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INTRODUCTION: DETECTION AND REMOVAL OF LEAD-BASED PAINT i

The Lead-Based Paint Poisoning Prevention Act (LBPPPA) of 197]
(Ref 1) authorized grants to carry out comprehensive testing programs to i
detect the presence of and to eliminate lead-based paint from surfaces
of residential structures accessible to children. Under-lying lead-based 4
paint, even if covered by several layers of nonleaded paint, was also to
be removed. The amendments of 1973 (Ref 2) directed the Department of

Housing and Urban Development (HTUD) to develop methods for detecting and
removing lead-based paint. Other amendments followed (Ref 3 through 9). I

NAVFAC* Instruction 10365.2A of 12 February 1975 (Ref 10) directed
Navy activities to comply with the provisions of the LBPPPA. The instruc-
tion stipulated that no lead-based paint be "applied on residential
structures where these paints might constitute a hazard to the occupants."
The instruction further stipulated that

"1since paint previously applied on residential structures
may constitute a hazard to the occupants in some instances,
the lead content of the existing paint should be determined
content exceeds the regulatory limit, that paint should be
removed."

HUD sponsored a continuing study of the problem of lead-based paint
at the National Bureau of Standards (NBS). How~ever, when NAVFAC issued
Reference 10 no completely satisfactory field methods existed for deter-
mining the lead conter~t of paint nor for removing or covering lead paint
once it had been discovered.

So that the lead-paint hazard in Navy housing might be expeditiously
eliminated, NAVFAC initiated and sponsored the Civil Engineering Labora-
tory (CEL) in an investigation of practical methods for detecting and
removing lead-based paint. This report describes the GEL study, conducted
in Fiscal Years 76 and 77 and reviews the LBPIPPA.

Recent amendments to the LBPPPA that went. into effect 22 June 1977
(Ref 7) and 28 Feb 1978 (Ref 8 and 9) eliminate the necessity for field
instruments or kits for detecting lead-based paint, but the use of such
equipment remains highly desirable. The amendments do not require
removal or covering of old layers of lead-based paint that are not
cracked or peeling, unless the integrity of the paint cannot be maintained.
Irrespective of its lead content, cracked or peeling paint must be
brushed, scraped, or otherwise removed from the surface. Two coats of
unleaded paint should then be applied. The maximum lead concentration
permitted in new paint is 0.06% by weight in the dried film.

'Naval Facilities Engineering Command.
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HAZARDS OF LEAD-BASED PAINT

When paint degrades or peels from buildings, children, especially
those who are teething, frequently ingest it (Ref 11). Teething chil-
dren also frequently ingest paint by chewing on the surfaces of window
sills, door frames, furniture, or toys. They may be poisoned by the
paint if it contains lead. j

Levels of Lead Poisoning

Acute lead poisoning is characterized by sudden onset, coma, and
convulsions (Ref 12 through 15). The onset is followed by such diverse
afflictions as paralysis, severe mental retardation, blindness, nephri-
tis, anemia, colic, or death. Prompt application of chelation therapy
reduces the mortality of acute lead poisoning but does not ameliorate
the other aftereffects.

Chronic lead intoxication is characterized by a steady buildup of
the metal in Lhe victim's blood. This may cause severe disorders of the
digestive system, liver, kidneys, or nervous system. Relatively low
accretion in the blood can cause shaking, reduced eye-hand coordination,
stomach trouble, insomnia, and loss of teeth. Milder chronic lead
intoxication can cause emotional changes such as hostility, depression,
and generalized unhappiness.

In addition to the danger of acute and chronic lead poisoning, the
effect of trace amounts of lead on learning ability and emotional behavior
are also of considerable concern. Recent screening programs reveal that
5% to 10% of young children in the United States have high enough concen-
trations of blood lead to detectably alter hemoglobin synthesis. In
view of the large number of children involved, the mere threat that this
might slightly reduce their learning speed or alter their emotional
behavior is of grave concern.

The mildest detectable adverse effect of lead ingestion is derange-

ment of hemoglobin synthesis (Ref 16 and 17); lead blocks the synthesis
of heme. Zinc protoporphorin, a precursor of heme, then accjunulates in
the blood. When irradiated with light from the blue end of ^he visible
spectrum, zinc protoporphorin fluoresces with a characteristic red
light, and mere traces can thereby be detected. Early detection of lead
poisoning is now based on a fluoroscopic examination of 3 drop of blood.
Although slight derangement of hemoglobin synthesis is not followed by
the symptoms of acute or chronic lead poisoning, considerable evidence
shows that it does slightly alter learning capacity and mental behavior.

Occurrence of Acute Lead Poisoning

According to NBS (Ref 18), 12,000 to 16,000 children succumb to
acute lead poisoning in the United States annually. An estimated 200 of
them die; the others suffer permanent brain damage, go blind, or become
mentally retarded hospital patients. A small fraction of these lead-
poisoning cases may occur among children living in Navy housing.

2 I.



Nearly all of the instances of acute lead poisoning in the United
States for the past few decades were caused by lead-based paint. Most

of them occurred among children in the 1- to 6-year age bracket. Over
50% of all deaths from lead poisoning occur in teething 2-year-olds
(Ref 19). Not all of the intake of leae by children is in the form of
lead-based paint, but the quantities obtained from the other sources are
rarely sufficient to cause acute poisoning.

Most of the instances of acute lead poisoning of adults from occu-
pational exposure to lead also result from lead-based paint (Ref 20).

raPainters, workers engaged in the manufacture of paints and pigments, andI
workers engaged in scrap metal salvage and shipbreaking frequently

succumb to acute lead poisoning. The source of th-e hazard in the ship-
breaking and scrap-salvage operations is lead-'based paint used to pro-
tect the iron and steel from rusting. The heat of the cutting torches

* I oxidizes the lead into hazardous fumes breathed by the worker.
Though statistics do not appear to be available to substantiate the

statement, it is reported that pediatricians familiar with the problem
agree that the incidence of acute lead poisoning has decreased substan-

tially during the past decade. This is in spite of the fact Lhat there
have probably been no great changes in the amount of lead-based paintI
the children and salvage workers are exposed to or in the kind of therapy
employed. Lead-based paints for use on residential structures have
presumably not been sold since 1971, but %-'ry little of the previously
applied paint has been removed and stocks of previously manufactured
paint were used after 1971. It would appear that the marked reductionI
in the number of deaths from lead poisoning is primarily from a great

increase in the awareness both by the physician and the parent as to the
great danger of lead-based paint.

Chronology of The Use of Lead Paint

Paint from homes constructed before World War 1I is usually blamed
for acute lead poisoning of teething children, but at least some of the
paint on nearly all of the residential structures in the United States
contains sufficient lead to cause acute or chronic poisoning if ingested
over a period of time.

Prior to World War II, white lead was the basic hiding pigment
employed in oil-based paints; water-based latex paints did not exist.
After thcŽ- war, titanium dioxide gradually replaced white lead because of
its superior hiding power. It was cheaper to employ because less was
required. The all-white lead paints have seldom been used since the
war, but paints with pigment blends containing some white lead were
commonly used until about 1972. Yellow-, green-, and red-lead pigments
were also frequently used in enamels and primers until about 1972. Red
lead is still widely used in industrial coatings to prevent the corro-
sion of iron and steel, but no lead compounds are now permitted in
architectural coatings for residential structures.

3



Lead Paint Hazard in Navy Housing

NBS conducted a very brief survey of the lead-based paint poisoning
hazard in selected pre-1950 dwelling units in Navy family housing at
Boston, Mass. (Ref 21). In one of the apartments a 2-year-old child had
removed and eaten all of the paint from an area of the bedroom wall in
excess of I sq ft. Fortunately, the paint contained mere traces of
lead, if any. However, exterior wooden surfaces on each of the four
buildings inspected contained some peeling paint with 3 high lead content.
Paint wi~.h a moderately high lead content was found on interior bathroom
and kitchen walls. A potential lead paint poisoning hazard clearly

existed.

ConclusionsI
Though greatly reduced in number, deaths and other- serious conse-

quences of acute lead poisoning have not yet been eliminated. The need
for stringent regulations to prevent the exposure of young children to
lead-based paint st.ill exists.

LEAD-BASED PAINT POIS"ONING PREVENTION ACT

To provide financial assistance for various local, state, and
national programs for the prevention of lead-based paint poisoning and
to prohibit future use of such paint on federal or federally assisted
residential construction, Congress passed Public Law 91-695 of 1971
(Ref 1). The act was revised and amended by Public Laws 93-151 (Ref 2)
of 1973 and 94-317 (Ref 3) of 1976. As directed by the act, HUJD proposed
a series of rules and regulation.~ to implement the provisions of the act
(Ref 4). After public hearings (Ref 5) and various studies and surveys,
the rules and regulations were revised (Ref 6) and amended (Ref 7). The
Consumer Product Safety Commission (CPSC) also issued a series of rules
and regulations (Ref 8 and 9) implementing the LBPPPA. Some rules and
regulations applicable to the Navy are summarized or excerpted in the
follo-.ing paragraphs.

Rules a;,d Regulations Issued by HUJD

"Lead-based paint," as defined in the amended act, means any paint
having a lead content greater than 0.5%, if the paint was manufactured
before June 23, 1977, or any paint having a lead content greater than
0.06%, if it was manufactured after that date. The lead content is
calculated as the percent by weight of lead metal in the dried paint
film or in the nonvolatile constituents of the liquid paint.

"Residential structure" means any house, apartment or structure
intended for human habitation, including any institutional structure
where persons reside. Family housing, officers' quarters, barracks,

4



bachelor quarters, dormitories, and hospitals all fit the description.
Community facilities, which would presumably include cafeterias, are
also included.

"Applicable surfaces" means all interior surfaces, whether acces-I
sible or not, and those exterior surfaces such as stairs, decks, porches,
railings, windows, and doors that are readily accessible to children
under 7 years of age.

"Immediate hazard" means paint (which may contain lead) on appl.i-

cable surfaces which is cracking, scaling, chipping, peeling or loose.
"Defective paint condition" means any paint on applicable surface-sI

cracking, scaling, chipping, peeling, or loose.
The use of lead-based paint is prohibited in the maintenance and

construction of all residential structures erected by or for the Navy or
any other Federal agency. Appropriate provisions prohibiting use of
lead-based paint must be made in all contracts and subcontracts for
constructing or rehabilitating such structures. Provisions must be
included for enforcing that prohibition.

Prior to occupancy, federally constructed residential structures
must be inspected to ascertain the condition of the paint. Defective
paint conditions shall be assumed to be immediate hazards. Surfaces
identified as immediate hazards shall be thoroughly washed, sanded,
scraped, wire-brushed, or otherwise cleaned so as to remove all cracked,
scaling, peeling, chipping, and loose paint on applicable surfaces and
then repainted with two coats of nonleaded paint. Where paint integrity

cannot be maintained, the paint shall be completely removed or the

surface covered with suitable material such as gypsum wallboard, plywood,I
or plaster before any repainting is undertaken.

Federal agencies will comply with state or local laws, ordinances,
codes, or regulations regulating lead-based paint-hazard abatement,
except that the Federal standard for lead content in paint supersedes
any state or local requirements.

Purchasers and tenants of federal housing constructed prior to 1950
shall be notified (1) that the property was constructed prior to 1950,
(2) that the property may contain lead-based paint, (3) of the potential
and immediate hazards of lead-based paint, (4) of the symptoms and
treatment of lead-based paint poisoning, and (5) of the precautions to
be taken to avoid lead-based paint poisoning, including maintenance and
removal techniques for eliminating such hazards.

Rules and Regulations Issued by CPSC

In the most recent amendments (Ref 8 and 9) to the LBPPPA, CPSC
issued further rules and regulations pertaining to the lead content of
coating materials for consumer products. Paint and other coating mate-
rials having a lead content greater than 0.06% by weight of the non-
-volatile constituents are banned as items of commerce. Furniture, toys,
and other children's articles are also banned if they bear coatings
having a lead content in excess of 0.06%. The new regulations became
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effective 28 February 1978 and apply to all products manufactured after
that date. Until that time, products covered by the regulations were
subject to the previously existing 0.5% limit.

Some specialty coatings are_, specifically exempt from the rules .ind
regulations pertaining to lead content, providing warning labels are
used. Included in this category are the following consumer products:
(1) agricultural and industrial equipment refinish coat-ings, (2) in-
dustrial (and commercial) building and equipment maintenance coatings,
including traffic and safety marking coatings, (3) graphic art coatings
(i.e., products marketed solely for application on billboards, road
signs, and similar uses and for identification marking in industrial
buildings), (4) touch-up coatings for agricultural equipment, lawn and
garden equipment, and appliances, and (5) catalyzed coatings marketed

solely for use on model radio-controlled, powered aircraft.
The National Paint and Coatings Association (NPCA) had also requestedI

exemptions for exterior rubber-based roof coatings and for exterior
primer coatings for redwood and cedar. CPSC denied the requests because
such coatings might be available to children and nonleaded substitutes
are readily available.

Automotive refinish and touch-up coatings and exterior marineI
coatings for small craft application are completely excluded from the
banning operation. Such products are outside of the statutory definition
of "consumer product" and are therefore not within the jurisdiction of
CPSC.

METHODS FOR DETECTING LEAD-BASED PAINT

Three methods for detecting lead in paint were studied by CEL:
(1) sodium sulfide reagent, (2) beta-ray backscattering gages, and
(3) an x-ray fluorescence analyzer. Variations of these detection
methods are discussed in the following sections. Coatings containing
known amounts of lead were prepared and applied to viarious substrates to
test the detection methods.

Preparation of Painted Reference Panels

Reference coatings or mock paints containing various quantities of
lead were prepared from cellulose acetate, titanium dioxide, lead Carbon-
ate, and acetone. In each paint, cellulose acetate composed 40% and
pigment 60% of the nonvolatile weight. Mock paints having lead contents
of 0.0, 0.1, 0.5, 2.5, 12.5, and approximately 50% of the nonvolatile
weight were prepared. Sufficient quantities of acetone were added so
that the mixtures could be conveniently applied by brush to small wooden
panels. The panels, approximately 1/2-inch thick, were cut into 1-inch
squares. These were subsequently used for evaluating spot test reagents
at CEL.

6



Another series of coatings prepared in the same manner were applied
to'small panels of various materials: wood, tinned steel, plaster-of-
paris, and commercial paper-covered plasterboard. These panels, 4 to 6
inch squares or 4 inch circles, were prepared primarily for evaluating
various instrumental analyzers for lead paint. The cellulose acetate
binder did not adhere well to the tinned steel so another series of
coatings were prepared with rosin instead of cellulose acetate. The
rosin binder coatings adhered sufficiently well for the purpose. In
each case, only one coat of the reference coating was applied. The
panels were weighed before they were painted and again after the paintI
had dried to constant weight. Thus, both the weight and the lead content
of the coatings were known.

pitAnother series of wooden panels were painted with titanium dioxide
pitcontaining less than 0.5% lead or with titanium dioxide paint to

which sufficient lead carbonate was added to produce a paint with a lead
content of 50% by weight. The panels were covered with 1, 2, 4, 6, or8
coats of the refetcnce coatings, which were applied by brush. Before
and after each coat was applied, the panels were dried to constant
weight.

Sodium Sulfide Reagent

Initial Studies. An inexpensive and easily used reagent for detect-
ing lead in paint was developed at the University of Rochester, New York
(Ref 22 and 23). A drop of an aqueous sodium sulfide solution (5% to
turne ba lackd or gay thep grepaiteraerfan theocnrtoflad, cothied dearke

* 8%)rwas placed on gay chip ofrpait.e aerrfan that containedin o leadtedrr
the gray. The Navy has employed this reagent in a kit for identifying
samples of weathered paint in the field (Ref 24 and 25).

The sodium sulfide reagent was modified at CEL so that it could be
applied directly to walls and even to ceilings without having to scrape
chips of paint from them. A thickener was added to the reagent to
enable it to adhere better to walls and ceilings. Small quantities of
special solvent were also added to the reagent to enable it to better
penetrate the paint film.

It is known that sodium sulfide in aqueous solution slowly hydro-
lyzes, forming hydrogen sulfide and sodium hydroxide. The hydrogen
sulfide escapes as a gas, and the sodium hydroxide remains dissolved but
does not react with lead compounds to form a black sulfide.

A shelf-life study was initiated to determine how long a sufficient
quantity of sulfide would remain to produce color on contact with lead-
containing paint. Both thickened and unthickened reagents were prepared
for the study, each at approximately 3% and 10% sodium sulfide concen-
trations. Three small portions of each of the four reagents were placed
into individual 15-mi dropping bottles and stored at temperatures of
350, 20 , or 5 C. Periodically, aliquots of the reagents were tested

for residual sulfide. An iodometric procedure involving back-titration
with sodium thiosulfate solution and starch indicator solution was
employed.
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The results of the shelf-life study are summarized in Table I.
They show that hydrogen sulfide escapes at a relatively constant, rate
over a wide range of concentrations of sodium sulfide. Hence, the shelf
life of the reagent is roughly proportional to the initial concentration
of sodium sulfide. A 10% reagent should be useful for a year even
without refrigeration, but storage at 5oC is recommended.

CEL Lead-Detecting Kits. A "vest pocket" lead-in-paint detector
kit (Figure 1) was developed at CEL for use at Navy field activities.
Each kit contaias a 15-ml dropping bottle filled with the modified
sodium sulfide reagent, a sharpened nail, a few cotton-tipped applicator
sticks, and a few strips of lead acetate paper for testing the sensitivity
of the reagent.

The reagent can be applied to a painted surface or to a paint cip
either directly from the dropping bottles or with clean cotton-tippud
applicator sticks. Even though the reagent contains paint remover I
solvents, it will not penetrate underlying layers of paint and primercoats. Therefore, the sharpened nail should be used to scribe a pair of
1/2-inch-long crossed scratches completely through the paint to the

underlying substrate. The reagent can be applied at the point of inter-
section of the scratches. The effect of the reagent on all layers of
paint can then be observed.

The lead-in-paint detector kit is especially useful for determining
whether a newly applied layer of paint complies with the restrictions on
lead content. X-ray instruments cannot do this because they respond to
the lead in the underlying layers as well. The kit can also be used to
determine whether the underlying layers of paint constitute a lead-
poisoning haza d, and x-ray instruments can supplement the examination.

Conveniei ;ly, the minimum amount of lead detectable with the kit is
approximately 0.5% (Figure 2) which, until recently, was the maximum
amount allowable by Federal law. The maximum legal limit is now 0.06%,
but the 0.5% limit still applies for paint applied befoic 22 June 1977
(HUD regulations) and 28 February 1978 (CPSC regulations). The kit is
not quite sensitive enough to detect all paint with a lead content
between 0.06% and 0.5%, but it will detect all paint with a lead content
grossly exceeding the legal limit. With a hand lens it is sometimes
possible to detect lead in paint at slightly below the 0.5% level.

The small quantity of sodium sulfide reagent contained in the kits
is no more dangerous to handle than an equivalent amount of diluted lye
water. Nevertheless, it is strongly alkaline and should be kept out of
the eyes and mouth and out of the reach of children. Skin irrit6tion is
minimal, but the reagent will cause chapped hands if not promptly washed
off with water.

Arrangements were nade for the Koslow Scientific Company of North
Bergen, N. J., to manufacture and stock the lead-in-paint detector kit.
CEL purchased a number of the kits for distribution to Navy activities.
Initial distribution was made to all Engineering Field Divisions (EFD)

8
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and Public Works Centers (PWC). CEL also distributed many kits to field
personnel at Navy activities. For a limited period, CEL will continue
0o suppl7 kits on requests from the field if approved by the EFD's

Public Works Officers.

Beta-Ray Backscattering Paint-Thickness Gage

Bet3-ray backscattering techniques have been used for measuring the
thickness of different kinds of films on various materials. Some practi-
cpl applications have been to measure the thickness of tin plate on
steel, metal coatings on plastic, and paints on paving materials (Ref 26,
27, and 28). In general, the number of beta rays t3at backscctter from
a film increases with the thickness of the film up to some saturation
backscattering range for the material. Work at CEL indicated (Ref 29)
that beta-ray backscattering might be a useful technique for measuring
paint-flm thickness on wood.

CEL Study. CEL undertook the development and evaluation of an
experim :i.al, direct-reading, paint-thickness gage for paint films on
wood (Re. 30). The gage employed backscattering from a 1/4-microcurie
strontium-90 radioactive source.

With the experimental gage, the intensity of the backscattering was
proportional to film thickness for each of three military specification
paints on wood. One of them was pigmented with a mixture consisting
primarily of white lead (TT-P-102); the other two (TT-P-0055 and TT-P-19)
were pigmented with titanium dioxide. The intensity of the backscatter-
ing per unit thickness of film was found to be greatest for the coating
pigmented with white lead.

To tust the metnod further, an attempt was made to measure the
thickness of films of nonleaded paints applied over a lead-based primer
coat (TT-P-25) on wood. The topcoats appeared to be transparent to the
beta radiation, and the intensity of the backscattering was the same
from the primer alone as from the primer on which four topcoats were
applied.

Observing that the backscattering intensity was greatest for paints
pigmented with lead compounds, CEL proposed that the paint-thickness
gage might be better employed as an instrument for detecting lead paint
(Ref 30).

During a field inspection of N~.vy housing near Boston (Ref 21), an
opportunity came to test the CEL proposal. Several painted surfaces
were tested with the CEL-proposed, beta-ray, lead-in-paint gage which
can be assembled for well under $1,000. The same surfaces were tested
with a commercial x-ray fluorescence lead-paint analyzer which cost
nearly $5,000. The results, summarized in the following table, indicated
that the readings on the prototype lead-paint gage proposed at CEL were
related to the lead content of the paint.

9



Gamma Tech
CEL Beta-Ray Gage X-Ray Meter

Coatings Tested* (counts/min) (mg/sq cm of lead)

Bare wood 620 0

One coat paint with 720 0
1% lead content 7

Leaded paint on 2
building exterior 2

Leaded paint on 8 f
building exterior 2

Heavily lead-pigmented 4,800 38
mastic 4

Naval Reserve Study at the Lawrence Livermore Laboratory. Naval
Reserve Research Company 11-4 at the University of California's Lawrence
Livermore Laboratory undertook evaluation of a gage for measuring the
lead content in paint by backscattering of beta rays (Ref 31). The
evaluation was performed on the prototype lead-paint gage*,-* developed at
CEL. The effort included both an in-depth theoretical and mathematical
review of the potential of beta-ray backscattering in paint analysis and
an empirical review of experimental data obtained with the prototype
instrument.

The theoretical review confirmed some anticipated problems: (1) The

backscatter signals cannot be distinguished from the substrate and the
paint film; and (2) the backscatter signal is not specific for lead.

The first difficulty can be overcome by obtaining a reading from
the bare substrate and subtracting that value from the reading on the
painted substrate. Thus, the Oifference is an estimate of the backscat-
ter signal from the paint film only. This estimate will be more accurate
when the average atomic weight and density of the substrate is not great
(as, for example, when the substrate is wood).

The second difficulty cannot be overcome as easily. The strength
of the backscatter signal from the paint film is proportional to a
function of the average atomic weight of the film. Thus, the back-
scatter signal from a given number of lead atoms will be considerably
greater than the signal from the same number of titanium atoms. How-
ever, the signal from the titanium will not be insignificant. Back-
scattering from a thick layer of paint heavily pigmented with titanium
dioxide may be as great as the backscatter from a thin coat of paint
pigmented with a small amount of white lead.

*All on wood substrate.

-The same as the paint thickness gage.
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Theoretically, however, the instrument can still be used for screen-
ing purposes. The intensity of the backscatter signal from a reference
paint film containing a given quantity of lead and applied to a given
substrate such as wood is first established. In the field, painted
surfaces on the same substrate that give higher readings are suspected
of containing more lead than the reference coating.

Much more promising is a conversion from the high energy strontium-90
source to a low-energy carbon-14 source. The complications caused by
the substrate would be eliminated since the low energy beta rays would
not penetrate tbrough the paint to detect the substrates. The measurement
would yield the average atomic weight, of the film but would be the same
for thick or thin films. That is, the readings would reflect the per-
centage of lead in the paint but not the total quantity of lead per unit
area.

Finally, considerable experimental data were obtained during the
Livermore study. The data substantiated the theoretical predictions.

Beta-Ray Gage and Ratemeter. The prototype lead-paint gage discussed
in the previous section of this report was designed for ruggedness and
portability; plastic materials housed the Geiger-MUller tube and the
1/4 pcurie strontium-90 radiation source. The radiation source, covered
with a brass shield when not in use, was mounted coaxially with the
Geiger-MUller tube. A counting ratemeter was housed in a steel case;
the gage and ratemeter are shown in Figure 3.

To improve portability and lower the price, the counting ratemeter
was employed instead of a scaler. The counting ratemeter has disadvan-
tages for measuring radioactive disintegrations which inherently fluctuate
in frequency from one instant to the next. An experienced operator can
average these fluctuations by eye, but the ratemeter is not an ideal
instrument for the inexperienced because the readings are open to subjec-
tive decisions. In the next section of this report the same gages in
combination with a scaler will be evaluated.

Two additional instruments were fabricated to CEL specifications by
Technical Associates of Canoga Park, Calif. The two instruments were
almost 4?ntical, but one of them was equipped with a 1 pcurie strontium-90
radiation source and the other with a 100-microcurie carbon-14 source.
The carbo.i-14 instrument is shown in Figure 4. The 1975 price for the
instrument was $775.

Readings on the reference lead-paint coatings were made with all
three instruments. Two different observers made the readings, which
were executed in random order, and the results are summarized in Table 2.

The paint films on the tinned steel could not be detected with beta
radiation from strontium-90. The contribution to the backscattering
signal by the metallic background was greater per unit thickness than
that of the paint film, which tended to detract from, rather than en-
hance, the signal.

The average density and the atomic weights of the plasterboard,
plaster-of-paris, and wooden substrates were all considerably less than
the same parameters for che lead-pigmented paints. The intensity of the
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backscattering was increased by the paint. Estimates of the contribu-
tion to the signal by the paint films were made by subtracting the
reading of the bare substrate from the reading of the painted substrate.
In Figures 5 and 6, these values are plotted against the lead content of
the paint film in milligrams per square centimeter. A correlation
between the two values is apparent. The data of Figures 5 and 6 indicate
that the strontium-90 gage and meter could be used for detecting paint
films suspected of having lead contents greater than about 4 mg/sq cm.
Although a lead content of 2 mg/sq cm gives a definite signal, it is
likely to be overshadowed by errors in the correction for the substrate.
In the field, extremely hazardous paint films with lead contents as
great as 40 mg/sq cm are sometimes encountered. Hence, the strontium-90
instrument could serve as a screening instrument for locating especially
hazardous lead-based paints on low density surfaces such as wood or
plaster.

Carbon-14 beta rays backscattering from single layers of paint with
a given percentage of lead had approximately the same intensity regardless
of the nature of the substrate. Furthermore, backscattering from a
surface covered with four layers of paint with a lead content of 5% was
approximately the same as from a .urface covered with only one layer.
Obviously, radiation from the carbon-14 penetrated into the paint a
distance of less than the thickness of one layer. In Figure 7 the
backscatter readings were plotted against the lead content of the paint
in percent by weight. From the plot it can be seen that the intensity
of the backscattering is approximately proportional to a function of the
percentage of lead in the paint and is unrelated to the quantity of lead
per unit area. The carbon-14 instrument is well-suited for examining
the outermost layer of paint, the layer most recently applied. H1owever,
the backscattering signal is not pronounced until the lead content of
the paint reaches a value of at least 5%. As the legal limit is now
0.06%, such an instrument would not be too useful.

Beta-Ray Gage With Scaler. The two beta-ray backscattering gages
assembled by Technical Associates, one with a strontium-90 and one with
a carbon-14 radiation source, have been modified so they can be connected
to a scaler. The same scaler, H.P.I., Inc., Model 1040, is employed for
both instruments. It accumulates the number of voltage spikes caused by
individual discharges in the Geiger-MUller tube over a pre-set length of
time, thus acting as an integrator. The need to estimate the position
of a needle is eliminated; the readout is a fixed digital number.

The scaler was set to give cumulative counts of beta-ray back-
scattering. over 1/10-minute intervals. Readings were made with both
instruments on the same set of reference coatings employed for evaluating
the gages with ratemeter readouts. In this instance the sequence of the
readings was not randomized, the same individual made all of the readings,
and the readings were not all made on the same day. In consequence, the
data were subject to systematic errors.

The readings are summarized in Table 3. Again, the readings show
that paint films on tinned steel cannot be d.'tccted by backscattering of
beta rays from strontium-90. With the strontium-90 instrument, the

12



magnitude of the readings on paint films on less dense surfaces were
approximately proportional to a function of the quantity of lead per
unit area of surface. With the carbon-14 instrument, the magnitude of
the readings on paint films on any surface was approximately proportional
to the concentration of lead in the paint film. These relationships are
shown in Figures 8 and 9.

The scaler was then set to give cumulative counts over l-minute
intervals. One-minute readings were made with both instruments on some
of the reference coatings on wood. The readings are summarized and
compared to the 1/10-minute readings in Tables 4 and 5.

As expected, the values for percentage of standard deviation for
the 1-minute readings were smaller than those for the 1/10-minute readings.
Values for the percentage of standard deviation for the strontium-90
instrument were smaller than the same values for the carbon-14 instrument.
The relauive magnitude of the standard deviation indicates that errors
with the strontium-90 instrument are smaller than errors with the carbon-14
instrument; random errors with the 1-minute readings are smaller than
for the 1/10-minute readings. Large, systematic errors, such as those
caused by baseline drift, would upset that relationship.

Whether the readout is by ratemeter or scaler should not grossly
alter the results. The scaler readings are theoretically more accurate.
To the instrument operators, the bacgscatter gage-scaler combination
seems to be much superior to the gage-ratemeter combination. The disad-
vantage of the scaler is that it adds $600 to the cost of the combination.
The cost for the gage-ratemeter combination is approximately $800; the
gage-scaler combination, $1,400.

X-Ray Fluorescence Analyzers

The Portable Lead Paint Analyzer, Model XK-3 (Figure 10), manufac-
tured by Princeton Gamma Tech of Princeton, N.J., is an x-ray fluores-
cence analyzer employing a 10-millicurie cobalt-57 gamma radiation
source. The instrument was developed for HUD under a contract monitored
by NBS. It is a digital readout instrument giving the lead content of
the paint film directly from 0.1 to 10.0 mg/sq cm. A reading of 10.0
mg/sq cm is obtained on all paint films with lead content equal to or
greater than that amount.

The XK-3 was purchased and evaluated by CEL. Readings were made on
the same reference coatings used for evaluating the other lead-paint
analyzers. The results are summarized in Table 6; the variability of
replicate readings on the same coatings is shown in Table 7.

The XK-3 proved to be specific for lead and could be used for
coatings on any substrate. It was not necessary to apply a correction
for substrate unless the substrate contained lead. The readings were
consistent with the make-up of the reference coatings. The deviations
from the stated lead content that occurred were most likely caused by
errors in the stated values or by the presence of lead in the substrates.

13



I
I

The reference coatings, not as homogeneous as desired, were applied by a
small brush and varied in thickness from site to site. Variability of
individual readings appears to be less than 0.5 mg/sq cm.

The instrument was very easy to use. The readings appeared 15
seconds after the button was pressed and the instrument was immediately I
ready for a new reading. The cost of the instrument was $4,500.

Radiation Hazard of Paint Analyzers

The radiation safety officer for the Pacific Missile Test Center
assessed the radiation hazards of the instruments used in this ploject
for detecting lead ia paint.

The operator was exposed to negligible radiation when the instruments
were in the operating position with the probes directed away from the
operator and into the painted surface. When the strontium-90 instrument
was inverted with the source shutter open and the probe directed away
from the painted surface, significant radiation levels were encountered.
Even in the inverted position, no measurable radiation escaped from the
carbon-14 instrument and negligible quantities escaped frol the cobalt-57
instrument.

In the course of the technical evaluation of the instruments by CEL
personnel, film badge dosimetry showed no radiation exposures. It can

be concluded that, when they are properly used, none of the instrumentsevaluated at CEL present a radiation hazard to the user or to the general

public.
As used in these instruments, possession of carbon-14 or strontium-90

requires a special lirense issued by the Nuclear Regulatory Commission
(NRC). The cobalt-57 used in the XK-3 fluorescence analyzer is exempt
from the requirements for a special NRC materials license. The instrument
can be operated under a general license issued to the manufacturer. Use
of the latter instrument could possibly result in cost saving to the
Navy in that it would not be necessary for the activities using it to
apply for a special NRC materials license.

OCCURRENCE OF LEAD-BASED PAINT IN RESIDENTIAL STRUCTURES

Non-Military Residences

Prior to 1940, paints with lead contents as high as 50% were widely
used. The 1970 housing census (Ref 32) estimates that 1.8 million
pre-1940 houses in the United States are delapidated. Essentially, all
of these structures bear at least some paint with lead contents greater
than 2 mg/sq cm, a level taken by convention to be an indication of
significant lead contamination. Much of the paint is peeling or chipping
and constitutes a potential health hazard.

A survey was conducted in Pittsburgh, Pa., to estimate the incidence
of lead paint in housing. The survey was conducted by NBS and administered
by the Allegheny County Health Department. NBS furnished the survey
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methodology, lead detection equipment, and t.raining in thle use of th~at
equipment as well as monitored the survey and analyzed the results.

The Pittsburgh survey is the only major statistically designed
housin, survey for lead-paint hazards conducted to date. The survey
covered a representative sampling of the entire Pittsburgh area, not
just identifiable "lead belts." Four thousand dwellings were selected
at random from the entire city.

There is no single index for representing the extent and degree of
lead contamination. The only direct way for comparing dwellings is on a
room by room basis and by the amount of lead on each surface type.
Several readings were taken with a portable x-ray fluorescence lead-paint
analyzer at various locations on different surface types. Table 8
summarizes the readings taken on the walls, windows, and doors.

Table 8 shows that lead contamination is greater on the doors andI
windows than on the walls. The medn reading for the walls is less than
2 mg/sq cm. In most rooms it is less than 1 mg/sq cm. This by no means
indicates that there are no incidences of high lead concentratioi. on the
walls. The distribution of values is highly skewed, and many of the
readings were greater than 15 rag/sq cm.

Table 9 illustrates this fact and shows the wide distribution ofI
values for the lead content in the walls of a selected group of some 400
kitchens in the Pittsburgh area. More than half of the walls had less
than 2 mg/sq cm of lead. However, the lead contents of 25 of them were
greater than 15 mg/sq cm.

* ~Selected Pre-1950 Navy HousingI
At the invitation of NAVFAC, members of the NBS Lead Paint Poisoning

* Project inspected and evaluated the surfaces of selected pre-1950 Navy

housing units at the Naval Station, Boston on 26 and 27 September 1972.I
Only four dwelling units were inspected. A series of readings were made
at different locations in the buildings with a portable x-ray fluorescence
lead-paint analyzer. The instrument was an older model of the x-ray
fluorescence analyzer evaluated recently at CEL and described earlier in
this report. Some of the readings are summarized in Table 10.

With the exception of kitchens and bathrooms, no other interior
surfaces were coated with highly leaded p~ints. The exterior surfaces
presented a more serious lead-poisoning hazard, both in terms of high
levels of lead and the condition of the paint. At several locations,
the exterior coatings were chipping and peeling, thus making them more
accessible to children.

Navy Housing at San Diego

The Public Works Center, Naval Station, San Diego, Calif., formulated
a practical program for implementing Navy Instruction 10365.2A (Ref 9).
The program was planned to be carried out with existing funding and with
the existing maintenance and inspection organization.
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To initiate the program, task specifications and job descriptions
were prepared. PWC painters were instructed to collect a specified
number of paint samples from specified Navy quarters and to touch up the
spots from which the paint samples were removed. Samples were collected
from the exterior and interior walls and woodwork or trim of approximately
50 of the 5,000 apartments maintained by PWC, San Diego. A tatal of 250
sampnles were collected.

The samples were tested for lead with a GEL Weathered Paint Identifi-
cation Kit (Ref 24) which was purchased from a specialty manufacturer.

It was possible to eliminate 150 of the 250 paint samples from
further consideration because they were unquestionably negative by the
sodium sulfide test. The other 100 samples were all sent out to be
analyzed at a commercial testing laboratory. The 100 samples includedI
all of those samples that were too dark to be tested by the sodium
sulfide reagent and all of those for which the results were positive or
questionable. Paint containing move than 0.5% lead was found only on
wood; none was found on stucco, masonry, or plaster. Tela an a
found primarily on exterior woodwork and trim. Tela an a

Funds budgeted for the San Diego survey were $9,500; only about
half of the budgeted amount was expended. The cost was approximately $1A
per housing unit.

At the completion of the survey, PWC San Diego sent the weathered
paint samples to CEIL for possible additional study. Each of the samp)es
included a small piece of the substrate as well as of the paint film.
Chips of paint were removed from a dozen or so samples for each substrate
type and combined. The composite samples were ground in a small mortar
and pestle and submitted to a commercial laboratory for analysis by
x-ray fluorescence spectroscopy. The lead content of the paint chips
from the interior plaster was 0.11%; from the interior wood, 0.97%; from

V the exterior stucco and concrete, 0.066%; and from the exterior wood,
2.2%. Values for the titanium content of the same four samples were
6.2%, 7.7%, 4.4%, and 11%, respectively. The x-ray spectra of all four
samples also indicated the presence of minor quantities of c~lciurn,
zinc, and iron and traces of other elements.

A similar comparison was made relating the lead content of the
paint and the date of construction of the housing. The comparison was
limited to paint samples on exterior wood. The results of the comparison
are given in Table 11.

When the samples were obtained for the previous experiment relating
lead content to substrate composition, easily removable chips of paint,
which tended to be the outer layers, were collected. For the comparison
of lead content and date of construction, a special effort was made to
obtain samples of undercoats and primers as well. Consequently, the
lead content of the composite samples for the second experiment were
markedly higher than for the first.

Table 11 shows that the lead content of the oldest housing was
higher than that of the newest, but the correlation was far from perfect.
Primers with a high lead content were widely used on exterior wood until
quite recently, so lead-based paint is not restricted to older housing.
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Thble 11 gives only a partial picture of the relationship of quantity
of lead and age of the housing. P3int thickness tends to be greater for
older housing; therefore, the quantity of lead per unit area tends to be
greater. Far more significant, however, is the fact that far more
exterior wood is used on older housing than on new. The 1908 quarters
were stately Victorian mansions with all-wood siding. The 1973 housing *
was nearly all stucco with only a few trim boards on the exterior.

The San Diego survey as well as the surveys at Boston and Pittsburgh
clearly indicated that the most hazardous accumulations of lead-based
paint are exterior wooden surfaces of residential structures. Epidemics

biof lead-based paint poisoning among children have usually occurredt
during the summer months. Efforts have been made to associate these
outbreaks of lead poisoning to the action of vitamin D (the sunshine
vitamin) in releasing stored lead from the bones. A more plausible

explanation for the increase in lead poisoning during the summer might
be that during the summer children play outdoors more, where they are
exposed to greater quantities of lead-based paint and less adult super-
vision than indoors.

V METHODS FOR ABATEMENT IN NAVY HOUSING

Procedures Required by LBPPPA

The amended LBPPPA requires that loose, cracked, peeling, or chip-I
ping paint shall be thoroughly washed, sanded, scraped, wire-brushed, or
otherwise removed from applicable surfaces of residenitial buildings.
The cleaned surfaces must then be covered with two coats of paint having
a lead content no greater than 0.06% by weight.

Although not specifically stipulated in the LBPPPA or its amendments,
chips of paint removed from residential structures must be collected and
disposed of in a manner that will prevent their becoming accessible to
children.I, Lead-based paint on surfaces that are sound and tight does not need
to be removed or covered before repainting unless the integrity of the
paint cannot be maintained. In the latter case, the paint shall be
:ompletely removed oc the surface covered with a suitable barrier material
such as gypsum wall board, plywood, or plaster before any repainting is
undertaken. Decision as to whether the integrity of the paint can be
maintained is apparently left to the good judgment of the one doing the
painting or inspecting.

Role of Paint Analysis

The wording of the original LBPPPA implied that there would be a
legal requirement to determine the lead content of the paint on residences
in which children might reside. Abatement procedures would follow if
the lead content were greater than a certain established level. In the
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LBPPPA as finally amended, there are nio regulations requiring the analysis
of old paint nor are there regulations requiring the removal of paint
because its lead content exceeds a stipulated level.

When inspecting homes in which children with excessive levels of
blood lead reside, public health officials have customarily considered
that paint with a lead content in excess of 2 mg/sq cm was hazardous.
The difficulty of establishing a universal limit at that level is that
the majority of homes in the United States would require extensive
abatement efforts and the cost would be prohibitive. Furthermore, even
a level as strict as 2 mg/sq cm would meet with much objection by those
advocating that essentially no lead be left remaining on residential
structures.

It would seem appropriate for the Navy to specify lead content as
one criterion establishing priority for abatement procedures. Paint

films with a lead content greater than 10 mg/sq cm are certainly muchI
more dangerous than films with a lead content of 2 mg/sq cm. A dozen or
so thumbnail-sized chips of paint with lead contents greater than 10 mg/
sq cm contain a potentially lethal dose of lead for a child. Repeated
ingestion of lead paint with lead contents of 2 mg/sq cm are required
for a lethal effect. Lead paint with lead contents of 40 mg/sq cm are

found occasionally.
Requiring the removal of paint films having a lead content in

excess of 10 mg/sq cm would probably involve only a small percentage of
Navy housing. Yet, the requirement would eliminate the most dangerous
accumulations of lead paint in Navy housing.

NBS Lead-Based Paint Abatement Program

NBS is providing technical assistance to IHUD which, since passage
of the LBPPPA, has conducted an extensive program to develop lead-paint
hazard abatement methods. They have issued excellent technical reports
(Ref 34,35) describing recommended procedures and a special report
(Ref 3o) comparing casts. The NBS reports are excellent references for
ma intenance engineering personnel.

As part of this on-going program, NBS carried out an experimental
hazard abatement program (EHIAP) involving the treatment of lead-paint
hazar-s in 250 dwellings located in various major cities. Thirty homes
in the Washington, D.C., area (Ref 37) were treated in the first phase
of the program. Paint removal methods demonstrated included use of
chemical solvents and use of a special heat gun. Replacement of windows,
doors, and wood trim were also investigated, and test installations of
various barrier materials were made. Unfortunately, all such procedures
are very costly and must be restricted to the most essential.

Wooden Windows, Doors, and Exterior Siding

Making lead-based paint on wooden window frames, doors, and ex-
terior siding inaccessible to children would greatly reduce any lead-paint
poisoning hazard that might exist in Navy housing. The goal of eliminating
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these hazards might be better approached on an activity-wide or even
Navy-wide basis than on a house-to-house or room-to-room approach.

CEL recently compared the relative costs of three methods for
abating the hazard of lead paint on old wooden window frames (Ref 38).
All the paint was rem.-.ved from one window and frame, and new paint was
applied. All painted surfaces of another window and frame were covered
with contact vinyl. A third window and frame were replaced with a new
one. The estimated costs ronged from $115 to $145 each for all three
windows. Because the costs are so high, abatement would prudently only
be considered in quarters where children are being housed.

An alternate solution would be to house families with small children
in quarters other than those with old wooden-framed windows. The restric-
tion would perhaps be of limited inconvenience because few such Navy
housing units appear tc remain. To reduce maintenance costs the wooden-
framed windows are gn~dually being replaced by those with aluminum
frames.

A similar restriction forbidding the quartering of families with
small children in residences with all wood siding might also be of
limited inconvenience. Because of ease of maintenance, stucco and
masonry are steadily replacing wood siding in the construction of Navy
housing. The best known remaining residences with wood siding are the
large old Victorian mansions at many permanent Navy bases. These ele-
gant old structures are usually reserved for senior officers and small
children are not likely to be in residence.

Wooden doors are widely used, and complete Navywide abatement would
be too costly. Abatement would of necessity be limited to doors with
cracked and peeling paint.

An interesting approach to abatement for wooden doors was tried in
the NBS program at Washington, D.C. Paint was stripped from the doors
in portable dip tanks set up on the site.

An approach not tried on doors as yet is to cover them with a
protective barrier. A material that appears to have promise for such
use is a new wall and woodwork covering developed for HUD by Johns-
Mlanville: an inexpensive fiberglass mat is applied to the surface with
a special crosslinking adhesive. This covering is easy to apply, rela-
tively inexpensive, and extremely tough and durable.

CONCLUDING SUMMARY

The wording of the original LBPPPA implied that there would be a
legal requirement to determine the lead content of the paint on residences
in which children lived. Abatement procedures would follow if the lead
content exceeded a certain level that would be established. To implement
the act, CEL undertook the development of field methods for the detection
and removal of lead-based paint.
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An inexpensive and easy to use "vest pocket" detector kit employing

a sodium sulfide snot test reagent for lead was developed. The kit
provides the best field method now available for determining whether a
newly applied layer of paint complies with restrictions on lead content. *

CEL also developed a beta-ray backscattering gage for detecting
paint containing lead. The gage, which costs approximately $800, can be
used for screening purposes but isnot specific for lead and cannot be
used on all surfaces. It could be calibrated for use on wood or plaster
to detect paint film with a lead content in excess of 5 mg/sq cm.

An x-ray fluorescence lead-paint analyzer developed for HUD was
purchased and evaluated at CEL. The instrument, which costs approximately
$4,500, is specific for lead and can be used without calibration on any
surface. It proved to be accurate and reliable fir estimating the lead
content of paint film at levels as low as 0.5 mg/sq cm and up to 10 mg/
sq cm.

The highest concentrations of lead are usually found in the paint
on wooden surfaces, especially on the exterior surfaces of doors, wood
window frames, and wood siding. The paint or enamel on interior bathroom
and kitchen walls and cabinets also frequently contains high concentra-
tions of lead.

The amended LBPPPA requires that loose, cracked, or peeling paint
on residential structures shall be thoroughly scraped, wire-brushed, or
otherwise removed. The cleaned surface shall then be covered with two
coats of paint having a lead content not greater than 0.06%. Lead-based
paint that is sound and tight does not necessarily need to be removed or

covered before repainting, unless the integrity of the paint cannot beI
maintained. In the latter case, the paint must be completely removed or
covered with a suitable barrier material.
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Figure 1. "Vest pocket" detector kit for lead in paint.

SODIUM SULFIDE TEST FOR LEAD IN PAINT*

I.x

Lead Content of Dried Paint Film

50.4% 12.5% 2.5% 0.5% 0.1% 0.0%

*Aqueous mixture of 3% sudium sulfide and 3% methyl celluase

with paint-remover solvents added

Figure 2. Spot tests on paint films containing
various perce'ntages of lead.
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Figaire 3. Paint thickness gage developed at CEL
(prototype lead-in-paint gage).

Figure 4. Commercial version of the CEL
lead-in-paint gage.
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Table 1. Shelf Life of Sodium Sulfide Reagent
for Detecting Lead in Paint

Concentration of Residual Sodium Sulfide

Temperature (Normality XI0) After the Following Number

(_C) '0 57 134 268

10% Thickened Reagent

35 12.39 10.60 8.90 4.74
20 12.39 10.88 9.86 7.28

5 12.39 11.72 11.4 10.34

3% Thickened Reagent

35 3.58 2.51 0.69* 0.12*

20 3.58 2.91 1.39 0.54*

5 3.58 3.35 2.96 1.55

10% Unthickened Aqueous Reagent

35 10.92 10.06 7.88 5.20

20 10.92 9.90 8.41 7.13

5 10.92 10.40 10.18 9.48

3% Unthickened Aqueous Reagent

35 3.13 2.29 0.88* 0.38*

20 3.13 2.62 1.33 0.62*

5 3.13 2.95 2.42 1.52

*The reagent either failed to cause lead acetate paper to change
color, or the color change was noticeably less pronounced than
for the others.
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Table 2. Ratemeter Readings Obtained by Two Different Observers
Employing Three Different Backscattering Gages on
Various Painted Surfaces

Lead Content a
Coats of Paint Readings (counts/mi) for

Substrate of.9
Surface Paint 0  mg/cm2  1/4 pc Sr 9 0  1 pc Sr90 100 pc C1 4

Scale x 100 Scale x 100 Scale x 10

0 Stb . 103 107 235 245 190 190
(tin- 1 2.5 0.3 90 108 235 210 115 118
coated) 1 12.5 1.6 100 94 195 230 130 135

1 46.7 11 105 102 240 245 160 162

Wallboard 0 .. .. 49 48 125 105 95 100
(paper- 1 2.5 0.6 51 48 135 125 120 125
covered 1 12.5 2.9 57 62 160 155 130 135
gypsum) 1 46.7 11 91 98 215 230 170 160

ydrostone 0 56 55 115 128 110 115

(plaste 1 2.5 0.2 53 59 130 135 115 122

(plaster- 1 12.5 1.2 61 59 140 142 135 135
of-paris) 1 46.7 4.3 57 77 150 173 165 170

0 .. .. 22 27 90 95 90 90
1 2.5 0.1 28 28 100 100 120 130

Wood 1 12.5 0.9 32 30 105 125 130 128

1 46.7 6.4 53 58 155 185 170 175

2 5 1.2 43 43 110 110 120 120
Wood 4 5 2.1 54 55 125 125 125 115

8 5 5.2 72 73 140 140 120 125

2 0 0 39 40 105 105 110 120
Wood 4 0 0 46 48 110 110 115 110

8 0 0 54 54 125 120 125 120

Lead 0 181 182 440 450 243 240

a 90 14
PC = microcurie strontium-90; pc C = microcurie carbon-14.
b_ indicates no paint used.
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Table 3. Scaler Readings of Backscattering From Various
Painted Surfaces With Two Different Gages

Lead Content Readingsa (counts/i/lO min) for --

Coats of Paint 1 pc Sr90 140 PCSubstrate of 1p r10pSurface of•
Paint 2 Standard Average Standard

S mg/cm2 Average Deviation Deviation

Steel 0 - 1,268 26 139 11

(tin- 1 2.5 0.3 1,155 12 82 7
1 12.5 1.6 1,201 16 89 6

coated) 1 46.7 11 1,289 16 108 12

Wallboard 0 .. .. 702 20 63 8
(paper- 1, 2.5 0.6 796 17 83 12
covered 1 12.5 2.9 888 21 98 9
gypsum) 1 46.7 11 1,192 12 130 16
Hdt 0 .. .0 815 19 80 6

ydrostone 1 2.5 0.2 833 22 80 9
(plaster- 1 12.5 1.2 870 14 88 11

od 46.7 4.3 1,002 19 115 8

0 .. .475 is 61 5
1 2.5 0.1 534 17 90 4
1 12.5 0.9 583 31 94 5
1 46.7 6.4 845 27 117 8

2 5 1.2 958 22 84 17

Wood 4 5 2.1 941 11 84 15
8 5 5.2 1,089 32 84 11

2 0 0 986 10 76 18
Wood 4 0 0 925 50 75 13

8 0 0 1,050 34 80 19

Lead 0 0 161

aPC Sr90 = microcurie strontium-90; pc C14 microcurie carbon-14.
bb indicates no paint used.
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Table 6. Performance of Portable X-Ray Fluorescent Lead-Paint
Analyzer Developed for HUD

Lead Content
Avet-age of

Coats of of Paint Reags Standard
Substrate Paint 2  (mg/cm2) Deviation

% mg/cm2 mgc)

"a
0 .... 0.8 0.3
1 2.5 0.3 1.1 0.2
1 12.5 1.6 2.9 0.j

1 46.7 11 >10 --

0 .... 0.5 0.2
Wallboard 1 2.5 0.6 1.1 0.2
(gypsum) 1 12.5 2.9 4.0 0.g

1 46.7 11 >10 --

0 .... 0.2 0.2Hydrostone 1 2.5 0.2 0.5 0.3
(plaster- 1 12.5 1.2 1.4 0.1
of-paris) 1 46.7 4.3 4.2 0.2

0 .... 0 0.1
1 2.5 0.1 0.1 0.2
1 12.5 0.9 1.4 0.2
1 46.7 6.4 6.6 0.4
1 5 0.7 0.6 0.2
1o.2 5 1.2 1.1 0.3

4 5 21 2.3 0.2
6 5 3.9 4.3 0.4
8 5 5.2 5.7 0.3
8 <0.5 <0.5 0.1 0.1

Lead 0 >10 --b

a - indicates no paint used.

bGage reads only up to 10.0.
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Table 7. Variability of Two Sets of Five Replicate Readings
Made With HiUD-Developed Portable Lead PainL
Analyzer on Enameled Wooden Panels

Values of Five
Coats Lead Replicate Readings 2f Averagq ntandard

of Content Lead Content (mg/cm ) / Di
Enael mg/m )- -___(mg/cm )DeviationEnamel (mg/cm

1 0.7 0.4 0.9 0.8 0.5 0.7 0.7 0.2

1 0.7 0.7 0.2 0.5 0.3 0.8 0.5 0.2

2 1.2 1.1 1.4 0.5 1.4 0.9 1.1 0.4

2 1.2 1.3 1.1 1.1 1.5 0.9 1.2 0.2

4 2.1 2.2 2.2 2.3 2.2 2.2 2.2 0.1

4 2.1 2.5 2.7 2.7 2.. 1.8 2.4 0.4

6 3.9 4.8 5.0 4,: 5.0 3.5 4.6 0.6

6 3.9 4.0 3.9 4.3 4.4 4.1 4.1 0.2

8 5.2 5.8 5.1 5.9 5.8 5.3 5.6 0.4

8 5.2 6.0 6.3 5.8 5.4 6.0 5.9 0.3
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Table 8. Comparison of The Lead Content of Paint on The Walls,
Doors, and Windows of Residences in The PittsburghAreaa

Walls Windows Doors

Mean Mean Mean
Lead Standard Lead Standard Lead Standard

Contený Deviation Contený Deviation Contený Deviation
(mg/cm ) (mg/cm ) (mg/cm )

Living 0.6 2.6 2.9 4.5 2.6 4.2

Dining 0.8 3.2 2.5 3.9 3.6 4.7

Family 0.8 3.1 2.6 4.6 2.4 3.9

Kitchen 1.8 4.5 2.9 4.3 3.6 4.7

Bathroom 2.0 4.5 3.7 5.7 3.3 4.9

Bedroom 0.5 2.3 3.0 4.5 2.9 4.2

Stairway 0.9 3.1 2.5 4.0 2.1 3.5 3
Hall 0.8 2.8 3.4 3.5 2.3 3.6

Basement 0.9 2.9 3.0 4.1 3.2 3.8

aData from Reference 33.
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Table 9. Frequency Distribution of Readings on
Lead-Paint Analyzer of Paint on The
Walls of Selected Kitchens in
Pittsburgh Area8

Range of Yalues Number of Readingsr ~(mg/cm)

0 through 0.9 160

1 through 1.9 75

2 through 2.9 25

3 through 3.9 20

4 through 4.9 20

5 through 5.9 10

6 through 6.9 10

7 through 7.9 5

8 through 8.9 0

9 through 9.9 10

10 through 10.9 5

11 through 11.9 5

12 through 12.9 5

13 through 13.9 10

14 through 14.9 5

15 through 15 .9 10

16 and greater 25

a Dat from Reference 33.
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Table 10. Lead Content of Paint on Surfaces of Selected
Pre-1950 Navy Housing in The Boston Area

Description of Surface Lead Conlent
(mg/cm )

Exterior wood garage door 7.0

Interior living room plaster wall 0.3

Interior bedroom metal window sill -0.2

Interior bedroom gypsum wallboard 0.1

Interior kitchen gypsum wallboard 3.4

Interior bathroom gypsum wallboard 3.8

lIterior bed, dining, living rooms gypsum board 0.0

Exterior wood faciaboard 18 inches above ground 6.3

Exterior walls, fiberboard sheathing 32.0

Exterior metal downspout 8.0

Table 11. Relationship of Date of Construction and

Lead Content of Paint on Wooden Exterior
Surfaces of Navy Housing in the San
Diego Area

Date of Construction Lead Content of Composite
Paint Sample (%)

1904 17.0

1941 9.6

1953 2.3

1954 15.0

196026

1965 5.4

1965 7.1

1973 2.6
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NAVE DTRAPROI)EVCEN Tech. Library
NAVEI)UTRACEN Engr D~ept (Code 42) Newprxit, RI
NAVENVIRH[.THCEN CO, Cincinnati. OH
NAVEODFAC Code 605, Indian Head MlD
NAVFAC PWO. L.ewes DE
NAVFACENGCOM Code (A3 Alexandria, VA; Code 044 Alexandria. VA: Code 0451 Alexandria, VA: Code 0453 CD.

Potter) Alexandria. VA: Code 0454B Alexandria. Va: Code 046: Code 0461 D (V M Spaulding) Alexandtia. VA:
Code 04133 Alexandria, VA: Code (AB5 Alexandria, VA: Code 0811B Alexandria. VA: Code 101 Alexandria, VA:
Code 10133 (J. Leimanis) Alexandria. VA: Code 1023 (M. Carr) Alexandria. VA: Code 1023 (T. Stevens)
Alexandria,l VA. Code 104 Alexandria. VA: Code 2014 (Mr. Timm). Pearl Harbor HI: Morrison Yap, Caroline Is.: P
W Brewer Alexandria. VA: PC-?2 (E. Spencer) Alexandria. VA: P1.-? Ponce P.R. Alexandria. VA

NAVFACENGCOM - CHE.S l)IV. Code 101 Wash. DC: Code 403 (H. DeVoe) Wash. DC; Code 405 Wash, DC; Code
FPO-lI (Ottsen) Wash. D)C; ('ode FP)-I1C('2 Wash. D)C: Code FPO- ISP (Dr. Lewis) Wash, DC; Code FPO-IPI2
(Mr. SlaWashington DC; Contr-acts, ROICC. Annapolis MD: Scheessele. Code 402. Wash. DC
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NAVFACE.NGCOM - [ANT D)IV.: Code 10A, Norfolk V A Code IlIl. Norfolk. V A, Eur. BR Deputy Dir, Naples
Italy; NAS Norfolk, VA; RIYI&EI.() 09112, Norfolk VA

NAVFACENGCOM - NORTH I)IV. (Horcisky) Philadelphia, PA: AROICC, Brooklyn NY: (20: Code 09P CLCDR A.J.
Stewart): Code 1028, RIYI*&rI .0, Philadelphia PA: Code I II (Castranovo) Philadelphia. PA: Code 114 (A.
Rhoads), Design tDiv. (R. Masino). Philadelphia PA: ROIC('. Contracts. Crane IN3

NAVFACENGC()M - PAC l)IV. Code 091)0 (Donovan), Pearl Harbor, HI: Code 402, RDT&Ii, Peatr1 Harbor HI:
Comnmander, Pearl H arbor. HI

NAVFACEiNGCOM - SOUTH DIV. (Code 90, RDT&ELO. Charleston SC: Dir., New Orleans L.A: ROICC (LCDR R.
Moellter). Contracts, Corpus Christi TX

NAVFACENGCOM - WFSTDIIV. 102: 112; AROICC, Contracts. Twencynine Palms CA: Code 0413: Code 114C2. San
Diego CA: 09P/2(1- RD'T&EL.( Code 2011 San Bruno, CA

NAVFACFNGCOM CON'rRACT AROICC, Point Mugu CA: AROICC. Quantico. VA: Code 05. TRIDENT,I
Bremertlon WA: Code 09E, TRID)ENT. Bremerton WA: Dir. Eng. tDiv., Exsmouth, Australia: Eng D~iv dir,
Southwest Pac. Manila, Pl: 01CC (Knowlton). Kaneohe. HI: 01CC, Southwest Pac, Manila. PI; OICC/ROIC'C.
Balboa Canal Zone: ROICC('(rvin) Puget Sound Naval Shipyard, Birenmerton, WA: ROICC (I.CI)R JIC. Leech).
Subic BHay, R.P.: ROICC AF Guam: ROICC L.ANT DIV., Norfolk VA: ROICC Off Point Mugu. CA: ROICC.
Diego Garcia Island: ROICC. Keflavik. Iceland: ROICC. Pacific, San Bruno CA

NAV FORCARIB Commander (N42). Puerto Rico
NAVHO.SP 1.1'R. Elsbernd. Puerto Rico
NAVMAG SCE, Guamn
NAVMIROOIC. Philadelphia PA
NAVNU13WRU MUSE DET Code NIIU-30) Port Hueneme, (CA

NAVOCI AN() Code 16001 Bay St. Louis, MIS: Code 3408 t0. Kravitz) Bay St. Louis: Code 3432 (J. DePalma), Bay St.

.ih.). San Diego CA: Code 6700.) San D~iego, CA: Code 7511 (PWO) San Diego, CA; Research L~ib., San Diego CA:
SCE (Code 660W), San D~iego CA

NAVORI)FAC Security Offr. Sasebo, Japan
NAVORI)STIA PWO, Louisville KY
NAVPET()FF Code 30, Alexandria VA

NAPTE ietr Washington DC
NAYPUSCOL E. Thornton. Monterey CA: I.CDR K.C. Kelley Monterey ('A

- ,01C, UCV 'ONE Nor-folk. Va
NAVRAI)RFCFAC PWO, Kamni Seya Japan
NAVREGYMI-I)CFN Chief of Police, Camp P'endleton ('A: Code 3041. Memphis, Millingtoni TN: 13W( Newprx-t RI:

PW() Port'smouth. VA: SCE (1). Kaye): SCE tI.CI)R B. E. Thurston), San Diego CA: SCE. (Camp Pendleton CA:
SCE, Gumi

NAVREGMED('LINIC F. H-ertlein III, Peairl Harbor HI
NAVSCOL.CECOFF C35 Port Hueneme, CA: C44A (R. Chittenden), Port Hlueneme CA: CO. Code C44A Port

Hueneme. CA
NAVSFASYSCOM Code 0325, Program Mgr, Washington. DC; Code OOC (LT R, MacDougal). Washington DC;

Code SEA O(X' Washington, DC
NAVSEC Code 60)34 (Library). Washington D)C
NAVSECGRUACT Facil. Off.. Galeta Is. Canal Zone: PWO. Edzell Scotland: PWO, Puerto Rico: PWO. Torni Sta,

Okinawa
NAVSHIPREPFAC Library, Guam: SCE Sui ay
NAVSHIPYI): CO Marine Barracks. Noi'folk, Portsmouth VA: Code 202.4, Long Beach CA: Code 202.5 (Libr~ary)

Puget Sound. Bremerton WVA: Code 380, (Woodroff) Norfolk. Portsmouth. VA: Code 400). Puget Sound: (Code
4(00.1)3 L~ong Beach, CA: ('ode 404 (LTJ. Riccio). Norfolk. Portsmouth VA: Code 410, Mare Is.. Vallejo CA: ('ode
44(1 Portsmouth NH ('ode 440,. Norfolk: Code 440. Puget Sound. Bremerton WA: ('ode 440.4. Charleston SC:
Code 450, Ctharleston SC: Code 453 (Uti1. Supri. Vallejo CA; I.. 1. Vivian: Library. Portsmouth N H: FPWI (Code
40)0), Philadelphia P'A; PWO. Mare Is.: PWO. Puget Sound: SCE,. Pearl Harbor HI: Tech Library. Vallejo, CA

NAVSTA CO Naval Station. Mayport FL1: CO Roosevelt Roads P.R. Puerto Rico: Engr. D~ir.. Rota Spain: Maint.
C'ont. tDiv., Guantananmo Bay ('uba: Maint. lDiv. tDir/Code 531.ý Rodman Canal Zone: PWI) (1.TJG. P.M.
Motolenich). Puerto Rico: PW() Midw~ay Island: PWO. Guantanamo Bay Cuba: PWO. Keflavik Iceland: PWO.
Mayport FL: ROICC Rota Spain: ROICC. Rota Spain: SCE, Guam: SCE, San D~iego ('A: SCE. Subic Bay. RAI,.:
Utilities Engr Off. (1.336 A.S. Ritchie). Rota Spain



NAVSUIIASE ENS S. Dove, (Growon. CT;IA*J iDuI.W Peck, (Grotwn, CTU: SCE, Pearl Harbor HI
NAVSU BSCO:). I.TJ .A. Nelson Groton. CT1
NAVSU PPACUI'C). Brooklyn NY; CO. Seattle WA: Code 4. 12 Marine Corps Dist. Treasure Is.. San Francisco CA:

('ode 413. Seattle WA: L'I'JG McGarrah, Vallejo ('A: Plan/Engr Div., Naples Italy: Security Offr, San Francisco,
CA

NAVSURFPAC ('ode 30. San Diego. CA
NAVSURFWVPNCE"N PWO. While Oak. Silver Spring. MI)
NAVI'E('H'RA('E N SCE. Pensacola FT.
NAV USFAWARFiN(jS'IA Keypoirt. WA
NAVWPN('EN Code 24 (Dir Sate & See) China Lake, ('A: Code 2636 (W. Bonner), China Lake ('A: PWO (Code 26).

C'hinai Lake CA: ROIC('( (ode 7(02), China Lake ('A
NAVWPNSTA ijAR.E (Clebak) ('oilts Neck. NJ: ('ode 092. ('ols Neck NJ, Code 092A (C. Fredericks) Seal Beach

('A: ENS (iA. 1 .ol y. Falibrook C'A: Maint. (Control Dir.. Yorktown VA. PW Office (('ode 09('I) Yorktownl, VA:
PWO. Seal Beach ('A

NAVWPNSUPP('IiN ('ode 09 Crane IN
NA V XDIV INGU [I'A, M Parisi, Panama C'ity F:1
N('BU 405 OI'. San Diego. ('A
'E(' Petersen. Norman W., ('AP'I'

N('B' ('it. AOI(' Port Hueneme ('A: ('ode 10 IDavisville, RI: Code 155. Port Hueneme ('A: ('ode 156, Port Huenemne.
('A: ('Code 25111 Port HuLeneme. CA: ('ode 41)0, (ulfpiort MS: NEhSO ('ode 251 P.R. Winter Port H ueneme, CA.
PW Enlgig, (iult~'pot MS. PW() (Code 80) Port H ueneme, ('A: PWO. Davisville RI

NC'1U 411 OIC. Norfolk VA
NC'R 21). ('ommander
NCSO 13AH-RAIN SecurHity OfWl. 13atii'a1in

NMB133 (tiNS 'lW. Nielsen): 5. Operations Dept.: 74, ('0: Fotty. ('0:THREE. Operations Off.
NOAA tilirarym Rockville. MD)
NORI)A Code 4101) ty St. Louis. MS: Code 441) (Ocean Rsch Off) Bay St. Louis MS
NRI ('ode 84W(J)I. Walsh). Witshington DC: Code 8441) OZ. A. Skop). Washington D('
NS(.'('0 Biomedical Rsch Im.a. Oakland ('A: ('ode 54.1 (Wynnte), Norfolk VA: Security Offi', Hawaii
NSI) SCF. Subic Bay. R.IP.: SeCLtr-ity Offlr. Yokosuka, Japan
NTC (ode 54 (EiNS 1). Ci. Jacket). Otlando FL;: 'ontma tide r O rlando, FLI: OI'C., ('1U-401 G.r(eat Lakes It.
NUS(' (ode 131 NewN London, CT;' ('ode FA123 (R.S. Munn), New Lottdon CTI: Code SB 331 (Brown). Newport RI:

('odeT'A 131 (G. De Ia Cruz). N e\ 1.ondol C"T
(X'IAN SYSI ANI' I'A. R. (jianeola. Norfolk VA

[I ~~OFFICE'.SEiCRETARY 01:DEFENSEi OASD)(MRA&t.) Pentagon (TI. Cusbeig). Washington, D)C AlntnV:t

rr ~ ~ ~ ~ ~ N tikhRt ) COta IBoksto MA: ('ode 412. OAklandtnA ('ACode I 2('It ihaty Stn Louiso ('A: ('ode 128.r o VuAm ; ('De.

2W,) Great L akes I11.: Code 201). Guam: ('ode 200,) Oakland ('A: ('ode 221) Oakland. CA: Code 22(0.1, Norfolk VA:
('ode 31K' IBo'ttchet' San D~iego. ('A: ('ode 41)0 ('C. Kolton I Pensacola. Ft.: ('ode 4(H). Pearl H arhor. HI: ('ode 4211
I R, Pwicua). Pearl Harbor HI: ('ode 50.5A (H. Wheeler): ('ode 680, San D~iego ('A: Library. Subic Bay. R.P.: OI('
('IU-405, San Diego ('A: Utilities Officer. Guam: XO Oakland, ('A

SP( '' (ode 12213, Mechanicsbtttg, PA: PW() (Code 120)) Mechatticsbur'g PA
UU( I'lW( ) OI(' Port I-I eneme ('A
U.S. MF R('HAN'FMARINEI A('ADEMY Kings Point. NY (Reprint ('ustodian)
us I)P FOIl F AGH IC' Forest'Produtc tsl~a h. Madison W I: Forest Products L ab. I R. DeGroot ), M adison WI
US )EP'I'OF COMMER('E NOAA. Pacific Marine ('enter. Seattle WA
US DEPT OF HEALTH. liD.. & WEL.FARE Food & D~rug Adminin (A. Story). D~auphin Is. AtL
US GiEOL.OGICAL. SURVE`Y Off. Marine Geology. Piteleki. Reston VA
US N ATIONAL. MARINE FISHEFRIEuS SERVIC'E Highlands NY (Sandy Hook tLab-Iibrary)
US NAVAL. FORCES Kotea (ENJ-P&O)
USAF REGIONAl. HOSPIT'AL. Fairchild AFII. WA
USAF SC'HOOLF OF AEROSPACE, MEDI)I(INE Hypetharic Medicine D~iv, Brooks AFB. 'X
USC'G IG-ECV) Washington D~c. (G-E('V/61I (Blurkhart) Washington. D)C; G-EOE-4/6 I (TI. Dowd). Washingtotn DX'
USC'G A('AI)EMY 1.1 N. Stramandi, New London CTI
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USCG R&D) CENTER CO( Groton. CT;I': iIJ(; R. LDair. Groton ('1; Tech. Dir. Groton. CTI
USN A Ch. Mech. Engr. D~ept Annapolis MD): Energy-En'tviron Study Grp, Annapoilis. MD: Einviron. Prot. R&D P10g.

0J, Williams), Annapolis M ID: Oceanl Sys. Eng Dept (Dr'. Monney) Annapolis, M '): PWD Engr. Div. (C. Bradford)
Annapoli% MIDI: PW() A minapolis MI1)

AMERICAN CONCRE.Tj INSTrITUTE D~etroit MI (Library)
AVAL.ON MUNICIPAL. HOSPITAL Avalon. CA
(Al.1 .I01.- I)ILFOF FISH & GlAM F Long Beach CA (Marine Tech Info Ct')
CALI F. DFIy' OF NAVIGATION & OCEAN I)EV. Sacramento, CA (G. Arnmstrong)
(CALIF. MARITIME. ACAD)EM Y Vallejo. CA (L~ibr-ary)
CAL.IFORNIA INSTIT UTE OF 'IECHNO[.OGY Pasadena ('A (Keck Ref. Roill
C'ORNELLI UNIVE:'RSITY Ithaca NY (Serials D)ept, Engr L~ib.)
DAMES & MOORE LIBRARY LOS ANGELES. CA
D)UKE UNIV MED)ICAL. 'E.N'IER 13. Mulga. LDUrhani NC
FL.ORID)A ATLANTIC UN IVERSITY BOCA RATION. FL. (MC AL.IISTERl): Boca Raton F:1 (Oceani Engr Dept.. C.

FLORIDA ATIL.ANTFIC UN IVERSITIY Boca Raton F:1. (W.T'essinl)
FýI.ORII)A 'I'EC.(HNOL.OG;ICAI. UNIVERSITY ORLANDO, Fl. (HARTLMAN)
FORESI'INS'I. FOR OCEAN & MOUNTrAIN Carson City NV (Studies - L~ibrary)
IILLIINOIS S'IA'I'E EO. SURVEY Urbana 11,
INS"I'I'U'IE OF MARINE. SCIENCES Mor'ehead ('ity NIC(Director)
IOWA S'TA'TE UNIVERSITY Alles IA (C'E Dept, Handy)
KE ENE S'IA'IE COI 1 E( i Keene N H (('Liningiogata
L.EHIGH- UNIVE ,RSI'IY BE'IHLIEHEM.0 PA (MARINEF GEOTFCHNI('AL. LABI., RIC'HARD)S); Bethlehem PA

(I inidermanl i b. No.3(1, Flee ksteinei'(
L.IBRARY OF CONGRESS WASHINGION. )C (SCIENCES &T'EC'H DIV)
LOW ('OUNTRY REG. PL.AN. COUNCIL. YEMASSFE, S('(BAGGS)
MAINE MARITIME ACADEMY (Wymanl) ('astine ME: CASTINE, ME. (LIBRARY)

N'l('LIliAN'IECIINOA)I('L.UNIVERSITY Houghton, Mi (Ilanls)
MIT' ('ambridge MIA: C'ambridge NI A ( Rin 1(1-5(11, 'ech . Reports, Engr. [Lib.)
NAT. ACADEMY OFFENG. ALEXANDRIA. VA (SEARL.E, JR.)
NEW MEXICO SOLAR ENERGY INST'. D~r. Zw&ibel Lons Cruces NM
NY CITY C'OMMUNITY ('(I.I.EOE BROOKL.YN, NY (L.IBRARY)

OREGON S'TA'TE UNIVEiRSIT'IY(CE, Dept Grace) C'or'vallis, OR: CORVAL.LIS. OR (CE DEPAT. HIC'KS); CorvalisI

PE.NNSYI.VANIA SLATE UNIVERSITY S'IA'IEC(OIL.EGE,, PA (SNYDEiR)
POLIL1.U'IOR N A BATEMEN'T ASSOC' Graham . Cortc Miadera, ('A
PURIDUE UNIVERSILIY Lafayette. IN (Altscbimeffl): Lafayette, IN (CE Engr. L~ib)

('ON N EC'l'ICU'I'Hart ford C('''DIept of Plan. & Energy Policy)I
SAN DI1EGO) S'IA'I'UNIV. 1. Noorany Sanl D~iego. (CA
SC'RIPPS I NS*'l'ITU'I'E- OF OCEA NOGRAPHllY LA JIOL.LA. ('A (AD)AMS): Sanl Diego. ('A (Marina Phy. L~ab. Spiess)
SEATT~L E U Priof Schwzmegler Seattle WA
SO)U'IH WESI'RS('H IN SI'R. IDe I-art. Sanl AntonioT'X
STA NF(ORD) UNIV ERSITY Engr Lib, Stanford ('A: STIA NFORD). ('A (D)OUGiLAS)
STIA'TE UNIV. 0 F NEW Y(ORK B affalo. NY: Fort Schuy ler, NY L~ongoharldi 1
TlEXAS A&M UNIVERSI'TY ('OLLEGL. S'TATlION, TX (C'E DEPTI': College StationT'X (CE Dept. Herbich)
UNIVERSITY OF CAI.IFORNIA 3E.RKE'I.FY. ('A (CE: DEPT. GERWICK): Berkeley CA (13. Bresler): Berkeley CA

0F. Pear-son): D)AVIS, CA (C'F DEIPTI, 'TAYLOR): I.IVERMORF. ('A (L.AWRENCE LIVERMORE LAB,
'lOKARZ): L~a Jolla ('A IAcq. IDept, ILib. ('-075A): M. Duncan, Berkeley CA

UNIV ERSITY OF I)EIAWARIE NewarkD. I)e I)pt of Civil Engineering. Chessonl)
UNIVERSITlY OF HAWAII HON')[.UL.U. HI (SC'IENCE ANI) 'ECH. I)IV.)
UNIVERSIlY OF: ILLIINOIS Metz Rv'f Rmn. Urbana II.: URBANA. IL, IIAVISSON(: URBANA. IL (I.BRARY);

URBANA. IL. (NEWARK): Urbana 11, (('F D~ept. W. Gamble)
UNIVERSITY OF MASSACHUSFiT'IS (Heronenius), Amherst MA CE D~ept
UNIV ERSITY OF MICHIGAN Ann ArL~im MI (Richart)
UNIVFRSI'IY OF N F.BRAS KA-1.1INCOI.N ILincoln, NE (Ross Ice Shelf Proj.)
UNIVERSI'I'Y OFI-'1IiNNSYI.VANIA PHIL.A)F.I.PHI-1A, LPA (SCHOOL OF ENGR & AP~PLIED SCIENCE. ROLL)
UNIVE.RSITY OF: RHODE 'ISL.AND) KINGS'TON. RI (SUSSMAN)
UNIV ERSI'IY 0 FT'EXAS Inlst. Marine Sci IL.ibrary) 1. ort ArkansasT'X

45



UNIVERSITY OF lEXAS AT AUSTIN AUSTIN, TX (THOMPSON); Austin, TX (Breen)
UNIVERSITY OF WASHINGTON tFH-iO.0 1). Carlson) Seattle, WA; Dept of Civil Engr (Dr. Mattock). Seattle WA.

SE-A~rLE+, WA (OCEAN ENG RSCH LAII, GRAY): Seattle WA (E. Linger)
UNIVERSITY OF WISCONSIN Miliaukee WI (Ctr of Great Lakes Studies)
URS RESEARCH CO. LIBRARY SAN MAT'EO, CA
VENTURA COUNTY ENVIRON RESOURCE AGENCY Ventura. CA Tech Library
AL.FRED) A. YFEE& ASSOC. Honolulu HI
AM EIEK Offshore Res. & Engr D~iv
ARCAIR CO. 1), Young, Lancaster OHl
ARVID) GRANT OLYMPIA, WA
ATLANTIC RICH Fit.ELI) CO. D)ALLAS. TX (SMITH)
AUSTRALIA D~ept. PW (A. Hlicks), IMelfmiurne
AWWA RSCH FOUNIDATION R. Heaton. Denver CO
BE.CH'TEL. CORP. SAN FRANCISCO, CA (l11-1-A-1S)
BELGIUM HAECON, N.V., Gent
BETHLIEHEM STEFl, CO. IDisinake, Bethieleheni. PA
BRITISH EMBASSY Sci. &-Tech. D~ept. (0. McAuley), Washinglon D)C
BROWN & CALDIWELL F M Saunders Walnut Creek, CA
B3ROWN & ROOT Houston TX (1). Ward)
CANAD)A Can-lDive Services (English) North Vancouver: Mcii Univ Newfoundlatnd (Chari). St Johns: Nova Scotia

Rsch Found, Corp. D~art mouthIt N ova Scotia: Surveyor, N enninger & Chenevert I nc., Montreal: Warnock Hetsey
Prof. Srv Litd. La Saile, Quebec

CF 1BRAUN CO D~u %-ýuchet, Murray Hill, NJ
CH EMEDI CORI' Lake Zurich 11, (IDearborn C'hem. D~iv. [Lib.)
COL.UMBIA GULFT1RANSMIF41ON CO. HOUSTON. TX 1-EN(G. I.I13.)
(CROWLEY ENVIRON. SERV, CORP Anchorage, AK
DILL.IINGH-AM PRECAS'rF. McHale, Honolulu HI
DIXIE DIVIN(i CEiNTER Decatur, GA
I)RAVO C'ORP, Pittsburgh PA (Giatnino); Pittsburgh PA (Wright)
I)URI.ACH, O'NFAI. JENKINS & ASSOC. Columbia SC
NO)RWAY DFT'NORSKE V ERITAS (LIibraty). Oslo

EVALUATION ASSOC'. INC KING 01: PRUSSIA, P~A (FEDIr)IiE
FORD). IA('ON & D)AVIS, INC. New, York (Library)I
FRANCE lr. 1)utertre, Boulogne; IL. P'liskin. Paris; P). Jensen, Boulogne; Roger LaCroix. Pauris
GE-'NE-RAl. D)YNAMIC'S Elme Boat Div. , Environ, F ngr (H. Wallman), Groton CT

'I ECNIAt, ENGINEERS INC,. Winchester, MA (Paulding)
GiLIDDEIN CO. STRONGSVILI.I.E OH (RSCH 1.111)

GOULD) INC. Shady Side MI) (Ches. Inst. Div-, W. Paul)
GRUM MAN AEROSPACE CORP. Bethpage NY (Tech. Info. Ctr)II ~ HAlE.Y & ALDIRICH, INC. Cambridge MA (Aldrich. Jr.)
ITAL Y MI. 'aironi, Milan: Sergio Tattoni Milano: Torino ( F. Levi)V ~MAKAI OC'VAN FNGRNG INC, Kalima HI
KEN NETH TATOR ASSOC CORAOPOI IS, PA (iLIBRARY)
KOREiA Korea Rsch Inst. Ship & Ocean (13. Choi), Seoul
L.AMONT-IX)HIiRTIY GEOLOGICAL. OBSERV. Palisades NY (Selwyn)I
,O)C'KHEEI-I) MISSILES & SPACE CO. INC. Mgr Naval Arch &t Mar Eng Sunnyvale. CA: Sunnyvale CA

I Rynewicz); Sunnyvale, CA ( lhillirs)
L.OCKI IEEI)D OCEAN LABORATORY San D~iego, CA (Springer)
MARATH-O)N 011. CO Hlouston TX (C. Selly)
MARINI: C'ONCRETE STRUCTURES INC. MEPAIRIF, LA (INGRAHAM)
MAIRECON Oakland, CA (Haixo)
MCDONNEL, AIRCRAI-TCO. D~ept 501 (RH1-. Faynmia). St Louis MO
MEI)AIL. & ASSOC. INC. J.T. GAFFEY 11 SANTA ANA, CA
MEt~XICO( R. ('ardenas
MIIMANI)-ROSS COR'. TOLEDO. OH (RINKER)
MOBIL. PIPE LINE CO. l)AI.IAS. TX MGR OF ENGR (NOACK)
MUESER. RUTL.EDGE, WENTWORTH AND) JOHNSTON NEW YORK (RICHARI)S)
NElW ZEAl.ANI) New Zealand Concrete Researc h A ssoc. (I i braria a). Porirun
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NI:*WPORTENEWS SHIPBLDG & I)RYI)OCK Co. New~port Nesss VA (Tlech. Lib.)
NORWAY DEl NORSKE VERITAS (Roren) Oslo: 1, F'oss, Oslo: J. Cr-eed. Ski: Norwegian Tech Univ (Ilrandtzaeg).

Trondheim
OCEAN ENGINFERS SAUSALITO, C'A (RYNECKI)
(X.'LAN RESOURCE ENG, INC. HOUSTON, TX (ANDERSON)
PAC IFIC MARINE, 'IECHNOLOGY Long Beach. ('A (Wagner)
RI~TLAND1)CE MENT ASSOC. SKOKIE,.1IL (COREIY): SKOKIE, 11. (KI.IEGER): Skokie 11. (Rsch & Dev Lab.

~ib.)
PRE 'SCON CORPT'OWSON, NMl) (KEILLER)
PUERTO) RICO Puerto Ric.o (R.~ch lib,), Mayaquez P R
RAYMOND INTERNATIONAL. INC. E ('olk' Soil Tech Dept, Pennsauken. NJ
RIVERSIDE CEMIENT CO River-side CA (W. Smith)
SAN I)IA 1.ALORAE()RIEFS Library Div.. Livermore ('A
SCH UPACK ASSOC SO. NORWALK, CT (SCH UPACK)
SEAFOOD ILABORATORY MOREHEAD ('ITY, NC (L.IBRARY)

SEAlE CH CORP. MIIAMI, FL. (PERONI)
SHELLI O1l, CO. HOUSTON, TX (MARSHAL.L): Houston' TX (R. de Castongrenec)
SOUTH AMERICA N. Nouei, Valencia, Venezuela
SWEDIEN Cement & Concrete Research Inst.. Stockholm; GeoTech last: V131B (Library). Stockholm
TVCHNICALC (OATINGS CO Oakmont PA (Library)
TEXTRON INC BUFFAL.O. NY (RESEARCH CENTER 1,113.)
TIDlEW ATER CONSTR. (C) Norfolk VA (Fowler)

UNITED) KINGIX)M C'ement & C'oncrete Assoc Wexhain Springs, Slough Bucks: Cement & Concrete Assoc.
(I ibraly). Wexham Springs. Slough; ('ement & C'oncrete Assoc. (Lit, EAx), lBacks: 1). Ice. London: D. Ncw, G.
NIauinsell & Partners. London.. Library, Bristol: Taylor. W oodrow ('onstr (01 4P). Sout hall, Middlesex. Traylor,
Woodrow Constr (St ubbs ), Sout hall. Middlesex: U niv. of Bristol ( R. Morgan), Bristol

UN *IF'l)' lE.CHNOIA)GI ES Windsor Locks Cl (Hamilton Std IDiv., Library)
WATT BRIAN ASSO('INC. Houston. TX

* . WESTIINGHOUSE ELECTRIC CORI). Annapolis MD (Oceanic D~iv [Lib. Br-yan(: Library, Pittsburgh PA
WISS. JANNEY.E.L.STNER, & ASSOC Northbrook, It. (I),W, Pfeifer)
WM CLAPPI.ABIS -13A'ITE'L-'I.E I)UXBURY. MA (lIB1RARY): LDuxbury. MA (Richards)
WOODWARD-CLYDE CONSUL.TANTS PLYMOUTH MEETING P~A (CROSS, Ill)
ADANMS, CAVE '(RFl') Irvine, CA
ANIONTEEI)SK() lBronxville NY
BRA HI'! L.ai Jo'lla, ('A
BRYANI'ROSE Johnson D~iv, UOP. Glendora CA

BU LLOCK l.at CanadaI

GREG PAGE EUGENE, OR
RF, BESIER Old Saybrook CT
R.Q. PALMER Kaitua, HI
SMITH Gulfiport. NIS
TV. MELRMEI. Washington D)C

E'EC Morris. Donald Gi., UIT
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