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CASOLIIIE LEAD II UDAl AlII) IUlUL PLAY AIlEAS

by

Sarah J. r.aSelle*

ABSTRACT

Leaded gasoline used as fuel for automobiles and trucks has
been implicated as a source of lead that eventually reBCr.~s small
children. Lead has deleterious effects on cognitive devd~oment

of pre-school age children. Although allowable levels of lea~ in
gasoline were redu~ed 90% on J3nuary I, 1986 in the U.S., lead
previously accumul.t~d in soil will remain. Measurements of
~urface soil lead in Illinois play areAs revealed higher accumula­
tions in center city and suburban areas than in much less densely
settled urban and rural areas outside the Chicago area (downstate
Illinois>.

The results of the soil analysis in this study do not
address the larger question of pathways for child-lead ingestion
and consequent health effects. However, based on results of the
study in the Chicaso area, other high traffic suburban areas may
wish to consider review of their soils. Risk assessment has not
been undertaken, but My be the next step in determining the
extent of hazard posed to small children from surface accumula­
tions of lead.

1 lllDODUCTIOil

1.1 mE L!AD PIOBLDI

The human body has no need for lead, at any concentration. Lead is

removed from the body when it is encountered in the environment. but only at

very low levels of lead. Children are particularly unable to screen out lead

that is ingested or inhaled. However, there are -.ny Sources of lead in the

enviroa.ent because lead is used in ..ny industrial applications. It has long

be.n part of pia-nts in paint, an octane enhancer for gasoline, part of

.older for tin cans, and parts of automotive batteries.

Fatalities from lead exposure have accompanied industrial use of

l.ael. At lower exposut"e levels, health effects include anemia and kidney

*Work supported bJ the U.S. Department of EnellY under Contract W-3l-l09-EHC­
38. Views presented .re tbo.e of the author and do not nec••••rily reflect
those of the Department of lnerlY, or Argonne National Laboratory.
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dama~e. There is extensive evidence of nervous svste~ damage In children with

apparently low levels of lead In their blood; evidence 15 1n the form of

diminished cognitive abilities. Each new study documents measurable heal'_h

effects lower levels of lead in the blood. Many major efforts have been

undertaken .to elimin~te environmental sources of lead. Work place safet y

rules have drast!cally reduced exposure for workers, and tor the families of

workers. Other additives now enhance the octane of gasoline. Solders used In

tin cans use no lead. Since the mid-197Ds, paint for interior surfaces may

have no more than 0 .06~~ ~ead in it. [n spite of all these improvements,

unexpectedly high levels of lead are sri II found in ;'Qung chi.ldren's blood.

The importance of soil as part of thp path~ay of lead to young children has

risen, as health officials seek to explain the h:gh lead levels. l

1.2 STUDY OF ILLINOIS SOILS IN PLAY AREAS

A joint study of lead in park soils throughout [11inois was undertaken

by researchers at Argonne National Lab, (under sponsorship by the U.S.

Deputment of Energy) and staff of the Illinois Department of Public Health

and the Chicago Department of Heal th, as well as several suburban heal th

departments. Participants wanted to learn the levels of lead if\ sUt'face

soils, in locations accessible to small children, under 7 years of age. The

goal of the study was to learn the concentrations of lead in surface soil a~

related to the volume of traffic on nearby roads, as a stepping stone in the

larger picture of eJtimating exposure levels of small children. The study was

timed to coincide with the onset of the U.S. reduction of lead in gasoline,2

wh; ..... should nearly halt the increase in surface lead concentrations due to

accumulation of airborne emissions. Although lead emissions will be

substantially reduced as a result of both the phasedown and the switch to
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standard by January 1, 1988. 4
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unleaded fuels, lead presently In surface soils will stay there, due to lead's

relative immobility ir soils. 3

Soil lead concentr3tions were determined using acid digestion of ground

~nd sieved suil, analyzed Vla flame atomic absorption spectrophotomet~y.

Samples were collected following a protocol developed at Argo~ne Lab.

No state ~as yet ~et sta~~ards indicating a safe Or allowable level of

lead in surface soi 1, al though Minnesota is working toward such a goal: the

state pollution control agency develop a

The Illinois study is not designed for setting

a standard, but to provide observations of soil lead, collected consist~ntly

across the state, with associated d~ta on automobile traffic.

No other study has included detailed analysis of suburban soils. The

focus in the ~~st has been on central cities 5 ,6,7,8,9 or, conversely, on crop

land near major InterstaL':: treeways.l0,1l,12,13 r... those studies, higher

central city soil lead levels were re:':"ed to the total lead emissions in

central cities; rural so; I lead level s we~e reI at..": to distance from one

road. Prior research has not related obser'red surface soil leao levels to

distance frolll, or trlSC:ic on, sE!veral nearby roads, nor distinguished the

effect of tr3ffic volume from that of traffic density. It was believed by

public health special~sts th~t the hi~hest levels of exposure to lead would be

exclusively in central cities because of higher traffic volumes there. 14 The

Chicago a.ell's subur~s lJre ooted for high traffic SHeets; this is true for

the suburbs of most of t:he very large metropolitan areas in the U.S. The

traffic levels in many of Chicago's ~uburbs are higher than those found in the

downtowns of many Large citi2s. 15

We expected the study to reveal patterns of lead concentration in

surface soils, as related to traffic volumes, distance from the road, age of
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the park, and other physical features of tIe park; the patterns may pr'ove

useful in 8'liding mOre widespread soi 1 test lng for lead. It is not expected

thac we would be able to determine a sate le'''f·l of lead in soil as a res:..dt of

this study. Further research and polICy anulysis are required before such a

decision could be made.

2 TRANSPORTATION. LEAD. AND CHILDREN

The pathway from lead 1n ~asoline to lead in children's blood is

complex. both because ot topo~raphic 'Jariations and climate variations, as

well as relationship witn traffi~. The pathway for exposure has been deter­

mined by medical researchers, arid public health specialists. 16 ,l7.18 The

likelihood of exposure and the number of children likely to be exposed to lead

in soit if'l public parks, as well as the amount of exposure are yet to be

quantitatively specified. The major effects are :scussed here.

L.i vME EFFECT OF CHILD'S PLAY

ChiLdren are the population of special concern from exposure to lead.

Lead is toxic to adults as well as to children, but the pathways to adults are

fewer than to children. The primary reason is the behavior by children

referred to as "mouthing behavior". As you can recail from your observations

of any small child, the child's fingers, toys, many other objects are put into

the mouth frequently. Children &t some ages eat dirt directly. These are not

behaviors of adults. This constitutes an extra and signlficant pathway for

leo~-contaminated soils to reach small children.

Children are of further concern because at thei r l.ower level of protec­

tion against a given amount of l~ad expos~re. Given exposure to one gram of

soil containing 100 ug/g, an adult will absorb approximately 8%, or 8 ug/g of
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lead, while a child will absorb approximat.e I) t.imes that much, 50 ... g/g of

lead. 19 As the child also has a Lower vol~~~ of blood, the concentration In

the blood is sharply higher in th~ chiLd than in the adult. The development

of the nervnus system is influenced by the presence of Lead in the blood. ~t

appears thaL lead replaces calcium or iron in the blood, especially affectin~

the central nervous system development in deleterious tashioo· 20 ,2l Children

with poor nutrition are therefore at even greater risk of dama~e from exposu~e

to Lead. CalciwTI deficiency is common in Lower lncome children, while iron

deficiency lS common in aLmost all chiLdren. Lower income children under the

age of 7 ar~~i .. irh hi.gh traffil,; are at higher risk tnan other

classes of children. It ha~ further been suggestpd that black children may be

more susceptible to damage of lead than are white children. 22

The U.S. EnviNnmental Protection Agenq" (EPA) has estimated tha', in

198&, 17&,000 children over 6 months old would have blood lead levels

exceeding the standard set by the Centers for Disease Control (CDC) (2S ug of

Pb/dl of blood).2 These children are susceptible to the health effects

described abo'!.. , including diminished cognitive abilities. In the city of

Chicago alone. over 1600 children were found, in 1985, to have elevated blood

lead levels, above the previous CDC standard of 30 ug ~f Pb/dl of blood.

The serious nature of the effects of lead on children, at such critical

stales of their intellectual development, makes an almost overwhelming case to

remove lead from the environment. Removal of lead from many products has been

beneficial, as evidenced by falling concentrations of Lead in air. Lead wiLL

continue to b~ controlled throughout industry, ([·om paint manufacturers to

••soline refiners; however, the residuals of past ~r.ctice are still with us,

leaving us with • ~••urement and, perhaps, a clean-up problem in the future.
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2.2 "ETHYL" CA4)()LINE

Once the internal combust ion en~ine automobi Le took off as the most

popular form or" motorized t raJ"'l. the demand for f,; gh perfor!'lance fuel soon

fol ,owed. 20ldy en~ines reQuired hIgh octane fuel to burn smoothly and

eliminate ~nGckin~ 1n the engIne. Knockin~ affects driveability of ve~icles

in the short-term. To answer tha: ~eed, General Motors researchers discov~red

that tetraethyl lead added to ~asol ine ~reatly enhanced the octane level of

the tuel end opened the door to development of higher c 'mpression engines.

(Octane refers to the ability of the fuel to ignite in a predictable

fashion) • Tv kee? the lead from building up in the engine, bromine and

cnlorine compounds were added to scaven~e lead out of the engine and assure

its passage into the environment. A certain amount of lead build-up was

tolerated 10 the engine, and even needed for lubrication, but is no longer

neede'j since the advent of hardened valve seats. 24

The discovery of lead's octane-enhancing properties 1n the early 19205

-,as a boon to the fuel industry, but the toxicity of lead waS being re­

discovered at the same time, In lead mines and b.ttery plants. ~\ alarm was

raised even at that time about the use of lead in gasoline, as documented in a

detailed revip.w of the introduction of leaded gasoline in the U.S. 25 There

was extensive debate that lead would be too hazardous for widespread use,

according to that review. The final judgment on lead, at least by the auto

industry in 1923, was that the toxic effects ot ~4c~on monoxide, a~so a by­

product of combustion engines, were greater than those of lead; therefore,

lead toxicity was not a serious problem. The federal government agreed with

the auto indusl ry. Thus the search for alternatives to lead was laid aside

for I114ny years, ... this judgment valuing lead's benefits over its costS was

inn i tudonal ized. Becauss the publ ic was learning about the very seri ous
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effects of lead on mi~ers, the industry coined the term ethyl gasoline, rather

than Leaded gasoline. The marketing of the fuel promoted the advanta~es of

smoother burnin~ for engines requlring extremely high octane (as high as 95

compared (0 the 37 - 91 now requlreJ).

This inau!>picious hel':nning \Nas all but [cTgottf>n unt i 1 the late

1970's, when mounting evid~nce 0: p~r~aslve lead In the environment was

pointing back to the automobile as a signiflcar.t source of lead. In the

1970's, devices tc control pollutants from internal combustion engines,

including the nOXlOUS carbon monoxide, had the characteristic that lead

particles in the exhaust wou~d disable the devices. This requirement spurred

refiners to develop fuels using other octane enhancers than lead. The

decision to develop unleadp.d fuels was at first strictly based on the

inability of a catalytic convertor to tolerate .:ny kind of particles in the

exhaust. This was somewhat of It serendipitous event, given the growing body

of knowledge implicating leaded gasoline as a source of environmental lead

exposure.

2.3 URUII. SUBUR8AJ1 AND RURAL TRAVEL

The other piec:e in the puz;z;le of chi ldren' s exposure to lead from

combustion of leaded gasoline is the amount of traffic near the children's

homes and schools. Historically, public health specialists have zeroed in on

the central cities of urban areas as the best place to study children and

their environments, and to break the pathway of lead from the environment to

the child. Efforts focused on the central cities were quite !lensible, since

lead-intoxicated children were frequently found in central cities. Several

..jor cities began screening programs after a simple blood test was de~eloped.

Many cases (If lead intoxication were disc(ivered in this fashion, further
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confirming the importance of central citi~s. Oth~r less populated areas also

nad screenin~ programs, but on a much smaller sC31e. 26 The biggest problems

""ere ciear:y likely to i,~pptn in urban areas, becaust> industrial sources and

paint sources are added to p, ~si~~~ traffic-related exposures.

Traffic in ~ubu~~an ar~as, part;cularly ~ery large metropolitan areas.

can bt as high as that in urtan area:, however. In fact. th~ only substantia!

difference between th~ suburba~ and central city traffic situations in Chicago

is the density of traffic. or vehicle-mi lE'~ of traveL per unit area. The

Chicago area is deemed an exc€ll~nt subje~t for study, as its suburban

countit-s exper~ence very ~igh traffic. includin~ many arterials with over

30,000 vehicles per day, and freeways with 40.000 v~hicles per day and up. As

in the central city of Chicago, parks are distributed throughout the region,

near low-traffic as well as high-traffic roads.

Rural locations are distinctly different from urban are3S in Lne level

of tr.lffic. Both volume of traffic (average daily traffic) and the density

(vehicle-miles of travel per square mile) show a sharply lower profile than in

more densely settled areas. Small cities throughout the downstate portion of

Illinois <all of Illinois beyond the six-county Chicago area), are ~haracter­

ized by low density development. Some downstate towns have been active much

longer than some Chicago area Suburbs have been developed, perhaps influencing

lead accumulations.

The relative accumulation of lead along various roadway types, assumed

proportional to lead emissions on the roadway,27,28 is displayed in Figures 1

and 2. In the first figure, the effect ot traffic volumes and speed of

traffic on lead production by a road carrying all lead-gasolinp--fueled

vehicles are shown. A reference situation of 2 glgal of lead in the ~asoline

i~ assumed as part of the calculation to show the relative total lead produc-
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T~e calculation assumes an avera~e speed

approprpiale to each arte~ial or freeway traffic volume, ranging trom 12.5 t~

45 mph <20-72 krn/h). and fuel use equations based on the assumed speed and

traffic flow conditions. It 1S quite clear from this figllre that volume has

the dominarn effect. rather' than speed. At volumes that could occur both on

very busy arterials and moderately busy freeways (30,000 to 50,000 cars per

day), average speed does have a noticeable effect on total lead emissions.

However, even the improvement from steady-speed operation does not compensate

for the effect of volume. That is. a 40,COO vehicles/day road produces mOre

lead than a 20,000 vehicles/day road regardless of avera~e speed.

The second figure (ri~ure 2) provides an index of the effect of traffic

voLumes growing over time. The bars reflect the changing amount of lead per

gallon of gasoline over time, the share of fuel that was leaded, and vehicle-

miles of ttallel.

1964. 29

Half of the lead deposited since 1924 was deposited after

3 A PATTEIDI OF LEAD IN SUllFACE SOILS IN ILLINOIS PLAY AREAS

The study undertaken in Illinois will help to determine patterns of

lead In typical. play areas, a difficult objective. There are very many

factors influencing surface lead concentrat ions. The essence of our obser­

vations are presented in this section. As indicated in the introduction, the

present study does not delve into all of the possible issues and does not

belin to address the issue of an exposure model to small children. As such,

the results presented here are somewhat limited relative to larger issue of

the child-lead problem.
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1.1 TYPICAL DLAY AREAS

parks

J"r : ')1) parks

throughout the

were samp~ed statewide tor thi 5 stutiy. Host sampled

Hate a!"e located near roads with less than 5,000

vehicles:day on ~hem. This is the dominant pattern for downstate parks, very

prevalent for par~s in the ~ity ot Chica~o, and least prevalent for the parks

we sampled in the suburbs. It should be Kept in mind that ours Ilere not

randomly selected parks; parks were selected because of the proximity to

roadS, use ;)[ soil in the play area, and inclusion of a play area for small

chi Idren.

in the center of the park, far from any

The

chi Idren' s

layout of parks varied

p~ay area was located

across the state. In some cases, the

border street. In others, by contr:l.St, the small children's play are.:;. was

adjacent to a major .:lrterial street bordering the park. Some of ollr locations

were day care centers, school yards, or state parks; we also 1nLluc~d a couple

of roadside packs in rural areas. The day care centers were systematically

different from the parks, in that there was a building 20-50 ft (6-15 m) from

the play IIrea in all cases. It was rare for the play area 1n a park to be

located near (less than 2 m away from) a field house or any other type of

structure. School yards were similar to day care centers, in tha~ there was

usually a building between the play area and the road.

These differences in the layout of the park clearly will yield

differences In the surface soil concentrations. Distance from roads is

anticipated to have a major effect on accumulations of lead in surface

soils. It has also heen observed that l~ad concentrations are higher in soil

very near a building; this is caused by the washdown during rainfall of

particles that have accumulated on the building prior to the rain.
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Other feat",res were also anticipated to influence lead concentration.

such as sampling within the dripline or a tree. Or near any other source of

lead. We tried to stay a~ay from other sources of lead, since our goal was to

find gasoline lead. This ~oal °.ras larg~ly met, in that only one site was

closer than" one mile to an industrial source of lead. and that part:cular site

showed very little evidence of accumulation. We also have a limited number of

samples ~ithin two meters of any building, and a small number that were under

the dripline of thE.' tree. Surface ac,'umulations under the tree could be

expectE'd to be higher than beyond the tree. as the leaves collect part ic les.

including lead-bearing particles. tram the air that are then deposited on th~

soil at the time of leaf fall in autumn.

Vegetation on the soil surface may also playa role in determini~g the

surface soil concentration of lead. This effect is not as clear-cut.

Vegetation covers the soil surface, inhibiting direct contact of airborne lead

on the soil, but vegetation has a greater surface it.self to catch lead, which

then can be washed into the soil by rain.

The level of traffic on perimeter streets for each sampling location 1S

shown in Figure 3.

3.2 CIIITEIl CITY. SUBUUAII AIm DOWIISTAT! T'UIIDS

We were interested ir. observi[\g whether parks in suburban areas were

more similar to those in the center city or in downstate communities. In our

study. suburban lead concentrations were between that of center city and

downstate, but ,eneraily closer to the results of the center city than those

of the downstate locations. The reasons for this pattern are not entirely

clear. Density of traffic activity appears to be important; however. the

underlying distribution of lead in the soil (measured at 10 to 12 in or 2S-)O
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cm below soi 1 surface). appears to play an important role in determining

surface level. The mechanisms relating surface to depth measurements are not

clear at this time.

The differing distributions of the surface samples concentration of

lead is highlighted in Figure 4. The figure shows that each area shared the

same right-skewed distribution of concentrations. and that the peak lead

concentration values in the cit)' and the suburbs were both quite higt> (over

1000 ppm). The center city parks had the hi~hest values on average, closely

followed by the suburban parks. The first research question is answered: the

accu;;;.. ~a:_ion of ~ead in high traffic suburban parks is higher than in rural

locations, but not quite as high as in the central city. All areas had

average surface values high~r than the approximate u.s. natural background

level of 1& ppm lead.) There is a significant level of accumulation of lead

in suburban soils, about equal to the accumulation in center city soil!i.

although absolute concentrations in center city soils were generally higher

than those in suburban soils for reasons not yet fully understood. Whether

the accumulation at any level has substantial effects on small children

remains to be determined.

3.3 ULATIOIISHIPS BETVEEII TRAFFIC AlII) SOIL LEAD ACCUMULATtOl

Our expectation before the start of the study was that (; stance from

roads would have a major positive effect on lead concentrations, and that the

volume of traffic on nearby roads also would have a positive effect, but

probably ....ller than the first cause. As shown in Figures 5 and 6 these

expectAtions were born out. However, the standard deviation on each of the

-eans is extremely large. Further examination of the difference between the

~ans have indicated that only a few of these differences are statistically
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si~nificant. Most sUl'prisin, 1S that the highest-traffic roads, at over 50,000

vehicles/day, are not ass~ciated with the highest surface lead levels,

apparently due tv different dispersion patterns near those roads.

4 STAlfDARDS FOR LEAD III SOIL

Al though there have been many standards set for the usage of lead 1n

various industries. there have not yet been any national standards [or lead in

soil, nor any state standards. The standard for lead in gasoline has recently

been lowered, which should end'soil accumulatiun of lead. The lead already in

the soil will not disappear without some 1!':'t~on, however, so states are now

grappling with the issue of a safe level ~f Lead in soil.

4.1 U.S. EPA'S REGULATION OF LEAD III CASOLIIIE

The Environmental Protection Agency in the U.S. became aware of the

connection between gasoline lead and lead in the b:ood of small children in

the middle to late 1970~. They were already aware of the need to remove lead

from gasoline. because the pollution control devices needed for reducing

emissions of carbon monoxide, hydrocarbons, and oxides of nitrogen could not

tolerate lead in the exhaust. In 1974, unleaded gasol ine was introduced in

gasoline service stations throughout the United States.

Further awareness by the EPA of the seriousness of the health effects

of Lead, and the growing evidence connecting gasoline lead to lead in the

blood of small chi Idren, led EPA to promulgate a regulat ion l imi t ing the

UIOunt of lead allowed in leaded gasoline. 2 The U.S. began a phasedown of

aLLowable lead in leaded gasoline, from 1.1 glgal to 0.5 glgal on July I,

1985. This was further reduced to 0.1 g/leaded gal on January I, 1986,

constituting a 90% reduction in allowable lead in gasoline. The level of 1.1
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was set in 1982, a reduction from the days when two to three grams of lead per

gallon had been common. The combination of the increased usage of unleaded

gasoline, and the 90% reduction in the allowable lead in leaded gasoline, has

essentially rem~ved gasoline as a source airborne lead within the U.S.

(although ePA is still considering a complete ban on the use of added lead in

gasoline). The problem then facing the U.S. is how to deal with the lead that

has already been dispersed in the environment.

4.2 STATE STANDARDS FOR SOIL

soil.

States are actively considering the need for standards for lead in

In Illinois, when a child has been found to be intoxicated with lead

This

(at a level above the Centers for Disease Control standard now at 25 ~g/dl),

and the soil in the child's yard is found to be above 200 ppm, that soil must

be remolTed, and replaced with less toxic soil or another material.

regulation is very recent and has been invoked only a few times. 30

As mentioned in the introduction, the state of Minnesota is actively

developing such a standard, expecting to collect thousands of soil samples

statewide within the next year. Wisconsin is also actively considering this

issue, and analyzing soil samples within the state.

The states will need to establish the exposure model to determine their

standards. But considerable activity will be taking place in the near term,

to determine whether there is a problem, and if so what are the best actions

to take to deal with the problem.
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5 WHAT IS NEXT?

Although this study has produced invaluable information on soil lead

Levels throughout Illinois, 'T\any questions are left unanswered. This study

however, provides the basis for raising those questions, moving on to the

important questions of exposure.

5.1 DETERMINING THE HEALTH RISKS OF GASOLINE LEAD

Once it is established that there is sufficient lead in soil to reach

small children, the larger and more important question must be answered. What

is the risk due to this source for small children? It must be determined how

often a child will be in the play area, how long and to how many other

exposure sources will the child be exposed that day. It must also be decided

what is a reasonable estimate of ingested soil for a child on a typical day,

in a typical park. Some studies have suggested that a child exposed to 60-100

~g/g lead via ingestion could expect blood lead in the range from 17-57 ~g/dl;

ingestion of 50 mg of soi 1 during play due to mouthing behavior 1S not

unexpected. B This type of relationship must be melded with data on frequency

and duration of use of parks, as part of the research supporting the standard­

setting process.

5.2 IIIPLICATIOIS FOIl OTBD AUAS

The pattern of higher accumulations in suburban locations in Illinois

may suggest that other high-traffic suburban areas warrant a survey of soils

in play areas. Of course, this suggestion is made without placing a value an

the importance of the levels observed in Illinois, because riSk assessment has

not yet been done. Other states may find it of value to survey their states

in this fashion, or in the more detailed method being used by Minnesota. The
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relationships seen in the Illinoi~ study are not unexpected. Relatively high

traffic roads, above 20,000 vehicle/day, definitely have generated greater

lead burdens in nearby soils, than did local roaa~ of much lower traffic

levels. There appears to be a strong areawide component, however, to the

surface lead concent rat ions. Understanding of these relat ionships wi 11 be

enhanced by better knowledge of the interconnection among surface and sub­

surface soils relative to lead concentration.
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