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FOREWORD
Hand soldering is an essential operation in electronic component development at the Naval
Weapons Center. Soldering is performed in many and varied settings at NWC by a variety of
personnel, and many of the soldering operations are not isolated from other activities and
workspaces, including offices. The potential hazard associated with lead soldering in these
environments is not well-defined.
The study described in this report was undertaken to explore one of the potential health
hazards associated with hand soldering-lead exposure-and to support practical
recommendations to control the hazard. The study was conducted from September through
December 1983, and was supported by NWC's Safety Program Office and Soldering
Technology Branch.
Personnel whose assistance in this study is gratefully acknowledged are Jim Baby for his
interest in the health of solderers, Linda Roush for statistical assistance, and Alice M. Parker
for encouragement and material support.
This report was reviewed for technical accuracy by A. D. Wiruth, Head of the Safety
Program Office.
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23 February 1984.
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.. . .and soldering, an essential operation in electronic
component development at the Naval Weapons Center, is performed
in many settings by a variety of personnel at NWC. This report
describes a study that explores one of the potential health hazards
associated with hand soldering-lead exposure-and supports
practical recommendations to control the hazard.- he study was
conducted from September through December 1983.
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INTRODUCTION
Amid advancing soldering technology and the proliferation of automated techniques, hand
soldering remains a mainstay in a number of electronics applications (Reference 1). Hand
soldering with an iron, and pretreatment of components by pot tinning are very much in
evidence In a research and development facility like the Naval Weapons Center, where many
and varied one-of-a-kind electronic component prototypes are produced.
Soldering, more specifically hand soldering and pot tinning used in electronics
applications, has not traditionally been considered a high lead hazard operation or occupation.
Eminent toxicologist Elkins characterized the overall lead hazard in soldering operations as
"minor" (References 2 and 3). As late as 1977, in a comprehensive monograph on lead, the
World Health Organization (WHO) did not include soldering per se in its listing of lead
hazardous industriesloperations (Reference 4). Automobile radiator repair, which does involve
a heavy form of soldering, was rated as highly hazardous. The Lead Industries Association
(LIA) asserts in a soldering safety manual (Reference 5) that there is relatively little general
hazard, or hazard from lead fume, in soldering operations because of the low temperatures
involved (650-900 0 F). The manual cites extensive air sampling data confirming lead levels
below the current Occupational Safety and Health Administration (OSHA) action level of 0.03
mg/im 3 (30pg/im3). However, the potential hazard of lead ingestion was alluded to briefly in a
statement regarding the importance of "good personal hygiene habits" and the prohibition of
smoking, eating, and drinking in lead exposure areas. In assessing the lead hazard associated
with the use of low melting point lead alloys (200-600°F) to construct radiotherapy shielding,
no significant lead fume was detected. Handling procedures to minimize ingestion were
recommended (Reference 6).
The National Institute of Occupational Safety and Health (NIOSH) does list "solderer" as
an occupation in which lead exposure may occur; the type of soldering and nature of the
potential exposure are not qualified (References 7 and 8). Yet In four separate health hazard
evaluations of industrial hand soldering and pot tinning environments from 1974 to 1980,
almost all airborne lead samples were below detection limits, blood-lead indices were well
within normal range, and it was determined that no health hazard from lead appeared to exist
(References 9 through 12). One of the studies does suggest a potential lead ingestion hazard in
a recommendation regarding close attention to worker hygiene, including prohibition of eating
or smoking in the workplace (Reference 9).
In 1978, OSHA promulgated a stringent revision of the Occupational Exposure to Lead
Standard that governs over 120 operations involving the use of lead and includes hand
soldering (References 13 and 14). In the contracted technical feasibility study (Reference 15)
for the Standard, however, "electronics" was categorized as an industry in which lead
exposures were almost exclusively below the then proposed 0.1 mg/m 3 (100 pg/m 3) permissible
exposure limit. Lead exposures were luther described as very low.
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Western Electric Company, in a biological study to support the exclusion of hand
soldering operators from the OSHA Lead Standard (Reference 16), maintains that solderers'
airborne lead exposures have been demonstrated to be "extremely low." Forty long-term hand
solderers were found to have blood lead indices comparable to a control group of office
workers with no known exposure to lead. In justifying the biological monitoring methodology
of the study, environmental air measurements are dismissed as limited because lead exposure
may also occur by means of skin absorption or ingestion.
Burgess (Reference 17) describes potential health hazards to soldering operators as
"minimal," stating that flux may represent the most significant potential hazard. Temperatures
routinely used are considered too low to generate significant fumes, although handling of dross
dust may be a source of exposure to lead. Most interestingly, Burgess admits that his position
should be reconsidered in light of the present 0.50 mg/m 3 (50 g/m 3) OSHA permissible
exposure limit for lead.

-'

Elaborating on Burgess' theme, the 1978 OSHA revised Lead Standard represents a
substantial conservative evolution in scientific thought and increasing regulation in regard to
the hazards of lead. The Standard revises the permissible exposure limit to lead in air
downward threefold from 0.15 mg/m 3 (150 f~g/m 3) to 0.05 mg/m 3 (50 pg/m3) and mandates
biological monitoring of lead workers and strict control of workplace exposures. Much of the
research upon which the standard is based demonstrates subtle or subclinical toxic effects of
lead in workers at relatively low levels previously considered to be "safe" (Reference 14).
Although actual exposures to lead may not have increased and may actually be decreasing due
to improved awareness and technology (References 3, 7, and 8), increasing knowledge of the
toxicology of lead dictates a continuing reassessment of the hazard it presents. The potential
hazard associated with even low-level exposures to lead may indeed have implications for
solderers.
The toxic effects of inorganic lead in man have been known since ancient times and
numerous toxicological investigations span over 150 years (Reference 3). Lead is a cumulative
poison whose effects on the hematological, neurological, and renal systems are well
documented. Classic signs of frank poisoning in adults such as intestinal colic, anemia, brain
dysfunction, convulsions, upper extremity weakness, wrist drop, and kidney failure are rarely
seen in the United States today (References 3, 7, and 8). Of more relevance to this investigation
is a discussion of newer findings of more controversial subclinical effects of lead at low levels of
exposure (References 18 through 25).
Subclinical effects of lead are physiologic changes undetectable except by increasingly
cephisticated biological monitoring techniques. They appear much earlier than the signs and
symptoms of overt disease. Many medical researchers feel that these changes are "critical
effects," the precursors of disease, early manifestations on a continuum. Exposures that induce
subclinical critical effects must be reduced to prevent occupational illness. Others, often
industry representatives, argue that the clinical significance of these early changes is dubious;
there is not enough evidence to demonstrate that these changes represent or lead to a material
impairment of health (References 14 and 26).
To place subclinical toxicological findings in perspective, an attempt must be made to
characterize "low" levels of exposure. The measurement of lead exposure and human response
to exposure are, in themselves, a complex and controversial issue beyond the scope of this
discussion. The advantages, disadvantages, and predictive relationships between biological
2
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monitoring indices and environmental sampling data have been weighed extensively
(References 14 and 27). It is noteworthy that OSHA, in Solomon fashion, has required both
environmental and biological monitoring in the Lead Standard. The toxic effects of lead

f27,

exposure are generally discussed in the context of blood lead levels, although this is only a
measure of recent or continuous exposure. Blood lead may be misleading because of the
cumulative nature of this poison and the variability of human response to it (References 16, 22,
and 28). Other biological indices, such as red blood cell protoporphyrins measured as zinc
protoporphyrin (ZPP), may be more accurate and useful in assessing levels of toxicity because
they estimate total body burden and response to exposure. A recent estimate of mean bloodlead level in adults in the United States is 13 to 14 pug/di (deciliter) (Reference 29).
Traditionally, lead related disease was not thought to occur at blood levels below 80 pg/dl
(References 14, 18, and 30). The Lead Standard requires that blood-lead levels be kept below
50 pg/dl. WHO recommends an upper limit of 40 #g/dl for adult workers (Reference 31).
Substantial recent research demonstrates overt clinical and subclinical toxic effects at blood
levels as low as 40 to 60 jtg/dl (References 18 through 25, 32, and 33).
It has long been known that lead has an effect on the blood-forming system at relatively
low levels; this information is the basis for laboratory diagnosis of lead absorption and
poisoning. In the absence of the anemia of frank poisoning, these findings are thought by some
to be reversible subclinical effects of unknown significance. Others argue that these alterations
reflect the "general toxicity of lead in the entire body" (Reference 14). Of perhaps more
dramatic concern are reports of potentially nonreversible subclinical changes in the human
nervous system and human reproduction.
There are an increasing number of disturbing reports describing nervous system changes in
asymptomatic workers at "safe" levels of exposure as low as 50 g/dl. Decreased nerve
conduction velocities have been shown to be an early indicator of lead induced neurological
damage (References 18 and 20). Subsequent research strongly suggests that changes in
neurobehavioral patterns in asymptomatic lead workers may be an even more sensitive
indicator of toxicity at low levels of exposure. Deficits in visual reaction time and auditory
function have been reported in workers with a mean blood lead of 46 jtg/dl (Reference 20).
Visual intelligence and visual motor tasks were found to be significantly affected in a group
whose blood lead levels were 32 ± 11 jtg/dl and had never exceeded 70 gg/dl (Reference 21).
Based on findings of decreased psychological performance test scores at low levels of lead
absorption indicated by low ZPP, it has been concluded that even non-occupationally exposed
groups, with environmental exposures to lead in air, food, and water, may be at risk for
central nervous system dysfunction (Reference 23). A very recent work in progress describes
deteriorating neurobehavioral function in verbal concept formation, visual/motor performance,
memory, and mood with increasing lead intake in workers with blood-lead levels as low as 40
to 60 ug/dl. The report concludes that central nervous system abnormalities occur well before
peripheral nervous system disruption at lower blood levels (<60 Ag/dl) and shorter periods of
exposure (<6 months) (Reference 25).
Lead exposures at low or safe levels are also being reassessed in regard to effects on
reproduction and the unborn. OSHA concluded that lead severely affects the reproductive
capability of males and females; all workers planning pregnancies should keep their blood lead
levels below 30 itg/dl. Blood lead levels apparently as low as 30 to 40 gsg/di may result in
decreased fertility in men (Reference 19). Fetal exposure is the critical issue in assessing
occupational lead exposures in women because lead readily crosses the placental barrier, and
lead in the umbilical cord blood correlates well with that in the blood of the mother. Given the
3
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Center for Disease Control lead poisoning limit of 30 #g/dI for children, this same limit should
apply to women who are or are likely to become pregnant. Since the blood/brain barrier in the
newborn is relatively immature, and central nervous system growth is very dramatic during
fetal life, there is at least as much, if not more, concern for the fetus as the child (References
34 and 35). This upper limit for women of 30 #g/dl is also recommended by the WHO
(Reference 31).
The question of a health hazard from lead in hand soldering and pot tinning environments
appears to be moot. The literature suggests that there is little, if any, exposure to airborne lead
because of the low temperatures involved (References 1, 5, 6, 36, and 37). The possibility of
lead ingestion is briefly mentioned (References 1, 5, 6, 9, 16, and 37), but the potential hazard
has neither been explored nor quantified. One factor contributing to this dearth of attention
may be methodological difficulties. More likely is the notion that the necessity to avoid
ingestion is axiomatic; the means are obvious and easy.
In the production soldering environment, the rationale for good hygiene may be accepted
by employees without quantitative justification. The prohibition of eating, drinking, smoking,
and cosmetics applications and the use of gloves and handwashing are compatible with quality
control; therefore, they are further reinforced. Hygiene regulations may be relatively easy to
enforce despite lapses caused by subtle, inadvertent human habits. "Clean" areas for eating,
drinking, and smoking are generally designated and accepted.
In the less regimented and structured milieu of a research and development facility, or
even of the home hobbyist, soldering and pot tinning are performed in many types of settings.
These areas may be used for other functions throughout the workday and may be the
employee's only workspace. In these circumstances, hygiene regulations may seem unduly
restrictive and problematic. A rationale supported by data may be very desirable.
In light of research suggesting significant toxicity, especially neurological and
reproductive, at low lead levels previously considered to be safe, it was felt that a study to
explore a potential lead ingestion health hazard in soldering environments was needed. Study
objectives were twofold:
1. To confirm the absence of airborne lead in soldering and pot tinning environments at
levels significant to constitute an inhalation hazard or source of surface contamination.
2. To determine the presence or absence of removable lead contamination on accessible
surfaces in amounts significant to constitute an opportunity for a lead ingestion hazard.

EXPERIMENTAL DESIGN
SAMPLE SELECTION

R.

Rough estimates suggest that there are 500 to 600 separate electronics-type soldering and
tinning environments, i.e., work areas for one operator, scattered throughout most operations
at the Naval Weapons Center. Areas and operators were selected on the basis of interest,
cooperation, and availability and were felt to represent a range of overall typical activities. A
4
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majority of the samples were collected at soldering class laboratory sessions held at the Center
on an ongoing basis. The soldering laboratory is a somewhat idealized setting in which hygiene
and quality control measures are strictly observed. It was felt that potential environmental
contamination itself, however, would still be of interest and not differ significantly from less
ideal settings. All soldering operations employed a temperature-controlled hand soldering iron
(e.g., Thermo-Trac, Weller) set at approximately 700*F. Eutectic solder (63% tin, 37% lead)
was used with mildly activated rosin (RMA) flux.
Wipe samples for the control group were taken from working surfaces in the general
vicinity of the soldering area, i.e., the same large room or building, when it was determined
that soldering had not and was not being performed on or near that surface. Several control
samples were taken frQm work surfaces in various rooms of a building where soldering was
never performed.
Air samples were collected during actual soldering operations. Wipe samples were taken at
times when soldering may or may not have been in progress. No attempt was made to correlate
air and wipe sampling. Each surface wipe sample characterizes a separate soldering
environment. The air samples separately measure 13 of these environments.

AIR SAMPLING
All air samples were collected on 37 mm 0.8 pm millipore AA mixed cellulose ester
membrane filters connected to a Bendix BDX 44 Super Sampler pump (Figure 1). The sampling
pump was set for an airflow of 2.0 liters per minute and was calibrated before and after
sampling to assure volume. All sample cassettes but one were positioned approximately 6 to 16
inches above the soldering work. It was felt that source zone samples would be less intrusive
than samples placed on the operator. In addition, source zone samples should represent the
"worst condition" because of their proximity to the fume generation point and their continuous
exposure, even when the operator temporarily left the area. The one exception is a personal
L

FIGURE 1. Air Sampling Train. Cassette 6 to 16
Inches above soldering work (A). Pump unit (B).
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sample, collected at operator request with the sampling cassette attached to the operator's
collar (Table I).
TABLE 1. Air Sampling Rmeults.
Swne

Pb ./m3

PlJ3 b pm3

1

none detected

8

none detected

2
3

none detected*
noe detected

9
10

none detected
none detected

4

none detected

11

none detected

5
6

none detected
none detected

12
13

eg,
*9g'

7

none detected
-Peormal sample.
"Pot tinning sample.

IL

Sampling time ranged from 120 to 147 minutes and sample volume ranged from 216 to
300 liters. Potential lead fume generation was not expected to be and was not constant during
the period sampled since the soldering performed was transient and very sporadic. Although
this is not inconsistent with the nature of hand soldering in electronics applications, it might be
expected that more actual soldering might have occurred during the sampling period in a
production environment. Whether or not potential constant or average fume levels could
increase is debatable, but unlikely, because of the temperatures involved. The time period
sampled represented the minimum required by the analytical method and included or exceeded
the solderer's actual soldering exposure for that day. Residual fume in the air after soldering
had ceased might be expected to be included in a number of samples. In those cases where the
operator's soldering activity for the day exceeded the period sampled, it was not expected that
potential exposure during the unsampled periods would differ significantly. The tinning pot
sampled is an exception, in that any fume generation would be expected to be relatively
constant.
Mechanical ventilation was not employed in any soldering or pot tinning environment
sampled. Natural ventilation often included airflow from air conditioning systems and was felt
to be good.
All samples were analyzed by atomic absorption spectrophotometry with a limit of
detection of 1 jug.

WIPE SAMPLING
Sampling for surface contamination was performed using essentially the OSHA wipe
sampling technique (Reference 38). It consists of wiping a 100-cm 2 surface with a 7-cm
Whatman 42 filter paper moistened with water. Care was taken to minimize artifactual lead
contamination and sampling error by using hospital supply sterile distilled water. The
background lead in the filter paper as specified by the manufacturer was 0.2 gg/g, an amount

6
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considered to be insignificant for the study purpose. The sampler wore a fresh disposable vinyl
glove for each sample. Standardization of the size of the surface area wiped was attempted
using a vinyl template, cleaned prior to each use (Figure 2).
Wipe samples for the experimental group were taken from an area of the work table or
bench directly accessible to the solderer. Types of surfaces included bare wood, Formica,
Masonite, and soft vinyl mats. Control group wipes came from desk or table surfaces of
"woodgrain" vinyl, Formica, or painted metal.
Samples were also taken from solderers' hands. Only in the classroom were vinyl
disposable gloves worn and samples were taken from the gloved hand in these instances. Bare
skin or gloved, samples were obtained by wiping the lateral and palmar surfaces of each finger
from palm to tips and the palm itself. Each sample includes both the right and left hand, and
the sampler attempted to perform the wiping in the same fashion for each sample.
Field blanks were submitted with each sample batch. All samples were analyzed by atomic
absorption spectrophotometry with a limit of detection of I p~g.
There is little guidance or precedence for the assessment of surface lead contamination by
wipe sampling or any other methodology. Attempts to use wipe sampling in the assessment of
the health hazard presented by beryllium surface contamination and resuspension (Reference
39) and radiation surface contamination (Reference 40) resulted in the conclusion that the
method is strictly qualitative, i.e., may determine the presence or absence of contamination.
OSHA policy (Reference 38) tends to support this conclusion by stating that wipe sampling is
used to document the-presence of a hazardous substance and may not support a citation, but is
rather complementary to all other available evidence about a hazard and requires case-by-case
professional judgement. In addition, there are no published OSHA standards or guidelines by
which to evaluate results.
Wipe sampling has been used "semiquantitatively" to evaluate household lead surface dust
as a source of lead exposure in children (References 40 and 41). In the absence of standards,
the findings were treated somewhat quantitatively by comparing them with findings in control
samples and "before and after" samples and arbitrarily labeling the samples as "high" and

II
S

FIGURE 2. Wipe Sampling Equipment. Whatman
49 filter moistened with water (A). 100-M 2 surface
area outlined by vinyl template (B).
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"low." Both of these studies, as well as this investigation, test hypotheses with a common
element-that a significant quantity of removable lead surface contamination is present to
provide an opportunity for a lead ingestion hazard. The "opportunity" hypothesis does not
require the testing precision necessary to prove actual ingestion of specific amounts of lead to
correlate lead exposure with absorption and effect, or to compare results with standards.
Therefore, for the purposes of this study, wipe sampling was selected as a useful,
semiquantitative, exploratory technique.
In using wipe sampling to assess a possible lead ingestion health hazard, some speculation
about the nature of removable lead surface contamination is warranted. Since it has been
theorized that temperatures used in hand soldering are too low to generate significant lead
fume, it follows that the major vehicle for lead surface contamination is likely to be direct
physical transfer from solder and dross to various surfaces. The contamination is likely to
consist of lead oxides and oxycarbonates readily removed during contact with solder
(References 1, 37, 42, and 43) and dust from dross (Reference 17). Lead in these forms, if
ingested in sufficient quantity, could be expected to produce toxic effects (References 1, 37, 44,
and 45).

RESULTS AND DISCUSSION
In 11 of 13 air samples (Table 1) collected during separate soldering operations, lead fume
was undetectable. Fume levels in the remaining two samples were considered to be
insignificant against an OSHA permissible exposure limit of 50 ug/m 3 . The data substantially
support the first study objective, to confirm that lead fume is not generated during soldering
operations in amounts significant to constitute an inhalation hazard or source of surface
contamination.
Given the expected range of sample values and the estimated population, the number of
experimental and control surface wipe sam~ples (Table 2) were considered to be adequate. The
TABLE 2. Wipe Sampling Results.
Soldering surfaces

PSample

PI pgJ0 CM2
n

Control

2
ampePPbg/10O
Sample
g10

no.

no.

Solderes's hands

cm2ph Sample

m

00.

I b #.g/10nim

1
2
3
4
5

0
1
2
3
4

11
12
13
14
15

13
14
17
27
45

1
2
3
4
5

none detected
none detected
none detected
1
1

1
2
3
4
5

3
3
3
5
6

6
7
8
9
10

5
7
8
9
13

16
17
18
19
20

47
70
70
80
92

6
7
8
9
10

1
1
3
3
3

6
7
8
9
10
11

14
15
15
16
20
32
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experimental soldering surface results were pooled and divided into 10-pg incremental bands.
The control results were treated similarly (Figure 3). It can be seen that all of the soldering
wipe results are under 100 pig and 80% are under 51 pg. All of the control values are less than
I pg.

.

There is a statistically significant difference between the experimental and control groups
when the presence or absence of detectable lead is constructed as a binomial experiment. The
null hypothesis that there is no difference between the lead surface contamination in soldering
and nonsoldering environments can be rejected.
Wipe sample data from solderers' hands (Table 2) were not included in data analysis. The
data are presented to highlight the lead ingestion opportunity presented by contamination on
surfaces particularly accessible to the mouth.
The data do indicate measurable removable lead surface contamination in support of the
second study objective of demonstrating opportunity for ingestion. In evaluating "opportunity,"
a number of unknowns and potentially confounding variables are encountered. The nature and
quantity of the solderers' actual contact with contaminated surfaces and subsequent
combinations of object hand-to-mouth activity were not assessed. This activity could be highly
variable and unpredictable among individuals. In addition, the equivalency of wipe sampling
in picking up lead contamination to real-world hand-object-mouth interfaces is unknown.
Quantitation is further obscured in a number of ways. Intermediate objects capable of
conveying lead (e.g., food, pen) could not be assessed. Surfaces and hands are treated as
separate contributions. It was not possible to differentiate additive versus substitutive
contributions to overall intake carried to the mouth. That is, the possibility exists that some
surface contamination, by virtue of being removed from a surface, could become less available
for ingestion and should be subtracted from overall potential intake posibilitles'
In order to deal with this morass of variables, the assumption is made that all lead found
in any single wipe sample was conceivably ingested. This assumption is felt to be a conservative
overestimate appropriate to evaluating a health hazard.
Even if the amount of ingestible lead could be accurately known, assessing the data in
regard to a health hazard is still very problematic. Although models (References 14 and 46)
have been proposed, there is still no consensus regarding a predictive relationship between
exposure to lead in air or by ingestion, and blood-lead levels. In addition, as previously
discussed, blood-lead levels are controversial as an index of exposure versus actual toxic effect
or response to exposure.
WHO (Reference 47) addressed a number of these variables in establishing a provisional
maximal or tolerable overall weekly lead intake for an adult. It is believed that this concept of
total lead intake provides the most useful and valid framework for interpretation of study
findings in regard to a potential health hazard. The WHO recommended ceiling of 3 mg (3000
jig) per week takes into account the cumulative nature of lead poisoning. It presupposes that
lead inhaled from the atmosphere will reduce the amount tolerable in food and water.
Although in non-industrially exposed populations, lead in air contributes a much less significant
fraction to the total than does food and water (200 to 300 jg/day). In highly urbanized
polluted areas, intake of lead by inhalation may contribute as much as 100 pg/day.

9

B.

L

"

NWC TP 6545

CONTROLSAMPLES

100

EXPERIMENTAL/(SOLDERING) SAMPLES

00

80

6J0

2
4

%
-0

20

150

40
0wl

2

t

4

1

6

1

8

1100

Limi

100

7

1

2

1

4

1

6

1

8

NWC TP 6545

p

TABLE 3. Calculation of Maximum
Acceptale Lead Intake According to
WHO Recommended Limit.

Source of Pb contribution

T Toantak (a,g)
Daily

Food and water

'

Weekly

-

200-300 1400-2100

.

Community air ..................

100
700
300-400 2100-2800

WHO recommended limit

(-day work week) .............

440480

3000

40-180

200-900

I

Allowable contributions
frcn all otber murem
including soldering

(5-day work week) .............

It can be seen from simple calculations (Table 3), that after the "normal" weekly intake
from air, food, and water is totaled, there exists a leeway of 200 to 900 pg. Thus, 200 to 900 pg
of lead per week could be contributed from soldering before tolerable values were exceeded.
Assuming that the solderer ingests a full wipe sample value (Table 2) on each of 5 days per
week, it can be shown that acceptable intake levels could be marginally exceeded. Using a
mathematical model (Reference 46), ingestion of 20 to 30 pg of lead per day (mean wipe
sample value-Table 2) added to "normal" daily intake of 200 to 400 jg, could result in a
blood lead level of 23 to 45 pg/dl. As previously stated, subclinical toxic effects of lead have
been demonstrated at blood lead levels as low as 40 to 60 pg/dl, and 30 %g/dl is the
recommended limit for men and women of childbearing age. It should be emphasized that
these calculations assume no other industrial lead exposures. They do not account for the
presumably significant amount of lead that could be ingested during the practice, observed
during the study, of holding solder wire in the mouth, using the mouth as a "third hand." The
totals do not include the not uncommon off work lead exposures such as hobby soldering, spray
painting, shot pouring, use of lead pigments in painting and ceramics, indoor target practice,
etc. In the Naval Weapons Center rural desert environment, the figures probably overstate lead
intake from community air pollution.
Given a magnitude in micrograms and relatively narrow tolerances, this delicate balance
between lead absorption and poisoning could easily be upset by any exposures other than the
"usual" in food, water, and air. It should also be noted that the WHO recommended limit was
made prior to most of the research on subclinical toxicity of lead at low levels of exposure and
could be conceivably reduced even further in the future.
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CONCLUSIONS
1. No significant inhalation hazard from lead fume exists in soldering and pot tinning
environments. In addition, lead fume is not a significant source of surface contamination. The
practical implications are that mechanical exhaust ventilation and physical isolation of
soldering areas are not essential to prevent a lead hazard. (Irritating and/or toxic
decomposition products of flux may require ventilation, however.) Lead contamination may be
spread to adjacent areas by accumulation of dross dust and/or solderers' contaminated hands.
2. A low-order lead ingestion hazard exists in nonproduction soldering environments. This
hazard may easily be substantially increased by such common practices as placing solder wire
in the mouth, using the mouth as a "third hand." The hazard may also be increased by lead
exposures outside of soldering, which may not be uncommon.
3. Reasonable hygiene measures in areas where soldering is performed are justified.
Handwashing prior to eating, drinking, smoking, and cosmetics applications should be the
cornerstone. Other worthwhile measures include the avoidance of food or cigarette placement
on bare working surfaces, and routine wet cleanup of working surfaces after soldering.

126

NWC TP 6545

p

REFERENCES
1.

Manko, H. H.: Solders and Soldering. McGraw-Hill, New York, NY (1979).

2.

Elkins, H. B.: Chemistry of Industrial Toxicology. John Wiley & Sons, Inc., New York,
NY (1950).

3.

Stokinger, H. E.: The Metals. In Patty's Industrial Hygiene and Toxicology, Vol. 2A:
Toxicology, 3rd Revised Ed., G. Clayton and F. Clayton, Eds., pp. 1687-1782. John
Wiley & Sons, Inc., New York, NY (1981).

4.

World Health Organization: Environmental Health Criteria 3: Lead. Geneva (1977).

5.

Lead Industries Association, Inc.: Safety in Soldering: Health Guidelines for Solderers
and Soldering. New York, NY (1982).

6.

McCullough, E. C. and D. H. Senjem: Airborne Concentrations of Toxic Metals
Resulting from the Use of Low Melting Point Lead Alloys to Construct Radiotherapy
Shielding. Medical Physics. 8:111-114 (1981).

7.

O'Connor, B. M. and G. Christakis: Ten Guides: Development of OccupationalDisease
Guides, pp. 50-65. NTIS No. 80-194-053. NIOSH, Cincinnati, OH (1978).

8.

Key, M. M. et al, Eds.: Occupational Diseases: A Guide to their Recognition, Revised
Ed., pp. 361-363. DHEW (NIOSH) Publication No. 77-181, Cincinnati, OH (1977).

9.

National Institute for Occupational Safety and Health: Health Hazard Evaluation
Determination Report HE 79-148-716. DHHS (NIOSH), Cincinnati, OH (1980).

10.

National Institute for Occupational Safety and Health: Industrial Hygiene Survey of the
General Electric Company. NTIS No. 83-13-722-4. Cincinnati, OH (1978).

11.

National Institute for Occupational Safety and Health: Health Hazard
Evaluation/Toxicity Determination Report 73-180/183-159.
DHEW (NIOSH),
Cincinnati, OH (1974).

12.

National Institute for Occupational Safety and Health: Health Hazard
Evaluation/Toxicity Determination Report 76-105-368. DHEW (NIOSH), Cincinnati,
OH (1977).

13.

U.S. Department of Labor: Occupational Exposure to Lead: Final Standard (1910.25).
Federal Register, V 43, N 220, pp. 52952-53014 (November 14, 1978).

p

S

13

NWC TP 6545

14.

U.S. Department of Labor: Occupational Exposure to Lead: Attachments to the
Preamble for the Final Standard. Federal Register, V 43, N 225, pp. 54354-54509
(November 21, 1978).

15.

D. B. Associates, Inc.: Technical Feasibility, Costs of Compliance and Economic Impact
Assessment of the Proposed Standard for Lead for Selected Industries. USDOL (OSHA),
Washington, D.C. (1977).

16.

Barrett, C. D. and H. D. Belk: Blood Lead Study of Long Term Hand Soldering
Operators. 1GM. 19:791-794 (1977).

17.

Burgess, W. A.: Recognition of Health Hazards in Industry. John Wiley & Sons, Inc.,
New York, NY (1981).

18.

Seppalainen, A. M. et al: Subclinical Neuropathy at "Safe" Levels of Exposure. Arch
Environ HIth. 30:180-183 (1975).

19.

Lancrajan, I. et al: Reproductive Ability of Workmen Occupationally Exposed to Lead.
Arch Environ Hith. 30:396-401 (1975).

20.

Repko, J. D.: The Effects of Inorganic Lead on Behavioral and Neurologic Function.
DHEW (NIOSH) Publication No. 78-128, Cincinnati, OH (1978).

21.

Haenninen, H. et al: Psychological Performance of Subjects with Low Exposure to
Lead. IOM. 20:683-689 (1978).

22.

Fischbein, A. et al: Health Status of Cable Splicers with Low Exposures to Lead: Results
of a Clinical Survey. AIPH. 70:697-700 (1980).

23.

Valciukas, J. A. et al: Lead Exposure and Behavioral Changes: Comparisons of Four
Occupational Groups with Different Levels of Lead Absorption. Am I Ind Med.
1:421-426 (1980).

24.

Feldman, R. G., N. L. Ricks and E. L. Baker: Neuropsychological Effects of Industrial
Toxins: A Review. Am I Ind Med. 1:211-227 (1980).

25.

Baker, E. L. et al: Occupational Lead Neurotoxicity-A Behavioral and
Electrophysiologic Evaluation: 1) Study Design and Year One Results. Brit I Ind Med.
In press.

26.

Zielhuis, R. L.: Second International Workshop Permissible Levels for Occupational
Exposure to Inorganic Lead. Int Arch Occup Environ Hlth. 39:59-72 (1977).

27.

Lauwerys, R. R.: Industrial Chemical Exposure: Guidelines for Biological Monitoring.
Biomedical Publications, Davis, California (1983).

28.

Joselow, M. M. and J. Flores: Application of the Zinc Protoporphyrin (ZP) Test as a
Monitor of Occupational Exposure to Lead. Am Ind Hygiene 1. 38:63-66 (1977).

14

-

.

-.--

.

.,

-.

-.

o .

NWC TI 6545
_a.1

29.

Mahaffey, K. R.: National Estimates of Blood Lead Levels: United States, 1976-1980.
New Engl I Med. 307:573-579 (1982).

30.

Waldron, H. A.: The Blood Lead Threshold. Arch Environ HIth. 29:271-273 (1974).

31.

World Health Organization: Report of a Study Group: Recommended Health Based
Limits in Occupational Exposure to Heavy Metals. Technical Report Series No. 647.

Geneva (1980).
32.

Baker, E. L. et al: Occupational Lead Poisoning in the United States: Chemical and
Biochemical Findings Related to Blood Levels. Brit I Ind Med. 36:314-322 (1979).

33.

National Academy of Science: Lead in the Human Environment. Washington, D.C.

(1980).

)

.

34.

Bridbord, K.: Occupational
7:311-312 (1978).

35.

Rods, H. A. et a: Invesitgation of Factors Influencing Exposure and Response to Lead,
Mercury and Cadmium in Man and in Animals. Env Hlth Pmspecttves. 25:91-96 (1978).

36.

Sittig, M.: Handbook of Toxic and Hazardous Chemicals. Noyes Publications, Park
Ridge, NJ (1981).

37.

Thwaites, C. J.: Capillary Joining-Brazingand Soft-Soldering. Research Studies Press,
A Division of John Wiley & Sons, Ltd., Chichester, U.K. (1982).

38.

U.S. Department of Labor (OSHA): Industrial Hygiene Field Manual. 77:8006,
8171-8172. Bureau of National Affairs, Washington, D.C. (1981).

39.

Cohen, J. J. and R. N. Kusian: Significance of Beryllium Surface Contamination to
Health. In Surface Contamination, Proceedings of a Symposium at Oak Ridge,
Tennessee, June, 1964, pp. 345-348. Pergamon Press, New York, NY (1966).

40.

Sayre, J. W. et al: House and Hand Dust as a Potential Source of Childhood Lead
Exposure. Am I Dis Child. 27:167-170 (1974).

41.

Sayre, J. W. and M. D. Katzel: Household Surface Dust: Its Accumulation in Vacant
Homes. Env Hith Perspectives. 29:179-182 (1979).

42.

Browning, E.: Toxicity of Industrial Metals, 2nd Ed. Butterworth's, London (1969).

43.

Lingane, J. J.: Analytical Chemistry of Selected Metallic Elements. Reinhold Publishing
Corporation, New York, NY (1962).

44.

Manton, W. I. and C. R. Malloy: Distribution of Lead in Body Fluids After Ingestion of
Soft Solder. Brit I Ind Med. 40:51-57 (1983).

Lead Exposure and Women.

Preventive Medicine.

L

15

2.'-..,

I.

NWC TP 6545

45.

Walker, R. and R. Oliphant: Contamination of Potable Water From Lead-Based Solder.
Anti-Corrosion. Pp. 13-15 (1982).

46.

Dollimore, J. and M. H. Jagasia: The Toxicity of Ingested Lead-A Mathematical
Theory. lnt Env and Safety. Pp. 38-39 (August, 1982).

47.

World Health Organization: Evaluation of Certain Food Additives and the
Contaminants Mercury, Lead and Cadmium. Technical Report Series No. 505, FAO
Nutrition Meetings Report Series No. 51. Geneva (1972).

ILL

16

.

.

.

-

p

NWC TP 6545

INITIAL DISTRIBUTION

I!
9 Naval Air Systems Command
AIR-03 (1)
AIR-04 (1)
AI-301 (2)

AIR-4131 (1)
AIR.5313 (2)
AIR-7226 (2)
7 Chief of Naval Operations
OP-09 (1)
OP-102X (1)
OP-102XB (1)

OP-55 (1)
OP-39C (1)
or-2 (1)
OP-987 (1)

L

2 Chief of Naval Material (MAT-0344)
4 Naval Sea Systems Command

SEA-62 (1)
2
I
1
I
1
I

SEA-03416 (1)
--A-09B312 (2)
Chief of Naval Research, Arlington (ONR-442)
Commander in Chief, U.S. Pacific Fleet (Code 325)
Headquarters, U.S. Marine Corps
Air Test and Evaluation Squadron 4 (Technical Library)
Air Test and Evaluation Squadron 5 (Technical Library)
Commander, Third Fleet, Pearl Harbor

I Commander, Seventh Fleet, San Francisco
1 Naval Aerospace Medical Research Laboratory. Pensacola (Code 15)
6 Naval Air Development Center, Warminter

Code 0003 (1)
Code 002 (1)
Code 8021 (1)
Code 602 (1)
Code 603 (1)
Technical Library (1)
1 Naval Air Force, Atlantic Fleet
I Naval Air Force, Pacific Fleet
3 Naval Air Test Center, Patuxent River
Code CT-252, Bldg. 405 (1)
Code SY-72 (2)
I Naval Avionics Center, Indianapolis (Technical Library)
I Naval Medical Command (Code 513)
3 Naval Ocean Systems Center, San Diego
Human Factors Group (1)
Signal Analysis and Display Division (1)
Technical Library (1)
4 Naval Postgraduate School, Monterey
Dr. James Arima (1)
Cdr. Charles Hutchins (1)
Dr. Gary Poock (1)
Technical Library (1)

17

-

NWC TP 6545
5 Naval Research Laboratory
Code 5360
Drake (1)
Hermann (1)
Kerr (1)
Technical Library (2)
3 Naval Ship Weapon Systems Engineering Station, Port Hueneme
Code 5711, Repository (2)
Code 5712 (1)
I Naval Submarine Medical Center, Naval Submarine Base, New London (Technical Library)
I Naval Surface Weapons Center, Dahlgren (Technical Library)
I Naval Surface Weapons Center, White Oak Laboratory, Silver Spring (Technical Library)
2 Naval Training Equipment Center, Orlando
Code 215 (1)
Technical Library (I)
I Naval War College, Newport
5 Navy Personnel Research and Development Center, San Diego
Code 02 (1)
Code 03 (1)
Code 311 (1)
Code 312 (1)
Technical Library (1)
I Office of Naval Research, Pasadena Branch Office
I Operational Test and Evaluation Force, Pacific
4 Pacific Missile Test Center, Point Mugu
Code 1226 (3)
Technical Library (1)
I Army Armament Materiel Readiness Command, Rock Island (AMSAR-SAA)
3 Army Armament Research & Development Command, Dover
DRDAR-LCE (1)
DRDAR-LCE-V (1)
DRDAR-SCF-DA (1)
I Army Combat Developments Command, Armor Agency, Fort Knox (Technical Library)
I Army Combat Developments Command, Aviation Agency, Fort Rucker
1 Army Combat Developments Command, Experimentation Command, Fort Ord (Technical Library)
I Army Combat Developments Command. Field Artillery Agency, Fort Sill
1 Army Missile Command, Redstone Arsenal (DRXHE-MI)
I Army Missile Command, Redstone Scientific Information Center, Redstone Arsenal (DRSMI-RPRD)
2 Army Mobility Equipment Research and Development Command, Fort Belvoir
Camouflage Laboratory (DRDME-RT) (1)
Library (1)
1 Army Training & Doctrine Command, Fort Monroe (Technical Library)
I Army Aeromedical Research Laboratory, Fort Rucker (Technical Library)
I Army Ballistic Research Laboratory, Aberdeen Proving Ground (DRDAR-TSB-S (STINFO))
2 Army Human Engineering Laboratory, Aberdeen Proving Ground
2 Army Materiel Systems Analysis Activity, Aberdeen Proving Ground
I Fort Hauchuca Headquarters, Fort Hauchuca (Technical Library)
I Night Vision Laboratory, Fort Belvoir (Technical Library)
I Office Chief of Research and Development
1 White Sands Missile Range (Technical Library)
I Air Force Logistics Command, Wright-Patterson Air Force Base
I Air Force Systems Command, Andrews Air Force Base (SDZ)
1 Tactical Air Command, Langley Air Force Base (Technical Library)
I Aeronautical Systems Division, Wright-Patterson Air Force Base (ASD/AERS)
2 Air Force Armament Division, Eglin Air Force Base
AD/XRSS (1)
AFATL/DLODL (1)
2 Air Force Medical Research Laboratory, Wright-Patterson Air Force Base (Code HEA, Dr. T. Fumess)
I Air Force Wright Aeronautical Laboratories, Wright-Patterson Air Force Base (AFWAL/FGR, Dr. J. Reising)

18

L

-

--

I Pac fic Air Forces (Headquarters, PACAF/OA (Operations Analysis))
i
12
I
I
2

3
I
I
I
I
2

2
4

Dfense Intelligence Agency (Technical Lbrary)
Defame Technical Information Center
Arvin Calspan, Advanced Technology Center, Buffalo, NY (Life Sciences Avionics Department)
General Research Corporation, Santa Barbara, CA
Honeywell, Inc., Systems & Research Center, Minneapolis, MN
Dr. L. Miller (1)
Dr. J.Wald (I)
Hughes Aircraft Company, Los Angeles, CA (Display Systems Department)
Human Factors Research, Coleta, CA (C-320)
IBM, Oswego, NY (Human Factors Group, 304A535)
Institute for Defense Analyses, Alexandria, VA (Technical Library)
Johns Hopkins University, Applied Physics Laboratory, Laurel, MD (Technical Library)
Martin-Marietta Aerospace, Orlando, FL
Image Processing Laboratory (MS 362) (1)
Technical Library (1)
McDonnell Douglas Corporation, Long Beach, CA (Director, Scientific Research, R&D Aircraft Division)
McDonnell Douglas Corporation, St. Louis, MO,
Engineering Psychology, Department E422
L. Belderman (2)

S

9

J. Moore (2)
I National Academy of Sciences (Vision Committee)
3 Northrop Corporation, Aircraft Division, Hawthorne, CA
Avionics Systems Definitions Group (3511) (1)
Human Factors Department (1)
Technical Library (1)
1 Perceptronics, Inc., Woodland Hills, CA
2 Rockwell International Corporation, Autonetics Group, Anaheim, CA (Human Factors Group)
I Rockwell International Corporation, Columbus, OH (Technical Library)
4 The Boeing Company, Seattle, WA (Crew Systems, MS 41-08)
I The Rand Corporation, Santa Monica, CA (Natalie E. Crawford)
1 University of California, San Diego, Scripps Institution of Oceanography, La Jolla, CA (Visibility Laboratory)
2 Virginia Polytechnic Institute and State University,
Blacksburg, VA (Industrial Engineering Department)
2 Vought Corporation, Systems Division, Dallas, TX (Human Factors Group)

P

S

P

.S

3

-I

P

I

IL

~IN

414
I'Il

19'
',o*

