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The chemical association pattern of lead in road dusts taken at locations near two schools in South
EastLondon and from soils located within the schools’ grounds was investigated using a selective
exiractant speciation scheme. The results indicate that lead in road dusts is primarily associated
with the carbonate and iron and manganese hydrous oxide fractions. In soils, this pattern is altered
with lead Ievels in the carbonate fraction becoming reduced and percentage levels in the iron and
manganese hydrous oxide and erganic fractions becoming more important. Overall lead levels are

variable; some tentative evidence suggests that these overall levels in road dusis may be affected
by street-cleaning regimes. The results of the survey are assessed in terms of the potential hazard

posed to children in the O to 6 y age range.

INTRODUCTION

In recent years, research conducted on the problems
associated with lead contamination of the urban en-
vironment has focused on the dangers presented by
urban dusts, Children, in particular, are considered
to be at some risk from ingestion of lead in dust
through hand-to-mouth activities (Duggan 1983; Hil-
burn 1979; Schwar et al. 1988). Several workers have
demonstrated significant relationships between lead
in dusts and blood and have identified significant
transier pathways (Bornschein et al. 1988; Sayre
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1981). The U.S.E.P.A.’s uptake/biokinetic model, too,
has been used to demonstrate the importance of dirt
ingestion as a major contributor to blood lead levels
in children (Hoffnagle 1988).

Even at low concentrations, lead may be respon-
sible for nervous system disorders (Needleman 1679;
Odenbro 1983). Recently, Ericson and Mishra (1990)
reporied on a pilot study which indicates that hy-
peractivity in school children may correspond with
proximity {0 major highways and scil lead levels.
Assessment of lead levels in soils and dusts in the
chiid’s immediate environment is thus an ongoing
responsibility,
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Many previcus studies in this area have measured
total concentrations of trace metals in soils and dusts,
It has become, however, increasingly common for
metals in such maitrices to be speciated, Such an
exercise involves division of the metal of interest
into fractions based upon its various chemical as-
sociations as determined by the sequential use of
selective extractants (Gibson and Farmer 1986, Hamil-
ton et al. 1984; Harrison et al. 1981; Harrison and
Wilson 1983 Tessier et al. 1979). Such detaiied work
is considered to give greater depth of information
concerning the mobility and bioavailability of trace
metals in soils and dusts (Harrison ¢t al, 1981; Fer-
gusson and Kim 1991}. As such, it ought tc provide
a more informed indication of the potential hazards
associated with'the given lovels of a particular metal
in a given soil {Davies 1681; 1983} or dust (Harrison
et al, 1981) sample,

One of the more commonly used schemes is that
devised by Tessier et al. (1979}, Cperationally, the
metal content in the sample is divided up into five
fractions: {a) soluble and exchangeable, {b) car-
honate fraction, (¢} associated with iron and man-
ganese hydrous oxides, (d) associaled with organic
matter, and {e) residual. The order of bicavaiiability
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ranges from (a) the most bicavailable {raction 1o (¢)
the least available (Harrison et al. 1981; Clevenger
1990).

The purpose of this study was to assess the degree
of environmental hazard posed to children attending
two schools that are adjacent to a major road junction
in South East London known as Fiveways Junction.
A 12 b survey (0700 to 1900 h) indicated that
some 46 850 vehicles may use the junction (Londen
Borough of Greenwich, private communication}, The
major road passing through the junction is the A20,
an important arterial road running into South East
London from the suburbs and Kent,

EXPERIMENTAL

Site description

Fig. 1 is a schematic map showing the proximity
of the two schools to the A20 and Five Ways Junction,
On a typical working day, traffic will build up at this
junction, causing at times long tail backs both on the
main road and the side roads. In addition, the side
streets experience high levels of on-street parking.
At the time of sampling, the street-cleaning regime
was as foliows (London Borough of Greenwich, private
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communication): A20, once a weck by street-clean-
ing truck; Green Lane, once a week by hand broom;
and Southwood Road, twice a week by hand broom.

Sampling

All sampling was conducted in October 1989,
Samples of road dusts were collected from the side
roads and main road along transects measured from
the cross roads at 20 m intervals. The dust samples
wcere taken by careful sweeping of dust contents in
gutters. Further samples were taken from the traffic
light islands at the cross roads.

Soil samples were taken from the top 5 cm using
an aluminum corer. Samples were taken from the
playing fields in Montbelle School and flower beds
in St. Olave’s School, All samples were stored at -8 °C
prior to analysis.

Sample treatment

Dust and soil samples were initially air dried.
The samples were then passed through a 850 um

135

sieve to remove all large particles. This was followed
by grinding in a mortar and pestie and subsequent
passing through a 250 pum sieve. The samples were
then dried at 37°C for 7 d. This was followed by the
sequential extraction procedure outlined below.

Approximately 5 g of sample was accurately
weighed out and treated as outlined in Table 1. At the
end of each stage, the extract was separated from the
residue by filtration through a Whatman No. 4 filter.
The residue was then washed twice and subsequently
used for the next stage of the sequential extraction
scheme.

The supernatant was analysed for lead using In-
strumentation Lab IL 351 flame atomic absorption
spectrephotometer at a wavelength of 217 nm using
background correction, Blanks were run to assure
quality control, Laboratory dust samples were also
coilected {o check for possible centamination of
samples during processing. Only one sample gave a
detectable lead reading and this was only of 8 g g'l.

Table 1. The sequential extraction scheme (Adapted from Gentry et al. 1987),

25% CH,COOH 5 hours at 56°C

e

4 30% HO, / 0.02M HNO, pH 2.

CH,COONH,

= HF / HCLOQ,

Extraction Procedurs
1 1M MgCi.,, pH 7 for 1 hour
2 1M CH,COCKa pH 5 for & hours,
3 O.04M ﬂHﬂﬂLPKH pH 2.

5 hours at 85¢C followed by

Fraction

Exchangeable.

Bound to carbonate,

Bound to iron and

manganase hvdrous
pxides.

Bound to organic
matier.

Residual.
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Yowever, due care was taken to protect the samples
from laboratory dust contamination.

RESULTS AND DISCUSSION

Qverall lead levels

The overall lead levels
a simpie summation of the

are easily computed from
data ohtained for gach dust

2 gives mean tead in dust levels for the
e somewhat Surprising.
peen expected 10 have

samplec. Table
roads surveyed. The resulls ar

The main road A20 may have
the highest results. Green Lane, which has fewcr

vehicles using it (Lnnd{in Rorough of Greenwich,
private communication), hag lead levels which are
some 10 times greaier. There is no clearly established
reason why the results shouid display such non-intul-

in soils and gusis. Lead levels are in [E gt of dry sample.

Table 2. Mean yalues for chemical agsociatlons of lead

I

gxchange Carbonale Fe-Mn

Organic Residual

Total

567.0 |

{420 Eastbound Dust Sasples
' Mean 8.7 3037 145.3 29.3 4.0
ab 3.4 §1.1 36.2 20.5 16.0 95.9 1§
1 0.8 59.9 28.7 5.8 4.7  100.U §
120 ¥eatbound Dust Samples
Mean 2.3 282.0 80.3 20.3 14.3  399.3
5D 2.9 60.2 40.5 16.5 7.7 66.6
1 6.6 70.6 20.1 5.1 3.6 180,
{couthwood Road Dust Gaaples
Mean 15,0 625.8 252.5 14,8 34L.6 1289.06
cn 10,7  260.8 3L.5 13.7  111.9 216.6
1 2.7 48.5 19.6 2.7 76,5  160.0
|Green Lane North Dust Samples
Hean 19.7 1394.3 1334.9 57.3 g,7 2815.9
Db 14.1 5917 227.1 11.1 4,2  B04.8
1 0.7 48.5 47 .4 2.0 5.3 100,
iGreen Lane South Dust Samples
Kean 22,5 1267.9 419.4 64.4 9.1 2283.4
5D 11,5 529.4 493.4 19.7 4,1 1028.8
] 1.9 55.5 4% .3 1.8 0.4 1000
Fiveways Junction Dust Samples r
Mean .0 3.0 $27.5 g, 1 240.0 1462.6
&D 16.0  104.0 286.6 97.3 1113
! 2.3 21.3 42.9 17.1 16.4
gt. Olave's gchool Soil Gamples
Hean 14.2 79.8 344.1 51.0 1.2 520.3
80 22.2 §7.9  294.4 53.0 13,3 402.0
4 2.7 15.3 6b.1 9.8 6.0 100.0
Ixontbelle School Sp1l Samples
: Mean 2.7 1. 22,0 12,5 1.8 40.3
) 3.8 1. 11.9 19.7 2.0 31.1
1 6.7 3, 54.5 3.1 4.4 100.0
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tive behaviour. However, it is suspected that the street- by street-cleaning vacuum machines. Southwood Road
cleaning regime may play a role. The guticrs on the and Green Lane both have on-street parking, which
A20, which has no on-street parking are easily ¢leaned  makes gutter cleaning less efficient, a problem com-

Fig. 2. Speciation patterns obtzined for road dust samples.
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This presumably g1
tead in dust levels.
swept twice a week and Green Lane North only onc
a week may also accoun
farence {(at the 99.0% con
tavels between both sireels. T
that the 12 h tratfic survey
Greenwich privaie, communication) reported that som
R 400 vehicles used Green Lane (North) and 10 89
vehicles used Southwood Road.

Previous London-wide 5urve
of background metal in dust concentrations give mea
iead in dust vatues of 660 Ug g‘i for Greater Londo
.0 1982/83 and 1100 ug g !
sarvey in 1985 for Inner London {
gave a mean iead in dust level of 1050 Ug g'l. Th
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the use of a handbroom o1 these sireets,
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| for the significant dif-
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Schwar et al. 1988)

side roads in this survey
than these values. The spatia
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road dusts and sotls in a small areg, By and large,
most of the lead is associated with the carbonate and
iron/manganese hydrous oxide fractions. For the A20
and Green Lane, the total loadings in these fractions
account for between 88 and 96% of the iotal lead
found in the road dust samples. Thesc results are
broadly simtlar to those results obtained by Harrison
and his co-workers (1981; 1983) Interestingly, this
pattern of association 18 not repeated in Southwood
Road where some 26.5% of the lead is found in the
residual fraction. The reason for this is not obvious.

The samples taken from Fiveways Junction con-
tain relatively sizeable proportions of lead associaied
with all fractions except the exchangeable fraction.
The mean value showing that 17.1% of the lead i3
associated with the organic fraction may indicate soll
input. This is reasonable considering that the central
reservations of the A20, from where the Fiveways
Junction samples were taken, do contain soils and
vegetation,

The speciation patterns obtained for the so1l samples
ar¢ quite different. The carbonate fractions have be-
come less important. This may be as a result of the
acidic soil pH conditions, It would be expected that
as the pH decreases the percentage of total lead
associated with the carbonate fraction should also
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decrease {Xian and Shokohifard 1989). The mean pH
of Montbelle soilsis 5.8 {(n =19, sd = 0.28} and the
carbonate fraction contains 3.4% of the total soil
lead. The soil sampled at §t. Olaves School has a pH
of 6.7 (n = 10, sd = (.33) and the carbonate fraciien
contains 15.3% of the total soil ead. It is clear that
the iron/manganese hydrous oxide and organic frac-
tions have become important repositories of lead
burden in these soils. This in itself is acause for some
concern, Gibson and Farmer {1986) have alrgady
observed that despite reductions of levels of lead in
petrol, the association of lead with the iron/man-
ganese hydrous oxide fractions of soils gives rigse to
a pool of lead which, though relatively immobile,
may create long term contamination problems. Lead
associated with this fraction may act as a reservolr
for replenishing the store of more easily mobilised
icad as this latter fraction becomes depleted (Gibson
and Farmer 1986).

Hazard assegssment

An assessment of the hazard associated with the
lcad levels measured in the soil and dust samples
collected within the vicinity of the two schools may
be made in terms of the potential bioavailability of
the materials ingested and in terms of petential con-

Table 3. Predicted blood lead contributions based upon 1otal Pb levels. Assumptions: Dirt ingestion, 60 mg; Time cutdoors, 2 h,

Ratio of  |[Contribution to

Total |indoor dust|Blood lead pg dL-1
Pb  lto outdoor - |
g g-1 jdust ...... 0.5:1 } 1:1 1.5:1 |
}AEE Eastbound Dust Samples ) ) ) |
: 507.0 .98 | 3.65 | 5.32 f
A20 Westbound Duat Samples ;
398.3 1.56 | 2.88 | 4.19 |

T

[Southwood Road Dust Samples 5
| 1289.6 5.03 | 9.29 113.54 §
éGreen Lane North Dust Samples ;
2815.9 16,98 120.27 128.57 |
o i
Green Lane South Dust Samples 5
2283.4 B.91 [16.44 23.98 |
: 1 :
iFiveways Junction Dust Samples :
: 1462.6 5.78 [10.53 {15.36 |

r'l




Table 4. Prediction of potential contributions made by school dusts to bicod lead burdens. Atsumptions: Time st school, 6 h, hence,
15 mg dirt ingestation, Indoor dint levels = Outdoor dirt levels.

Total {Contribution to blood
Ph lead level pg di-i
ng §-1
Montbelle School Soil Samples
40.3 0.07
Green Lane South Dust Samples
2283.4 .11

St. Dlave's School Soil Samples

528.3 0.94

Southwood Road Dust Samples

1285.6 2.32

tributions to the bicod lead burden of young children.
For the latter assessment, it is possible to use aspects
of the USEPA biokinetic/uptake model (Hoffnagle
1988} to estimate the potential contributions to blood
lead levels from dust ingestion. The model is used
since its predictions correlate well with actual data
abtained for children in the O to 6 y age range. The
model parameters are derived from data obtained for
children aged 2 y, who are considered to be rep-
resentative of children in this age range (Hoffnagle
1988). The model assumes that children ingest some
60 mg /d of dust and that some 30% of the lead
ingested is absorbable. The amount of absorbable
lead, expressed in pg, is muliiplied by 0.4 to convert
to g of lead per dL of blood. For the hazard assess-
ment, mean tatal lead levels (obtained by summation
of all fractions) for each set of samples are used. 1t
is assumed that children in this age range spend
some 2 h outdoors. This is used to compute a time-
averaged, lead-in-dust value. Since indoor dust lead
tevels have not been determined, some reasonabie
agssumptions about their size must be made. Dala
obtained from Thornton et al. (1990) show that the
ratio of the median levels of indoor to outdocr dust
lead in London is approximately 1.3:1. In the absence
of indoor dust data, Hoffnagle (1988) assumed that
indoor and outdcor levels were equal, In Table 3,
then, three sets of predictions have been made based
upon assumed ratios of indoor to outdoor dust lead
levels of 0.5:1, 1:1, and 1.5:1.

The predictions demonstrate that those streets with
high dust lead levels and, conseguently, potentiaily
high indoor dust lead levels, could make a significant
contribution 1o child blood lead levels. The scale of
the contribution would be obviously atienuated by
the temporal and spatial variations of the levels and
by the scale of the contribution that such contaminated
dusts make o the indoor environment.

The possible contributions made by street dusis
and soils to the bload lead bardens of children whiist
atiending either of the schools may also be estimated.
For this prediction, the child’s day at school is con-
sidered to be & h long and the child is assumed 10
ingest 15 mg of dust., Indoor dust lead levels are
assumed to be equal to either outdoor dust lead fevels
or 10 soil lead levels. For children between the ages
of 4 to 6y attending Montbelle School, blood lead
contributions could range between 0.07 o 4.11
ILg di."L. For those at St. Ofaves (3 to 6 y), the range
could be between 0.94 to 2.32 ug dL}. This data is
summarised in Tabie 4.

The hazard assessment, so far, has been based
upon total lead levels. Yet the data gbtained 1n this
survey has also enabled the separation of lead into
contributing fractions. 1t is a commonly held view
that knowledge of physico-chemical associations is
necessary for assessing environmental and heaith im-
pacts {Tessier et al. 1979, Analytical Methods Com-
mittee 198%; Harrison et al. 1981; Clevenger 1990;
Gentry et al. 1987; Gibson and Farmer 1986). Despite



Teble 5. Prediction of % availability. Lead levels in g g~ of dry sample.

e
.

Overall
Exchange |Carbonate; Total |X Available |
£A20 Eagthound 4,71 303.7| 507.0 60.8
420 Westbound 2.3 2820 399.3 71.2
iSoutheood Boad 35.0 | 625.5 | 1289.% 51.2
{Green Lane Horth 19.7 | 13%4.3 | 2815.9 50,2
Green Lane South 22.5 1 1267.9 [ 2283.4 56.5
{Fiveways Junction 34,0 | 311.0 | 1462.4 23.6
IS¢, Olaves soil data 14.2 76.8 520.3 18.1
iMontbelle soil data 2.7 1.4 40,3 10.8

this, there appears to be little in the literature on the
exact relationship between physico-chemical associa-
tions and contributions to biood lead burden.

Chaney et ai. (1988) have reported thai those
materials which are readily soluble in weak acid
solution were found, in acute rat fecding tests,
to be highly bio-available. Though increasing bio-
- availability could aisc be achieved by decreasing
the particle size, Tessier et al. {1979) have shown
that at a pH of 5 all but the biggest carbonate
particles are effectively dissoived tn 5 h, using
extraction procedure 2 in Table 1. The Analytical
Methods Commiitee (1985} reported that the poten-
tial bio-availability of metals in foods may be as-
sessed by the use of synthetic gastric juice (of pH
3.5) for 4 h. Given this pH value and time scale, it
seems reasonable (o suggest that the carbonate and
exchangeable fractions will be reieased into such a
solution. At [fow pH values, if s possible that some of
the iron and managanese hydrous oxide fraction is
partially attacked (Tessier ¢t al, 1979), The severity
of the conditions reguired to release this fraction,
however, suggest that the scale of leaching in gasiric
solution should be small. It therefore seems likely
that those dust samples which contain high amounts
of lead in the exchangeable and carbonate fractions
pose & greater risk than those samples with lesser
Amounts,

On the basis of this reasoning, Table J gives some
indication of the proportions of lead that are possibly
available in the acid conditions of the stomach, Soil
lead and lead associated with samples obtained from
the central-traffic islands of the A20 appear to be less
easily released under mild acid conditions than does

lead associated with street dusts obtained from the
gutters. This possibly indicaies that lead in the former
samples poses less of an environmental hazard. This is
now under investigation in our laboratories.

CONCLUSIONS

From the results described, it would appear that
lead in street dusts is primarily associated with the
carbonate (the possibly more bio-available fraction)
and the iron and manganese hydrous oxide fractions,
However, this association pattern is variable and is
altered when lead in soil speciation patterns are deter-
mined. There appear to be some reasons for believing
that the street cleaning regimes may affect the overall
levels of lead in gatter dusts. However, it is not at all
clear if the cleaning regime has any effect upen the
speciation pattern. The degree of hazard, in terms of
possible blood lead contributions, posed to young
children (between the ages of 0 to 6 y) living in and
attending schools in the neighbourhood of these dust
sample locations is varied, but may possibly amount
to a substantial level in certain locations,
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