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PREFACE 


The Hazard Evaluations and Technical Assistance Branch of NIOSH conducts field 
investigations of po~sible 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 emplpyer or authorized representative 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 Technical Assistance Branch also provides, upon 
reauest, medical, nursing, and industrial nygiene technical and consultative 
assistance (TA) to Federal, state, and local agencies; labor; industry and 
other groups or individuals to control occupational health hazards and to 
prevent related trauma and disease. 

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

In December 1981, the National Institute for Occupational Safety and 
Health (~IOSH) received a request frol'l ~1olitor Industries, Inc., 
Englewoo<l, Colorado, to evaluate occuoational exposures to fumes gen­
eratE>d in lead welding a'1t1 tin solderin~ ooerations duririg the fabri­
cation of research environmental chambP.rs. 

In June and October 1982, NIOSH investigators conducterl an environmental 
and medical evaluation. Personal breat'1ing zone exposures to lead and tin 
cofllpounrls were determined for a portion of the emoloyees who work in the 
fabrication operations (welders and solder operators). 

Personal sa'moles for lead ranged from 0.01 to 0.3 111g/M3 and were above 
the NIOSH criteria and/or the Occurational Safety ~nd HP.alth 
Administration (OSHA) standard of 0.05 mg/"'13 for lead. Personal samples 
for tin ranged from non-detectable to 0.39 mg/M3 and only one tin level 
.exceeded the NIOSH criteria and the OSHA standard of O.1 mg/M3. Both 
the elevated lead anrl tin exposures were found while tt-ie operators were 
workinq in a confined space operation. 

A medical questionnaire was ad111inistered and bloorls were drawn at the 
~eginning and end of the lead wor~ ooerations for the workers in- valved. 
There were no work relater1 '1ealth comolaints a'ld all blood lead and free 
erythrocyte orotoporohyrin (FEP) levels were within normal limits. 

On the basis of t'1e environmental data obtained in this investi­
gation, NIOSH determined that the eMoloyees are overexposed to 
lead and tiri i:lurinq a portion of the work that was evaluated. 
Therefore, baseri on the results of this i nvesti qati on, there does 
appear to be a potential heal th h~zard to the workers at various 
phases of the weldinq and soldering operations. This is oarticu­
1arl y true if the lead or tin work is continued for extended 
periods of time . Recommendations to reduce and/or eliminate these 
exposures are included in Section VIII of this report. 

KEYWORDS : SIC 3490 (Miscellaneous Fabricated Metal Products), environ­
mental control c'1ambers, weldinq, soldering, lead, and tin. 
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II. INTRODUCTION 

In December 1981~ the National Institute for Occupational Safety and 
Health (NIOSH) received a request for a Health Hazard Evaluation (HHE) 
frofll a representative of Molitor Industries, Inc., Englewood, Colo­
rado. The request asked NIOSH to determine if there was a health 
hazard resulting from exposures to lead or tin compounds during the 
welding and soldering operations which are part of the construction of 
environmental test chambers. Due to a work delay NIOSH could not 
perform its first environmental survey until June 1982; an additional 
environr.iental and medical survey was performed in October 1982 . The 
results presented in this repor t were given to the company and employ­
ees during January 1983. 

Ill . BACKGRO~ND 

Molitor Industries, Inc. is a diversified operation which primarily 
produces chambers for control of rare environmental contami nants. The 
various contaminants include chemical, biological, and radiological 
Materials and, therefore, the construction of these chambers requires a 
variety of skills and processes in order to meet the stringent specifi­
cations of the requester. Included in the development of these cham­
bers is a vari ety of fabricating steps, e.g., welding, grinding, and 
buffing, as well as dye testing the chambers (quality control) to 

-assure that each chamber meets the specifications of the requester. 
There are normally between 8-12 employees involved in this phase of the 
welding, grinding, and buffing of the chambers and 1- 2 workers involved 
in the dye testing/quality control process. 

Once a stainless steel chamber is structurally intact a large percent­
age of these chambers require lead linings. The thickness of the lin­
ing depends on the requester 1 s order but normally it wi 11 be either 
1/4, 1/ 2, 1 inch or any of these combinations. The lead comes in 24 11 x 
24 11 p1ates which are cut and welded together as required. 

The soldering operation is a continuous activity which is performed at 
the final phases of the chamber ' s development. The type of solder 
varies and can contain a var i ety of elements, such as 60-70% lead, 
30-40% tin or vice versa depending on the requirements of the job. 

1 Durin g the final phases of the chamber s development both the welding 
and the soldering operators are frequently working inside the chamber 
and thus confined space exposures become a major concern. 

The personal protective equipment offered the workers during these 
operations include welding helmets and gloves . Normally there are 
between 3-4 employees working at one time and 2- 3 workers involved in 
the soldering operation. 

IV. METHODS AND DESIGN 

A variety of techniques were used to eval uate the s uspected contami­
nants in the var i ous departments surveyed. Personal samples were taken 
on all of the welders i nvolved in the lead pl ate welding processes and 
on a portion of the solderers. The following is a description of the 
environmental and medical techniques used: 
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A. Environmental 

Six personal air samples were collected for lead and two personal 
air samples for tin during the survey periods. These contaminants 
were sampled using 37 millimeter AA 0.8u pore density cellulose 
membrane filters and air drawn at a fl ow rate of 1.5 1 i ters per 
minute with a vacuum pump. The samples were analyzed using NIOSH 
Methods S-341 and S-183. 

B. Medical 

Because use of lead in this shop is only an intermittent activity, 
blood 1 ead and free erythrocyte protoporphyri n (FEP) 1 evel s were 
determined on the three workers who would be workinq with lead at 
the beginning of the lead fabricating activity and again at the end 
of the activity two v1eeks later. On the first blood drawing one 
in-plant control and one other control were obtained. At the 
second drawing one out-of-plant control was used. The in-plant 
wor.kers were also individually interviewed regarding any f'ledical 
problems they might have. 

Blood leads were determined by the Clinical and Biochemical Support 
Section, NIOSH, Cincinnati, Ohio, utilizing anodic stripping 
vol tammetry. FEPs were determined by Environmental Sciences 
Associates, Inc., Bedford, Nassachusetts. 

C. Other 

An evaluation of the work practices, personal protective equipment, 
and techniques used to exhaust and/or di 1ute the contaminant was 
also assessed in the plant during the survey periods. 

V. EVALUATION CRITERIA 

A. Environmental 

As a guide to the evaluation of the hazards posed by work pl ace 
exposures, NIOSH field staff employ environmental evaluation cri­
teria 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 experiencing adverse health 
effects . It is, however, important to note that not all workers 
wi 11 be protected from adverse heal th effects if their exposures 
are maintained below these levels. A small percentage may experi­
ence 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 medica­
tions 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 
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thus potentially increase the overall exposure. Finally, evalua­
tion criteria may change over the years as new information on the 
toxic effects of an agent become available. 

The primary sources of envi ronmenta 1 evaluation criteria for the 
workplace are: 1) NIOSH Criteria Documents and r ecommendations, 2) 
the American Conference of Governmental Industrial Hygienists' 
(ACGIH) Threshold Limit Values (TLV's), and 3) the U.S. Department 
of Labor (OSHA) occupational health standards. Often, the NIOSH 
recommendations and ACGI H TLV 1 s are 1ower than the corresponding 
OSHA standards. Both NIOSH recommendations and ACGIH TLV's usually 
are based on more recent i nformatfon than are the OSHA standards . 
The OSHA standards al so 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 solely on concerns relating to the prevention of occupa­
tional disease. In evaluating the exposure levels and the recom­
mendations for reducing these levels found in this report, it 
should .be noted that industry is legally required to meet only 
those levels specified by an OSHA standard . 

A time-weighted average (TWA) exposure refers to the average air ­
borne concentration of a substance during a normal 8- to 10-hour 
workday. Some substances have recolllTlended short-term exposure 
limits or ceiling values which are intended to supplement the TWA 
where there are recognized toxic effects from high short-term 
exposures. 

The environmental criterion for lead and tin are described below: 

Permissible Exposure Limits 
8- Hour Time-Weighted 

Exposure Basis 

Lead•... . .. ........••. .•. ..... .•.. 0.05 mg/M3 (OSHA) 

O .03 mg/f\'13 (OSHA Acti on Level) 

Tin . . .. . ....•.•.....•.•....•....•• ,0.1 mg/M3 (OSHA, NIOSH) 

mg/M3 =milligrams of substance per cubic meter of air. 

NOTE: Action Level means employee exposure without regard to the 
use of respirator~ to an airborne concentration of lead of 
30 ug/M3 (0.03 mg/MJ) 8-hour TWA . 

B. Medi eel /Toxicology 

1. Lead 

Inhalation (breathing) of lead dust and fume is the major route 
of 1 ead exposure in industry. A secondary source of exposure 
may be from ingestion (swallowing) of lead dust deposited on 
food, cigarettes, or other objects. Once absorbed, lead is 
excreted from the body very slowly. Absorbed 1 ead i nterferes 
with red blood cell production and can damage the kidneys, 
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peripheral and central nervous systems, and the blood forming 
organs (bone marrow). These effects may be felt as weakness, 
tiredness, irritability, digestive disturbances, high blood 
pressure, kidney damage, mental deficiency, or slowed reaction 
ti mes. Chronic 1ead exposure is associated with infertility 
and with fetal damage in pregnant women. 

Blood lead levels below 40 ug/deciliter* whole blood are con­
sidered to be normal levels which may result from daily envi­
ronmental exposure. However, fetal damage in pregnant women 
r:iay occur at blood lead levels as low as 30 ug/deciliter. Lead 
levels between 40-60 ug/decili.ter represent unacceptable eleva­
tions which may cause serious adverse health effects. Levels 
over 100 ug/deciliter are considered dangerous and often 
require hospitalization and medical treatment. 

The Occupational Safety and Health Administration (OSHA) stan­
dard for lead in air is 50 ug/M3 calculated as an 8-hour 
time-weighted average for daily exposure. The standard al so 
dictates that workers with blood lead levels greater than 
60 ug/100 g whole blood* must be immediately removed from 
further 1ead exposure if confirmed by a fol 1ow-up test and, 
starting from ~~arch 1, 1983, workers with average lead levels 
of 50 ug/100 g or greater must al so be removed. Removal is 
also possible on medical grounds. Removed workers have pro­
tection for wage, benefits, and seniority for up to 18 months 
until they can return to lead exposure areas. 

Free Erythrocyte Protoporphyrin (FEP) can be used to measure 
the degree of interference with hemoglobin production at the 
time the red cells are made. Although some diseases and iron 
deficiency aner:ii a can cause a rise in FEP, in a heal thy man 
working with lead, lead absorption is the most likely cause for 
such an increase. Further the FEP levels can be related to the 
average blood lead concentration over the past 3-4 months (the 
average life span of a red cell). Normal values are below 
50 ug/dl. The relationship between lead exposure and FEP is 
not particularly evident until elevated FEP levels are found. 

2. Tin 

Tin exposures are acute and are primarily irritants of the eyes 
and skin. tJo systemic effects have been reported from indus­
trial exposures. Inhalation of fumes can also produce head­
aches, sore throat, and cough. 

VI. RESULTS AND DISCUSSION 

Employee exposure to suspected airborne concentrations of lead and tin 
were evaluated. The following are the results and conclusions of 
NIOSH's evaluation: 

* 1 ug/deciliter whole blood is roughly equivalent to 1 ug/100 g whole blood. 
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A. Environmental 

A total of six personal airborne time-weighted average (TWA) sa111­
ples were taken for lead. Two of these samples were taken during 
for the J.une study and four durifg the December study. The 1 ead 
levels ranged from 0.01-0.3 r.ig/M which exceeded either th.e OSHA 

3 TWA of 0.05 mg/M or the OSHA Action Level of 0.03 mg/M3 • An 
additional two samples were taken on the solderers during the June 
survey. The tin levels ranged from Non- detectable (ND) to 
0. 39 mg/~13 which exceedJd both the OSHA standard and NIOSH cri ­
teria levels of 0.1 mg /M (refer to Table 1). 

B. Medical 

There were no work related health complaints. All blood lead and 
FEP levels were within normal limits. The control blood leads 
(4-5 ug/dl) were appreciably lower than the worker blood leads 
(15-22 ug/dl), but FEPs were comparable for the two groups 
(22-46 ug/dl). The one worker who did most of the lead work showed 
a slight rise in blood lead from 20 to 24 ug/dl. This is well 
within the margin of laboratory variation and is, therefore, 
probably not significant. His FEP showed a slight drop (28 to 
22 ug/dl) which is also probably not significant. The other two 

, 	 workers showed slight drops in blood lead levels, but one did show 
a drop in FEP from 46 to 27 ug/dl, suggesting the possibility of 
greater lead exposure in the past. 

The current b 1 ood lead results show that under current work loads 
lead exposure should pose no health problems . However, if the 
amount of lead work is increased there could be a lead problem. 

VII. CONCLUSIONS 

During this evaluation it was determined that a health hazard existed 
to those employees who performed the welding and soldering operation 
during a portion of their work period. This conclusion is based on the 
various air samples taken, evaluation of the work processes, and review 
of the toxicological information 011 those contaminants sampled. It was 
determinep that these exposures occurred only during welding/fusing 
lead pl ates and soldering operations where tin is the primary compon­
ent. Finally, it is believed that the majority of both these exposures 
occur during confined space operations. The welders wore only goggles 
and the solderers wore work coveralls. 

Although the medical results did not show a health problem during the 
survey period the environmental results suggest that if 1 ead use is 
increased there could be a problem. Permitting ST!loking on a lead job 
and carrying cigarettes into an area where they can become contaminated 
with lead dust are poor practices leading to unnecessary lead exposures. 

VIII. RECOMMENDATIONS 

In view of the findings of NIOSW s environmental and medical study, as 
well as personal communication with individuals at Molitor, the follow­
; ng recommendati ans are made to provide a better work environment for 
the concerned employees. 
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1. 	 Engineering controls are the perferred method for reducing or elim­
inating exposures. In this case both lead and tin exposures could 
best be controlled by exhausting or blowing the contaminant away 
from the operator's breathing zone . This could be accomplished by 
providing a continuous current of air across the area of exposure 
or a portable exhaust system which would remove the contaminant as 
the worker performs his job. It is NIO~H's opinion that the most 
efficient and cost effective method would be an industrial type fan 
which would dilute the contaminant in the breathing zone. 

2. 	 All of the employees in the welding of lead plates and soldering
operations where tin is involved •should wear all of the protective 
equipMent provided . Th i s would include face shields when necessary 
and NIOSH/MSHA approved respirators. Also, eye protection for the 
welders and their assistants should be mandatory . 

Special concern must be taken when the welding/fusing of the lead 
plates in CONFINED SPACES occurs . This is also true when soldering 
with predominantly high concentrations of tin compounds in confined 
areas.' The use of the engineering controls described above should 
reduce this proble~ considerably. 

3. 	 Smoking should not be permitted on lead jobs . Further, smoking 
materials should not be allowed in thi s work area . 

4. 	 Consid~ration should be given to a lead monitoring program util i z­
ing FEPs (or ZPPs). Blood lead determi nations would only be 
necessary if the FEP is elevated . ZPPs have the advantage that 
they can be done on a drop of blood from a finger-stick; they could 
be done quarterly on workers intermittently exposed to 1ead work. 
If a worker should be exposed in the future for greater than 30 
days per year, they should have blood lead determinations every six 
~onths, and more frequently if they are over 40 ug/deciliter. 
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TABLE 1 


PERSONAL AIR SAMPLES FOR LEAD AND TIN 


• 

Job Description 

Molitor Industries, Inc . 

Englewood, Colorado 

Sampling Time 
(minutes) Tin Lead 

June 1982 

Welder 420 0.3* NA 

Welder Assistant 540 0.03 NA 

So l'derer 540 NA 0.39* 

Solderer 540 NA tJD 

December 1982 

Welder 420 0.03 l~A 

Welder Assistant 420 0.01 NA 

Welder 420 0.01 NA 

Welder Assistant 420 0.01 NA 

EVALUATION CRITERIA OSHA 
OSHA Action Level 
IHOSH 

0.05 
0.03 
0.05 

0.1 

0.1 

LABORATORY LIMIT OF DETECTIOM 3 ug 5 ug 

mg/M3 =milligrams of substance per cubic meter of air 
NA = Non-applicable 
ND = nondetectable 
ug = micrograms 
* = refers to levels which exceeded NIOSH criteria or OSHA standard 
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