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EXECUTIVE SUMMARY

A preliminary pollutant 1imit value (PPLV) of 42 mg-Pb/kg-soil has
been calculated for 1ead compounds in soil. This PPLV is based on the
1979 proposed water quality criterion for human health effects, which
is 0.05 mg-Pb/kg-water. The solubilities of two compounds of interest
to the Army, lead azide and 1ead chromate, exceed the water quality cri-
terion and could thus produce toxic effects in humans at concentrations
in soil which exceed the PPLV. Solubility data were not available for

lead ethylhexanoate, lead styphnate or lead salicylate. In the enviren-

ment, the solubility of lead compounds increases at low pH.
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INTRODUCTION .

Army operations have involved the use of lead compounds ir ».s‘tions
manufacture. The compounds of interest in the present study & e

e lead azide

® lead chromate

® lead ethylhexanoate
@ lead salicylate

e lead styphnate

It is possible that certain of these compounds may be preser: * soil at
various locations and at concentrations which could result ‘r s#iverse
human health effects. To assess this possibility, a prelimi%ar. pollutant
1imit value (PPLV) has been calculated for 1ead compounds ir “*4*1, The
PPLV is an estimate of the no-effect concentration of each f&y ! cular
compound in soil, based on 1ifetime exposure. PPLVs are wei4"; "0 be tar-
get values for assessment of alternative restoration scenart.{

The PPLV methodology is explained in detail in several o‘,‘we docu-
ments cited in references 1-3. Briefly, a no-effect dose iz .mans is
chosen from published data and a quantitative assessment ¢“ g ironmental
pathways is used to calculate the lead concentration in s¢?  w«*ich would
result in the intake of this no-effect dose each day.

Calculations have been performed assuming that the so'.: ity of
all five compounds is sufficient to produce toxic effects ¢! 'ne calcu-
lated PPLV. Preliminary data indicate this is valid for '#&% azide and
lead chromate. No solubility data are available for the ¢ "~ three
lead compounds. However, the derived PPLV is assumed to :# f3plicable to
all five compounds.

SELECTION OF A NO-EFFECT DOSE FOR LEAD
A no-effect dose (D;), 0.00143 mg/kg-body weight per #d. . based on

the proposed water quality criterion for lead, C.05 mgl.";'. has been

selected as the basis for a PPLV calculation.* The wate- .f.ality criterion

Cw X Hw 0.05 mg/L x 2L
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was arrived at after careful consideration of published 1iterature avail-
able to the end of 1978, The criterion allows for the protection of the
health of the most sensitive unit of the United States population, young
children. It quantitatively accounts for lead intake from several sources
including: air, water, food and pica. (Pica is a craving for unnatural
foods and includes the ingestion of chips of lead-based paint by children.)

INITIAL PPLV CALCULATIONS

Calculations are based on the methodology detailed in references 1-3.
Five pathways are considered all of which begin with l1ead in soil and end
with humans: water, root crops, feed animals raised on root crops, river
sediment via fish flesh, and inhalation of particulates.

1. Limit value for soil via water.

2 BW x DT

sl sz X "w

C = 35D, = 0.05 mg Pb/kg-soil

T

2. Limit value for soil used to grow crops for human consumption
(root crops).

Cgp <1111 Dy = 1.6 mg-Pb/kg-soi1
3. Limit value for soil used to grow feed for food animals consumed
by humans:
CS 1.6
Cs3 = E;; e 0.32 mg/Pb/kg-soil

only for animals subsisting on root crops.
4, Limit values for river sediment via fish flesh.

From Nriagu p. 325 + text (5).

Fish

Bioconcentration factor, sediment

<1,




If fish intake = 0.63 kg/day

D.r x BW 0.00143 mg x 70 kg
Csa = WeTghtFish* - Kg-day 0.63 kg/day - 0-16 mg/kg-soil

5. Soil containing the pollutant, inhaled as a particulate,
respired by humans:

F DA
Ce5 = 6.3 % 10’ D = 90,000 mg/kg

However, it should be noted that the National Ambient Air Quality Standard
for Pb is 1.5 ug Pb/n® (6), which yields:

3 3
CsS = 1.5ug Pb/m” , m = 25 u9 _ 25,000 mg
m 0.06 mg soil ng kg

6. Novmalization

1

1 1 1 1 1
0.05 X 7.6 0.32 X 0.16 * 75,000

Csf =

= 0.032 mg/kg

FACTORS AFFECTING PPLV RESULTS
Detailed consideration of environmental factors is beyond the scope
of the present effort. Lowever, brief consideration is given to the
effects of the following factors on the validity of the PPLV:
e solubility of military-unique 1ead compounds
e solubility of possible environmental transformation products
e attenuation capacity of soils

® natural complexing agents in soils

@ PpH changes

e refinement of bioconcentration factors

RPN AT T NRP RSO T e

e background concentrations

* Weight of soil. 1




The solubility of the five military-unique 1ead compounds and of the
environmental transformation products is important., If lead, once dis-
persed, were always to form very insoluble compounds, it might, in effect,
be inactivated and pose a health problem only when ingested as a solid
particulate from air, water, or food. This is not the case. As detailed
in Appendix B, the solubility of 1ead azide and chromate exceed the water v
quality criteria. The same applied for Pb(OH)2 at all pH values; PbC]2

at all pH values; PbSO4 for sulfate <4 g/1; PbS under aerobic conditions;
and PbCO3 in equilibrium with atmospheric CO2 at pH <€.5.

Soil adsorptive capacity for lead is high for most soils at neutral
or btasic pH values. As reported on pages 95-96 of Lead in the Environ-
ment (7), addition of soluble l1ead salts at levels up to 3000 mg/kg
resulted in fixation of 99+ percent of the lead. That is, less than
1 percent of the 1ead could be leached from the soil with water. However,
addition of humic acid extracts (0.1 percent solution) resulted in
solubilization of the lead. Thus, naturally occurring complexing agents,
e.g., humic acids, can solubilize lead in soil. kumic acids are appar-
ently present at higher concentrations under acid conditions. Thus,
acidification of soil could directly and indirectly result in solubiliza-
tion of lead compounds.

Refinement of bioconcentration factors could result in 2 change in
the 1ead PPLV value. However, since the single path PPLVs for food |
pathways are 3 to 30 times greater than the water pathway, increase of at
least this much in bioconcentration factors would be required to produce
a significant change in the PPLV.

In plants, lead seems to be immobilized by formation of insoluble
phosphate compounds in the roots (Boggess, et al., pp. 101-103) (7).
This seems to indicate that as long as phosphate levels are adequate
there need be no concern over accumulation of lead in plant parts above
the soil line.

For aquatic biota, a further assessment of bioconcentration of lead
might be helpful.

Background concentrations of lead in soil vary widely. The accepted
average value for the Tead content of the earth's crust is 15 mg/kg
(Boggess, et al., p. 93) (7) which is approximately 500 times the PPLV.
A range of 0.8 to 500 mg/kg has been reported for arable soils. Soils
of sedimentary or alluvial origin often have as 1ittle as 0.04 mg/kg.




REFINEMENT OF PPLV

Initial PPLV calculations were performed with default values for
many of the distribution coefficients. These default values are appli-
cable to cases of extreiie pollutant-environment interaction but not
necessarily to lead. For example, the soil-water distribution coefficient
default value assumed for pathway one was unity. This is applicable only
to compounds of high solubility or to soils of very low sorptive capacity.
Such conservative estimates provide margins of safety for extreme environ-
mental conditions (e.g., soluble lead in acidic, sandy soils) but they can
also grossly overestimate the problems for more 1ikely situations (e.g.,
agricultural soils with typical nutrient capacities, typical alkalinity,
and neutral pH.) We discuss briefly some of the less conservative assump-
tions which may well apply to specific sites.

1. Limit value to soil via water. Data from Lead in the Environ-
ment, p. 95 (7), quoting from Brewer's work shows that of 3000 mg/kg
soluble lead added to soil, 3 days later only 3 my/kg were soluble.
From this we calculate sz = 0.001. The corresponding PPLV is:

BW x DT 70 x 0.00143

Cqr "% X W = 0.00Tx2 - 50 mg-Pb/kg-soil
Sw w

2. Limit value for soil used to grow crops for human consumption
(root crops). The full equation for the single path PPLV is:

BW x D
€. T

s2 sz X K.wp x f x DFI

and the following default values were assumed:

BW = 70 kg, |
Dy = 0.00143 mg/kg-day,

Kow = L

Kep = !

£ =20.0

DFI = 0.63 kg/day

Assuming sz = 0.001 leads to:

C

o = 1600 mg-Pb/kg-sof1 i
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3. Limit value for soil used to grow feed for food animals consumed
by humans. Assuming, again, that an extreme case may apply, e.g., beef
cattle raised on sugar beet pulp, and assuming that cattle retain all of
the dietary lead in their edible tissues:

Cs2 . 1600 . 320 mg/Pb/kg sof '

C B s oo

s3 Kpa

4. Limit values for river sediment via fish flesh. From Nriagu
PP. 321-324 (5), bioconcentration factor,

Pb-fish _
‘pb_"s'ed'.i'm" nt = 00001 tO ]

If fish intake = 0.63 kg/day

BW x D
e e
s4  Weight-fish

ranges from 0.16 mg-Pb/kg-soil to 160 mg-Pb/kg-soil. Pathway 5§ is the
same, CsS = 25,000 mg-Pb/kg-sail.

5. MNormalization for pathways other than fish ingestion,

%f=] : ] = 42 mg-Pb/kg-s0i]

1
50 * T600 * 320 * 75,000

In cases where the above assumptions apply, one obtains:
For soil, PPLY = 42 mg-Pb/kg~soil.
For river bottom sediment on soils which may erode and deposit in

rivers, PPLV = 0.16 to 160 mg-Pb/kg-sediment depending on the sediment to
fish distribution coefficients.

10




COMCLUSIONS

A very conservative approach yields a lead PPLV (0.033 mg-Pb/kg-soil)
500-fold below typical background lead concentrations. More realistic
assumptions yield a 1ead PPLV (42 mg-Pb/kg-soil) which is somewhat higher
than typical background values and which applies to soils other than sedi-
ments. For sediments, the available data allow only for 2 calculation of
a range within which the appropriate PPLV 1ies, 0.16 to 160 mg-Pb/kg-
sediment.

It is clear from the foregoing discussion that specification of a
lead PPLV for any particular site will require careful consideration of
site-specific factors. A particularly sensitive parameter in PPLV calcu-
lations is the soil-water distribution coefficient, and it is important
that the parameter be experimentally determined for the major soil types
at each facility under study.

n
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GLOSSARY OF TERMS
body weight

1imiting pollutant 1evel in soil for human health effects,
-1
mg kg

final CS value

11miti?g pollutant l1evel in water, for human health effects,
mg kg~

daily food intake, kg day-]

1 -1

acceptable daily dose of a toxicant, mg kg ' day
fraction of total diet represented by food of a given type
concentration in a food animal/concentration in a crop plant

concentration in water/concentration in soil, i.e., partition
coefficient between soil and water

concentration in a crop plant/concentration in water

daily water intake, kg day']
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