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Lead is a natural, but minor, constituent of soils and plahf;.

- Swaine (1955) estimated the average content of lead in the earth's crust

to be 16 ppm and gave a range of lead in agricultural soils of 2 to 200

V,PPm. Most investigators report soil lead levels within these limits,

hdwever?'a few have foéund lead in certaln soils to exceed the }imit

suggested by Swaine (1955). From an ekamination of available literature
it would aépear that the hative content of lead In agrfcultural soils is
quite low, probably less than 40 ppm,

The lead. content of the soil in a profile is not constant for all
depths, It is normal for lead content of undisturbed soil to decrease
with depth, Wright et al, (1955) working in Canéda measured the lead In
four different soil groupsvand‘fbund a range of from 6 -to 108 ppm lead
with the greatest concentration occurring .in the sufface'hori;ons; The

.sqil parent material averaged 15 ppm lead, The work of Motto et al,
(1970), schuck and Locke (1970) tended to‘conflrm this trend,

Kloke and Riebartsch (1964) found the amount of lead in soils to be

propartional to motor vehicle traffic in a number of locations near
v highways, Theyfound an increase of from 6.4 to 36.5 ppm lead with a
traffic increase of from 11,000 to 32,000 cars per 12 hours, The work of
"‘Motto et al, (1970) indicates a sharp decrease in-the lead content of
surface soil in the 75 feet adjacent. to the highway. These facts
illustrate the possibilitf of lead contamination of soils from pollution,

Plant uptake of lead from'soi]_wfll,probablyzbe better related to
soluble lead rather than total lead, Motto ét al, (1970) reported that
plants are capable of absorbing soluble lead from solutions., In a

greenhouse experiment five crop plants (carrots a root crop, potatoes a

DUPO050055864




vy
e

R. H;:Dalnes -2

. tuber crop, tomatoes a fruit, corn a grain, and lettuce a leafy Qegetable)

were grown in acidfwashed sand to which complete nutrient solutions were .
added daily until the plants were well estabi!shed. After fhe;plantsAwere
established in the sand culture, the sand was washed by leaching with
distilled, deionized water, Each culture was then treated with nutrient -
solutions miﬁus phésphorous bﬁt containing d, 1, 2, orh ppm.!eéd as lead
ﬁltrate. These solutions were added daily to -the growing plants for a

period of | week after which the sand was agaln washed and complete

~nutrient solution added for a period of 1 week, This was repeated until

_the crops were ready for harvest. All harvested plant parts were washed

in distilled deionized water containing added detergent, The results of
this experiment are recorded in Table 1, From these data it is clear

that the roots of all crops absorbed solublé Jead and translocated some

of it to all above ground parts of the plant except to the frults of
tomatoes and the grain of corn, It is also clear that in léttuce,
potatoes and tomatoes where the small feeder roots were analyzed, the

lead content of these plant structures was vqry.high,-whereas, in corn
ana,carrotg where larger roots were used the lead content was cOnsideraBly
reduced, ‘ '

The importance of soluble lead versus total lead is shown by a
greenhouse experiment conducted by Marten and Hammond (1966) where an
eight fﬁld increase in total lead coptent of a soil did not result in
a significant increase in tﬁe lead content of brdmegrass grownvtﬁetein.

Brewer (1966) in his review.of‘stuéles on lead in plants and soils.
gives a general range of 0.05 to 5 ppm of soluble lead in séils. Keaton -
(1937) found a very high degree of fixatfon of lead in solls, oOnly 17
ppm s§lub]e'lead was found in solls three days after addition of 2784 ppm
lead as lead nitrate, The amount of soluble lead fncreased with lead

added, but decreased with time, In the large collection of lead values

-
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reported by_shain (1955) the average amount of lead extracted with acetate

or acetic acid solutions from soils in Scotland was less than 1 pbm. Thus

the soluble lead content of solls is very low compared to the total lead
content. | s

Widely varying amounts of lead have béen reported 1n%plant mate;ial.
Kgaton‘(l937) found less than 3 ppm in plant tops, but almost 800 ppm In
the roots of barley plants grown in soils treated with up to 800 ppm lead,
Liebeg et al, (1942) reported as high as 890 ppm of lead in the roots of
lemon cuttings gfown In solution culture, whereas less than 3 ppm was
found in thé leaves of some corn plants, while Gamble (1963) found less
than 0.3 to 30 ppm lead in the leaves of various plant'species.growing
in three wooded areas in New Jerse§, Warren and Delavault (1962) analyzed
several crop plants for lead. They reported averagé values for all plants
studied to be less than 10 ppm.

Some investigators have coﬁgidered the lead content of plants as
affected by proximity to busy highways. Warren and Delavault (1962)
’determined lead in tree stems collected from'aq area remote from highway
traffic and in stems of the same plant species collected from an area of
heavy traffic. The values for the remote area ranged from 0,4 to 2,0
ppm and for the heavy traffic area from 2 to 5.2 ppm, Cannon and Bowles
(1962) found 100 to 700 ppm in.the ash of grass saﬁp]es collected'within
five feet of highways, The iead content decreased with increasiﬁg distance
From the hlghways to a range of 50 to 5 ppm in the ash of samples collected
500 to 1000 feet distance, Grass collected af the intersection of tw5
heavily travelled highways ;ontained 3000 ppm lead in the ash, while grass
at the intersection of less travelled Highways contalned 500 ppm lead.

/Cannon and Boeles state that the dlstribution.of lead is controlled by

traffic volume and wind direction,
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Kloke and Riebartsch {1964) found an 1ncfeas§.ln lead In roadside
grass tops from 16,2 to 57.0 ppm. Motto et al. (1970) analyzed for lead
in grass clippings gathered at seven distances (0 to 225 ft,) from
highways supporting 12,800 to 54,700 cars dally. All samples weﬁe

divided and one portion washed in four changes of dfstilled deionized

~ water to which a small amount of detergent was added to the first washing,

The second portion was analyzed without washing, In this experiment the.

average lead content of unwashed orchard grass élipplngs gathered at fhe
highway edge was more than 5 times as high (255 ppm) as grass gathered
225 ft (46,3 ppm) from the Highway. It was of interest to note that this

decrease in lead content was gréatest.c]ose to the highway with the

' greatest decrease occurring-in the first 75 ft from the highway. [f the

average lead content of the graSSISampIes reported by Motto et al, was

charted with distance from the hlghway as the abscissa, the curve would

" be very similar to the one charted by Da!nés‘et al. (1970) for atmospheric

lead and distance from a highway, In this last study they reported a
decrease In particulate lead in.the atmOSpheré'of over 50% between 10
and 150 feet from fhe'highway. | '

" Motto et al., (1970) fu;thef report that washing the gfass removed
lead from all samples studi;d; however, those gathered in the first 75 ft
lost the greatest amount of lead (near 50%) from tﬁe washiﬁg. The fact

that lead can be removed from leaves by washing demonstrates that all or

_a large portion of the lead on leaves coming from air pollution is, as

stated by Schuck and Locke (1970) present 'as a topical dust coating of .

which 50% can be removed by simple water washing," J
Everett, Day, and Reynolds (1967) measured the lead content of

privet leaves collected from two sites at m§ny locations along main

highways (site 1), and remote from highways (site 2), throughout England.
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They found an average of 86 ppm from foliage collected at site 1, and h5

ppm from comparable foliage gathered from site 2,

‘They also report the lead of the privet follage to be greater for
'.4_ the months of September through April than for the months of May through
_August, Mitchell and Relth_(l966) also report higher foliage lead values
for the winter months and suggests that the increase may be due to:
1. - Lead in roots translé;ated;to tops during the winter months, or
2, = An Increase in the lead level content would be expected as a reﬁult
of the loss of organic matter due to respiration &uring the winter months,
.. In addition Daines et al, (1970) report an increase in atmospheric iead
‘during the winter months hence lpcreésing the opportunity for an increase
in the lead depositAfrom.air po]lutioﬁ. During the summer months plants
are normally'increasing in size, thus diluting the lead deposit on their v
leaves with new tissue. [t would be expécted that lJead deposit on leaves
would Increase with increasing exposure time, .

Leh (1966) compared rye and potato plants growing within 15 feet of
‘traffic with ;imilar plants growing more than 300 feet from thé highway.
The lead content of chaff and green tops from near the highway was higher
by a factor of about two, while the content in kernels and tubers was not
changed, . In this connect1on Dedolph et al, (1970) reported that the lead
conteét of the fleshy radish roots was unaffected by the lead in the air
and soil in the experiments reported by them, Ter Harr (1970) states
tgat edible portions §f wheat, potatoes, tomatoes, sweet corn, carrots,
cabbage, oéts,‘rice, and leaf lettuce grown 30, 120, and 520 feet from a
highway carrying 29,000‘cars each Zhlhours, hshowing no correlation betweeﬁ
lead concentration and distance from the road." He did report an Increase
(95% level of confidence) in the lead on the 'snap bean pods, Moto et al,

(1970) grew five commercial crops (lettuce, tomatoes, corn, potatoes, and
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carrots) at Iocations along a highway supporting 12,500, h7,100, and 49,000

cars every 24 hours., These crops were grown 30,100, and 250 feet from the"

, hlghway in each of the»three locations and the soil in all locations was a -
sasséfrés_loém; All plénts were grown to usable maturity except the corn.

It was hérvqsted after the kernelé had become hard, The data secured from."
this expériment are recorded in Table 2, Frdm these data the effect of
the(highway‘oh the lead in the air and sdi} Is clearly demonstrated in all
but the soil at the 47,100 car location., The soil in this field has been
moved around considerably during grédfng operations, In addition the data

N demonstrate the tendency for lead from air pollution to accumulate on
leaves and other exposed above ground structures, However, lead deposited

on the leaves of plant adjacent to’'a highway carrying only 12,500 cars |
daily failed to show a correlatlon between lead deposits and distance from

‘the road., At the locatlons where there were #7,100 and 49,000 cars, however,
the correlation.was highly signlflcant. 1t is of interest to note that
these washed samples indicate that the lead from the air or the soll did
hog increase in the_porttons of plants consumed by humans éxcept for lettuce
leaves. Here the samples gathered near the hiéhway support]ng»h7,100 and
49,000 cars daily exhibited a.highly slgnificant increase in the lead present.'
Howevqr, the leaves of all these crop plants may be eaten by animals, 4

In an effort to gain information on the.contrlbutions_from the Iead in
soil and air to that found on vegetation near highways, spil from the
surface 6 inches of field plots beside a highway carrying 47,100 cars was
transferred to the greephouse, mixed, screened, and placed in 3 gallon
glazed porcelain pots (Motto et al, 1970). Plants growing in this soil
generally showed more lead in the roots than in the leaves, and the differences
in lead in leaves was not significant between plants growing in the soil from.
the plot close to the highwgy as compared with the soil from the pldts 100

and 250 feet'Frém the traffic. The lead content of the soll near the
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_ highway was 164 ppm, while that at 100 feet was 95 and a 250 feet 76 ppm.

The plants in questlon usually showed more lead in the root than ln

the leaves, and in almost all cases the root~lead from solls gathered at
30 feet from the highway was - consuderably hlgher than from the roots from
_the other loaatlons. A v

Although a considerable volume of llterature‘ls devoted to the-Studles
of lead in soils and plants, there seems to be ‘no reliable evidence lndléatlng
that lead injures plants in nature, During the oerlod when load.arsooate
was used as an insecticide on tree fruits, lnjufy to applé and peach follage
was common, However, this pﬁytthxlcity was produced by the arsenical and
not the lead part of tho compound.

vDurlng and lmmedlatelf,followlhg the second World War, the chronic
disease ''{tai-Itai" (oueh-ouch),uﬁknawn until modern times, occurred in
very limited areas borderlng~water=ﬁays'oear.cadmium, zinc, lead mines,

“1n addition, rice plants’ ln fields flooded by river water, located in the
same areas as the "“Jtai-|tai" dlsease is reported by Kobayashi (1970) as
having been damaged and the harvest decreased, ' fn 1955 the mine (area of '
greatest plant damaée)‘constructed a.dom, lmpoundlng.the muddy waste Water.’
from the flotation plant in a laéoon. Following this the disease of
humans rapidly decreased and éhe injury to the rice plants was gradually
oorrected. . '

Studies on the cause of injury to rice planfs was limited to chemical
.analysis. The resulfs of which Is recorded in Table 3 while feeding studies
according to Kobayashl, Tndicated that cadmium was the cause of the "ltau-
{tait disease, From these data, which do not identify the cause of the .

anury, it is of interest to note the low lead content of the rice, and
: {&i) o the accumulation of lead in the roots, Kobayashl in his discussion polntod
\‘ out that the ash from the roots contdlned more cadmium, zinc, and lead than

the soil.
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From studies using,Aljuim cepa (onfons), Zea mays (corn), and Vicia -

faba (broad beanj Hemmett (1928, 1929), in his studies on the 'Biology of

_'Meia]s,n'reports the éoncentratlon of lead within the nuclei and cell walls '. 7
of the growing'portions of roots. In this location he reported lead lﬁyéd/
_retarded cell proliferation while allowing cells to increase in size. In

further studies Hammett reported that the mitotic (dividing) 'nucleus of
the growing roots have a‘special avidity for lead.!" [n a subsequent report
Hammett reported that continuing studies indicated a reaction between-lead
and an organic sulphydral occurred in the area of normal rapld*elongatfon.
. ; of jnterest'is the comment that ''the sulphydral group stimulates cell
proliferation in mammals and fn lower organisms.'
Koeppe and Miller (1970), using ;orn mitochondria, found that lead

chloride (50 to 62 micromoles per liter) in either KC1 or suckose~

containing»mediums‘stimulated‘o;idation of exogenous reduced nicotinamide
~adenine dinucleotide, This increased oxidation was not affected by the
presence of phosphate. These studies further indicated that lead chloride
"(12.5 micromol;s per liter) inhibited oxidation of succinate in the
ab;ence of phosphate. Since phosphate is an essential for p}ant growth,

the effect on succinate oxidation would seldom be encountered in nature,

QONCLUSIONS

1. Plants can absorb:soluble lead through the roots and traﬁslocate
seme to above ground poftions.of the plant.
. 2, The lead naturally occurring in soils is iargely unavallable to
plants,.as is the lead.in sol]s.comlﬁg from air pollution along busliy
travelled highways.

3. Plants growing near busy highways (ZS-feet range) show significant

) increases In lead on their leaves. There Is little or no evidence that

this lead can be translocated downward to the underér&und portions of the

plant,
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L, Sin;é‘;bout_So%'of the lead on leaves of plants growing near -7

kusy'highwaYs.cah.be.removed by a water wash, it must be concluded that
much of the jead is present as a surface deposit. Althougﬁ the lead
particles in thé are are small enough to enter the open stomataio% plants,

- unless prevented by electrostatic forces, there is no evidence to prove
that Iéad'partic]es from air pollution enter the.leaf. |

5. Lead from soil is present in largest concentrations in the small
roots of the plant, Lead from the air accumulates on the above-ground
portions of the plant such as the leaves, This accumulation is Iargest
close to bsz highways and the depoéit should be increased by extending
the length of -exposure.

6. Deposits found on leaves are greater in winter than in summer
months ., |

7. Lead from soil and air ten&s not to accdmulate in edible fruits,
grains, tubers, and fleshy roofg; The evidence indicates, however, that
there is an accumulation of -lead on leaves. of plantﬁlgrown within 75 feet
'of‘highways supporting 47,100 te 49,000 cars daily, However, no such
significant accumulation occurred along hfghwa&s carrying 12,800 or
29,000 cars per 24 hour perlod,

8. Evidence showing lead, as ‘it occurs in nature, to be toxic to
vegetation is lacking. Howevér, in studies using foots of certain plants,
lead has been reported to concentrate in cell walls and nuclei in
‘mitosis, to inhibit cell proliferation and allows -the continued increase
in the 'size of cells. |n addition, using corn mitocondria, it has been
reported that lead chloridé stimulated the oxidatioﬁ of exogenous reduced
nicotinamide~adenine dinucleotide, and reduces the oxidation, in the absence’

ﬂmy‘ of phosphate of succinate, Since phosphate is an essentlal element for

DUP050055872




R’. H‘.. Daines =« 10

plant life, the importance of the effect of lead chioride on the

oxidation of succinate in plant cells is uncertain,
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Table 1. Lead content of plants grown in acid washed sand. in the

greenhouse in 1968,

Treatment (ppm Pb)

0 1 2 b
o »

Carrot
Tops B.7 16 19 27
Roots 3.1 7.9 18 21

Corn S ’

Tassel 7.8 8.1 7.k 9,2
Leaves | 3 I 19 39 88

"stalk 0.6 .- n 28 Ly

HUSk ’ ese :o_'o' eo e ses
Outer 2.9 7.9 15 23 -
inner 3.9 7.3 13 16

Roots 3.7 - 12 22 35

Kernel 1.0 1.7 2.8 3.3

Lettuce
Leaves 5.7. 12 16 37
Roots 7.6 108 - 182 - 332

Potato ' ' :

. Leaves 1 - 7.8 12 12 .
Stems 7.6 .29 55 123
Roots 30 - - 200 451 764
Tuber : 1.0 " 0,6 2.6 1.2

Tomato - :

Leaves 8.1 8.1 15 16

Root - 17 418 630 739

Fru.i t ) 306 '

2.5 2.3 2.1
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. Table 2, Lead content’of five crops grown at three fleld sites in 1968;

Traffic volume 12,500/24 hr. __47,100/2% hr, _ ____149.000/2h hre
Distance from : , . ' '
highway (ft.) 30 10 250 30 100 250 30 100 250
Soll Pb (ppm 0-6'") 54 38 33 13k 138 300 229 130 ‘89
Carrot . ' ' ’ : C S,
Tops 181 L 37 26 21 53 22 N ¥ A
Roots ) 3.8 503 3.9 602 - 9.5 90"" 901 10 5.0
corn ' N : ‘ o | o
TaSSﬁﬂ 3] : . 7.4 7.8 ‘79 ]L'll' 69 eve eos oae
Leaves 19 17 W 86 b7 . 36 88 51 ho
Stalk 3.6 . 3.7 0.9 5.6 3.6 0.2. 6.2 34 3.6
H»USk see LXX ] (X X1 . .34 5.0 206 see - [ X R sos :
Quter H 5.0 6.8 ove Y . eme eos cae L ees
inner 5.0 5.2 2‘1-} ase ’ ses see ees vos X
ROOtS 6.0 309 5 ol"' 19 ll‘“ 19 5"" : ]9 - s s
.Kel'nel 3.8 306 301 000 002 002 o0 see RTY)
cob 8.0 3.2 ) 2a6 O.L} 0Q.0 opu ooe eee e
Lettuce o
Leaves 12. 13 v 2k 21 . 1L 56 35 ove
Roots ’ 16 : 15 XX 21" 27 39 6' 32 Py
Potato B : - ’
Leaves 36 . 31 21 87 l|'7 29 see X oo
Stems . 12 8.4 v 7.8 15 1 14 soe eee T eas
Roots 22 23 ]8 . 33 l|'9 58 h ese eoe oo
Tuber 0.5 1.5 1. 2,6 "3.0 3.0 ~
Tomato : ' . :
Leaves 36 25 17 76 . 82 ko 88 52 Ly
Stem 9.0 9.8 6.9 27 25 31 29 13 7.7
Root 11 15 4 27 35 50 37 12 9,6
3,2

Frult 2.8 3.0 2.4 L6 2.7 2.8 3.6 . 1.2

DUP050055878




et

"Re H; Daines = 16

 Table 3. Heavy metalé In paddy soils, rfce roots, and polished rice

collected from the disease district (ppm in ash).

soll &verage

| of 5 samples

Root average

of § samples

Rice average -

of 17 samples

“in

cd

Pb

1,125
6
348

2,600
810

4,700
125
22
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