sample Type Location/employee Duration Vol.(L) mg/M3 ppm 

Personal A Pressman 38 min. 54.7 10.7 1.78 
Area Work Bench 38 min. 33.3 39.0 6.43 
Personal Helper 40 min. so.a 22.0 3.63 
Person~11 B Pressman 40 min. 53.5 33.6 5.54 
Ar.ea Between Presses 32 min. 08.1 32.9 5.43 
Area, Top of Press 39 min. 09.2 26.9 4.45 
Area Ink Storage 38 min. 05.5 03.6 0.60 

Three wi pe.s samples were also analyzed and the re~ults were as 
fol 1 ows: 

1). Glove ••••••••• ~ •••••••••••••••••••• greater -than O.Olmg/sample 
2)' Hand (after removal of .gl ave) •••••• 1 ess. than O .01 mg/sample 
3) Workbench••••••••••••••••• ~ •••••••• greater than 0.01 mg/sample 

B. Medical 

1. Case History of Initial Case 

The worker, a 39 year old white male, was in good health 
prior to July 1980:, when fatigue, weakness, and .dyspnea · .,... 

r· 	 developed. He ·was admitted to .a local hospital on August 7th 
with complete blood count revealing profound pancytopenia. · A 
prior · CBC i'n January 1980, had bee·n, ·normal. There was no 
past history of hei:natologic disease. 

, 
~ ~·- ·- --,--~ ........,----- ­
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Environmental hi story revealed that the subjec;t drank 
appfox{mately 72 oz. of beer daily, was ~· light smoker ·and \..· 
tQok no medications. He had worked at Robertson for 19 
years; for the last five .years he had .worked full-time as an 
offset pri liter in the five and s·.ix-coJor ·press area~. About. 
20% of his time over the· six months, p.rio.r. to the onset of his 
illness had been spent at the . the-color _pre~s using ··an 
ultra-violet developing acrylic process; .30% ·was spent at the 
five-color. press doing non ultra-violet jobs and ·. 50% was 

..spent on the s·ix-color press (non u}tra-viol_et}.. - He had no 
.:a~pcations or hobbj es requiring use of .:vQlatiJ e substanc~s 
nor· knowrt exposure·"to pest'icide!· '··..'''·'.\), ··. ;:.:\:_. .. ·. : ... ' . . . .. 

_:,.After .i n_;'ti ~l stabi 1fzation, 'the ·-:pa~'fent:',was :_transferred ·to 
. ¥.ale-New :Haven .Hospital.. · :··. ·:...-:-·..-··..· .,,.,_. :· ·. ·· ···. 

. ~ : . 

. . ·· '.on···-a:d~i ssion :to· .th1 s·hospftal the .'phy.s:iiaf:examin~ti.on ·,was . 
·..remarkable only .for a mild sinus tactiycar..di a ·.and .the pr.esence 
,o'f petechiae on his lower extremities.-:~ There was no · 

.. · ·~pleno~galy : · · · .: · :_:. -;~.:. · ,: ..:·· .. . ··,:. . -:~ .~ .. . 

laboratory exam'; nation revealed a hemog}obin ·of ·10.4 gm and .a 
hematocri.t of 30.41. The patient had been ·transfused at the 
other hospital. The white cell count ·.was .2,200 and the 
platelet count was 15,250. A 200 eel l ·dtfferentf al reveal ed. 
44% segmented neutrophil s, 6t bands, ·30t lymphocy_te·s, 2% 
monocytes, St -atypical lymphocytes, 4t metamyelocytes, and 6i 
blast· forms. Coagul atfon stud1 es, renal . function tests and· 
electrolytes were al 1 within· ·normal limi~s. - A bone marrow 
examination revealed a markedly _hypoplastic , jnaspirable 
marrow. The cell ularity was less than .1oi but there w~s no 
increase 1n· collagenous fibers. Findings consistent with a 
stromal inju_ry pattern included markedly increased iron, 
i.ncrea.sed megakaryocytes and ~he presence of .many inmature 
megakaryocytfc precursors. At that. time· no blast clusters 
were seen and there was no evidence .for a .h.ematopoietfc 
neoplasm. A liver-spleen scan was en~ir~lY within nor.mal 

·limits. _... The VDRL was negat1 ve; antinuclear:. ant'ibody was 
· negative at 1/8 dilution, heterophile -anti.b9dy :was . negative, 

and viral and microplasma titers were all wf:thin· normal . 
.limits-~ . The quantitative hemohlobin ele~trophoresis r~vealed 
Hb AA as the .predom.i nant species with L ~ A2 and O.S't ·Hb 
F. The vitamin B12 level was 410 -pi.cograms/ml and the red 
cell folate was 126 nanograms/ml. The. le.uko.cyte alkaline 

·.·. phosphatase 
~ 

was 86 . units .
.
and . the· Ha11111's ·test .wa-s negative.. . . .

.. One month ·foi'lowing. _di·schar·ge the patJ~nt :remained· 
- pancytoperik -. and ~eper,dent oo pl atelet..raiid :red eel l ·· . 


transfusions. A repeat marrow exami nati.on was ·.performed. 

This ~ga.i.n showed a striking i!ljury pattern ·-wi~h . .. .-;, . 

.panhypdp1asi a b_ut. no evi.dence of hema"t;opi.etic "'1al i gnancy or. 
mye~ofibrosis. .: · · , · · 

.. ·-·----····-·----·------ ­

­
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Over the course of the next month the patient did relatively 
well on transfusion therapy. · The liver became palpable 4 cm 
below the right costal margin and a spieen tip was easily 

·felt 3 cm below the left costal margin. 

In view of the persistence of small numbers of circulating 
blast .cells and the ab_sence qf a response to three months of 
exymethalone therapy, the pa~ient was readmitted to the 
hospital for induction chemotherapy for presumed1 aleukemic 

_leukemia• . _However, his condition quickly ,deteriorated, and 
. ~. ~ .: ; , .. -:he --~?(pi red a: few d~ys 1ater. . . : _. · 

. P~stmortem examination revealed.massive ·intra:-al veol ar 
pulmonary hemorrh.age with hemorrhage· also .present in the 

·heart, renal pelvis, bladder, urteter.s··, . ·GI mucosa, brain, 
gall bl ad(j~r, _1iver and spleen•. · Ex'tensfve ·:postmortem . 

'• • •• , • I ...examinatH>n.: of tne bone marrow wa~ yielded· to --'.be strikingly 
· depleted .to cellular elements. Fibrosis -was_. noted• . The 


small ·_foci of remaining marrow did not demonstrate the 

pres~nce .o~_.any 1eukemi a.

2. Medica1 ·study 

a. S~udy Subjects 

Five of seven- active pressmen and helpers, the foreman 
and the ink mixer elected to partfcfpate, two active 
workers and the recent retiree declined. Each 
pa,rticipating subject completed ·the entire protocol. All 

.were white males, ranging in age . from 23 to 59. Duration 
of employment in printing ranged from 3 to 26 years; 
duration of exposure to U.V. wash ranged from one to six 
year_s.· Although no. quantit.ive mea~ures -of individual 
dennal ari.d respiratory- exposures were available, it was 
agreed that average exposure of pressmen and. helpers
exceeded that of- the mixer; each exceeded the less .direct 
contact of the· foreman who wa~ stationed ·20 feet from the . 

. press. · and had . . minimal d~nnal contact~ . .

None of . the subjects ·had .had ·a known blood .dyscrasia or 
family hi story of same;· none· was receotly expo·sed ·to 
medications or .other toxins known to cause .marrow 
injury. One .subject .had _di~b_ete~ mellitus, controlled 
with .ins~·lin; another wa·s ·taking propralialoJ and digoxfn 

( :·· .~..· for cardiac· arrythmia. ..Only .one-bad taken -any medication 
wf_th.in the year as·sociated with marrow toxf.c.ity 
(1ndomethac.i n, 150 ·mg daily x seven days -- . ten months 
prior to ··the. study); two men clai.me9 '.occasional use of 
solvents at home in .woodworking or carpentry; another 
three :h~d bad indirect contact ..wf th organochlori ne 
_p_e~.ticide. u.sed aroun~ ..thei_r . homes.• : -In ·,no·· case was 

..,._. . :- ....., 
. . . exposure intens~ or prolonged.: . . . .. 

­

­

­

http:wf_th.in
http:to--'.be
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b. Health Survey 
... 

Physical exam~nation failed to reveal pathologic lymph nod·es 
in any subject; none had an enlarged liver or palp~ble 
spleen. Further, examinatioo failed to reveal evidence of 
any ·sy-s1;:emic. disease associated with he·matologic 
abnormalities. · 

·-·CQ111plete blood counts, including smears, differential and 
platelet cp.tint$ ·.were normal fo all seven..men·. Each had 
normal blood.. ·-1evels of fol ate ·an~ vitamrn ··s12. · Thes·e. data 
are presenied . Table II. . . .· in ·. . . 

c. ·Bone Marrow. 'Examinations 
. . . . . 

Aspirate~·- of bone ·marrow fai 1ed · to reveal sign1fi cant 
abnormalities.. on any -of the study subjects on the usual or 
special ·stai'ns. 

-- revealed a
Cytogenetic evaluation of cultured cells 

normal 46 x,y pattern fn all. .. . 

Bf opsies of· the seven cases revealed a str·ikfng array of 
pathologfcal findings summarized in Table nr. In three of 
seven, -PAS positive stromal tissue indicative of injury was 
present; all three had absolute myeloid hypoplasia. In 
three ·additional ·marrows myeloid hypoplasia was present 
without ,identified stromal injury. Other findings included 
non-specific increases in iron deposition (significant in 
two) ·and cellular infiltrates (significantly abnor,'11lal in 
two}. ·· 

Unfortunately.·' control' marrows al so proved hi g_hl'y· abnormal 
·(Table IV). Most.- strikingly, five of tfie control's were 
frank.ly.·fron deficient, suggesting some source of bleeding 

: or nutritional deficiency; four of these· subj'e(;t$, had. 
stromal injury changes and myeloid hyperpl'as·ia. Ainon_g the 
remaining six; two had stromal injury and myeloid hypopla-sia 
and two.-others had relative myeloid hypopla'sia despite 
i.ncreased cellularity overall. The remaining, two had· only 
nonspeci fie findings. · 

·~	Because of the high preval ance of abnormal i,ties i-n1· the 
melanoma group, the findings in the study population were 
si'gnificantly different only in respect to iron stores. 
Even with th~ iron deficient controls removed there was no 
st'atfstically significant difference between. the 9.roups. 

VII. DISCUSSION 

oe·spite the ··-absence of ~linical disease or abnormal circulating blood· 
.cells, bone. marrow biopsies on co-workers of the index case suggest 
sub-clinical toxicity. We have attempted to confinn that these 

http:frank.ly
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findings differ from incidental abnormalities using an available set 
of 'control' marrows; unfortunately the high prevalence of injury, 
prob.ably related to the subjects underlying malignant melanoma and. 
its systemic consequences, vitiij..ted: this attempt. Yale Occupatjonal 
Medical Program is presently assembling a second set of controls 
taken at autopsy from young victims of motor vehicle accidents or 
sudden cardiovascular death ·to better de·f; ne the prevalence of marrow 
injury changes in ·the 'normal' popul~tion •. 

D~spite this problem, it seems unlikeiy that t~e findings in the 
study group ,ijre, in fact, incidental. Assuming: a true difference 

\ . . frqm ·normal_; ;the·~e :ctata tend ~o inplicate a conman marrow toxin; no 

' underlying disease· state is available·..~o. ,e~pl.ai.n the ·findi.ngs . in the

I 	 group.
. .l Given this .a~sumption, .it is our present hypothesis .that __ glycolI 
ethers .are the . s~spect causal agent. Dtpropylene glycol monomethyl 

.1 ether. .is ~f._..concern .because of the documented .~xposures to .a ·. 
l, high-COf!Centration solution ( 11 U V wash") ~nd the- absence ·of reliable 

animal data. Ethylene glycol monoethyl ether, undetected initially 

! . but identified in a 101 solution in blanket wash is a potential 
conf~under.. This -agent is suspected to ·be capable or marrow toxicity'!• in recent animal studies(5). 	 · 

VIII. RECOMMENDATl ONS 

1. 	 Ethylene glycol monomethyl ether and dipropylene glycol . 
monomethyl .ether should be used with caution in the cleaning, 
process. If possible, a substitute material (containi_ng 
ingredients with less. toxicity) sho.uld be .used. In the a~sence 
of a suitable substitute, employee exposure to· these substances 
should- be .~o_nf tared and . steps taken to minimize exposure., . 

2. Employee technique in cleaning the rolls seems to be a major 
factor in the amount. of exposure, both via inha.lation and skin 
absorption. Care should be taken to avoid unnecessary spills 
and splashes while cleaning the rolls. · 

3. 	· Di spos~til e coveralls, impervi qus to DPGMME, should be provided 
to employees performing the cle~n-up operation on both types of 
presses. This will minimize employ~e exposure through skin 
contact.· 

rx:. REFERENCES 

~- ...Werner .Hw,
' 	

· Mite.hell 
' 

JL, Miller JW and V~n -- Oetti~gen:, The acute 
· toxicity of v.apors of several . monoalkyl ethylene g·lyco1.· J • 
. Ind. Hyg. Toxicol. 25:157~63, 1943. 

· 2. .Ohi G and Wegman DH: TranscutaneotJs ethylene glycol monomethyl 
ether poisoning in the work setting. J.~O.M·. 20:675.-76, 1978. 

--,-...-,,,,.. ---·". ' ·-·-· .·---···· "•··--·--·' -· 



Page 	12 - Health Hazard Evaluation Report No. 81-304 

3. 	 Parsons CE and Parsons MEM: Toxic encepalopathy and 
11 granul openi c anemia: due to vol atf 1e sol vents ; n industry:
Report of two cases. J. Ind. Hyg. Toxf col. 20: 124-33-, 1~38. 

4. 	 Miller RR·, Ayres JA, Calhoun LL, Yoong JT and Mckenna. M,J,: . 
Comparative .short-term inhalation toxicity of ethylene glycol
monomethyl ether and propylene glycol monomethyl ether in rats 
·and 	mi.ce •. Tox • .~ppl. Pharm. 61:368-77, 1981 • 

.'. ~. ·. Nagano·,° ·.K/.et 1 al ··Moon Testicular Atrophy Induc·ed 'by.,Ethylen~ 
: . · .· .G.1ycol · Mor10a·l kyl eiher. · Jap •. Indlistri a1 Hea1th:'.1979;. 21: 29'!'35 . ·. . 	 ..· . 

IX. AUTHORSHIP ANO ACK.NO.WLEDGEMENTS 	 . 

· Me~ic~l Ey~lu·ati~n·:·:· Mark Cu1len, M.D. 
.. . . ' . . .. / .. . ' : .. \. .. ·Thomas Rado~ M.D. 

. : . . ',., . . James Waldron~ M.D • 
James Robins, M.D • .·. 
Judith Sparer, M.S. 
Yale Occupational

Medicine ·Program 
New Haven, Connecticut 

Envi ronmen·ta1 Evaluation: 	 Kevin McManus 
Industrial ·Hygienist
NIOSH, Region I 
Boston, Massachusetts 

-
Report Campi 1ed by·: 	 Dr. James Melius, M.D. 

Hazard Evaluations and Technical 
Assistance Branch 

Division of Surveillance, Hazard 
Evaluations, and Field Studies . 

Report Typed By: ··. 	 Cheri Nordman, Clerk-Typist 

X.. DISTRIBUTION AND AVAILABILITY OF REPORT 

Copies of this report are currently available upon request from NIOSH, 
Division of Standards i;>evel opment and Technol 9gy Transfer,. 4676 Columbia 

· P.arkway, Cincinnati ·,-- Ohio 45226. After 90 :days, the report will be 
·. ava.ilable through the ·National Technical Information Service (NTIS), 



Page 13 - Health- Hazard Evaluation Report No. 81-304 

5285 Port Royal. Springfield, Virginia 22161. Information regarding 
its availability through NTIS can t>e obtained from NIOSH Publications 
Office at the Cincinnati address. Copies of this report have been sent 
to: 

1. Robertson Paper Box Company 
2. (Requ_estor) 
3. NIOSH, Region I 
4: qsH~, Regio~ .I 

For ·· the purpose of informing affected e~ployees; .- copies· :of this report 
·shall be posted by the employer in a prominent place accessible· to the 
employees for a . period of 30 calendar days.· · · 

' ... ·.: 



TABLE I 


Clincial P a.rameters in the Study Popul.. ati on 


Subject Phtsical Exam Hemoglobin/Hematocrit White Count/Differential Pl atelets a12 Fol ate 

1. 	 Small inguinal nodes 16.2/46.2 6,600 230,000 440 pg/ml 
 3 .8 ng/.1
. remainder normal 61 seg/4 band ( ~.erum} 

2. 	 Normal 15.0/43.7 8,400 280,000 610 p"g/ml 
 315 ng/ml
59 seg/32 lymph I ( red cells) 
7 mono/2 eo 

3. 	 Congenf.tal ·ear 14.7/42.7 4,2op 190,000 660 p.9/11)1 
 271 ng/ml 
' . ' .... malformation 72. seg/23 lymph ( red .cel 1 s) ,. 

5 mono 

4. 	 Normal 16.7/47..l 5~0~)0 " ·.-.2~9·,ooo· ·. 640 P.9(!T.I~ 
 2·~4 n.g/ml 
' . 	 ' 72 seg/2 band/ (.serum) 

!, · · 

17 lymph/1 · eo 2 meta 

5. 	 Small ·;~guinal_nodes 16.1/44.9 4,000 170,000· 530 ng/ml 
 5.8 ng/m1
61 se_g/4 band/. (serum) 
24 lymph/10/mar
1 baso 

' 6 •. Normal 14.3/40.8 4,500 200,000 650 n·g;m, 30 .o ng/ml 
53 seg/2 band (serum) 
29 lymph/10 mo~o 
6 eo · 

7. 	 Normal 14.4/40.6 5,390 lSQ,.000 390 ng/ml 7.4 ng/ml 
. . 53 seg/1 band .. (sert.Jm) 
' 15 mono/25 lymph .. 1 bas/1 atypical 

lymph 

Subjects 1-5 - H1gh exposure category 
6,7 - Low exposure category 
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·: TABLE lI · 
.l 

Findings On Bone Marrow. Biopsy In The S.~udy. Population 
i 

' i 
·1 
.1 
' 

Subject 

l. 

Cellularity 

· 20'.t 

Myeloid·Erythroid PAS Positive 
Ratio· Stromal Tissue Iron Deposition Additional Findings 

1:2 present mod. increase with· 
.ring sideroblats · ·. 

2. 60-70'.t 1.5.: 1 absent- ·, mod.· 1 ncrease · moderate eosi nophi 1 s 
·. slight' pl~sma, mast cells 

3. ·. 30% 1:1 present mild increase slight eosinophils 

4. 30% 1: 1.5 absent mi 1ci increase slight eosinophils,
plasma cells, mast cells 

5. 25% 1:2 present marked ·,ncre'ase slight eosinophils,
·with r.ing plasma cells, mast cells 
sideroblasts 

6. 30% 1:1 absent mild increase · slight eosinophils, mast 
cells, plasma cells, 
lymphocytl:'!s / 

I

7. 40% 1:3 absent mild fhcrease numerous cytophago.cyte 
. -· .. 
macrophages . 

_ , ____ 



/ 

/ 

/ 
TABl,.E III 

Bone Marrow Findings In Melanoma 1 Controls 1 

Myeloid Erythroid PAS Positive 
Subject Cellul'aritt Ratio Stromal Tissue Iron DeEosition Additional Findings 

8. 	 20% 2:1 present sl i ~ht i nc.rease ·· Moderate eosi nophil s, 
plasma cells, mast c~lls 

9. 50% 3:1 absent normal 	 modera~e ~osinophils.. 
10. 25% °1:5 present absent 	 mod.erat~ lymph:o·cytes 

11. 60% 1:1 · absent absent 	 : :::-: marked· eosinophils 

12. 25% 1:2 present absent 	 moderate eQS i nop.h i l S 

13. 	 25% 1:2 present d~creased : slight eosinophils, mast 
ce11 s, plasma cells 

14. 30't 1:2 present mod. increased 	 megaloblastic cha;ges 

15. 	 50% 1:3 present sl fght increase eosinophils, mast cells, 
plasma cells, lymphocytes 

16. 	 45% 1:2 absent mod •. increase, few · moderate lymphocytes 
ring. sideroblasts 

... 

17. 	 50% 2:1 absent s11 ght increase macrophage·s with 
_cytop.. ha gocyto s i s

18. 20% 1:1.5 pre.sent decreas.ed 	 ·111111a tu.re mye,-o i c,t $erie~ 

http:decreas.ed
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