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=d in Soil: Recommended Maximur Permissicie Levels

Introduction

Environmental exposure to lead has long been r'ecognized as a public health
problem particularly among children. The vulnerabﬂity qf the age group on2 to
five years to soil lead is enhanced because of their hand to mcuth activities, pica
and a high rate of intestinal abscrption. Excessive concentration of lead in soil has
been shown to increase lead levels in children.l=7 As a result, there has been an
increasing awareness for the need ©© r;x.cnitor lead levels in scil and to control scil
lead contaminaAtion by maintaining a "safe" level. Given the widespread presence
of lead in urban soil, reduction cf lead to background uncontaminated levels Is not
possible.8 The rﬁajor focus of thisrepertis to propose a "safe" or permissible level
of lead in soil in highly urbanized areas, below which potential adverse health

effects will be minimized,

Background

Envir.onmental Assessment

Soil lead contamination has been attributed to ;Jarious sources’. Flaking lead
paint, particularly/in and around houses or buildings has been considered as a major
sou‘rce of contar.rxinatid}\. Air-t_:ofne lead particle.sv deposited in soil is another
important source. Emissions from industries, incinerators and similar sources and
‘ from.vehicuiar' traffic uéing leaded gasoline contribute to soil lead content. Urban
environments receive awhigher deposition of lead Airom' vehicular exr.is‘sions than
rural_ areas, Furthermore, lead concentrations in urban ‘so.ils' are not .ev;enl).r

distributed3.
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In general, lead tends to remain at the surface soil z2ad concentrations are
lower zt deeper layers. Lead-contaminated soil and Zust have bean identified as

important scurces of exposure for children especially 'in an urban setting¥. Wide

ariations in scil lead levels have been cbserved. Studies have reported values
ranging from less than 100 ppm to well over 11,000 ppmS. In z recent study in

zltimore, the lead levels in garden scil samples ranged frcm 1.0 pym to over
10,000 ppm with a median of 100 ppm3. Spittler ane his co-workers did a similar
study on garden soil in Boston!0, Soil lead levels were higher in inner-cities and
near rpadways. Also, front yards of homes facing roadways hz hwher lead
contamination than backyards., Avutomcbile and industrial emissions "xave been
found to be mainly responsibie fcr incrzase in urban soil lead levels. From limited
sampling‘doneﬁ to date, median values of Iead.in suriace soil samples from different
areas in New Jersey varied from & ppm to 1245 ppmll, The overall median levels

were 238 ppm and 73 ppm for suspected contaminated and contrel sites

.

respec.lvely Newark had the highest median of 1245 ppm followed by Jersey City

(684 ppm), Secaucus (495 ppm) and other towns with levels below 400 ppm.

Samples from areas in Princeton and Flemington were below 109 ppm. As observed

in earlier studies, front yards i homes in Newzrk had a higher level (1755 ppm)

-
¥
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The soil samples were prepared with an acid di igestion proccdure (EPA

'Method 3050, for analysis by flame atomic a.b rptron spectroscopy (AAS) mman

and 1f necanve, furnance AAS was u&.d A dried and pulvensed sample is dxgested'

in mtrrc ac1d and hydrogen perodee. The dxoestate is then refluxed wi th exther

mtnc acxd for the furnace analysxs or h/drochlonc acxd fo the flame analysxs.
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Hez!th Effects oL

Severe Ie;.d toxicity often causes eqf“erhalop thy. Prevention cf this serious
sequelae of lead poisoning was a major focus in the 1960s!2. During the 1970s,
recognition oi chrcnic exposure cof lead and its cumulative eifect shifted the
emphasis to the understanding of the adverse eifects of low levels of lead
intoxicetion. The study by Needleman et al showed a positive relstionship of lead
in shed milk teeth with poor ratings from classroom behavior!3. These findings
supported the 'no threshold' view and also indicated the need for more attention to

be given to cumuiative adverse efiects of lead at low levels of intake. A recent

study in Bostonl# emphasized this view with its findings on fetal lead exposure

associated to retardation of mental develcpment.

The blocod lead concentration has been gererally accepted as the best
measure of the external dose of lead?, although it is not considered as a reliable
index of past absorption or of toxicity per se. However, Needleman et al had

observed that children with higher tocth lead leve!s tended to have had higher

blocd lead lavels prev.iou_sly (4 or 5 years prior to tooth shedding).

s .-
.
RN

In recent years, progress has been made In achieving the goal to remove lead

~

from the envron'nent of chxldren before it enters their bodles. The Second

vLiNanonal Health and Nutrmon Exammatxon Survey (V‘-IAI\'ES-II) has estabhshed

average blood lead Ievels for tre US populatxon15 These data demonstrated that
-Aurbamzatlon was assoqated thh an mcreased blood lead level. Lead levels in
'. blacks we-e on an average 6 ug/dl hxaher than those in whﬁes. The lowest blood

. ALAD (de'ta ammolevuhmc acid deh) dratase) mhxbmon is assocxated thh thxs low: B

level h*ore serxous condxtxons such as anaema and neu'ologxc ef*’ects occur at’

lead assoc-ated thh adverse bxoloaxcal ehectshaa been observed to'be 10 ug/dl 16

Ry

rerilUn
.
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Leaded gascline makes & susstntial contribution to soil and dust lead
leve!s.l7 The reduction of lead in gascline and removal of lead in pzint for
residentiz! areas have been primarily responsisle for a decline in the average blood
lead levels in children on & national basis. In areas with very high concentrations
of lead in soil and dust, large scale cieanup cperations ci soil or relocation of the
populztion will be the ideal remedial actions to protect children from unduzs lead
exposure. Such responsibilities for regulating lead exposure include the setting up

of acceptable levels of lead in soil by government agencies.

Material and Method .
This repcrt focuses on the method and the computation invoived in deriving a
suggested pefmzssxble level of lead in soil, below which potential hazardon.s health

effects will be minimized. Firstly, a review cf the existing literature showed that

several studies have investigated the relc*ionship of exposure to lead in soil and’

dust and the amount of lead absorbed by humans, especiaily chiidren, The data
from these s-udies Ieé to the finding that lead iﬁ scil is positively correlated with
blcod lead in children. From several studies, U.S. Environmental Protection
Agency (EPA) estimated the Elood lead slope as ranging from 0.6 to 6.8 ug/dl per

7 .
1,000 ug a of soﬂ lead concent ation!3. Pvazlab!e data on the est mates of the

N
I .

amount of soii 'ngested by children showed one Nndrec fold variation and were not

considered useful in deriving a "safe" soil leveL(w 20,21).

Duogan d d an assessment of the relatxonshm of blcod lead and lead in
soil/dust, based on twenty-cne samples out oI nine studies, which had data
permitting a quantitative estimation of the b!ood iead slope?2, His est".mate was

an increment of about 5 ug: /dl in the b'ood lead leve1 oi chlldren fer an .ncrement

-

T of 1,000 ppm of lead in soil. These studzes vaned a s’reat deal in ﬁm typb of soxl:: L
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and the study ~cpulaticn. Scil or dust scurce included various types such as boot
tray cust, house dust, cutdocr dust, playground dust and soil. Muost of these studies

were cn children under five years of age, a few on older children up to fourtsen

years, an< one on a mixed population ciadultsand cf ..dren.

L

z

The blocd lead sicpes, computed by Duggan ior all twenty-one samples, were
available, ranging frem 0.6 ug/dl to 65 ug/dl per 1,0C0 ppm of lead in soil. The

anzlysis for cur present study was based on dzta on these slopes.

As our objective is to derive an acceptable level for lead in soil, of Duggan's
twenty-one slcpe estimates, eight were selected as they were basad on soil alone

as the source anrd only on children under twelve years.

Results and Discussion
Table 1 shows the slopes ranging from 0.6 to 65 uv/dl perl 1,000 ppm of these
eight studies. As lead levels in blood are known to be distributed lognormally, and

the range for slopes (0.6-65.0 ug/dl) is very wide, analysis was done on log

- transformations of the slopes. The mean of the logs is 0.532! with a standard error

of 0.2435. Transforming back, the gecmetric mean and the geometric standard
errcr of the si0pes i§ 341 + 175 ug/dl. Applying the "worst cése"_or '&;per limit
analysis to the logs, the one- taxled 95% upper confidence lLimit equals 0.5321 +1 £5
X .2435=0.9339.23, 24 Transformmg back, anti log 0.9339 = 8.5877 Lg/di per 1,000

ppmoflead in soxl Ths slope corresponds to the worst case situation.

®a

Usiﬁg the 510pé 8.59‘4 u'g/dl, soil concentrations ﬁavg been calculated for

dxffervn’ amounts of blood lead centributed from soil, as shown in Table 2. Having
' - ,

compu‘ted _ the soxl concentration for different  amounts _ of blood lead
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contributed through soil, the next importent ccnsideration is the cheice of a
permissible amount of bloed lead from soil The’-:s.oil iead concentration
corresponding to this blood lead level would be the suggested permissible level
Keeping in mind the background level of blood lead for children under twelve
years, the ideal situation would be tc have no increment in blood lead !evel
contributed from scil. This stringent condition demands 2 zero level concentration
cf lead in soil. Looking at estimates of soil lead levels available from varicus
studies in the U.S.A. and elsewhere, ene can realize that to bring down the lead
concentraticn to zero would be an impratical task. As shown in Tzble 2, even for 1
ug/dl of blood lead from scil, the soil-concentration has to be around 100 ppm. 1f 5
ug/di of blood iead is chosen as a tolerable level, the corresponding  soil
concentration is 582 pprﬁ, rounded off to a figure of 600 ppm. With a suggested
permissible leve! of 609 ppm, it can be stated with reasoAnabIeh certainty that this

soil concentration will contribute no more then 5 ug/dl to blood lead for children

under 12 years.

This suggested level of 600 ppm lies within the range given by the Center for
‘Disease Control in the following state ment:2? '

"In general lead in soil and dust appears to be responsible for tlood lead

Ievela in chlldren mcreasmo above backgr ound levels when the concentraticn_in the

soxl or d”st exceeds 500 1000 ppm."

oo T. N _v~>—_._~,-'~_'.~ e S . PN

Furthermore ' it is 1mportant to keep in mmd that exposure of chi ldren to Iead

contamxnanted soxlor dust is enhqnced w‘]en thcy play on non-grassy sug‘faces than LI

on grass covered area26 e scen“rxo s¢m11ar to the vulncrabll'ty oi c‘uldren B
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in conciusion, maximum permissible levels of iezd in soil have been
recommended by the New Jersey State Departmen't'of Hezlth, bassd on the

cosz-respense rel:txcn-..zp of lezd in soiland blood l°=d in children as folbws:

1. A maximum permissible level 0f 250 ppm of lezd in soil is recommended
in areas without grass cover and repeatedly used by children belew five
years of age among whom mouthing objects is highly prevalent. This
level may add at the most zbout 2 ug/dl to the blood lead level of

children.

2. A maximum permzssible level 0 600 ppm of lezd In soil is recommended
in areas repeatedly used by children below 12 years of age. This level

may add at the most 5 ug/cl to blood lead level of children.

3. A ‘maximum permissible level of 1,000 ppm of lead in soil is

recommended in areas such as industrial parks or along streets and

highways or in other areas infrequented by children.

The Department' of Health also reéommends that municipalities should
consider the passage of local ordinances prohibitina the development of :esidential
areas in lead-cohtaminat ed soil unless the lead soxl concentratxon is reduced to the

approonate max-"num permxssxble level.

Summary
Lead in soil has been recor’rxized asa _public heal‘chﬁproblemJ particularly

among chxldren, In recent years, atten*xon ha.; been dxrected to cumJIatwe adverse

eﬁects of lcad at low Ievels of mtake. Lead contammated soxl and dust have been -

-

. . -
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identiiied as impsrtant contributors to tlood lead levels, Based on available data
or blood lead and lezd in scil/cust, an zpproach has‘b'een develcped to suggest a
permissible level of lead in soil, below which there will be reasonable certainty
that adverse health effects will not. occur. An zccepizdle level of €20 ppm of lead
in soil suggested as a "safe" level would contribute no more than 5 ug/d! te total
blood lead of Ehildren under twelve years of age. Aaximum permissible levels of

lead in soil have been recommended based on the dose-respcnse relationship of lead

in soil and blood lead In chiidren.
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TAZLE }

Dzta Relating to Lead in Blocd with Lead in Soil*

Number Age of
of Persons Persons Slope
Authorand Reference in Study (yr) (ug/d!/1,000 ppm)
Angle et al (i) - 153 2-5 65.0
- Angle et al(ii) - 25 16-12 15.0
Barltrop etal | _ 32 | 2 0.6
Gake et :;i'(i) o 187 up tos 3.3
Salke etal( 187 w5 1.6
Shellshear et al.:___'_ - 63 1-5 3.9
Yerkel etal() 1,169 e 0.6
CYarkel etal() - 1,189 2-3 2.5

*Source: Duggan MJ. Lead in Urban Dust: An Assessment. Water, Air and Soil

~ Pollution, Boston: D. Reidel Publishing Company, 19305 309-321.
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TABLE 2
Lead Concentration in Scil by Blood Leac Contribution from Soil

Blood Lead Scil Concestration (ppm)

from Soil* at 9535 Upper Confidence
(ug/dD) Limit of 8.59 ug/cl 1,060 spm

116

5 | 582

10 - 1,164

15 o 1,746

20 T 2,328

25 o 2,910

*In addition to background level’

Lo~
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