


PREFACE

The Hazard Evaluations and Technical Assistance Branch of NIOSH conducts field
investigations of possible 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 or authorizéd représentat1ve of employees, to
determine whether any substance normally found in the place of employment has
potentially toxic effects in. such concentrations as used or found.

The Hazard Evaluations and Techn1ca1 Assistance Branch also prov1des, upon
request, medical, nursing, -and industrial nyg1ene_techn1ca1 and consultative
a551stance (TA) to Federal, state, and local agencies; labor; industry and
other groups or individuals to control occupational hea]th hazards and to
prevent related trauma and d1sease. : : ,

Mention of company names or products does not constitute endorsement by the
National Institute for Occupational Safety and Health.
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MSA model G pumps at flow rates of 1 to 1.5 1pm were used for the
personal samples and one area sample, and Sipin pumps at flow
rates ranging. from 0.14 Tpm to-0.25 1pm for remaining area
samples. Samples were collected on jumbo charcoal tubes and
analyzed by gas chromatography with flame ionization detectors
for dipropylene glycol monomethyl ether at the Utah Biomedical
Testing Laboratory. Whatman filter paper was used to take wipe
samples.

Bulk: samplés of the two washing solution were also‘col1ected and

-analyzed by GC/MS with particular attention. to the presence of

benzene..

' Because of ‘the 1imited number of men exposed and because of the

insensitivity of usual clinical tools (i.e., complete blood
count, physical examination etc.) as indicators of early marrow
1nvp1vement,'the'investigators opted to direct clinical efforts
at the target organ of exposed subjects -.bone marrow. -All seven
men currently working on the five-color press and one- recent
retiree were invited to participate. Subsequently, two other
men, a foreman and the ink mixer were invited because of

suspected exposure. All examinations were performed with

informed consent at Yale-New Haven Hospital at the Occupational
Health Clinics. Approval of the Yale University School of
Medicine Human Investigation Committee was obtained in advance.

The protocol consisted of four components:

1.  Health and environmental exposure questionnaire completed
during an interview with a staff physician.

2. Physical examination focusing on fhe reticu1oendotheliai

organs.

3. Peripheral blood examination for complete blood count,
- differential, platelet count and reticulocyte stain; serum
_and red ce11 fo1ate, B12 level. ;

4, Bone marrow aSpirat1on and biopsy obta1ned under local
anesthesia from the posterior superior iliac crest with a
Jamshidi needle by a hemotologist. Marrow was- examined
with the following preparations:

_ a;' 'Hright and hematoxylin and eosin stains of aspirate
and biopsy for morphologic and. quantitative analysis.

b. Aspirate was cultured for cytogenetic aha]ysis.

c.  Special stains with DNA esterase, PAS and Sudan B by
: standard methods.
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A11 subjects received complete results of7the1r examination

within one month of their visit. In addition to this

communication, the principal investigator visited each subject at
the plant to d1scuss these results, personally: and private1y.

Controls and Statistical Methods

Because of the discomfort of the procedure, control bone marrow
biopsies were sought from the pathology files of Yale-New Haven

- Hospitals. A group of bone marrow biopsies: ‘'obtained on a

protocol from patients with malignant melanoma but without known
hematologic ‘abnormalties or marrow involvement were chosen.

 These ten subjects ranged in age from 38 to 63 with a mean of 52
- years. - Although hardly 'matched' or 'normal', they were selected
. as an-available and definable group marrowed prior to treatment
without knowledge of - the presence of hematologic disease.

. Study and contro1 marrows were re!abeied and mixed for reading by
" a hemotolic pathologist who was unaware of the clinical status of
' the patients.” Marrows were: rated for the-fo11ow1ng :

characteristics:
1. © total cellularity (low, normal/high) _
2. presence of PAS-positive stromal material (present, absent)

3 myeloid/erythroid ratio (normal, re1at1ve myeloid
hypoplasia) '

4. - presence and distribution of iron tlow,.norma1 high)

5. presence of infiltrate of 1ymphocytes, plasma cells, mast

-cells or macrophages (present or absent)

Two by two contingency tables of cases and contro]s were examined
for the major parameters of marrow injury - hypocellularity,
relative myeloid hypoplasia, and the presence of PAS positive
stroma. Chi=-square tests were performed for significance;
remaining features were inspected for trend.

V.  EVALUATION CRITERIA

IAI

Environmental Criteria

As a guide to the evaluation of the hazards posed by workplace
exposures, NIOSH field staff employ environmental evaluation
criteria for assessment of a number of chemical and physical

agents. These criteria are intended to suggest levels of

exposure to which most workers may be exposed up to 10 hours per
day, 40 hours per week for a working lifetime without .

-experiencihg.adverSe_heaTth effects. It .is, however, -important
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to note that not all workers will be protected from adverse
health effects if their 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 addition, 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
effects even if the occupational exposures are controlled at the

level set by the evaluation criterion. . These combined effects

are often not considered in the evaluation criteria.. Also, .some
substances are absorbed by direct contact with the skin and
mucous membranes, and thus potentially . increase the overall
exposure. Fina11y, evaluation criteria may change over the years
as new information. on the toxic effects of an. agent become
avaiiab1e. ' _ 5 g

The primary sources of environmenta1 evaluation. criteria for the
workplace are: 1) NIOSH Criteria Documents:and recommendations,
2) the American Conference of Governmental Industrial Hygienists'
(ACGIH) Threshold Limit Values (TLV's), and 3) -the U.S.-
Department of Labor (0OSHA) occupational health standards. Often,
the NIOSH recommendations and ACGIH TLV's are lower than the
corresponding OSHA standards. Both NIOSH recommendations and .
ACGIH TLV's usually are based on more recent information than are
the OSHA standards. The OSHA standards also may be required to
take into account the feasibility of controlling exposures in
various industries where the agents are used; the
NIOSH-recommended standards, by contrast, are based primarily on
concerns relating to the prevention of occupational disease. In
evaluating the exposure levels and the recommendations for
reducing these levels found in this report, it should be noted
that industry is legally required to meet only those Tevels
specified by an OSHA standard.

A time-weighted average (TWA) exposure refers.to the average
airborne concentration of a substance during a normal 8- to
10-hour workday. Some substances ‘have recommended short-term
exposure 1imits or ceiling values which are intended to
supplement the TWA where there are recognized toxic effects from
high short—term exposures. :

Toxicity
Dipropylene Glycol Monomethyl Ether (DPGMME) . -

Dipropylene g1yco1 monomethyl ether 1s a colorless liquid of low

-volatility. It has low single dose toxicity in animal testing.

Exposure may be transiently painful to the eyes, but does not.
appear to cause sign1ficant eye damage. W, %
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Environmental history revealed that the subject drank
approximately 72 oz. of beer daily, was a light smoker and
took no medications. He had worked at Robertson for 19
years; for the last five years he had worked full-time as an
offset printer in the five and six-color press areas. About
20% of his time over the six months prior to the onset of his
i1lness had been spent at the five-color press 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 six-color press (non ultra-violet). He had no
-avocations or hobbies requiring use of volatile substances
nor known exposure to pesticide. =& oo . :

pAfter initial stabi1ization the patient uas transferred to
.Yale-New ‘Haven Hospital. :

':On admission to this hosp1ta1 the physica1 examination ‘was -
remarkable only for a mild sinus tachycardia and the presence
.of petechiae on his lower extremities. There was no -
'splenomegaly. Faa s

Laboratory exam1nation revealed a hemogiobin of 10.4 gm and a
hematocrit of 30.4%. 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 cell differential revealed
44% segmented neutrophils, 6% bands, 30% lymphocytes, 2%
monocytes, 8% atypical lymphocytes, 4% metamyelocytes, and 6%
blast forms. Coagulation studies, renal function tests and
electrolytes were all within normal Timits. A bone marrow
examination revealed a markedly hypoplastic inaspirable
marrow. The cellularity was less than 10% but there was no
increase in collagenous fibers. Findings consistent with a
stromal injury pattern included markedly increased iron,
increased megakaryocytes and the presence of many immature
megakaryocytic precursors. At that time no blast clusters
were seen and there was no evidence for a hematopoietic
neoplasm. A Tiver-spleen scan was entirely within normal
limits. - The VDRL was negative, antinuclear antibody was
‘negative at 1/8 dilution, heterophile antibody was negative,
and viral and mﬁcropiasma titers were all within normal
limits. The quantitative hemohlobin electrophoresis revealed
Hb AA as the predominant species with 1.9% A, and 0.8% Hb

F. The vitamin By level was 410 picograms/ml and the red
cell folate was 1%5 nanograms/ml. The leukocyte alkaline

- phosphatase was 86 units and the Hamm's test was negative.

_One month following discharge the patient remained

- pancytopenic-and dependent on platelet.and red cell
transfusions. A repeat marrow examination was:performed.
This again showed a striking injury pattern with = ..
panhypoplasia but no evidence of hematop1et1c malignancy or
myelofibrosis. :
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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 spleen tip was easily
felt 3 cm below the l1eft costal margin.

In view of the persistence of small numbers of circulating
blast cells and the absence of a response to three months of -
exymethalone therapy, the patient was readmitted to the

hospital for induction chemotherapy for presumed aleukemic
leukemia. However, his condition qu1ck1y deter1orated and

‘he -expired a few days later.

- Postmortem exam1nat1en revealed. massive 1ntra-a1veolar
" pulmonary hemorrhage with hemorrhage also present in the
‘heart, renal pelvis, bladder, urteters, GI mucosa, brain,

gallbladder, liver and spleen. " Extensive -postmortem .

. .examination of the bone marrow was yielded to'be strikingly
depleted to cellular elements. Fibrosis was noted. . The

small foci of remaining marrow did not demonstrate the
presence of any Teukemia.- Lo

~Medical Study

a. Study Subjects

Five of seven active pressmen and helpers, the foreman
and the ink mixer elected to participate, two active
workers and the recent retiree declined. Each
participating 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
years. Although no quantitive measures of individual
dermal and 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 was stationed 20 feet from the
_press and had minimal derma1 contact.

None of. the subsects had had a known blood dyscrasia or
family history of same; none was recently exposed to
medications or other toxins known to cause marrow
injury. One subject had diabetes mellitus, controlled
with insulin; another was taking propranalol and digoxin
for cardiac arrythmia. ..Only one had taken -any medication
within the year assoc:ated with marrow toxicity :
(indomethacin, 150 mg daily x seven days --.ten months
prior to the study); two men claimed occasional use of
solvents at home in woodworking or carpentry; another
three .had had indirect contact with organochlorine
pesticide used around their homes. . In-no- case was
_exposure intense or prolonged. CE
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VII.

b. Health Survey

-

Physical examination failed to reveal pathologic lymph nodes
in any subject; none had an enlarged liver or palpable
spleen. Further, examination failed to reveal evidence of
any systemic disease associated with hematolog1c
abnormalities.

<Complete blood counts, including smears, differential and

platelet counts were normal in all seven men. Each had

normal blood levels of folate and v1tamin Bl2. These data
- are presented in Table II. '

c. -Bone Marrow Examinations

ASpirates of bone marrow fa11ed to reveaT significant
abnormalities.on any of the study subjects on the usual or
special stains. Cytogenetic evaluation of cultured ce1ls
-revealed a normal 46 x,y pattern in all.

Biopsies of the seven cases revealed a striking array of
pathological findings summarized in Table III. 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 abnorma1 in
two * ;

Unfortunately"control‘ marrows also proved highly abnormal
(Table IV). Most strikingly, five of the controls were
frankly iron deficient, suggesting some source of bleeding

- or nutritional def1c1ency, four of these subjects had
stromal injury changes and myeloid hyperplasia. Among the
remaining six, two had stromal injury and myeloid hypoplasia
and two others had relative myeloid hypoplasia despite
increased cellularity overall. The remaining two had only
nonspecific findings. '

~Because of the high prevalance of abnormalities in-the
melanoma group, the findings in the study population were
significantly different only in respect to iron stores.
Even with the iron deficient controls removed there was no
statistica11y signif1cant difference between the groups.

DISCUSSION

Despite the ‘absence of clinical disease or abnormal circulating blood
cells, bone marrow biopsies on co-workers of the index case suggest
sub-clinical toxicity. We have attempted to confirm that these
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