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The calculated values of V by plant area are shown in Table
4. The ratio of V to CARB is also shown, and may be taken
as an estimate of the contribution of arsenic trioxide
vapor to total non-arsine arsenic. The results suggest
that the proportion of arsenic trioxide vapor ranges from
about 25% in Salvage and Remelt to more than 50% in Element
Battery Repair, Forming, and Tiegel. This is reasonable
because of the torching operations in Tiegel and Element
Battery Repair and the proximity of the Forming Area to the
latter. The highest concentration of arsenic trioxide
vapor found, 0.36 ug/m3, was in Element Battery Repair.
This concentration is close to the equilibrium vapor
concentration of arsenic trioxide.

b. Collection of Particulate Arsenic and Arsenic Trioxide

The filter samplers performed as anticipated. The

particulate collection efficiencies of the three samplers

are identical (Figure 2). However, the AA13 filter

collected less than the corresponding AA37 filter, which in

turn collected less arsenic than the corresponding CARB

filter (Figure 3). These relationships may be seen in the
_data tabulated in Table 4.

This result is not surprising when the effect of arsenic
trioxide vapor is considered. The CARB filter has the
highest arsenic trioxide vapor collection efficiency (98%
for FWCARB + BWCARB). The AA37 filter has a backup pad,
and the weight of arsenic it collects is the sum of the
weight of arsenic and arsenic trioxide particulate on the
filter plus the weight of arsenic trioxide vapor that
passes through the filter and is collected on the backup
pad. There is no backup pad for the AA-13 filter and its
collection efficiency for arsenic trioxide vapor is less
than that of the AA37 filter-backup pad combination.

Additional evidence of the presence of arsenic trioxide
vapor is seen in the ratio of mass of arsenic collected on
the filter to the total mass collected on filter plus
backup pad. Since the AA37 and CARB filters are 100%
efficient collectors of particulate arsenic, any arsenic
found on the backup pad is assumed to have been present as
arsenic trioxide vapor. The ratios were calculated for
both filters and appear in Table 4. In each case where a
ratio of less than 1.0 is observed, arsenic trioxide vapor
is judged to be present. The CARB filters, as expected by
their higher collection efficiency for arsenic trioxide
vapor of FWCARB, appear to give ratios closer to 1.0.
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The arsenic trioxide collection efficiency of the AAl3
filter (E) was not measured in the laboratory. It is 0.42
for AA37 filters®; and should be similar for AAl3

filters, since the filter face velocity and composition are
identical. E was calculated from field study results using
equation (3) and a value of 0.35 + 0.07 was obtained in
Element Battery Repair where the highest levels of arsenic
trioxide vapor were found. In three areas, Boosted Stock,
Forming, and Tiegel, the filter loadings were too Tow to
estimate E. Negative E values were calculated using data
from the Post Burn and Salvage and Remelt, where relatively
little arsenic trioxide vapor and high particulate arsenic
concentrations were found.

The value E = 0.35 was used in calculating the effect of
arsenic trioxide penetration of the charcoal tube (CT)
which was in serfes with the AA13 filter. This was
greatest, about 10%, in the Salvage and Remelt area (Table

Good agreement was seen, as expected, between results of
the two charcoal tubes, CT and PCT, which were in series
behind the 13-mm and 37-mm filters (r = O. 76, p <0.00001).
The calculated true values of arsine [i.e. after correction
of charcoal tube results for the arsenic trioxide vapor
contribution (Equation 4)] are quite close to the measured
values because of the relatively high concentrations of
arsine compared to the arsenic trioxide vapor
concentrations (Table 4).

c. Segregation of Particulate Arsenic from Arsine

Particulate arsenic was quantitatively separated from
arsine. The arsenic trioxide that penetrated the prefilter
was collected on the charcoal tube. An estimated
collection efficiency of 35% for arsenic trioxide by the
13-mm filter was used to calculate the effect of arsenic
trioxide penetration of the charcoal tube (CT) which was in
series with the AAl13 filter. This effect was greatest,
about 10%, in the Salvage and Remelt area (Table 4).

d. Description of Airborne Particulates

Individual particles collected on Nuclepore filters in area
air samples were analyzed for elemental composition and
size. The particles were examined by scanning electron
microscopy. Many were spherical and their median circular
area equivalent diameter was less than 1 micron. The
spherical shape of the particles is indicative of a fume.
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The dust was examined by single particle X-ray
fluorescence. The major elements found, in order to
decreasing frequency of occurrence, were lead, silicon,
sodium, iron, and antimony. Lead and antimony are
constituents of battery grids. Iron is frequently detected
in the air near moving machinery. Silicon may be due to
abrasion of the concrete floor in the plant. Sodium
compounds are ubiquitous, but may be due to the use of
NazC03 to neutralize acid spills or NaCl1 for ice

control in winter.

Arsenic was not detectable, but it should be noted that
single particle X-ray fluorescence is much less sensitive
for detection of arsenic than the graphite furnace atomic
absorption technique used in the analysis of the filters.
The failure to find arsenic in individual dust particies by
x-ray fluorescence indicates that the arsenic concentration
in the particles analyzed was less than 1% and that the
arsenic present on the filter samples occurs as a trace
component of the individual particles and not as discrete
particles of arsenic trioxide. These results are
consistent with the small percentage of arsenic_%ged in the
process materials and the extensive use of lead.

3. Ventilation

The airflow patterns observed in the southern half of the plant
indicated that air moved from the Boosted Stock area through the
Element Battery Repair and Formation Areas in a generally west
to east direction (Figure 4). Upon encountering the eastern
plant wall, the main air stream appeared to divide. One branch
moved north for a short distance and then turned westward. This
countercurrent flow was most pronounced in the
Maintenance/Battery Washer area and at the plant/warehouse
juncture. A second smaller current turned south and then turned
towards the west and flowed along the southern plant wall.
Arsine is generated in the Forming process and to a much lesser
-extent in the Boosted Stock area. i

These airflow patterns suggest that arsine is transported to
other areas by in-plant air movements (Figure 4, Table 4).

These findings suggest also that particulate arsenic is
transported from Element Battery Repair to the Forming Area,
where there is no known source of particulate arsenic. It is
also possible that atmospheric transport of particulate arsenic
accounts for the single elevated particulate arsenic exposure in
the immersion fill area where there is no particulate arsenic
used directly in the unit operation. The consistently high
particulate arsenic sample results obtained at one work station
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of elevated urine arsenic values was found in Process Attendants,
- where all three workers had concentrations above 50 ug/1.

The -highest mean urine arsenic concentration (69.0 ug/1) was found
among Process Attendants in the Battery Formation area (Table 2).

The next highest values were found in Conveyor Formation Handlers
(mean, 46.3 ug/1), and in Battery Stackers (mean, 42.0 ug/1), both of
which groups also work in Battery Formation. The mean urine arsenic
concentration in the Office workers was 14.4 ug/1.

Six workers who participated in the medical survey reported that they
had eaten seafood or shellfish in the week prior to the
investigation. Urine arsenic concentrations in these six ranged from
4,25 to 53.5 ug/1; the one value over 50 ug/1 was found in a Process
Attendant. The mean urine arsenic concentration in the six workers
who ate seafood was 20.8 ug/1, and the mean in the remaining 41 study
participants was 28.7 ug/1. These data indicate that seafood was not
aImajor source of absorbed arsenic for workers at the Globe Battery
Plant. '

Correlation of workers' urine arsenic concentrations with their
personal (breathing zone) exposures to airborne arsenic species
showed 1ittle correlation with exposure to particulate arsenic (n =
47; r = 0.075; p = 0.62). However, a close correlation was found
between urine arsenic concentration and exposure to arsine in air (n
= 47; r = 0.84; p <0.0001) (Figure 5). The highest urine arsenic
concentrations were found in that area of the plant, Battery
Formation, in which workers were most heavily exposed to arsine.
Exposure to arsine in personal (breathing zone) air samples in
concentrations of 15.6 ug/M3 or greater was found to be associated
with urinary arsenic concentrations of 50 ug/1 and higher (Figure 5).

VI, DISCUSSION AND CONCLUSIONS

The results of this investigation corroborate two major findings of the
previous NIOSH evaluation at the Globe Battery Plant Bennington: (1) that
arsenic species are present in air samples, and (2) that arsenic in
concentrations of 50 micrograms/liter (ug/1) or above is present in samples of
workers' urine.

However, the concentrations-of arsenic in air and in urine in this
investigation were Tower than those found in the previous NIOSH study at the
Globe Battery Plant-Bennington. These reductions appear to have resulted from
improvements in ventilation and from the reduced use of arsenic in lead-acid
battery manufacture at this plant.

Three species of inorganic arsenic were found in the air samples collected
during this investigation - particulate arsenic, arsenic trioxide vapor, and
arsine. Particulate arsenic and arsine have been noted previously in battery
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plants. Arsenic trioxide vapor has not, however, to our knowledge, been
detected previously in lead-acid battery manufacture. Highest concentrations
of the trioxide were found in those areas of the plant where lead arsenic
alloy was torched in an oxidizing atmosphere, namely, in the Element Battery
Repair and Post Burn areas. Although the concentrations of arsenic trioxide
in air were not great, the detection of the trioxide is noteworthy, because of
the particularly potent carcinogenic properties of this species of arsenic.
?ork?E§' exposure to arsenic trioxide must be reduced to the lowest level
easible.

It is important to realize that arsenic trioxide can exist both as an airborne
particulate (fume) and as a vapor at the ambient temperature of a battery
plant. Failure to recognize that property will result not only in failure to
detect arsenic trioxide vapor in air samples, but also in serious
underestimation of the total content of airborne arsenic; in those areas of
the plant in which arsenic trioxide vapor was present in air, it comprised up
to 50% of total non-arsine arsenic (Table 4).

As a result of the air sampling data on arsenic trioxide vapor which were
gathered in this 1nvestigat1on, NIOSH has revised its recommended methods for
collection of arsenic in air samples (Method P&CAM 34628),

Arsine was the predominant species of arsenic found in air samples at the
Globe Battery Plant Bennington. Highest concentrations of arsine were found
in the Battery Formation area, where freshly formed hydrogen comes into
contact with lead-arsenic alloy during overcharging conditions. Because
arsine is a gas, workers' exposure to arsine is entirely through inhalation.

A strong dose-response relationship was observed in this investigation between
exposure to arsine gas and workers' excretion of arsenic in urine (Figure 5).
No such relationship was seen in regard to either particulate arsenic or to
arsenic trioxide, presumably because exposures to those species of arsenic
were so much lower than the exposures to arsine.

An anomaly becomes apparent on examination of the dose-response relationship
between arsine exposure and urinary excretion of arsenic. 0On the one hand,
the current OSHA standard for exposure to airborne arsine is 200 ug/M3,
expressed as an eight-hour, time-weighted average (TWA). That standard is
intended to prevent the well recognized acute toxic effects of arsine.29
However, the upper 1limit of normal for the concentration of arsenic in urine
is 50 ug/1; urine arsenic concen}rations of 50 ug/1 or greater reflect
increased absorption of arsenic. Examination of the dose-response
relationship for arsine exposure which was developed in this investigation
shows that a urinary arsenic excretion of 50 ug/1 is exceeded when workers are
exposed to arsine concentrations in personal (breathing zone) air samples of
15.6 ug}M or above, an exposure level which is considerably below the
standard. That f1nd1ng takes on considerable importance in view of the fact
that trivalent arsenic is a proven carcinogen and that inhaled arsine is
metabolized to inorganic trivalent arsenic. In view of that observation, all
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species of arsenic (including arsine) ought to be regulated equally
stringently as carcinogens, and exposures to arsine should be contro11ed to at
least the NIOSH recommended standard for inorganic arsenic of 2 ung

Finally, the observation that arsine exposure at the Globe Battery Plant
Bennington is associated with excessive urinary excretion of arsenic raises
the possibility that those workers most heavily exposed to arsine may be
undergoing chronic low-grade intravascular hemolysis. It is recommended that
a hematocrit determination, reticulocyte count or other appropriate tests for
hemolysis be conducted during the next medical screening of workers in the
Battery Formation area at the Globe Battery Plant Bennington, and that those
tests be repeated periodically for as long as exposure to arsine exists at the
plant.

VII. RECOMMENDATIONS

- A. Environmental

Arsine exposure should be reduced to the NIOSH recommended standard of 2

ug/M3 by engineering control in the Formation and Boosted Stock Area. 1In

the battery charging area it may be possible to eliminate arsine generation by
controlling the voltage applied during (:harge.30

Because arsine originating in the formation area is transported throughout the
facility by the in-plant air currents it would be prudent to isolate the
forming area from the production floor and to ventilate the enclosure to
remove hydrogen and toxic gases (arsine and stibine). This procedure would
also tend to minimize the reported acute episodes of sensory irritation
attributed to sulfuric acid mist.

Because arsenic trioxide was not monitored by personal breathing zone samples,
personal exposure to total particulate As and arsenic trioxide vapor should be
conducted on employees working near the forming, Element Battery Repair, :
;iegsg and Post Burn areas using the new collection method specified in P&CAM
46.

B. Medical

1. Workers at the Globe Battery Plant should be informed by management of the
acute toxic effects and potential chronic toxic effects of exposure to arsine
gas. A program should be instituted by management for the education and
training of new employees.

2. Management should consider instituting a program for the periodic medical
screening of those workers at the Bennington plant who are exposed to arsine.
We suggest that such screening should take place twice each year. Such a
program would most logically be directed toward workers in the Battery
Formation area, and might include at a minimum the following two evaluations:
(a) determination of urine arsenic concentration, as an index of arsenic
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(including arsine) absorption; and (b) determination 6f hematocrit and/or of
the percentage of reticulocytes on the per1phera1 blood smear, as an index of
any arsine-induced hemolysis.

VIII.
1.

10.

11.
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