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TiLi~SI3 A1~~ThACT 
~T)

~his thesis is a critical review 0: the literature on the occurance

of lead, lead products, and their intrarelationship to the epidemiology

of lead poisQnin~.

Lead has always been present in the soil, in water , and in air, fol—

lowing the bumin~ of wood and coal; also in plants, ootn edible and in—

edi~le. Lead in soil ranges from 2-200 ppm and averages l~ ppr~. Cholak,

~cdafer , and Sterlin~, foun d the lead content of soil in Urban Cincinnati

to ~e up to 360 ppm. In natural oodies of water, tne concentration is

r.iuch lower — between 0.001 arid 0~01 ppm. Throughout recorded history ,

lead has been well known and widel~ used by mankind. The prehistoric

netal was used for ~1azin~ pottery by the early ~(Zfptians dating back to

7000—5000 3.C. In the United ~3tates, some lead was mined in Vir~inia in

1621 and the discovery of lead in the Mississippi Valley was reported in

1960. In. 1763, the lead industry started production on a permanent basis.

Since that time , lead has continued to ~e mined and used on. an escalating

basis. Mine production in the United States in 197k, was 669 thousand

tons, while the domestic consumption was l5~0 thousand tons. Since 1763,

when t h e  lead industry began in this coun try , 9k billion pounds oi~ lead

(this total excluded all lead that has been recycled), have been consumed

in products that are mow in our environment.

The hazards of lead toxicity in the minin~, and manufacturing of lead

when lead dust and particularly lead fumes are encountered , are well

known and monitored. However, there may be many additional sources 01’

lead in the environment that have the potential for adding to the total

I-
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body burden of lead as evidenced by increased biological lead levels. It

is impera tive that those personnel engaged in Industrial Medicine be cog—

nizant of these and be able to evaluate their potential effect  on the m d —

ustrial worker. This thesis covers the history of the Lead Industry with-

in the United States, the sources of lead used in commercial products and

sources of lead in the environment , and a review of the epidemiological

lead poisoning cases appearing in recent literature. 

~~~~ -~~~~-~~~~~ -~~~~~~—— -- ~~.
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I. INTRODUCTION

Lead is one of the first metals used by ancient man. It occurs

everywhere in man ’s environment , in his food , in his utensils , in his

home and in almost everything which comes into intimate contact with his

ti~ inne (i). In all proh~biltty, m~.nntq qtai~ntitinm of )“a’~ entqr Mn

system while he is still nourished in the placenta. Lead remains in his

tissues throughout maturation and until death. Barring any massive

accumulation of lead within the system or any greatly increased lead

consumption above “normal , ” the lead appears to be a benign contaminant

within the biologic system. In the “normal” range of concentration lead

appears to play neither a beneficial nor a detrimental role . However ,

when the normal range is greatly exceeded and there is a massive body

lead burden, we get into what is termed lead intoxication.

The poisonous propert ies of lead were discovered early. The ancient

Egyptians are said to have used lead for a homicidal poison . Inadvertently ,

the i4~ypt$ane pn%soned tht~ini~~’1ve s by ufi l f l f ’  1t~a~I noiita~ner8 to stnre tha tr

wine . At the same time , their slaves foil victim to occupational lead

poisoning as they mined , srnolted and manufactured lead products for their

masters. As early as the Fourth Century, B.C., lead toxicity in the

mining industry was recognized and recorded by Hippocrates (2).

Lead has perhaps been studied more than any other metal on 4~arth .

Certainly more has been written on the properties of lead and its compounds

and their effects on the biologic system than any other metal. In fact ,

there have been so many studies and such voluminous amounts of printed

words on the subject of lead that it staggers the imagination. The amount

“S.-- --
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of knowledge , unfortunately, does not correlate even closely with the

volume of the literary outp.~t on the subject (i). Many studies, at least

to the beginning student, seem almost irrelevant, and tend to lose sight

of their objectives. Other studies are confusing and there are apparent

contradictions among the experts. Yet , much about lead and the biologic

system remains unknown. For example , it in not known whether some

quaittit.y of rl ewl in e~sminL1~*~I. or evew j~iiyiiio.Lo1~1.wtLty ~u~t~iu1 to U~e living S

organism. Lead is ubiquitous, so ingrained in living tissue that it is

nearly impossible to study cell life in. the absence of lead.

For the average health scientist to wade through, examine and inter-

pret the current literature would require great quantities of valuable

time and unimaginable fortitude and he would probably end up confused

and in despair. So much has been said about lead, so many hypotheses on

the effects of lead have been postulated, and so many opinions have been

offered that a search of the literature could lead to bewilderment and

confusion. The world renown export on lead, Robert A. Kehoe, has stated

that laymen know little of the poisonous pro portion of load and that few

phynt tistnn ou tii i t e  ol’ iIk1ul~ ~ ry h~vo ~ iy ~x ~~~~~~~ tht~t qIuLllfinni thorn

to diagnose or treat lead poisoning (3). It has been assumed that many

cases of lead poisoning, especially those occurring in very young children

or among adults who have no obvious exposure to lead, go unrecognized.

It is the purpose of this paper to glean from the prestigious annals

of science a simplified thesis on lead and its compounds, . It is hoped

that by enumerating lead manufacturing processes and products, this will

give the health scientist insight as to where lead hazards could exist.

This paper will discuss lead in the environment and some of the processes 

.-- .-~~~~--~~~~~~~~~~~~~~~~~-.-
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— which have added to that lead. Its aim is to cover the most recently

reported cases of lead poisoning and to correlate the lead poisonings

to lead products or processes. To attempt to write a comprehensive

critical review of the mass of literature on the biological effects of

lead and its products would be foolhardy and presumptuous; rather , this

paper will. offer a skeleton framowork of pn rt innnt inl’ormcttion on the

lead industry , lead in the environment , ~nd lead poiboning. 

— - —~~ - —~~~~~ -- ~~~~~~~~~~~~~~~~~~~~~~~ ~~~
—
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II. LEAD PRODUCTION AND UTILIZATION IN THZ UNITED STATES

A. Bpcjcf!~round

Throughout recorded history lead has been well known and widely used

by manki nd. Lead was amon~ the first metals known to tho early hgyptiann ,

I lebrewe and Ili ,nr,1 cii non nu~ IuI ,.i y •~ 1’ Lhn rt,,(i nil t. np~i1 t CUt %A,OIICI IIP.V’’ p’’ I~~ I ,s I,”l

throu r~h the centuries. The probthtorio notal wan thought to have been used

for glazing pottery by the early Egyptians dating back to 7000-5000 B.C.

The earliest known specimen of lead, a figure from the area of the Dardanellea

on the site of an ancient city called Abydos, dates from 3000 B.C. Old

lead pipes have been found in Egypt and the hanging gardens of Babylon

were said to have been floored with soldered sheets of lead (Ii.).

In the United States, some lead was mined in Virginia as early as 1621

and the discovery of lead in the i’tississippi Valley was reported in 1690.

In 1 763 the lead industry started production on a permanent basis (5). Since

that time lead has continued to be mined (Figure i.) and used on an escalat-

i i ;  1i~.n~ ~ (~ i j o  re ~ no~ t’~t 1ii~t 1 ) . ii ~~~~ ~ o i.i~ei ~~~ (.t~t t h

1 974 was 669,000 tons , while the domestic uonnumption was 1 ,550,000 tons (6).

Although the United States has boon the world ’s leading lead-mining nation

from 1.929 to 1974, it has required additional sources of lead to meet do-

mestic requirements which have increased from 605,000 tons in 1 920 to over

1 .5 million tons in 1,974. Production from scrap (recycled lead ) was first

reported in 1907 at 26,000 tons and in 1974 it was up to 632,000 tons,

nearly 41. percent of the total consumption. Approximately 3.6 million

tons of lead were consumed on a world-wide basis in 1 974 (6 , 7).

The relative inertness and malleability of lead enhances its usefu lness

~ 



~~~r-~~~~~~~j J  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~

‘ ‘

~~~~ 

—_

FIQJRE 1. $ SI~~LTER PRODUCTION OF LEAD

Yearly Output for 10 Year Uriod a, 1801-1974
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‘IQJBE 2s U NITED STATS’ C0NSUI’~PTI0N OF LEAD

Average Yearly Consumption for 10 Year ~~rioda, 1900-1974
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TABI~ Is UNITED STAT~~’ C0NSIfl4P~I0N OF LEAD
(In Thousands of Tons)

1925-30 31-40 41—50 51-60 61-70 71—74 Total

Ammunition 211 349 612 1140 648 34.1 2,601

Bearing Metals 186 12,5 352 290 194 62 1,209

Brass and. Bronze * * * 234 217 83 534
Cable Covering 1,110 669 1. ,446 ?t’9 5’/5 161 4, ‘/80

Casting Metals 101 * * 117 77 35 375
Csulking lead. 2.76 1311. 385 598 599 90 1,982

Collapsible
Tubes * * * 105 119 20 2114

Foil 198 20,5 116 41 ~48 1~8 625

Pipe, Traps
and. Bends 190 190 382 271. 197 73 1,353

Sheet lead 289 2.96 358 279 272 96 1 ,490

Solder 208 189 536 729 7011. 277 2,611.3

Storage
Batteries 1,130 1,7413 3,045 3,590 4,739 3,008 17,268

‘ror n.~ tki ittI. 41. 40 11 1(1 ‘/

Typo Metal 98 130 239 2711. 275 83 1 ,099

Pigment Colors 913 1,163 1,245 1,173 952 279 5,725

White Lead. 701.1. 716 502 170 80 12 2,184
S RecI Lead and.

Litharge 209 447 714.3 789 784. 310 3,202

Gasoline
Adc3..ttives ‘ 728 1 ,6i4 2,286 1,067 5,695

Others,
Unclassified 4.60 586 1 ,307 709 489 286 3,897

TCTAL 5.271 5.770 1.0.791 11.272 12.40? 6.007 51.518

From Minerals Yearbook (7) *Data not av&ilable
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to man . It is easily worked and is non-corrosive , making it the ideal

metal for a large number and variety of materials and processes. Many

of the processes utilizing lead have changod in recent years due to

enacted. laws and regulations. However , as old processes are deleted,

now onos tend to increase the demand for lead. The United States’ con-

sumption of load continues to rico • Trends in tho consumption of load

within tho Unitod ~tntor i cnn ho noon in Tnhlo 1 • J .c:iA In all itround un;

it starts our cars , until rocortly was unod to keep the knock out of our

engines and makes the car bodies sleek and smooth. It was the paint on

our houses and remains the corrosive resistant coating on our bridges,

is in the glazes on tiles and the porcelain enamel and on aluminum; it is

in the finest crystal and optical glass. It shields against radiation.

It makes the joints in cast iron pipe and has been the type metal from

which we printed (8). Lead radionuclides are usefu l in geologic dating

and. documenting the cycling of the metal in the ecosystems (9). Lead is

ubiquitous in the environment and is present in small amounts in all

livin(~ th.tn~s.

B Unj tod St~tos’ Lead Indust~~
j .. Genera].

The United. States’ lead, industry is the largest in the world . It

has developed, from small , intermittent mining operations producing 1 ,000

tons per year to 669,000 tons in 1,974, which presently accounts for 26.5

percent of the total world output . While United States ’ mining accounted.

for 26.5 percent of the world ’s total output , United States ’ consumption

accounted for 43.3 percent of the world’s total , or for 1,550,000 tons .

S . - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — — -~~~~~~~~~
... --~~~~~~ - — -~ ---~~~~~~~ -. .-. - --. ---,,.— --~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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It is estimated that over 70 million tons of lead have been consumed in

the United States since production began in 1763 (7).

The supply of lead to meet domestic requirements is derived from

four sources~ domestic mine production , imported ore , concentrated

imported metal , and domestic secondary metal. In 1974, domestic ore

accounted for 88 percent of the 764,000 tons of primary refined and

antimonial lead output and imports of ore and b.~llion for 1.2 percent

Domestically refined primary lead supplied 11J+ percent of the 1 .714. million-

ton apparent demand for lead in 1.974 ; imports of metal provided for

seven percent , and. secondary lead for 36 percent. The rest came from

industry stock reduction and. Government releases (6).

2, Primary Sour~~~
Lead is derived from ores varying widely in lead content as well as

other metals recovered as co-products or by-products; sources of lead

range from the virtually zinc-free lead ores of the old. iiissouri lead

belt through the complex lead-zinc ores of the Western States to the

nearly load-free zinc ores of the L~antorn States. ~ssontially, all ore

is mined by subsurfaco methods , and the ore is benoficiated at the mine

site . The concentrates are shipped to smelters and refineries for re-

covery of by-product metal and. production of commercial grades of refined

lead .
S a

3, Sec~~~~ry Sources

~ionOti i~ttry ln,v~ in  :I.ow l ir v.~d from riu1vng~ 01 wo rn O~ t on~— pr oluot

items, such as battery plates, cable covering, pipe, and sheet, which

are collected, romoltod , and refined in socondary omoltors to produco
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• refined lead or various lead-base alloys . The secondary lead industry

is of major importance in the domestic supply pattern , as lead recovered

from scrap materials has exceeded domestic mine production since 1.945

and. domestic primary mota]. production since 1958. Over 200 companies

process lead scrap, principally old. batteries (approximately 75 percent),

and produce alloy load for industrial use . Gasoline additives and pig-

tt$it I t.fl ft7’fl the flU%jf ;x’ CIa l.ft/ 1,,. ‘In 11) UlI .1 ni sl in j *i i i  vu~t iii I. ly ion L.. ,t,s’l

galvanizing, foil, soldor, and collapsible tubes are to a largo degree

also unreclaimable • The National Lead Company and the American Smelting

and Refining Company own and operate, through subsidiaries, secondary

smelters having almost 50 percent of the secondary capacity. The re-

maining 50 percent is owned and operated by companies, usually limited

in scope, producing various metals from secondary materials • These

small operations tend to have minimal or non-existent occupational health

programs and. give the greatest risk of producing lead intoxication.

~~~~~_~p;1pU~u~~Apfl j~t~tp~q

The connumption pattorn of load hat’. changed cignificantly an now

technological developments have utilized the versatility of lead . The

major use of lead initially was in building construction and piping ,

owing to its corrosion resistance and formability. ~iany of its present

uses are recent developments . Figures 3 and 4. compare the consumption

of lead. by products in 1. 925 and 1,9711.. Figure 5 is a composite of U. S.

consumption of lead by product from 1925 to 1974. Today lead is vital

to transportation, communications and. electrical power transmission and

is used in the medical field , atomic energy and many chemicals. Lead is
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FIWRE 3i U. S. C0NSU M?~I0N OF LEAD BY PR0WCr, 1925

Totals 857,000 Short Tons

i’i~~~u~~~~tn 19.~/ /~“Uhi t. 15.’i,~Red i~. 8~4 
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/ /
/ Cable

Storage / Covering
Batteries \ I 14.0%
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/ j  ~. Beaxings 4.0%
Foil 
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From Minerals Yearbook (7)
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~IQJBE Mi U • S. CONSUMPTION OF LEAD BY PROUJC’r, 1.974

Total s 1,550,000 Short Tone

Storage Batteries
.53.7%

Gasoline
Additives

16.2%

,5/7
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~~~~~~~~~

Weights .“
1 .3% Cable

Brass aM Covering 2.5%
Bronze 1.3% / \ \ \ \ So~d~r 4.1%

Other 3.6% I \ \ \_\ ~ 
Caulking i.2%

j ~‘.
Ammunition 5.6% Pipes, Traps, Bonds 1.0%

—  
- Typo Metal 1 .3~~
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FIaJBE 5s U. S. CONSUMPTION OF LEAD BY PRO1XJCT, 1925-74
Total s 51,518,000 Short Tone

(~n.rto% inn
~~ Ljtjy ogj

11.. i%

Pigments 11.1%Storage White 4.2%
Batteries Rod. 6.4%

33.5%

\..Caulking ).a4
/ Sheet Metal 2.9~Am mition 5.~~~I / i I/ J \- Pipes, Traps, Bonds 2.6%

Other 2.3% 1 I L Bearing 2.3%
Foil 1.2% J Type l’~ta3. 2 • 1%

From Minerals Yearbook (7)
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still used in construction to provide noise , vibration, corrosion and

moisture control. In recent years there has been an increasing demand

for battery-powered vehicles for industrial delivery , material handling

and sport use .

C. Lead Consumption in the U nited States

tL..J3.t9Xf lI ~O ~~~~~~~

~Jtoragn hat~erien aooountoU ror I;IO i~O Lhtui hal f (~i~.~,oou Loirn) of Uio

total lead consumed in 1.974 . Over 1.7 million tons of lead have been used

in the battery industry--or approximately 211. percent of the total lead

consumption. Technological improvements and efficiency in manufacture ,

combined with the low-cost of materials have helped to maintain the

position of the lead storage battery far ahead of its nearest competitors

for portable power sources . The increasing numbers of new motor vehicles ,

as well as the growing number of vehicles on the road which require re-

placement batteries , have been the principal factors in the growth of lead

storage batteries. The battery industry has continued to develop more

I o~1n t ’Iul . , 1.onr,o ~‘—i .~ i’ ’ 1 ~~ 
(,~ i’~ s n  • ti tat ~ U lL(tliO~I ~1, Iii it~d by .1 nti rt~anl n~

the ratio of lead oxide , the active part of the battery , over the inert

part from 50t50 to 60s40 . As a result , for the same amount of lead and

oxide , today ’s automotive battery provides three times more current for

starting an engine than the battery of 20 years ago. An associated market ,

with long range potential , is the battery-powered urban vehicle for limited

range service • Such vehicles are pollution free and contribute to overall

fuel economy by using off-peak power (io). Batteries are the fastest

growing and largest outlet for lead throughout the world--for motor cars,
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electric vehicles , and other appliances , for emergency lighting, ~~ c.ete,~~~
wherever portable power sources are required. About half of the lead used

in batteries is in the form of lead alloys and the other half is in the

form of oxides, The essential unit of the storage battery is the plato

contai ning a conductive framework or grid, which serves to hold. the active

lead material. The nogativo plate in the finished battery consists of

metallic b oil in a porotrn or npongn for~i , whim tho pon tt tvo pl ate in

lead peroxide . Amperage in built up by placing a nurnbor of plates in

parallel. Batteries are , in fact , enclosed packages containing about 20

percent lead where little or none of the lead in them can enter the environ-

ment during their use. Virtually all the lead used in the batteries is

recovered, largely within the short period of three to four years ( i i ) .

The reclamation of lead is primarily fro m batteries and accounts for most

of the recorded 23 million tons of recycled lead in the United States (7).

The problems with lead in batteries , from a health standard , arise in

the manufacture of the batteries , usually a closely scrutinized and medically

niipn rvined process , ~~~ roo:1a~iiation of used batterion , a pr000na not al ways

no closely scrutinized and supervised . UUier reported oases of lead poi-

soning have come from the burning of battery casing for home fuel and the

dicing of motor car bodies ( 1.2).

2. Petroleum

The petroleum industry used 251,000 tons of lead as a gasoline anti-

knock additive in 1974.. Since its introduction in the early 1940’s, lead

as a gasoline additive has accounted for 14.1 percent of the total con-

sumption . Comparing lead additives to gasoline with other lead products

since 1925, it accounts for just a little over eight percent of the total. 

—.~~-5, . -
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Lead as an additive has slipped from a high of 260 ,000 tons in 1970 , due

to the influence of new cars burning non—leaded gasoline and a lesser

number of miles being driven. Tho i~nvironmontal Protection Agency ruled

in 1 973 that lead in gasoline must be reduced by two-thirds by 1.979 (13).

The Clean Air Act Amendments required control of hydrocarbons , carbon

rnnnox l,t ln ttnil ,ijtrr ~~n:i cxi dnn , TI~n m m  i’nruvl c C th’ an Ln,icbi. i.e t n l u r i t r y

in meeting the 1 975 stan 1ar~l~ wan to employ catalytic roamtomn on their

exhaust systems . As theco are foubod by lead in gasoline , most 1 975 modol

cars must use unleaded gasoline . The net effect of the reduced amounts

of lead in gasoline is unknown. Actually, the petroleum industry uses

more lead than indicated , because it employs large quantities of sheet

lead and lead pipe in the construction of corrosion-resistant equipment .

Lead is also used in heavy-duty greases--for example, for use under water

where its lubricating properties are effective after the grease has been

exhausted , and in gear compounds for drilling machinery. Approximately

2 ,000 tons per year arc consumed in this manner , which does not apply to

automotive groanos (9).

To t.raothyl and to tramo thy! lea’.1 have h~~1iI tvl ’1~ t .t to j~uioI 1 mci

this has boon the most convenient and economical method of increasing the

octane ratings of all grades of gasoline which improves the performance

of modern high—compression engines. Lead has good cost effectiveness in

raising the octane number , is beneficial in the preparation of a balanced

gasoline , provides blending flexibility in the refinery , prevents valve

seat sinkage , and reduces carbon emission (14.) . Load is added to gasoline

in the form of tetraethyl or tetramethyl in amounts ranging from a few

drops up to four cubic centimeters per gallon . Of the 5,695 ,000 tons of

- . .—--.- ,
- . — -,

~
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lead that have been added to gasoline , approximately one-fourth was re-

tam ed in the car--in the exhaust system , the engine oil , and filters.

The rest of the lead , 4 ,270 ,000 tons, was discharged in the exhaust with

the gaseous products of combustion , the load itsoif being mainly in the

form of fine particles of load compound s , which constitute about one-

third by woight of the solid s in the oxhaunt . Half of the load-containing

i~~., ttc i iiiat~n,i ra i l  u Lr, Li,’, ,~ u’ i,tu I w t  i.l,1,it e~ .i’nw I,ts ,s ’ l p e , i i 1’t~ iL ,,l

and is then washed away and dispersed in tho soil and drains , liner

particles may be carried considerable distances before they are even-

tually deposited (ii , 15).

3. Pi~~.ent Colors

The paint industry, the third largest user of lead in 1.974 , utilized

1.07, 000 tons of lead., It has accounted for more than 5,725,000 tons of

lead since 1925 or 11. percent of the total United States ’ consumption.

Of this portion , 2,1.84,000 tons were white lead . The weathering charac-

teristics in white lead and red load make thorn valuable for outdoor use ,

~IIit (.c iciwl , i~trctu :i ntu~ m~ ri~ , pcaie (;~~‘~ ~ . I);’) , wan , tm Lii’’ }~utL

extensively usod as a pigment for paints • About 50 percent of the white

exterior house paints on today ’s markets are oil based and. contain amounts

of white b ad, that vary with the manufacturer’s formula . In recent years

production has been declining sharply (i~igu re 6) and in 1.974 accounted for

only 2 ,400 tons of lead . Only part of the white lead is used. in paints ,

the other major use being as a stabilizer in plastic sheathing for cables,

The traditional white lead paint weathered by “chalking” and so some

of the lead carbonate would have boon washed away by rain, to be dispersed

into the environment . The widespread use of white lead paints in the past ,

-~~~~~ ~~~- - - - - -- ~~~~~~ --~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --~~~
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FIQJRE 6* CONSU I’lPrION OF LFJ.D ?OR PIGkiENTS

Average Yearly Consumption for 10 Year Periods, 1925-1974.
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both indoors and outdoors, means there are many old buildings in which

these paints can still be found , even though they m a y  have been covered.

with other paints. Lead paints constitute a recognized hazard because

of I laI:ing and chalking and from tho lead-containing particles released

when old painted timber and painted fu rniture are burned.

Over 3, (’40 ,000 tons of ).nrvl have been used in red l oad and ).ithar,~n

nines 1. 92 ’j (7). Itod j.Oa(1 IUc..I ~~ mi~ ro recently ii.ivel.opod Olt i etcu ,  plit i iii~t ,,Ln

are widely usod. as rust-inhibitin(~ pigments in primers for iron and stool.

The primary health problem here lies with the welder who would cut through

thick layers of lead-based paint or primers with an oxyacety] ene flame ,

producing b ad, fumes. lihen welding is done in a confined space, it presents

a major lead hazard and. one whIch is difficult to control without fitting

‘the workman with a fresh-air breathing apparatus.

Lead chroinates provided some 1.6,000 tons (as lead) of yellow , green,

and red. pigment colors in 1.974. These found many uses, for example , in

traffic marking paints and printing inks (6), However, bead chrornato is

aiuot ,~’; the least icolimbl .ci cC a’I 1 1 ~~ui ( mo j; I I )( ~m I , I i h1 . T u e  p~c1 i i i :  1 udnic t ry  umc ’ , r s

severa l other lead compound s , including white basic load sulfate and bluo

basic load sulfate. The lead associated. with “load pencils” is lead

chronate which has been ucod in the yellow paint pigment . Load pigmented

paints, like all paints, tend. to be eroded and , therefore , can be said to

constitute a source of lead on~or~ng the environment. Other bead pigments

are used in paint for ceramics , crockery, glass, printing fabrics, artist’s

colors, marking pencils, engraving , and dyes. Lead is also used as a drier

in paints for glazes and enamels on pottery, porcelain and chinaware, 

- - , --——~~~~~~~~~~~~~~~~~
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4, Ammunition

The ammunition industry accounted for 87, 000 tons of lead in 1.974.

and 2,600,000 tons (five percent) of tho total United States’ conm3urlption

since 1925. There are scores of typos and sizes of bullets and shot

manufactured for cartridges for the many typos of guns , rific s, pistols

and machine guns that exist • A nu mber of chemical, compounds of lead are

also imr ~)r tAmt in anmii,i I ,il .tien • J ott’ I aV.t ’ I I) I s ) )7 . ’O iHth’Ly men L I. mi~orLtui L its

a detonator for explosives, while lead r,ulfocyanato, nitrate, peroxido

and styphnate may also be employed . Antimonial lead is used for shrapnel

balls and for practice bombs used by military fliers • Ammunition used to

train airplane gunners is made from a mixture of load powder and plastic

so they shatter when striking the plane ’s sp~cial armor , instead of pene-

trating it, A lead. poisoning potentially has been reported from lead dust

in shooting galleries and there may be an additional lead body burden from

eating game killed with lead shot .

USI ‘1i~i1. ~~ ~)rir1ri t ’5 ( p 1~ ~ 
)
~) 

~,‘ ~~ I’ 1 ~~~ I .1, ii I ‘)‘/ hi itiid ‘ , ,Oi ‘(I

tons (~ .i. percent) since 1 925. Load-containing solders have many appli-

cations , mostly in industrial processes, and are used extensively in the

electrical industry and plumbing and in the canning industry. The tin can

industry uses 7,000 tons of lead per year just for soldering seams and

closures. In addition, it uses an inseparable amount, classified. under

coatings, in the form of terne plate (8). For soldering, the automobile

industry uses about 1.2 ,000 tons per year and in addition to the solder

used for the radiators, uses lead solder to smooth out joints and other

_ _ _ _ _  ~~~~~~~~~~~~~~ ~~~~~~~ ~~~~~~~~
. - _ _ _ _ _ _
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irregularities in the body surface • Automobile body shops have, in the

past , been users of body solders to help heal the wounds inflicted In

modern traffic .

The most frequent source of non-industrial lead. poisoning in adults

is from moonshine whiskey contaminated with load from the use of automobile

radiators in the distilling process (12). In excess of 200 micrograms

ix~r 11 Lu r oX ~1oiu1 Iutu ~en i & 1inui’I I i ~ ~~~~~~~ I oo’ln tti~’~ Iuti, bn~,,, at Lj ’.I hti Led

to leaching from the soldered scalrms (16). Canned milk has been analyzed

to have in excess of 800 micrograms of lead per liter (17).

6. Cable Cove rij~

Thirty-nine thousand. tons of lead wore used for cable coverings in

1974, and 4,780,000 tons have been used for cables since 1925 (9.2 percent).

Lead is used in the construction of two general types of electrical cable——

cable for communications over telephone and telegraph lines and cable for

the transmission and distribution of electric power, both in overhead and

underground line construction (8). There are thousands of miles of lead-

~nhea.tumnd i~abl a in use tcday ,  ~1imo h cC I t .  buvl.od in the grou nd

7~~ Conct~ ictj o.n

In 1974, 55,000 tons of lead were used in the construction industry,

primarily as pipe, sheet and caulking lead. Since 1925, over 4,625 ,000

tone of lead have been used in construct ion (9.~ percent).

p. Lead Pjvc

Lead pipe is used in the plumbing system to handle plumb ing

wastes and has been used in the water distribution system to conduct

- —  - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~— __
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water from the street. Supposedly, today lead pipes are seldom used in

this country to carry potable water; however , many older buildings still

use lead piping (18) . Lead. water pipes can cause problems when the water

carried in them is plumbo-solvont . Considerable literature has appeared

on the subject of the solvent action of certain natural waters on lead .

It is generally accepted if the water is of sufficiont hardness no dissolution

of the metallic load in the piping system taken piano and thorn in no dange r

of load intoxication from •
~~~~~~~ 5 source. JIouo v~ir , Water iuiu~ L Iutt vo a total

hardness of at least 50 milligrams per liter to form a protective film of

basic carbonate on the insides of the pipes to prevent the lead from becoming

solvent . In addition to the lead pipe used. in plumbing there are lead traps ,

lead bends, lead vent pipes, lead. floor flanges for setting water closets ,

lead hangers for bead pipes, and shower pans and other water-proofing

throughout the system. In industrial application lead pipe is used exten-

sively to conduct corrosive chemicals . There has been a decreased demand

for lead pipe in plumbing compared to what it wan in the past , but there

exists a lctrgo amount of load pipe in obdor construction.

b. Sheet Lead

Sheet lead is used to a limited extent in roofing , f lashing,

gutters and the like on the more monumental buildings, or buildings where

special corrosive problems are involved . Sheet lead is used principally

in the various chemical industries handling sulfuric acid , as well as

other acids , plating baths , and. tanks for chemical processing . Lead is

also used in vibration and radiation isolation . The widest use of lead

in isolating vibration is for the foundations of buildings adjacent to
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railroad tracks or other sources of vibration. Similarly, lead is fre-

quently used under machinery foundations in buildings to prevent the

vibration of machines from being transmitted to the building.

c. Caulkjn~ Lead

Caulking lead (9,982 ,000 tons since 1925) is simply soft

metallic load whono main use in to make joint s in cant iron water mainn ,

sewer and soil pipe.

8. Type Neta).

Type metal accounted for 20 ,000 tons of lead in 1971+ and over

1,100 ,000 tons (2.1 percent) since 1925 . A modern newspaper plant

may use 1.00 tons of stereotype metal cast several times over within a

214. hour period . In an ~~ vitro study of the extractability of lead in

printed matter it was found that up to 200 micrograms of lead could be

extracted from “small” pieces of paper at pH values in the range of hu man

gastric fluid (1.9).

- JIi~~i.ti_ ~n1 - I

Twenty thousand tons of lead were used In brass and bronze in 1 974,

either for the properties it imparts to bronze for bearings or for free

machinability in brass. Statistics available only since 1951 show that

534,000 tons have been used in conjunction with brass and. bronze .

~~~~ 
‘~1eight s and Ballasts

Twenty thousand tons of lead were used in weights and ballasts in

1 9711.. Statistics available only since 1.951 show that over 300,000 tons

of load have been used as weights and ballasts. The use of lead as weights

_ _ _ _ _ _ _ _
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or balances are numerous; a few are balances fors machinery, locomotive

and train wheels , automobile wheels , anti—aircraft guns, diver ’s equipment ,

industrial trucks, airplane control surfaces and propeller., naval ballasts,

fishing sinkers and seine weight..

it. Bearings

Boartnpm aecountod for 14 ,000 tons of lead used in 1 974 and 1 ,209, 000

tone (z.~ peroent ) since 1925. Lswl—base alloys are being used today in

almost a]1 kinds of bearing applications. Among these are automotive

connecting rod , main and camshaft bearings , diesel engine bearings, steel

mill bearings , older railroad car journal bearings, all kinds of electric

motor bearings and. a variety of other industrial applications .

12. I~isce1laneous

Of the total 1,550,000 tons of lead used in the United States in

197~+, 1+0,000 tons have not been accounted for and will be lumped together

as miscellaneous and only the more important uses will be discussed in

any detail.

Ap p roxi n ua lely ~~~~~ ti nn oi inwi hstvn boon nnnu t ~n pen tlotd nn per

year (decreasing since 1946). Some of the compou nd s used as pesticides

are lead arsen ates , lead pheno lates , lead nitrates and lead monoxide.

A growin g use of lead is as a stabilizer in plastics. While the lead

content is usually small , amounting to only a few percent , the total use

for th is p~rpose amounts to several thousand tons per year. The principal

use is in vinyl plastics for electrical cable insu lation , but it is also

used in plastics for many other parposes such as floor coverings, hose

pipe and sheet .

A number of commercial uses exist for powdered lead . Lead powder.
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are used as a constituent of bearings, brake and clutch facings , as a

plastic filler, in the manufacture of rubber, free machining steel ,

paints, lubricants and pipe joint compounds.

Lead woo]. is used for the same porposee as caulki ng lead , but since

it is used. in solid form without heat it can be employed under water or

in gaseou s locations where heat would be dangerous or impossible to uno.

It in alno used for pin g,~~n,~ oil walls. T,nmd in un~d tot? sno~alt~t~ pias~tUs ,

rubber hose , and in Impr ession load, used. in the printi ng trades, as well

as dyes for stamping aluminum.

Lead foil , collapsible tubes and seals all play important roles in

modern packaging. Lead. collapsible tubes are used for paste products ,

such as mucilage, shaving and dental cream and colors-in-oil. Lead. foil

is used by the Military Ordinance I)epartment for packaging various ordinance

materials. It is used for packaging x-ray and Polaroid film. In addion

to packaging, foil is used extensively in the manufacture of paper-wound

condensers and mica condensers for use in various electronic circuits

including television and radio sets. Load foil is used in motallio packing.

A lno , it wan a famili ar n .tgh~ aL Chtlo-Lintui tu na an a Uhrintma n true doc o—

ration in the form of tinsel (zo) .
The use of lead in the ceramic and glass industry has inc reased sub-

stantially in the last few years and now consumes upwards of 30,000 tons

per year, mostly in the form of oxides and silicate , many which are imported

and do not show in the consumpt ion statistics. The finest glass tableware -

and optical glass, as well as most glass for electrical and shielding

~xarposes, may contain large amou nts of lead. Glazes for china and many

structural clay products may also contain lead . Lead is also used. in

electronic application s, such as lead zirconate-titanate, as piezo-electric

_ _ _  ~~~~~.—- - -- - --.-~~~~~~-— ~--.~~----rn~ . - - -—, . -~~~~~~~~~~~~~~~~~~~~~~ -.- -
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product in ultrasonic cleaners and lead telluride in thermo-olectric

materials. i~Iany other chemical compounds of lead are of considerable

commercial importance . Load is used. in bronzing gold pencils , mosaics ,

printing and photography . It is used. in the manufacture of matches ,

explosives and fireworks. Also, lead, in varying amounts, is used for

cant ing motalo, manufactu ring ohomicain , annoalinr , galvanizing , and

lanAi p1 aL t,ir~.

B, Industrial Lead Poisoni~~
In 1913 at least 1,770 cases of lead poisoning in the U.S .A.  were

rep orted in 1.9 plants employing some 7,500 persons. These included 41.

encephalopathies, 35 cases of paralysis and. 1.6 deaths (zi .). These figures

contrast greatly with the present situation where cases of industrial

lead intoxication rarely occur in the over 1. .6 million workers exposed

to lead (22). The recently reported cases of industrial lead poisoning

in no way correlate to the severit y of cases reported 30 to 40 years

ago. The alleviation of industrial lead poisonings has been mainly due

t.o t~ha ~~~~~~~ tn 0~ i U ~~L I. 1 eiutt ’I. ~~~~ In liii,, ~iIii c’~i I~tVfl i i i  lIt~,I(t’” 1 ~~~~~ I it t.i.oiin

and compensation for injury and the installation of variou s protective

measure s , which have greatly reduced the inc idenco of toxic manifestations.

In the past, industrial lead poisoning has chiefly been caused. by

the presence of finely divided lead compounds in the air. One of the

greatest dangers has been in smelters from the funes of lead oxides and

sulfates from the furnaces , and next to that in the fine dust from tho

flues and baghouse. Lead. burners, who melt together two surfaces of lead

with a high temperature torch , might be presumed to have some of the most 

—-_~~~~
_-.~~~—~~~~~~~ --
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dangerous work among the metallic lead occupations if there are high

temperatures involved . Another potential hazard would be tempering

metallic objects in a bath of lead , and later on brushing off the gray

oxide coating which has formed • The very lack of evident and immediate

danger in the use of metallic load seems to induce a neglect of

ordinary precautions (zi .). Today the main problem in industrial

load poisoning in prnnuiun ~1 to ~�‘ with iho simall plants whi oh inok a

oomprohonsivo occupational inoclicino program.

E. Summary

Lead is ubiquitous to our everyday life , perhaps far more than we

realize . We have long associated lead with industrial processes; but it ,

and its alloys, are all around us. Unfortunately, it is not always easy

to recognize. About a third of its use is in chemical compounds that

bear no resemblance to the metal itself . Often it is in alloys with

other metals or is only a hidden component of some device we commonly

employ.

iil% (~O I ‘/ ‘‘) , wh oii t.~ IS .Ln~Vi l tL ’ I% ~n Lry :~u~ in I.hin unun Lry , ‘)~ iii I ~ ion

pounds (this figure exciudos all lead, that has been reclaimed ) of lead

have been consumed in products that are now in our environment • Some of

it remains in our structures; but because lead does not deteriorate or

decay, much of it lies where it was discarded in our soil and rubbish

heaps . It is necessary whom evaluating load body burdens to consider

environmental contamination as well as industrial processes. Sources

of lead are all around us.
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III • I~~D IN THE 1~IR0NMENT

A. Introduction

Lead occurs everywhere in the environment--in the soil , in the water,

and in the atmosphere • It has been dstected, in the remotest regions of

the world. and. is found~ both an a. natural constituent and a contaminant.

Toe4 is found as a. natural oonntitunnt 0-f +.ho atmosphere at 0.0005 micro-

grams por oubio motor of air (z~), with its primary sourcos being airborne

dust containing 10—1.5 parts per million load (24) and gaseous diffusion of

load from the Earth’s crust (25). Load has occurred. in the atmosphere

throughout geologic time • By analysis of annual ice rings in the interior

of Northern Greenland, it has boon found. that lead concentrations in the

atmoaphoro have incroasod from loss than 0.0005 micrograms per kilogram

of ice at 800 B.C. to more than 0.2 micrograms per kilogram in 1965 A .D.

At the beginning of the Industrial Revolution , in 1750, the ice layer

ohowocl a load concentration 25 times greater than the natural layer (9) .

Load has long boon rocognizoti as an industrial poison, but it has not

boon until rooont years that the effects of lowI an an environmental poirton

have boon considered. Nan’s activitioc have tended to incroaco tho load

love is around and. within his domicile • Industrial production of lewl and

its products have caused contamination of the atmosphere with subsequent

fallout to the surrounding soil and. wator?. ’

The motabolism of lead in man has been studied. intensively. Load.

which travels undisturbed through the intestines or falls upon the skin

to be washed off has no practical health concern . It is only when lead

is absorbed into the internal environment of the body that one begins
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to think in terms of a lead body burden. ~~antities of lead ingested or

inhaled from the general environment are thought to be small , but merit

consideration because of the total and cumulative effeots of lead in the

body.

~~~ Sot].

Lead occurs naturally in the soils of the Earth with an average order

of m~~~j tui1q ~r i(’ partM prr million ( 2 () .  Ths r9 ap~~arm to be a m~ h,rn 1

mechanism moving lead upward in the crust of the ~arth (9) . In virgin soils

Kehoe found. a range of 0.07 to 30.0 parts per million (27) . Maximum values

for natural soils have been reported over 200 parts per million (28, 29) ,

Soils near natural deposits of lead containing ores have been reported

up to 10,000 parts per million (30). No soil samples of sufficient size

have been found to be free of lead..

A range of lead. concentrations havo been found in contaminated soils

by many investigators. Soil contamination by load can be divided into

two oa~ogor 1nna bu rned lowlnd .L’uul and i.ndunL.rial ptooonscrn und protluole.

The burning of leaded fuel omits lead into the atmosphere primarily from

automobiles and bears a direct relation to the density of the traffic and.

inverse relationship with distance from the traffic. The surface soil of

parks, narrow bands along major thoroughfares and street dust in larger

cities are heavily contaminated (9, 18, 31, 32 , 33). Of the two cate—

gories, the lead-using industries have contributed. two to three times as

much lead to the soil environment as have the leaded fuels (9) , mainly

in the form of paint pigments and metallic products. The highest reported

concentration of lead from contaminated soil has been due to the contri-

bution from the natural weathering of house paints (18, 31i). The highest
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reported concentrations of lead in soil due to contamination have been

20,000 part s per million (34). Because of the insolubility of the

lead pigment , it may remain in the soi l lon~ after the paint source

ha~ been removed . The concentration of lead in the coil from weathering

house paint to dependent upo n the lead content of the paint , the dis-

tance from the house , the ni’;.o or the houn o , the dot-,rno of won.thori ng ,

the t,uti nte~ittraun lev,,l , iui. I Iho ~~ L~i~ E’o lA ) f ’j uL ~]. en t i .i 1. 1.1 ( utu • j iitt ,~~ t ’irn

and lead processing operations contribute to soils downwind from then .

Urban soil containing high concentrations is a potential major environ-

mental lead source for children (18)..

~~~ Air

The concentrations of lead in ambient air in U .S.  cities range from

one to five micrograms per cubic meter (1. 8 , 32 , 3 ,  3 6) .  fligh concentrations

of 8.7 micrograms per cubic meter from London (37) and 8.9 micrograms per

cubic meter from Tokyo (38) have been reported . Nearly 98 percent of the

airbo rne lead that can be traced to its source come s from the combustion

of leaileil m a t  or fuHi ~ 1), A i r  ov~’r 1~AV I  ~ 
y tra V~~t A i ~ ht. rO~~t .B (

~o i i t ,a i  HR

lead than that above lightly traveled ones; also , air in urban areas con-

tains higher concentrations of lead than that in rural areas ~32) . About

half of the lead-containing particulate matter from automobile exhausts is

removed from the air by gravity within a few hund red feet . The air over

the largest American cities has a concentration of lead 20 times greater

than the air over some sparsely popolated areas of the country and nearly

2 ,000 tines greater than the air over the mid-Pacific Ocean (9) .

Lead compound s in the atmosphere are dispersed from many other minor

sourcesm dusts produced by the industrial processing of leaded products

_ _ _- - - ---.—
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usually contained in the near or immediate vicinity of the processing

plant (39) ; by the exhausting of workroom atmospheres; the weathering

of lead-containing products with the resulting flaking and distribution

into the atmosphere of a portion of the lead-bearing dusts , ouch as

paint , solder, etc.; the abrasive action of automotive traffic on lead-

painted lane dividers on atreoto and highways ; the combustion of coal

~n4 ~~~~~~~~~~~~ h(’i L (1 ~n~j ~~~~ i,~ 
J,,~~1 ( m~) ,s ,mduIL m u l l  u u I t M  thus I mmmi u—

eration of leaded plastics and other materials whose usefulness has

ended ; the burning or sandblasting of lead-painted surfaces of houses ,

bridges and other structures before repainting ; the recovery of lead from

old battery cases , lead pipe , lead-sheathed cable , and sheet lead in

secondary smelters ; and , on a small scale, the welding and soldering

operations conducted in plumbing and. electrical repair shops (9, 32).

The magnitude of these additional sources of emission could be considerable ,

but it is unknown.

There is somewhat of a controversy about the role that atmospheric

lead plays in environmental lead poisonings. One group contends that

mmn ’Ier ordinary niroumotanoes the amount. of lead that com es into effentive

contact with the body through respiration is only a small fraction of the

total lead taken in through all sources (14, 40, 41, 42, 43, 44, 4 5) .  Their

contention is that there is no conclusive proof that the current atmospheric

lead endangers the health of either adults or children. The other grou p

argues that there is a significant number of low—level lead intoxication s

in children which cannot be accounted for by pica alone . The atmospheric

concentration contributes to the total lead body burden and may be a

significant factor in environmental lead poisoning (46 , 47, 48, 49, 50 ,

- - ~~~~~~~~ . .~~~~~ — - .~~~~~ - -~~~—-~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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51 , 52 , 53, 54 , 55, 56). They further argue that because leaded gasoline

is the primary source of atmospheric lead and because lead is not

indispensable to gasoline , its use in this application should be

discontinued .

Upon reflection of the dissenting scientific opinions , one is

reminded of the debate that occurrod in the early 1 920 ’s ooncornin ,~
whe them r or not, La rein I. r io  I. r ~r~ht1~ L w hi Lu, I “ a j~t 1 u t . • At. Ltua ~t ti nun

the concern was for the painter and the argument s went s

“Any prohibi tion of the use of white lead in the
painting industry would practically mean a calamity
for the consumers of paint , as the result would be
less permanen t and satisfactory work , for the reason
that white lead , when used either alone or as a
constituent of prepared paints , meets requirements
that in the prese~t state of the art cannot be
practically met by the substitution in substantial
amounts by other pic~ments for it.... The risk of
lead poisoning can be entirely removed if the workers
will observe scrupulous personal cleanliness. If
this were done any cases which did arise would be due
solely to the worker ’s own carelessness.., to describe
painting as a dan~orous t rad e is me rely an arbitrary
statement.... White lead could no lon~er be regarded
as dangerous to health, thanks to the improvements
in its manufactur e... dangers exa~gerated.. . infringe -
ment of liberties, . ., ” (57).

In retrospect , it is easy to see the fallacies of the above ariY,umento.

If the truth had been realized then , many cases of pediatric lead poisoning

wou ld never have occurred .

It is clear that one major source o~ genera l environmental contamination

is the combustion and dispersion of lead alkyl compound s used as auto-

motive fuel additives. Much speculation has been offered as to their

contribution to the total daily arsimilation of man ; howc~ver , fac tual data

is very limited and mostly unknown. In children , also , the extent to

which atmospheric lead in congested urban areas contributes to increased
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load absorption and lead poisoning is not clearl y defined ; here , however ,

many authorities feel that atmospheric lead due to leaded gasolines could

be significant .

D. Watar

The lead content of natural waters ranges from 0.001 to 0.06 milli-

grams of load per liter of water (1. , 27, 58). The natural or treated

wsttui r mu ppl 1 “n av rt i 1 n.1,1.uu f~; r usui~ I a Lh’u (I umi In-ti t.atmiut ~ u sums ~ I ty  nunt.aS.n

about 0.01. to 0.03 milligrams per liter ( 59 ) ,  woll below the United States

Public Health Service ’s standard for drinking water of 0.05 milligrams

per liter. Consequently, water does not constitute a significant source

of lead ( 1.). Lead in surface waters is usually associated with sediments

of suspended solids rather than dissolved in water. Because most of the

lead entering the aquatic system via precipitation and runoff is not water-

soluble , it is apparently removed from the water by sedimentation (9) .

Common treatment processes used by water suppliers seem to be very effective

— in removing load. (60).

Lead oont.amnin:~Ljori in d s~ln~im~ç w&~t.or has b &omt  do Looted duo to ticlublo

lead salts in the luting compounds used in the joints of water pipes, lead

piping , especially new load pipes , and leaded vessels used to store or

carry water. If the water is allowed to remain stagnant in these systems

for prolonged periods of time , excessive contamination by lead can occur.

There have been reported cases of load poisoning among the residents of

new hovssirmg developments in which inadequate care was exorcised in the

general water distribution system. Similar conditions exist where exten-

sive lead piping has been used (6i). U p to 100 micrograms of lead per

liter of water have boon found in lead-lined storage tanks and lead piping (62). 

~~~~~~~ -- -- - - - -—- - .- --- --~~~~~~~~~~~~~ -
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Water can also extract lead from leaded plastic (viniplast ) pipes and

containers when in contact for extended period s of time ; therefore ,

plastics containing lead are not recommended for use in water storage

and piping (63, 64).

E~ Food and~~~~j~
Knho.’ , ~~ is ), , (2 7)  fouurnl 1n,ul in nvc ry fo”,’I t Inc t. tistt. wan obt .n.innd

front the fields and dwellings of the inhabitants far removed fro m society

and any commercial source of lead . ?~ehoo (1. ) has reported that the lead

content of the composite food of adults in the United States ranges from

less than 0.1 milligram to more than 0.4 milligrams per day with an average

of 0.3 milligrams per day. Lead is found to occur in all foods, whether

of vegetable or animal origin (t ,  58 , 65,  66 , 67. 68, 69, 70 , 71 ). Lead

in food can result fro m the biologic uptake from soils into plant s con-

sumed by food animals or man , usage of lead arsenate pesticides , inadvert-

ent addition during food processing and by leaching from lead soldered

containers or improperly glazed pottery used as food storage or dining

I • Lead in Plants

Lead in plants can be attributed to the uptake fro m the soil either

naturally or contaminated from spraying or industrial processes~ or

from water , either rain water or grou nd water . Lead on plants is due

primarily to fallout from atmospheric lead . i~ach source of lead may in

turn affect the root s, stems and leaves of plants in a different manner.

The low solubility of lead in water affects the ability of plants to

assimilate lead . The primary source of lead uptake in plants is thought

to be due to rainfall (72). Widely varied concentrations of lead in soil

_ _ _
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have little effect on the lead content of plants. The nat urally occurri ng

lead in soils is mostly unavailable to plants as is the atmospheric lead

along heavily traveled highways . Leafy portions of plants within a narrow

band of busy highways contain larger concentrations of lead than do plants

growing farther away--most of which can be washed away with water (9).

The amou nt of lead contam inat ion on fruits and vogotablos in a function

nt t.h.i iii s Ias,nn f rosts Lhs hi ,‘,hwity , Lii’$ t’ x 0 r this hUJ t ’ii(Jfl St S til t ($X potsts sl

the nature of the collective surface , du ration of exposure , motor vehic—

ular traffic density, and meteorological conditions (73, 74).

2. Lead in Animals

Lead does not tend to accumulate in the flesh of animals. Lead is

a bone seeker , and as a general rule , the accumulation of lead in the

bones of vertebrates as well as fish exceeds that in muscle by a factor

of 50 (9).

3. Lead from Containers

High concentrations of load have boon found in oommoroiall .y canned

rt;’~’l Ii (111*4 Lu the I eau’~ st u’. (u ( ic’a’i C i~~,u i t  Lh.i n’, hir, j nd  r’~ auiun ui  the Wa! Es ul’

the cans. Storage after opening the can of produce without pouring the

contents greatly inc reases the dissolution of lead from the seams and the

walls (75). Of particular concern has been the finding of high concent rations

of lead in baby food (72 , 76 , 77, 78, 79, 80), primarily fruit juices and

milk . A canned tomato product was analyzed and was found to contain over

5, 000 micrograms of lead per liter (16). Dangerous levels of lead in tooth-

pastes have been reported in other studies (81., 82). Acidic foods and

beverages, including tomatoes , tomato products , sauerkraut, most fruits
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and fruit juices , cola drinks , coffee , such alcoholic beverages as wine

and cider , and pickles and relishes using vinegar , can dissolve the

lead in improperly lead-glazed earthenware containers (83, 84 , 85, 86,

87, 88, 89). Also , it has been reported that the ingestion over a

period of time of acidic foods cooked or stored in leaded pewter pots

could lea-ti to poisoning (90). on a recent requont. fro m the Army Air

t~oree, xntieus,ro :lc rvi.oes , Ut i  I)~ i [ctn Ui u t r l  a t .  si t’Lloe of ’ thu i”ood a,i ’I ~in’iç

Administration analyzed silver-plated cups and goblets sold world-wide

in Post Exchanges and found excessive levels of leachable lead in the

articles examined. Some of the apparent lead sources were the base

metals , spoils and fluxes used to manufacture this holloware (9 1).

4. Il1e~al WhisT~ey

The magnitude of the load intoxication problem in moonshine whiskey

drinkers is unknown , but it is suspected that it may be significant ,

especially in the Southeastern part of the United States. Lead is a

common contaminant of the illicitly distilled whiskey manufactured in

the United States. The contaminant comes from the mn~-hod of construction

of the “stills.” I~’roqtwntly , old discarded automobile radiators arc

used as condensers , while the other components are generally connocted

together with lead soldering . The metallic lead is attacked slowly, but

surely, by the hot vapors and condensing liquor. Although the forms in

which lead is present in liquor have not been identified , it is thought

that acetic acid in the distillate may react with lead to form lead

acetate (92). Regardless, the concentrations of lead in moonshine whiskeys

have been analyzed to show up to five milligrams per liter of sample (93).
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5. Pica

The most serious and crippling current form of lead poisoning is

encountered in infants and young children living in deteriorating houses

in the cities. This source of poisoning is known as pica. “Pica ” baa

been defined as the repetitive ingestion of things that are not food

(e.g., dirt , cigarette butts, plaster , paper , pitty, paint chips , wood,

ant I c lay).  ‘Voday in the lJn ~ t.nd ~tiston , ]oas~ pc) 1n(srsiflg j f l  chi ldren j n

believed to be duo almost entire ly to tho ro potitivo oatiiig of loaded

house paint • The clear association between lead poisoning in children

with pica and old deteriorating and dilapidated urban housing is well-

documented (18, 94 , 95, 96 , 97). Lead in paint chips , plaster , caulking

and dirt ingested by children with pica is the prime causal factor in

childhood lead poisoning , with the lead in paint being the usual indicated

agent (98). Additional lead may have been Ingested by people who chewed

pencils covered with leaded paint (99, 1.00, 101).

Federal regulations have boon established to limit the amount of

1554 wh t nh I issy be a~h Intl t o sstn II u~L ar~ I sI,,’ i ,t lss, l [‘or m u  Iit ” itt . % iti . %i ,~ii

to 0.0(~ porcont load . The intent of ouch limitations in to curtail the

inc idence of present and future lead-based paint poisonings of children.

Before 1940, lead pigments wore widely used in both interior and exterior

paints. As recently as 1958 lead-pigmented paint could be bought for use

as an interior paint (1.02). Today, .he bulk of lead-based paints

are those used for specialty coating--rust preventives , moisture resistant

paints, decorative gloss paints with exotic tints, etc. However, a study

by the U. S. flational Bureau of Standards reported that violations of the

statutory lead-warning label requirement wore widespread (103). Generally,
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~hough , the source of lead in lead-pigmented paints is considered to be

the paint applied to woodwork and plastered and papered walls of dwellings

prior to World War II. In such paint, lead may constitute five to 40

percent of the final dried solids , h a zardous amounda of lead paint are

• still available in many old houses and are readily accessible to child-

ren because of deteriorating conditions ( 104).

In 1974 , a raix ,rL ot’ Lh’* Ad hloo (Jounvul tt.on Ic i~vel I,hto the i lp.za rd 01’

Lead in Paint prepared by the National Academy of Science for the Con-

sumer Product Safety Commission recommended reducing the permissible

lead content of paints Iron the present 0.5 percent to the “lowest

practicable” concentration. The report stated that inadequate scientific

data on lead poisoning prevents setting a more precise, scientific

standard at this time, Special emphasis should be given to learning

the lead absorption rate of children--the primary victims of lead

poisoning (105).

The hazard presented by load-based paint is related both to the

leail content of the paint and to poor maintenance of painted surfaces.

Il~ Is easy fur a ulil ic i to p.l -t~k and eat iuuec’ l. l rt k c’o .E’t ,usui chipped ~sis1

deteriorating painted surfaces. The lead content of such paint flakes

is far in excess of the amount likely to be inhaled, even in congested

areas. Therefore, it seems clear that the principal cause of clinical

cases of lead poisoning in children is the direct ingestion of lead—

containing paint chips .

6. Cosmetics

Some commercial hair sprays contain large amount s of load , The

solder of the cans gradually dissolve and increase the lead concentration
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of the contents. The rate of dissolution is related to the resin

constituent of the hair spray (106).

F. Sununary

The role of naturally occurring load in the environment in not con-

siderod to be a major factor in load poinonini’. The contamination ol’

the environment with ].r’~rI by I usdisn tr i ,t l ~ roc ’nis en:u *uiul the eoiuuf ~uuL1 on ot’

leaded gasoline plays a more significant role , but their exact contri-

bution to the total body lead burden is unknown . The major concern is

the lead contained in products applied to the home environment and the

contamination of foods and beverages from leaded containers used in the

manufacture , storage and processing of products for consumption. Alcoholic

beverages and acidic foods and drinks are especially apt to dissolve lead

f rom the containers. Practically all wares made for food and beverage

service , which have been involved in incidents of lead poisoning , come from

small studio potteries, hobby shops , or homemade ware , classrooms , foreign

folk or specialty shops or from imports. Unt rained people should. not make

gla zed oe ,’anito articles 1.nteiu uieuI  for [‘nod or beverage use , Int’a ut.s ass - t i

young children are believed to be at an increased risk to lead poisoning

because of pica.
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IV. LEAD POISONING

A. Introduction

1. General

Lead poisonings have plagued mankind throughout recorded history.

From antiquity there has boon knowlodgo that lead compound s are toxic .

It irs now nown that lnsv L Irs a I l• l o r m e  nais ha p)I. rm ,uf ,usn • na’l i n  tin ~fl.

cially hazard ous because the poison is cumu lative , the toxic effects

are insidious and are apt to go unre cognized and because the very young

tend to be especially susceptible . Another inherent danger in lead

toxicity is that the population is not always aware of its exposure .

Lead and its products take many forms , many of which are not easily

recognized. Lead poisoning is caused by processes and contamination

produced by man , and , therefore , should be preventable.

2, Bpck~round

Lead , like many of the elements man has adapted for his use , may be

harmfu l as well as beneficial. Knowledge and clinical studies of lead

poisoning ‘late rrom t h e  17th ~enLur y ,  w ises t , in addit ion to industr i al

plumbism , outbreaks of load poisoning occurred throughout Western Eu rope

as a result of the addition of lead to wine to retard fermentation and

because of its employment in the manufacture and storage of cider and

in material for cooking vessels and other household articles (3). The

advent of the industrial revolution brought an ever increasing demand

for the heavy metals , lead included . The steadily increasi ng employment

of lead for household and industrial purposes led to an enormous increase

in the number of lead poisonings. In the United States in 1913, Alice
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Hamilton reported there occurred at least 1 ,770 cases of lead poisonings

in 19 plants employing some 7,500 men ; among these were 41 encephalopathice,

35 cases of paralysis and 16 deaths (21).

Occupational medicine has made great strides in the lead industry in

this country . No cases of death attributed to industrial lead intoxication

have been reported in the recent literature . Indeed , one must scrutinize

the literature oarefufly to find reports of lear1 poisoning in this country.

Cases that ~~~ reporLeil irs I.isn at ,rr ei is~ U, t .n r t ls ,rn  a re ,~eissr~ l I y  mUti *sttl in

no way approach the severity of cases reported ju st a few years ago . In

fact , most cases that are reported show that occupational absorption of

lead is some degree of elevation above that of the normal individual in

the general population. Perhaps , the exception to this is pediatric cases

of lead poisoning attributed to pica .

A considerable share of the responsibility for the dramatic decrease

in industrial lead cases must go to scientists involved in industrial

medicine , toxicology , and hygiene who have persisted for the last 50 to

60 years through research , investigation and consultation on regulation.

Thtot tp ,h Useir nL~i~o rtn , these are ISUW I s s lue t  r im s  ~t m Issp •iarr,r~ quasil,I Lien

of lead and its compounds in potentially dangerous operations where no

case of even the mildest type of lead poisoning has occurred in many

years. This has been accomplished by innovative process changes and

engineering controls whereby exposure to the workers has been minimized .

Operations that require exposure are monitored by medical surveillance

programs to insure workers are afforded maximu m protection . Though medical

surveillance is important, the principal cause is reduction of exposure

through process change and engineering cont rol. The industrial hygiene
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surveillance monitors the controls , and medical surveillance monitors

the entire program. Usually, though not always , the lead intoxications

seem to come from smaller industrial plants where the oooupational

health program is inadequate or non-existent .

B, Lead Metabolism

~~~~_ ~~~~~~os_~jtt~x

nash oom;xiun% n cii  in ,~ th~e body issosi I. u onssusuni y  t h r nss ~ç it the ~~tt i s  ir e—

intestinal tract and/or the respiratory tract (i.). Kehoe has estimated.

the “normal” adult daily intake of lead front food and beverages and in

the air to be on the order of 330 micrograms per day. Food and water

are generally considered greater potential sources of lead in man than

air; yet , there are many uncertainties as to their relative contributions,

mainly because of the imperfect state of knowledge concerning the fate

of the lead that is inhaled (9). The major route of entry for lead in

the industrial worker is the lungs. Information from the study of indus-

trial populations commonly relates the clinical or biochemical find m r s

to L ho oonnnnt r attuu of.’ leas t lit the ai r .  ~i l”sliar ’ rs’ I.at,ionrs bsiwnc ’n h i s

amount of lead absorbed and the biologic effect produced have been found

for ingested lead (1).

a. 1es~irator~~Tra

Precise knowledge concerning the contribution of inspired air

to the total lead body burden is inadequate to allow anything more than

general approximations (9). Actual deposition of lead in the respiratory

tract has been shown to be approximately 37 percent (i , 107), varying

with particle size . The degree of absorption is dependent upon the
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proportion of the dust particles that are rospirable (less titan five

microns) as well as the respiratory volume . Little is known of the fate

of the lead once it has been deposited within the respiratory tract • It

has been estimated that 40 percent of the lead deposited in the airways

is transferred to the gastrointestinal tract .

Clinically evident disease due to inhalation of inorganic lead

salt s does not usually occur unless the conuentration in air exceeds

0, ‘~ Mt1lj.fI~p’atn ~ss~ rnil ,% s main —— roi ,gl, 1 y 1 00 t t m n ri i.)in maxi sisa l ~~~~~~~~~ ,‘ail cm

reported in the ambient air in urban areas and 1 ,000 times that reported

in rural ambient air (9).

b. Castrointestinal Tract

Food , water and other beverages are the major sources of lead

input in man and occur via the gastrointestinal tract. The best source

for information on the absorption and excretion of lead in man comes from

Kehoe ’s balance studies conducted at the University of Cincinnati ’s

Kettering Laboratory ( i ) .  The results of these studios over a span of

iisnu y yea s’s at sun I ha I. at. a nss i ’ma I Is i t  ~t Re t i  ii ’ ~ moss sit , or 1 nail axe se h aul

generally exceeds slightly the amount ingested in food , water and inci-

dental beverages. The slight greater difference in output over inpu t has

been thought to be attributable to lead inhaled in air. Kehoe s data

infers that net absorption of lead from the gastrointestinal tract is

somewhat less than 10 percent , some of which is excreted back into the

alimentary tract and evacuated • The absorption of lead from the gastro-

intestinal tract appears to be regulated by the mechanism controllin g

calcium and phosphorous absorption. Approximately 90 percent of the 

- -~~~ -- -~~~~~~ -. --~~~~~~~~~~~~~~~~~ -~~--



~ -~~~~~~~~~~~~ -~~~~
-

~~~~~~~

ingested lead is eliminated in the feces with about 10 percent voided

in the urine . There are other slight losses , of which sweat is the

most perceptible . The concentration of lead in sweat is much the same

as that of the urine . Lead is lost in falling hair , and discarded

and desquamated skin to some variable , imprecisely known degree

,j~,. ~~~~~

Absorption of lead through tho skin and other possible portals

of entry has been a matter of much speculation and investigation . It

appears , though , that penetration through the skin is a factor only

when organic lead compounds are involved (i .).

2. Metabolic affect

Lead absorbed by the pulmonary blood stream is transported to various

organs and tissues. ~iore than 90 percent of the lead in the blood is

held by erythrocytes , but lead has a preference for the bone and thus

will accumulate in the bone tissue ( 108). Over 90 percent of the human

bod y burd en is found in bone. In doscondin~- order , the load concentration

Wan Isi grjs nut.  iii h i s s  n s , t ’ha , I tVc ’ i ’ , k i s l s i r i y ,  ~ :1Ul~~;c ~:tfl , i s s p i , s n , h u s s e , n t s l n ” , i

testes, heart, and brain in samples taken from 150 cases in nine American

cities (12) .  Increasing concentrations of lead have an adverse motabolic

and functional effect of inhibiting the formation of home which is largely

responsible for the anemia of lead poisoning . Classical lead poisoning

in both hu man and experimental animals is characterized by the accumulation

of non hems iron , protoporphyrin IX , and delta-amirsolevulinic acid in red

blood cells (1.09) which leads to a shorter life span of erythocytes and

impairment of hemoglobin synthesis. Serum iron may be increased in humans

S 5— ~~ —- --_-~-- 5-- - - 
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with lead poisoning, but without iron deficiency states. These

hematopoietic effects occur early before the typical signs and

symptoms of lead intoxication are present , and are , therefore,

important for diagnostic parameters (ii.o) .

C. Types of Lead Pptspnirtp (Signs and Synn~toms)

Industrially induced lead irtoxication is generally well defined

and the laboratory results are usually conclusi ve ( i i i ) .  h owever , low-

level enviro runentaUy produced load intoxication can display a wide

variety of sym ptoms. Childhood lead poisoning is a type of plumbism

which is especially treacherou s and in which the sequelae and fatality

rates remain disturbingly high (1).

L~
_ Alimentary Tract

The most common type of lead poisoning is expressed in alimentary

tract symptoms . The chief early symptom is a loss in well-being. The

first symptom is usually loss of appetite ; especially upon first arisal .

i flft(~fl~fl~5~~ W I I i i  h e’ll ly  iii ees ’s i i C i s i t ,  ~ s ii I O) ’ g ui ~s 1iti i i i  L i sa lag i s s i n e l a n  e r i e 55

occurs . Constipation is unually prosont (oven though diarrhea hac been

found to occur) with colicky abdominal pains which may present with sharp

onset and recurrent spasms with the patient in excruciating pain. The

patient may writhe in pain , retract his legs spasmodically into his

abdomen , groan, clinch his hands, and grit his teeth, while beads of

sweat cover his brow . This distress may subside and recur or it may be

almost continuous (1 , 112 , 113, 114, 115, 1,16). The general non—specific

symptoms are usually considered as signs of poisoning (117). If history

reveals an exposure to lead and laboratory analysis show s increased lead 
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levels in body fluids, the diagnosis would tend to point to increased

lead absorption. These symptoms are reversible and complete recovery

is possible once the patient is away from the lead source.

2. Neuromuscular

In the neuromuscular type of lead poisoning tee neuromuscular

symptoms overshadow the alimentary symptoms. Gioatly imcroanod muscular

tone with spontaneous pain in muscles ari’~I at ,jointn and groat 1~ inornaned

reflexes in the extreisuiticm s~ay occur ; L owu v ur , snout , cos sus ionly there in

a general weakness , lowered t nus and atrophy of extension muscles which

may develop into “wrint drop ” or “foot drop. ” This type of disability

is usually irreversible . Perhaps one of the most significant diagnostic

symptoms is that there are usually complaints of generally severe fatigue

and of weakness which seems disproportionate to the severity of the

illness Ci. , 118).

3. ~ncep~~lo~~thy

k’~ncophalopathy (119), the third typo of lead poinoning , chiefl y

( 3 (j f lhi  s~n lit ehiluir a n au ’! lii iii tuslIo n Ls~I by l~’aihiteIso e.SI~I is i t ~o ii iuu1 .4% , pi n icii r ,nt.

vomiting, which may be projectile (typical lead colic may or may not be

present); visual disturbances with choked optic disks; irritability,

rest lessness , delerium , hallucinations, convulsions and coma; intracranial

pressure is characteristically high with the cerebrospinal fluid generally

unremarkable except for an elevation of total protein. Death occurs from

exhaustion and respiratory failure (241). The mortality rate is high ;

recovery is slow and frequently incomplete . hental enfeeblement is a

common sequel ; this occurs in 25 percent of the cases (9) . 

~~~~~~ — _ - -~~~~~~~~~~~~~~~~ _
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4. ?resent-Da,y Plumbism

Kehoe (1.20) further delineates a current type, of lead poisoning .

There are numerous variations in the expression of lead intoxication,

but it is usually one of a systemic poisoning . In addition to the above

mentioned types there may be quite pronounced hypotension associated

wit h brad ycarclia indicative of vascular involvement , There also seems

to be a localized vano-oonntriotion which oaunnn facial pallor (naturnin .

L’ao t en)  and pallor of the eyu ground a with ret inal  hemorrhages.

5. Pediatric

Infants and young child ren (less than four years) appear especially

susceptible to the toxic effects of lead • Lead poisoning in small

child ren can be so traumatic as to cause mental enfeeblement and even

death. The early symptoms of lead poisoning are subtle, subjective and

non-specific and consequently are more difficult to recognize in child-

ren . There are many reasons why young child ren may be more susceptible

to lead . Among these are : greater vulnerability of you ng growing tissue ,

i’ eesu-t I ’i r Vt~i’ l n I , l i ’up i  l i t  ~t , i , l  ‘‘1 ul ci ii l h u t  I r , i h i l l  i y  l ’ s ’ uj i t t in  I i  s u l l y  l ’ s  l u s u t l u t u i . ,

pH ranges likely to dissolve lea !, shifts of lead into and out of growing

bones, and inherent sonsitivity of a child ’s nervous system to lead (121.).

Therefore , a review of the manifestations of pediatric plumbism and its

difference from the adult disease is given. Gastrointestinal symptoms

are recurrent--vomiting, vague abdominal pain and constipation; rarely

black stools in the absence of iron therapy. It is an exceptional case

where a child exhibits a lead line along the gums . The most frequent

hematological indication is the presence of micro cytic , hypochromic anemia.

Cerebral involvement may vary from undue drowsiness to deep coma or repeated

- - - -  . _
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grand mal seizures . Sometimes the first clues are repetitive falling,

clumsiness and ataxia. A history of pica , or the unusual ingestion

of unusual substances , should alert the physician to the possibility

of lead poisoning (i, 121 , 1,22 , 1.23 , 124).

King (1.25) gives 300 micrograms of lead from all sources as the

maximu m daily permissible intake for child ren. As the average intake

increases above this value , tho entire amount cannot be excreted , resulting

in aooumulation within the bod y. Tho boUly oonoontra t.ion 1ncrnar ~n~ pro-

gressively as long as undue ingootion continues. The maximu m daily per-

missible intake was based on caloric intake of young children , air

exchange, and on data available on levels of lead in blood of non-exposed

and exposed children , including those with frank lead poisoning; results

of experimental lead ingestion by adults; fecal lead outp.it in children;

initial biologic effects of increased lead intake as related to blood

lead levels ; rates of increases in lead in the blood of exposed child-

ren , and sequelae of lead poisoning.

Current emphasis in literature might lead one to believe that lab-

oratory procedures had replaced clinical examination and epidemological

investigation. Among the many laboratory aids for the diagnosis of

chronic lead poisoning are urine leads , blood lead s, glycosuria and

occasionally aminoaciduria , fluorescene of free erythrocyte protoporphyrin,

increased urinary excretion of coproporphyrins, basophilic stippling of

erythrocytes and anemia (24 1). Findings of more than 50 micrograms of

lead per 100 milliliters of whole blood or 240 micrograms per liter of 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - --~~~~~.--~~- ,-—--. .-—.—,-
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urine (24-hour specimen) denote actual occurrence of dangerous absorption

of lead. (242). The upper limits of “safe” values in terms of mean

concentrations of lead in the urine are given as a range of 100-240

micrograms of lead per liter of urine . The upper limits of “safe ”

values for blood have been given as 40-80 micrograms of lead per 1.00

milliliters of whole blood (24 1.). The upper limits of “safe” values

for blood in the podiatric population have boon given as 110 miorograrns

of lead per 1.00 milliliters of whole blood .

1. Urine Lead

Kehoe (120) also defines the chemical signs of lead absorption.

There is first an elevation of the lead concentration in the urine above

the ranges of values considered normal for the popilation at large from

20 to 100 micrograms per liter of urine . The lead urine elevation is

followed by an elevation of lead concentration in the blood above the

normal range of nine to 50 micrograms per 1.00 milliliters of blood.

In general , a 24-hour sample of urine is preferable to a single sample

(even when corrected by conventional moans), for a chemical determination

ot’ ~Lu’u.vt • ‘L’hn OOuu t~ u s 1. u.’st 1~ lot s ~f .l.c’a’ I I it 1.1 so us vi nut in u l ut pnn ln i t  I. U ~k) l t  R l i i i  1111)0 1?

of variables. Urine usually undergoes relatively prompt changes relative

to lead exposure . There are other factors which influence the rate of

urinary excretion of lead such as dilution by the amount of water available

for excretion and the amount of physical exertion performed by the individual

during the collection period . A seasonal factor is also discernible (242).

Appropriate urine samples to be representative , therefore , must be at

least 24—hou r samples. The upper limits of safety for the concentration 
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of lead in the urine vary significantly with the samples obtained .

Individual analysis of lead in urine in excess of 240 micrograms per

liter of sample just ifies some concern that dangerous absorption of

lead may have occurred . I~aldonado and ilamos (126 ) have found that

urine concentrations of lead are more useful in d iagnosing chronic

canes and concentrations of load, in the blood are more indicativo in

acute cases.

2. Blood Lead

Kehoe has found the severity of the occupational exposure to be

more precisely related. to the concentration of lead in the blood than

in the urine. The concentration of blood lead is considered. more use-

ful than that in urine, because blood is not subject to large fluctuations

in water content, as urine, or to the influence of changes in renal

excretory capacity. However , it should be noted that the correlation

between concentrations of lead in blood and that in other tissues of

the same person have not been defi1ied (9). The abnormal but safe range

in adults varies from 50 to 70 micrograms per 100 milliliters of blood.

Because of the increased sensitivity of children and their apparent

higher risk for environmental lead absorption , 40 micrograms per 1.00

milliliters of blood should be the very maximum range for normal in

children, In a study of 90 cases of fatal lead encephalopathy, all but

one were associated with blood lead concentrations of 1.50 micrograms per

1.00 milliliters of whole blood or greater (i). Likewise, symptoms corn-

patible with acute load poisoningu , with row Oxceptiono, Wore løund in

children with concentrations greater than 100 micrograms per 1.00 unilli- 
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liters of whole blood. Kehoe (1) reports that clear—cut symptoms of acute

lead poisoning are associated with a blood content greater than 80 micro-

grams per 100 milliliters of whole blood . Clinical studios substantiate

Kahoe ’s position indicating that clear-cut clinical signs and symptoms of

acute load poisoning are reLtted to tho degree of current and recent

absorption of lead and , in the absence of severe anemia , are almost always

associated with blood lead concent rations greater than 80 micrograms per

100 milliliters of whole blood (9).  At higher concentrations than 80

micrograms per 100 milliliters of whole blood , the severity of acute

clinical manifestations is not closely associated with and cannot be pre-

dicted precisely from the blood lead concentrations . Derangement of hemo

synthesis is always evident with the risk of sympt omatic illness increasing

markedly as the blood lead content rises. Cases of lead intoxication have

been reported where the blood. lead levels never exceeded 50 micrograms per

100 milliliters of blood (121 , 127 , 128). At the other extreme , a man

employed in a silver recovery process plant where lead was used as sub-

strate , on a routine examination was found to have a blood lead level of

1 ,000 micrograms per 100 milliliters of whole blood. Otherwise, he was

generally asymptomatic (129). These cases , however , tend to be the rare

exceptions rather than the rule , but they point out the fact that few

diagnostic procedures are completely infallible .

i~~Q~~er Laborat ory Testn

?urthor laboratory procedures to assist in the diagnosis of lead

poisoning are delta-aminolevulirtic acid in urine , urinary coproporphyrin ,

chocks for anemia , stippling of rod blood coils , and rotioulocytosis (1,6).  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~
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None of the signs or clinical pathology can alone confirm or rule out

the possibility of lead poisoning.

E. Control of Lead Hazards--Sources of Lead PoiaoningJC s~~~

1. Industrial Poisoning

p. Scrap Lead Roclarnatjo~
Comparative studies have shown that the greatest dangers are

in scrap metal salvage , shipbreaking and manufacture of batteries (127 ,

130 , 131, , 132 , 133 , 134 , 1.35, 1.36 , 137). In contemporary scrap metal

and shipso rapping industries , the dangers of lead are not as controlled

nor as familiar as would be liked. The often chaotic work environment

further exacerbates the situation. Too often , lead reclamation is carried

out by small ju nk dealers, poorly financed , under-equipped , and unfamiliar

with lead hazards. In Finland , for example , in 1 971 twelve of 51 reported.

cases of clinical lead poisonings were due to scrap smelting. The fact

that there were less than 50 workers involved in scrap smelting makes the

statistics more impressive (1 38). Lead reclamation from discarded bat-

teries follows the same course , with the greatest danger of lead intox-

ication occurring when batteries are melted (1.39, 1.40 , 1.41 , 1.42 , 143,

1144 , 145). The dangers of lead intoxication by exposure to lead vapors

and ingestion of lead dust have been well documented . With proper worker

precautions , properly installed ventilation , and adequate dust and fume

collection in .our smelters , foundries and other lead plants, and the use

of respirators in trades where dusts and fumes cannot be sufficiontly

con L.ahtod , much u~n cut t.in~ -rod load painted ut.ool , industrial lead

poisoning could be eliminated.
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b. Tetraethyllead

Tetraethyllead is probably one of the most poisonous products

which has one of the best records for rarity of illness associated with

its handling and distribution. Certainly, this is true in relationship

to its toxicity and total volume produced and used annually. In the

United Staten and Canada , sinco tho introduction of lead an a motor

casoline additive, there have occurred 88 cases of tetraethyllead intoxi-

cation, 16 of whom terminated fatally (1.45). The dangers from tetraethyl-

lead arei cleaning and repairing tanks for the storage of gasoline; pro—

cessing within the manufacturing plant; handling of tetraethyllead in

refineries; and transportation of antiknock compounds (1.46, 147, 148,

1.49). ~xceptional circumstances which have led to poisoning have ranged

from ingestion of the material by accident to ingestion with suicidal

intent, its uses as an insecticide, excessive spillage and evaporation

of leaded gasoline in fully enclosed and unventilated working areas,

and cleaning greasy metal parts with the leaded gasoline (iso) .

c. Plastic l ianufacture

In recent years there has been a continued decrease in the num-

ber of occupational lead poisonings. The notable exception to this trend

has been the plastic industry where lead stearate is used in the production

of polyvinyl chloride plastic (131 , 1.5 1., 152, 153, 1.54, 1.55 , 156 , 157 , 158 ,

1 59). Lead dtearate is an organic compound Pb(C15H 3502 )2 which comes in

the form of a white powder of extremely small particles, and is used. as a

nt.aI,tlizor in the marsuifutotuiro of L.Irn pi;~;Lion. ‘rho powclor oaniiy builds

up dust clouds. It is used in making water pipes, electric cables, rug

padding, gutters, and drainpipos.
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d. Others

Other cases of lead poisonings have been attributed tos the

manufacture and application of leaded paints (160, 1.61, 1.62, 163, 164) ;

cutting painted steel girders using oxyacetylene torches causing a

massive exposure to lead fumes (1.65, 1.66, 167, 1.68); lead fuinos from

both smelting and refining furnaces in foundries (1.29, 169); uno of

leaded paint in badge enameling (142); work in a pewter factory, pol-

ishing the objects with sand. paper and abrasive paste (170); lead fumes

from traffic inside the ~ont Blanc Tunnel--a tunnel worker employed to

direct traffic in the 1.1 .7 kilometer tunnel in Chamonix, France (171);

tile manufacturing (131 , 172); manufacturing of ceramics ~173); soldering

(174, 175, 176); work inside printing shops (1.77, 1.78); restoration of

old lead statues (1.79); and plumbing (180). In most cases of lead

poisonings the worker either didn’t understand the risk or failed to

take the necessary precautions. This is also a failure of management,

which has not informed the worker, nor provided the techniques, equipment,

training and. supervision necessary for prevention. Perhaps, also because

of the insidious character of lead intoxication, it is difficult for many

workers to realize the inherent dangers of lead. fumes and dust causing

them to relax their hygienic precautions.

2. r on—Occupatjonal Load Pojsozijn.g (A dults)

a. Aicoholt~c 3everages

The most frequent cause of adult non-occupational lead intoxi-

cation in ouu;nnd by drinking “inoo~unI d no” wIu ’inkfly (1 3(’, , 139, 1 HI , 1 90).

In ancient times lead was intentionally added to wines to retard fermen-

tation or to soften unpleasant ta~teo. As early as 1437 ordinances were 
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passed to prevent “sweetening” of wine with lead , Current problems

with alcohol and lead are due to the fact that lead solder or lead

pipes, or both, are used in moonshine stills, added to the fact that

discarded automobile radiators, soldered with lead, are used as

condensers (191.). In 1965, 89 percent of the analyzed samples of

Alabama moonshine contained load , 39 percent being greater than 1 ,000

micrograms per liter. The difficulty with lead intoxication in

alcoholics is differentiating the symptoms due to lead from neurologic

manifestations due to alcoholism. It is very easy to overlook lead

poisoning on diagnosis of alcoholic myopathy, delirium tremors or

alcoholic seizures.

b. Food and Beverai~e

The second most frequent cause of adult non-occupational lead

intoxication is due to contamination of drink or food prepared or

stored in containers containing lead. The literature abounds with

isolated incidents of lead intoxication due to contaminated food or

drink (180). A sampling of cases arei water and wine kept in lead-

glazed pottery (192, 195), a reddish—brown jug used to serve cider

(1.96 , 197), wine casks coated with amalgam and joined together by

copper pipes soldered with tin plate (198), wine made in lead-glazed

bathtubs (179, 1 99, 200), a wine barrel painted with minium to prevent

rust (201), food kept in lead-glazed pots (202, 203, 204, 205), auto-

matic machine washing of cocktail glasnware which caused the dissolution

of tho white—leaded inside fronting ~~~~ load—lined drinking glanuou

(207), dinnerware (208), and salt from an antique salt shaker composed

— . —
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of 80 percent lead (209) . This list is by no means complete , but

hopefully it serves to indicate the potential contamination of food

and drink from containers that can leach lead, It would appear that

the greatest risk items are alcoholic beverages and acidic type foods.

The consumers, unaware of the proliferation of products containing

lead on the market or of load concentrations in products they use,

can unknowingly ingest sufficient quantities of lead to cause poisoning.

Many people, apparently, are not aware of the problems that lead can

cause , or do not realize the proliferation of lead products.

a. Potable Water

Other cases of non-occupational lead intoxication poisonings

have been reported as due to water. In one case the water was con-

taminated. from lead joints within the water softener (210). A more

commonly reported type of water contamination is from water allowed

to stand in lead storage tanks or lead pipes (211).

d. Others

Other sources for lead poisoning cases have been i barley

water for cystitis prepared in a load jug (213), an ointment used. to

prevent baldness that contained lead (213), “sindoor” (a red powder

applied to the face of married women)--thought to have been ingested

(214) , and lead powder from a gunshot wound (215).

3. Pe~~j~~jcPoi s~~tj~g

As lead in the workplace became more stringently control Led , the

emphasis on lead poisoning shifted from the industrial setting to the 

- - -~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~ -. . ---~~~~~~~~~~~~~~ .~~
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community where the ~ iblic was alerted to the potential ills of lead in

the environment . Almost without exception the victims of environmental

lead poisoning have been children, usually children from one to fou r

years of age • The major cause of environmental lead poisoning has been ,

and continues to be , lead-based paint. White lead , basic lead carbonate ,

was in the past extensively used. as a pigment for paints. The widespread

use of white lead paints in the past , both indoors and outdoors , means

thoro are many old bui)di .ngn in which thnno pal.ntn can still be found ,

even though they may havo boon covered with other paints. In addition

to lead in paint, there is also a danger from lead-contaminated street

dust and soil along main thoroughfares. Existing evidence indicates

that lead concentrations of contaminated city soil may be 20 ,000 part s

per million (34), while polluted city air may contain up to 9.0 micro-

grams of lead per cubic meter of air (31 , 38). As the source of environ-

mental lead poisoning differs from industrial lead poisoning , so do the

groups affected differ,

In contrast to adult occupational l oad poisoni ng where thn intoxication

results from prolonged exposure to air wiU~ excessive load content with

the condition usually being chronic and the rate of deterioration of

biological functions slow, load, poisoning in children proceeds at a swift

pace and the response of symptoms can be correlated to lead poisoning

following lead ingestion or overwhelming exposures of lead concentrations

such as battery salvage and. tetraethyllead vapor (24 1.). The clinical

signs and symptoms develop rapidly, usually within three months following

the beginning of excessive lead ingestion, and death can also occur

rapidly (2i6) . The biological differences between adults and children 

~~~~~~~~ - --~~~~~~~~~ - - -- 
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are anatomic , physiologic, pathologic, and immunologic , with body

weight, height, caloric intake, basal metabolic rate, nutritional

disorders, resistance, etc. performing differently.

a. Pica

Nearly all casos of pediatric load poisonings have boon

attributed to pica and ingestion of old paint, plaster, caulking

chips or ~~tty containing lead (1., 9, 95, 96, 97, 98, 181, 217, 218, 219,

220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 231., 232).

Lead-based paint has been found to contain as much as 300,000 micro-

grams of lead per gram of paint (9). It is estimated in the United

States that 600,000 children annually have increased lead absorption,

25 percent of whom may suffer permanent neurologic damage. King

estimates that 300 micrograms of lead is the maxin~in daily intake of

lead without excessive body lead burden in children. The daily intake

of lead by urban children from food and water ranges from I 06-1L~6 micro-

grams (1.25).

Ingestion of sufficient quantities of paint flakes , or street or

house dirt, containing lead can cause the total intake to exceed the

maximu m permissible daily intake of 300 micrograms and result in blood

lead elevation and can eventually progress into lead intoxication.

Although great progress has been made in recent years to prevent

and control the absorption of lead by both adults and children, there

are still some children, particularly those residing in city slums, who

arc still poisoned from eating loaded paint applied to old buildings over

30 years ago. Nearly everyone agrees that the prime source of lead intox-

ication in children is old lead-based paint and that lead intoxication 

~~~~ —-~~~~-—-
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in children is preventable. The Lead Industries Association has com-

piled seven steps to prevention z

“( i ) Alert and warn parents and others who live
in dwellings which have lead paint in interiors ;

(2) Remove sources of load that child ren can eat ;

(3) Take steps to keep any child suspected of eating
lead from further exposure ;

(4) ~‘hynj n~ n.ns , ;‘ e~t’l i.e ii ~a) I ,), te i  , ,~ u’1 ~I t  in re
&toi~J,.d uetLoh tar earLy mythpLoiIui oi~ iMaIl ettmorp tion ;

(5) Quick and accurate diagnosis prevents seriou s
consequences;

(6) Proper and careful treatment should start immed-
iately after diagnosis of lead intoxication;

(7) When a case is found, check other children in the
home immediately for possible signs of lead ab-
sorption.” (232)

b. Other Pediatric Sources

Because lead poisoning in children is most often due to ingestion

of plaster and chips of lead-based paint , there is often the tendency to

think of lead poisoning occurring only in children who live in dilapidated

housing where the deteriorated aondttlons and pica uct as no-culprits.

However , there are reports in tho literature of pediatric load poisonings

due to other sources. Cases of chronic load poisoning in children are

reported to have been caused by intoxication fromi lead dust from smelters

when children lived near the lead works (233 , 234); lead fumes caused by

the extraction of gold and silver from jewelers’ wastes, an occupation

practiced in the homes by the parents (141 , 214, 235, 236); fumes from the

burning of battery cases (141 , 181); and home battery manufacture (181).

Other sources of lead have been attributed to leaded paint on toys and
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furniture, lead nipple shields, a lead washer, baubles, etc. (9 ,  181.

237). Children, like adults, have also been diagnosed as having contacted

lead poisoning from food and drink contaminated from lead-glazed earthen-

ware (180, 192, 193, 194, 195, 202, 203, 204, 205, 206). Along with food

and drink being contaminated fro m lead-glazed earthenware , a report from

Africa describes a case of lead poisoning due to contamination of dried

milk as it was reconstituted in a mixer that had boon repaired with load

,~ , ~~~ u ,~ ~~ ~~~~~~ ~ r j~~u.i1 ~~~~ ~~
, 

~~ ~~~~~~~ ~~~ ~ •~ r ~ ii) ii- Iii

chewing magazine paper which had been printed with colored ink containing

lead, (239). Currently there is an increasing trend among middle class

families to return to the inner city and to buy older dwellings and restore

them. Two cases of lead intoxication in unrelated incidents were reported

as being due to the inhalation or swallowing of small particles of lead

dust generated by the sanding and. scraping of the old. paint in the process

of restoring the dwellings (240).

—- -— -—
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V SUMNAR Y

Lead, is used. in almost every major industry with more than 1 .6

million employees in a host of industrial manufacturing procosses and

in many service industries potentially oxponod . Lead in all around us

in our environment , in water , air and the soil; it is in every living

thing and in many of tho products with wh ich man coma s into contact.

Loa t oan ontn c the body by i :IIIa LILLIOr& a ~ by itigu rition ar id , in Lhti cant ,

of organic load , by absorption through tho skin. In sufficient quantities,

the result is the same—-severe gastrointestinal , blood , and central

nervou s system disorders .

Inhalation of lead dust or fumes has been the most frequent means

of entry and has resulted in most of the industrial health problems

encountered with this metal. Lead is a cui~~lative poison; a part of a

small daily dose is not eliminated, but is stored in the body. i~ventuauly,

a point is reached where symptoms arid disability--even death--occur. A

particular measurement of lead in the environment reflects some unknown

fraction that might cone into afloctivo oontact with man and have the

potential -fot~ cauning a bioiu~icai. disl i’I’aiuio, IAla’I in a ktIUWII L~~In

substance for which no beneficial biological role has been demonstrated.

i~xporinental evidence suggests that tho least measurable quantities of

lead within the cellular structure are capable of affecting cellular

metabolism and these effects are a function of lead concentration.

In the not too distant past , poisoning clearly attributable to airborne

lead exposure was a serious and frequently encountered disease among

workers in lead smelters and in the lead-using industries. Today,

-

~ 

~~~~~~~ _~~~~~.-- ~~~~~~~~~~~~



-62-

industrial hygienic programs and advanced diagnostic procedures have

substantially reduced the hazard to lead , enough so that it can be

said that industrial lead intoxication is a vanishing malady. However ,

workers may be occupationally exposed to hazardous concentrations of

lead by cutting red lead painted steel. Also , potentially dangerous

conditions may still exist in small shops, particularly those involved

in lead reclamation , where supervision is minimal and occupational

health programs are non-existent .

If the lead industries are excluded , then the only hazardous circum-

stance relative to atmospheric lead pollution in man is the urban setting.

The high concentrations of lead in urban air and on vegetation and streets

constitute a source of intake , additional to the usual dietary sources ,

and in special circumstances may be a substantial source. Although

the concentrations of lead in the air of cities pose no threat to the

general pop.ilation , the extent to which it increases lead absorption and

lead poisoning in young children is not known but thought to be very small.

With respect to young children , it is not a matter exclusively of inhalation

and particle size, inasmuch as very young children mouth and. eat things

that are not food rather indiscriminately. The prevalence of pica in

young children complicates the problem. Airborne lead wastes from such

sources as automotive emission and the weathering and demolition of old

buildings can be expected to have a significant effect on the total intake.

riogardleso of extraneous sources, the direct ingestion of lead-pigment

I ri fl n( ioUb t .n i I. ,y t i  ii’ pi.inoi. ;~~i ei iv 1. eiii ii ’’ut ,~ i. nOU i,’on in (ilteOll 01’

severe acute lead poisoning in young children.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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Lead ingested by young children in pica is almost entirely due to

lead-pigmented paint applied over 30 years ago • The traditional white

lead paint weathered by chalking and. so some of the lead carbonate would

have been washed away by rain , to be dispersed into the environme nt .

Lead paints constitute a recognized hazard because of flaking and

ohalk tnçç, and from the load-containing particles released when old

ptt tnt etl Ltsidin ~’ ~ i i l  tti.ist citl fi~ .’u1, 1,11 rn t t i n  bit , s in i l  • ( I i i  Lisa ;wsn l LiVe a i t l e ,

leaded paint production has declined sharply fro m the average of over

120 ,000 tons of lead per year in the 1920 ’s to only 2 ,~40 tons in 1974.

The Government restricted the amount of lead that may be contained in

paint to 0.5 percent in 1.970. There has been concern by the Consumers

Union that this level is inadequate and they are lobbying for a maximum

level of 0.06 percent lead in paint, the same level the Childhood

Poisoning Prevention Committee advocates. It is hoped that within a

few years the problem of lead-pigmented paint will have disappeared as

older structures are torn down and destroyed.

Following the incidence and severity of load poisoning in young

clii. 1 d ran dwnl h u g tn t ie La ~‘tn ‘at eti ~ h a~ ~i 1 ‘~ i t  sl i i  aiui anti l.lin I iitIii i t —

trial lead workers , load intoxication has been most frequently coo n in

those persons who imbibe illicit whiskey regularly. Isolated cases of

lead poisoning occur from food and drink prepared in leaded containers.

Other sources of lead intoxication are rare.

Insidious lead poisoning is more prevalent than is generally realized.

It is not easily diagnosed and unfortunately is often missed . ~arly diag-

nosis is imperative , and it would be hoped that knowledge of the ubiquitous

lead products which have led to lead intoxication in the past , along with

-~~~~~~ - - -  -—-~~ - -~~~~~ - __
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- the intricacy of lead intoxication symptomatology would be helpful in

- 

aiding the diagnostician in the absence of adequate histories.

J
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