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: HRAVY -METAL CONTAMIRATION OF 80118Y/
Q . Dr. John V. Lagervertrd/

e

Contaxination of & 801l occurs wvhen foreign substances are {otroe
duced into the plov layer which adversely affect the quantity or quality
of crops produced. The Eavirommental Pollution Pacel of the Presidsnt's
Sctence Mvisary Coumittee, 1n & recent report {137), emghssized the |
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bealth hatards resulting from hesvy metals entering the food cycle dy

vay of the scil. There are at lesat 5 multiple sowces of deavy -.uu!/

that may cause 801l contexipation, vigt. servecls, pestici{des, limestones
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and phosphates, sevege sludges, 8od mxine vastes (tadle 1).

Asrosols derive most of their beavy metals from oxidation processes,
0.8., gas0line comdustion, coal turning, and wetal saelting. Cootaminatica
] and 1ocal polluticn of soils may then occur vhen smelting plants datly
;j % discharge 1nto the stacepbere 2 tons of lsed, 2 tons of copper, and
7{ 3 tons of 31n0, a8 reportedly oceurred in Montans (6). ALlrborne eco- b
teainants charged vith heavy netals may decisively {nfluence the heavye

petal compositica of such #lov groving plants as lichen, vhich s
31 ; staplefood to reindeer, & main constituent of the Rekximo dtet (75, 67).
In veighing the potential hazard even of seemingly minute amounts of

satals, 1t {0 vell to remender that Yy pessing through the consumption 23
chain associated vith plast and animal 1ife, othervise barmless come F“

centrations may focresse o {ajurious levels (“biclogical magnificatioa®).

)/ Coutridution from the U.8. 8oils ladorstory, Boil and Vater Conservetios
Research Divhton‘ ARS, (DA, Beltaville, Maryland, To be presented at
the Symposium on “Agriculture and the Qualfty of Our Ravircasent,”
spcraored by Bscticn O (Agriculturs) of the Aserican Association for
the Advancement of Beclence oo Decemter 29, 1966, at Vashingtom, D.C.
e To Yo blished Lo the IMroceedings of that Sywpostium,

2/ Research Bofl Belentiss

Y/ The term “heavy metals® 1a this papor has besn Wed broadly t0 include
cortalin matals not foreally Yelonging to this growp.

{While the text gives references |
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In viev of currest interest in scoumulstion, traaslocation, aod
degradstion of pesticides in solls and waters, it is in order to examine
the besvy-metal components of pesticides vith respect to their potential
as eaviracmental pallutants. In & growp of more than 280 different
pesticides listed ss cwrrent £o the Uuited States (112), beavy metals
ocewrred 181 times in 112 4ifferest products (Eg, MS; Cu, 28; o, 2h;
€4, 13; Ma, 12; Cr, 75 82, 53 B1, 83 Pe, 35 an2 P, 1). This is Decewse
in 29 cases tvo metal species vere present ia the same compound. Xetals
lixe M, Cu, and Rg have been applied to soils since long before the
sdvent of chlorimted hydrocarbons after the Secand Vorld War., Ia
1968, the U.8. producticn of copper sulfate, lsed arseate, and msrowry-
containing pesticides smoumt to M ’.8, 9.0, and 1.6 nilltcm Ide, ' g
rup«.-uv,ly. )

The application of limeetooes sod phosphates, or their products,
%0 901) alvays ixplies the edditicn of aa arrey of heevy setals., e
situatico Des doen exsainel for rockphosphate (S\), superphosptate (10, 23)
and limestooe (109). The preeence of wanium in masy phosphate deposite
{113) ta tmportast because of the ensuilng rediocactivity {n plants growa
oo phosphate-fertilized soll (109). This 1seuve vill e referred to later.

Sevage sledge, doth mtnh'd md d1gseted, likevise 15 & ool
of beavry metals (M), 1o gvoeral, the 400,000 cdd toos per day of solid
wastes produced paticoally by urben comsuaities (61), cocetitute & .-
veritadls nine of heary metals, The agricultwral application of t’
treated vaate material, therefore, calls for careful chemical evaluation
and control (8).

801l contaslnation ccours {n mialng aress. Mturally, the sot})
Dear the mining cperaitco 18 contamineted 82 & reeult of the dlsposal
of 11quid or s0lid vestes, Contaminatiocn of land Dy spoil benk dreloage,
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hovever, may involve large arcas. Depending on the minerals that are ‘
m, the heary-metal concentraticn of these liquid vastes may de nry
high indeed (110), as vill De discussed in pessing.

The folloving metals vill de sxamined individually: ecopper, xine,
sanganese, nickel, aluminum, nercury, cadmium, and load, VWherees the
8011 chemistry of the first 5 metals has many charscteristics ia cammon,
that pertaining to the him 3 deviates in impartant respects., Ia
sdditicn, hatards associsted vith mercury, csdmium and lesd are far
uore seriouws than those typical of the other metals, RNot considered
are tin, vhich rearely contamivates eoils, and irom, chronium, and codalt,
vhich are not knova to coantaminate solls, although the latter tvo hn‘
often been related to soll fafertility. In each cese, existing u:fcr-.
aatiocn shall Do suwmarized on sources of contamimtion, occurrence and
avuiladility of the metal in the soil, and poesidle abatement progress,
Metal concentrations in plant and sall associated vith toxicity syxpiome
Dave Leen quoted 1in 1s0lated inetances cmly., For each camdivation of
variadles, these criteria are wmique and of 1ittls genersl value.

Copper .
Three sources of cootaminatico vith Cu prevail, vis., tofustriel

dusts (AT, 07), effluvents from mioes (A8), end from sevage trestment
ylants (29), and copper-containing fungicide sprays., The latter have
teen partiocularly demaging tn Florida's santy citrus bdelt (1b)), -fﬂ
1n vics-groving arees 1a Prence and Italy. 014 vineyards near Bordesux,
Prance, ocntained up to 543 pym of total Cu 1o the topeotl, 298 of vhich
vas corsidered exchangseble (37). Vineyards in the Alssce reportadly

‘cottatned up o MO ppe of total Cu is the topeoctl (3). Apple orchards

7
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in England vith & long copper-spray record contained more thaa 1500 pre
1n the surface mat (78). Concentrstions of copper ia the soil vhich
exceed 50 ppm may slresdy be harmful in Florida to citrus seedlings (IM1).
In the United Btates, pesticides containing Cu nov mostly hold the metal

1n an organtc, less harmful form.

= Copper often accusulates in the topecil (38, 78, 1M), strongly

absorbed to silicate miversl surfaces (39, 11A), or chelated by organte

E matter (18, 60), Thus, Cu 1s rendered less available to plasts (98).

* Vbere the chelate is saludle, hovever, it may move to the B-barisom (176).
In spite of exhauative leaching, Dot mare than 2% could be removed from
Cu80, applied at & rate of 90 lbe/acre to columned soils (70). It follovs

it decia S

E that surface-rooting crops grovn om certain orchard soils may suffer
severely, Clover and alfalfa are perticularly senaitive to axocessive

; e snounts of Cu, it 30 are oityus seodlings., Stuztsd growvth, chlorotie
f foliage and dieback may result (141).
5:? In determining the equilidrium detween the modile, monovalest,

cugrous icos and less modile, divulent, cupric focos, the soil chexistry
of copper 18 oticately related to the scidity of the scil. Boil trest-
nents or climetio conditiocos incroesing soil actdity to pECT favor tho
cuprous fore, theredy ceusing copper toxicity syspicme vhere yreviously
there vere nooe. This may partly be cauwsed by & breakdovn of the complax
Yetveen Cu and arganic matter as the pH decreasss (b5)., BSuch %&oﬂ
xay coor about by heavy applications of suporphosphates (1M, 157),
gypewm (1IN), or B-forttitsers (55). Tha applicetico of pcephates,

Jor 84, seend tO have had little effect 1o suppreesting the avalladility

1 .of Cu to plants (86), Zelthar 41d 1t looresss the retenticm of Cu
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1n topsoil (145). In order to incresse the soil pH, the soil has been

dressed vith lime (13) or alkaline fertilizers like potassiium bicarbonate

(85). Although this trestment usually suppresses the uptake of Cu by

plants, it failed to bappen in stulies with trefoil and barley (133).
cu-m'wmm&uuuouortm fons to ferric

focs, thereby cbetructing Fe-translocation, and inducing h-cuama,

{n mazy plants (58, 73). Ia overcoming the effects of Cu-toxieity,

therefore, application of Fe-XDTA to soil or folisge has met vith

considerabls success (106, 155). In the case of citrus trees, &

dosage of ne-quarter to coe-half pound of Pe-XD™ per tree, aad

eoough line to reise the pX above 7, bave shovn good results (160).

In Durope, follar application of Pe-EDTA 1o conjuncticn vith liming (36‘),‘,,

and the wse of such Cu-complexing agents as Ca(Ch), or _\Pe(Ca)g (106) (111)

have Lesn tested vith good results in overcoxing the sdverve effecte &ue

to coztaxitatica of soils vith Cu. |

3

The folloving sources of soil-contasinatico vith Za preveils
sevage affluents (9), tpdustrial vestes (69), parttoularly from xioes
(7, 1\8), superphosptates (118) and pesticiées (59). A fev fnstances
bave been reported of Zo-toxieity due to protective vire ceging sround
youog trees (66) or flax (117).

Chalation of Za by orgaalc mstter ia the topeotl, altdough bn :
lesser dogree thaa Cu (00), Nas besn repeatedly shovn to ocecur (77, L16).
Chelatiod say render 78 less availadle L0 plantas, Where the chelate 18

soludle, 14 may move to the B-horisen (176). A correlatice ocoalfictend

‘of 8,81 (1) has besn reported Lo axist detween the distridwtice of 2a

W



@ and organic matter in & pusder of soils (08). Purthermare, Zo, 1lixe Cu,
is stroogly abecrbed Dy silicste mivera) surfaces (¥, 120). W s o

accumlates, therefore, surface-rooting plants like mustard suffer
more then deep-rooting plants ltke pess (95).

The pH of the 501l influences the state of cxidatica of In, as
vell as the soludbility of the hydroxids and of several salts of Zo.
This relaticnshiyp -J be lixited due to organic-matter coxplexing of

T o T T B

Za.(21). Partly because of the breakdown of organic Zo-chbelstes, taxie

mounts of Zo may be relessed 1f the soil pU decreases (172)e Cn the
other hand, iocressing the soil pH by the application of lime (151, 1TH), ‘
or hydrated lime (159), strongly countarscts the availabdbility of Za to
plaots. In deatonite-clay systess, Za salubility has beea cbeerved to
reach a minimm in the pH-rangs of 6 to 8 (92). Yet, maximm uptake

i O of the chelate, 20-ROTA, Wwe cbesrved et B T, vhich may charesterise
% s Rntalogteal optima (161),
. The possibility of & reduction of Za-taxicity wpon the syplicstion

of phosphate fertilizers to the sofl vould follov from mazy & report ‘
tovolving & mumber of crope (S0, 101). Mo effect of pbosphate application o
ca Zo-taxicity vas obewrved, hovever, vith beans (12). Likevise, beavy !
dressings vith superphcephate 414 not influence the retestica of Za ia

RORPR:

the topeotl {108). Earlier evidence icdicated that Zn 1s pot mou.mlj
precipitated vhen phoephates are added to the sotl (86, 132). It has
teen polnted cut vith regard to fon-iptake by excised darley mh%hﬂ

canpetition betveon Zn and Ce, rether than precipitation of 22 68 the
ghoephate, say sxplaln reduwction to Za-uptaks fa the presence of calatum
 proaphate (132), S

g
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In some cases, the Possidle effect of phosphate fertilizers on
Zn-uptaks may vell have been obliterated by the copcentration in vhich
this metsl occcurred as imparity {n thase fertilizers. Values as high
as 1430 ppm Zo have Deen measured in superphosphats (18) end up to 200
in triple superphosphate (12). Rock phosphates from tho Rastern UBA may
contain o more than adbout 150 ppa Za; but those froa the Western area
pay have as wuch as 1050 ppa (29) (ef. tadle 1). SBupsrphosphate 1a
Australi{s may also contals large smounts of 2a (170, 12€).
Zn-toxicity eynptoms appeared to be alleviated By eariching the
801l vith Fe-chelate (101), or the putrient solutica vith Cu-salts (125).
The use of Cu-salts, like that of Ca-salts, hovever, may cause h-chlorooil,
» haiard also brought adout by Za itself (20, 1\6). v
Prom experiments carried out in Florida (I1N2) ocoe may deduce that
orangs trees wvould be able to overcome toxte sysptass due to Za by the
spplication of K and K fertilisers to the sotl. In contrest, B-containing
fertilizars have aleo been observed to increase the availadility of Za (123).

The matter, of course, stroagly depends on accompanying changes 1o soil acidity.

Mangaoese

MW instances of contamination of soils vith Mo are fev. Mine
neepege (166), f1y ash (1M0), Mn-coctataling fertllizers (133), and tspure
phosphate fertilizers (M1} vere Deld responatdle.

Although Mn has cocasionally been observed Lo accumulate 12 opect 10
(M0), 1t generally occurs throughout the soil proftle (176). Vhere
acoumailation ocaurs, chelation of Ma by organte eatter (03), even lnwolving
e manganto ton (67), nay be o possible explanation. Chelation decresses
the avatladility of Ma (93),

Semecal o e
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The behavior of Ma in the soil depends largely upon the relative
equilibrium betveen the mobile, divalent manganous and the less modile,
trivalent manganic ions. This equilibrium is determined by oxidation-
reduction conditions, vhich may be chemical or biological by nature (107)
and are related to the pH (127). Prom a soi}-pH of 6.5 on up, the
oxidized form generally prevails. More ecid conditicns promots the occurrence
of the reduced form (171). The amoust of untractable Ma of 26 Loutstana
scils incressed 6-fold upon submergence (139). Manganous 1ons are resdily
avatladle to plants, vherees manganic fons are not (153). Consequently,
reducing conditions such as generslly exist in poorly sersated eotls (17),
and such a3 may exist in the Aj-horizon of podzol and podrolic sotls (96),
may lead to an incresse in Mo-uptake by plants. On the other dand, the
same conditions Also promote loss of Mn by lesching (9).

Solls suffering from contaaination with Mn cas be readily reclaioed
by Yining (63, 85). On one occaston, liming & sotl from pA V.9 20 6.5
reportedly decressed the exchangeabls Xa by a factor of 20 to 50 (23).
Wwith cottoa (1) and beans (52) the prodlem could Be controlled by laieg
the sofl to s PN of only 5.5, On ont occasion, & recuperstive effect
has been reported of MgS0, vith regard to Ma-toxicity (10M).

Conflicting results have been obtained vith regard w the effect

of phosphates oo tde availabdility of Ma to plants. (o the one hand,

reports dealing vith pineasple (93), and tomatoes (97) indicate that }

phosphates tend to counteract effects due to toxic coocm!nuoufir

Ma. On the other hand, phosphates have Been mentioned 10 stimulate the
uptake of Ma by legfuminous and non-lenminne forage plants ()) ant oats
{128), Application of superphosphate to 801l cultures of lettuce lowered
the pi on an alkaline sotl, leading to increased uptaxe of Ma. On aa
actd soll, hovever, the pif vas ratsed, Lheredy reducing Mn-uptare (11%),

e
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The cxidaticn-reduction conditions that determine the equfiibriue
betveen mangancus and manganic ions sre knovn to be sudject to bacterial
activity (60, 98). Microblological cxidation of mangeoous ions has been
observed (19). MAmigation of scils vith 1,3-dichloropropane resulted
ip a decrease in Mo-uptake by Brussels sprouts (102), Steem-eterilizatiom
(56, 115), as vell as drying (153) of soils, hovever, resulted in an
incTeased avalladbility of Ma. DBacteris that oxidite Mo increased {n
mmber vhen strev mulch vas odded to 8 soll (16h).

An excess of Mo 1s knovn to cause Fe-chlorosis in plants (51, 12%),
0g the daals of this entagocistic relat{onship, the decresse ia Mn-injury
can be explained folloving application of Fe-salts to the root substretes -
of todecco (78), rice (129), and red clover (65). Cobalt has deen pestioned
as an antidote to Ma in the case of tomtoes (2), and cats (57), Sut 1t say

cause Pe-chlorosis by itself (T2).

Mckel
Uatil recently, superphosphate costalaing alckel impurities sprears

to have been the only known ceause of ¢ontasination of soll with this setal

(5M). Currently, M1 has replaced Fh as ant{-knock agent ib certaln gasclines.

As plants generally shov much less tolermnce to Nt than to Ph (ef. 72), this

trend should be looked upon vith due concern. [t may be pointed out that

tafertility due to M 18 of concern in serpentioe sotls in scotmgjlhT.

158), sod 1a Southern Rhodesta (83). The metal here occurs as & nattve

conatituent, scmetines sccompanisd by chremium (17, 1%6). Vhervas M

occurs throughout the profile In serpentine solls, {te presence {n certaln

poisolie sotls is lintted to the topeotl (M), The posaidility of chelation

by organlc matter has Yeen suggestsd (32).




I1AL1964

o mnitd .

s

..,
S

Because the aveiladility of ¥ to plants is inversely related to

ow
¥

é o the PX of the sotl, application of 1ime bas resulted {n & reduction of

toxic sysptoms (25, 32). A 70% reductioa in Ni-uptake by sugar beets

resulted vhen the 801l P was raleed from 4.8 to 6.3 by liming (&),
Additioa of phosphate t0 solutions cootaining FiCly has deen

i
et e

i , oteerved to decresse significantly the soludility of Mt at pd> 6.5 (136).
L : " On the other hand, application of phosshates to Boottish serpentise

; solls increased toxicity sywytows due to ¥1 in the cese of cats (33).

3 E Vith soll cultures of tomatoes, applicatiocn of phospimte fertilizer

414 not alter the sxtent of tajury duve to F{ (121). The matter may

b

depend very much oo the pX of the system. Decause M nndhmoagnﬂt
sntagonlstic in the putrition of certain plants, such as barley (38), -
applicetion of Fe may countersct Ri-toxicity. Is fact, io the presence
; ] @ of sufficient Pe, a decreass {0 pil reportedly stimulated the uptaks of Pe
; Yy oats at the experwe of Nt (31). Where lixing 18 preferred, especislly

-
e
N TR e
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; in the case of serpectios soils, attentioa should be paid to the Pe-sutritioa
! 1 of plants (169).

vy I

Alumt man

About the only reported type of contaxination of soll with Al, outside

of aining aress, octurs vhen certain kinds of fly-ash settle dovn (1M0).

? As veathering of the ssh procesds, the avalladility of Al may dogrease vy , { D
] the formtice of erystallise Ca-aluminate (91). The texicity of*fly-ash '
1 to plants has also been adcribed to dorve rather thas Al (81).
; Batural (nfertility of actd s0ile 4ue t0 Al falls Deyond the soope
, 7 ‘ of this pager, Boil smecdzents recommendod in this case, hovever, should !

Yo applicadle also to solls comtaninmtod vith fly-ash. Pertinest

©

1tterature {0 woluminoue.
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Pungicides containing Ry atound (112). They seca to be the ocaly v
presently kncwn scurce of contari{pation of soill with Kg. Reports {ndicate B
‘that Hg-containing peints, ueed for their vood-preeerving properties in
greenshouses, may constitute a source of contamination vhen venti{lat{on
1s 1nadequate {42).

Under conditions normally prevailing in scils, Hg {s resdily
reduced to the metallic fors, theredby disengaging itself from the originel

compound {f the latter vere s si=mple salt. Ko such dehavior has been

reported for conplex organic Eg-campounds, The toxic nature of mercury .

vapor has long been knovn {16). Fotted roses 414 not suffer any dacage iR

vhen grovn {n scil treated vith HgCl,, and placed in & vell-ventilated 'L

greenhouse. Damage did occur, hovever, in the stsence of ventilatios,

eepecially vhen the soil vas mixed vith tankage (177). The same vas
obcerved to happen vith 8 wvarfety of truck crops (15). 1In the case of
10 plant sjecies, HeCly mixed with eoil or lankage that ves Placed in the
{macdinte environment of, tut not tn contact vith, these plants, caused
ooy eheom;tinn of K and reduction of grovth. Ko translocstiocn
of Kg vas cteerved from the leaves to other plant parts (178). Ng did

not seem t0 Do teken up by the roots of plants frus soil treated vith

NeCl, and tankage, The damage vas Limited o the leaves (79). Reports
tndicate that the vapors of K¢ and HeCl, affected the grovth of roses (138)

and that of vhest, beans and lettuce (14) o equal messure in each case.
As the vapor pressure of M:l? te significantly lover than the one of

notallic Mg, ft 1s likely that the chloride malt indecd had broken dovn,

releasing actallie Hg.
Deposited {n the form of spray or leaf 1ttter, Fg ocours mostly s -

the topecil, The only effective msasure sgainat contantmtion of soll

vith g seems to Do the appliatiocn of line sulfur or of elemental sulfvr,
8ulfur and Fig react effectively $a vapor forw (173).
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@ Codminy
Although there are no knovn instances of contaminetica of soil vith

C4, & fev rezarmrezarding this eventuality sre ia order. They are prompted
by & recent report oo relatively high atmospheric coocestration of €4 {a :
11 Zastern U.8. cittes (24), 1n conjunction vith the known lov massalian
,’ - talerance of 04, Tho latter partly results from the lack of & homeostatic
' : poechanism, {.e. Cd {8 abeorbed virtually irrespective of the existing

concentration {n the dody. It accumulates in soft tissues, and causes

cardio-vascular disturbances (30). Distridution of C4 {n the atmosphere

by .

occurs through processes of smelting, rossting, and plating of metals.

i Cednium also resches the soil as an ixpurity {n phosphates (tadle 1),

It fo usually present in soft vater floving through welded pipes. The
‘ Batter {8 of coocern t0 801l chemiets becawse Cd 16 knowan 0 Be absorded

e readily by at leest & mumder of plants euch as nint (62), vioe (A}),
lettuce, persnipe, beets, peas, and grain crope (150). In the latter case, . m
the concentrations raage from b to 1h pg per 100 g vet veight. There s

no knova information oo the 001l chemistry of cadmium.

: Leas
: Trime sources of soll contaxiation vith b are cosdustion products
] of lended gasocline, 11quid and vapor vastes from coal-burnicg eod selal-

: tnelting estadlistments, lead arsenate pesticides and phosphate fertilisers.

(redicactive)
Leed naturelly occure a8 & fanmily consleting of a omder of ladile/end

stable 1s0tapes. The terminal parts of the thortum aod, especially, of the

uraaius ndtmt;n series are of concern ia the care of soils snd plants.

Ia the uranius-eeries, blemsth, tellurius ant polontum {Po-210) are the
e fntermediates occurring 1n the trensition from redicective lead (FH-210)

to stadle lead (P-206), The trensiticn from Mv-210 to Po-210 1s
sccompanied by beta and gamma radiation, vhereas Fo-210 trassmutes 0
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Fb-206 producing alpha rediation (86). Lead reedily assimilates in the

|
booe, end polonium in the soft tissues (wuscle, kidney, spleen) of the
] parralian eyates (76, 123).

Car-extuuat fues currently are the doainant source of ecil

3
-

b | contaaination vith Pb, Betveen 1950 end 196k, the volume of lead

arsenate handled annually by agricultursl cooperatives in the Unfted

States dvindled from 38 to 9 millica 1be.

In the same period, the
production of lested gascline almscet doubled from 36 to 70 billioa
esllons per year. Due to the addition of Ph-tetraethyl or Po-tetremetiyl
to gasoline, the rsdiocactivity may be as high as 30 pc/puwy (108).

The sacnt of FPb d{scharged into the atacsphere adove “he U.S.

i ik % S i

due to motor wehicles in 196k smcunted to 100,000 tons, or 108 of the

LA

total lead t1ndwstrially consumed (167). It has here Deen asaumed that

the proportions of prexium and regular gasoline are 30f and T0S of the

total gasclipe used. The aversge Po-ccotents are taken to e 2.1 amd 1.5 g

per gallon, respectively (11), vith 258 of the lead pever resching the

ataceptere. In the entire northern hewmisphere, the average aonual motor
vehicle exhuastion of lesd 18 estizmated to be adout 240,000 tons. This
4 estizate 15 cooservative (cf. 130). The aversge stmcepheric contest of

b for citiee vith a population<0.1, 1 0 2, and>» 2 million increases 1a the

sade order from 1.9 t0 2.0 and 2.9 ug/n) of ground-level air (26). Currest

attempts ot iaproving the cosdustion of leaded gascline may reeult ia s
decreese of the aversge particle site of serial lead compounds, Thwe,
the concentration of afr-borne b, and the contam{nating capsdility of

ihn atncephere vith regard to this setal, may incresse,

A/ pos picocurtes 10°12 curtee 2.22 atomic desintegrations per stinule.
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Partially equilibrated mixtures consfsting of Fv-210, Fo-210 axd
stable Fb eventually reach the surface of land and ocean by the
precipitating action of raipvater, enov, or dusts of various kinis., The
steady incresse in the Pvo-content of the air in the course of this ceatury
follovs from the fact that the Pb-coatent of Greenland snov has risen
from 0,16 t0 2.6 ug/liter betveen 190b and 1968 (119). A etudy of the
composition of snow {a lassen Yolcanic National Park, Californis, indicetes
not oaly & higher content of leead than calculsted oo the tesis of current
lead-alkyl production {n the oorthern hexisphere, but also an {sctopie
camposition simtlar to that of Los Angeles serveols. This composition,

1o turn, i prectically fdentical to the one typical of regular gasoline (27).

The {nfluroce of motor vehicle exhaust {8 directly reflected in the
Fo-content of plants as & function af wurden proximity, or of distance from
and denaity of, traffic (table 2). Thus, the Fb-content of trees groving
rear the Loodon, Kngland, metropolitan ares vas Msh;r than that of
specinens groving the countryside by & factor of 7 for ash, 25 for oak,
and 26 for hazel (173). Cress sanpled as e function of distance from the
rondbed contained up to b un‘o as much Fb vithin 25 feet from truffie
85 that collected more thas 500 feet avay (22). The Pb-content of grass
collected at the leavard silde of & rosd vas muxch kigher than Lhat of gress
groving at the vindvard eide (M7). An facresse o traffic decsity by a
factor of 2 or J caused a2 increase 1o the Md-coatent of the tope of
rondstde grass by a simtlar factor (9%). Vien rye and potato plants
groving vithin 19 feet of traffic vere compared vith plants loceted more
than 30 fect avay, the [b.contents of Xernel and tuder vere saaller by a
factor of ;bovi 2, Sul thoss of chaff and green tops vers atout the same
fn the case of each crop {100), Ocean coatents of lead also agppear to
reflact the proximity of fadustrial establishaenta (16)).
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Indications have been gathered in England that the rad{ocactivity
of gress remained confioed to the serial parts, and that the fraction
of tha total Pb that vos rediosctive Po-210 vma 20 timscs higher than {¢
vas in the soil. These findings suggest that most of the Pb-210 {na this
groas crigiutod_ from cerial sources. The Fo-210 end Pb-210 apparently
vere deposited on the gress dlades froa the air, rather thas adeorded
by the plants from the 01l and tranalocated to the blades (TS5, 111).
Under the high rainfall conditions prevailing in Ingland, redicsctivity
of grass smount to 10 pc/g dry matter 1s reported oot to be uncamon (76).
There are indicetions that grasses would abdeord alpha-redicective Po-210
vith preference to teta-ganmm-rediosctive Fb-210 (&), The dlologiead
effectiveness of alpha-redintion {s b times greater than that of guma-
radiation (¥).

The much duc\.-séd wyi§ of coatexination of soil vith Pb &ues to
spraying or dusting of plants vith Po-arsenate wust remaio limited to one
pertinent example {90). Eight different plant species vere grova for 3
years as rotation crope on comaerciel orchard soils at b di1fferent locations
in Cregon. Between piants from sprayed and uneprayed sofle, tde Pb-contents
differed by s fector of 1.2 for the tope, 1.6 for the edible portions, and
3.1 far the roote, It had been noted in vhat protebly vas coe of the -
earitest stulles involving the Biological wee of rsdio-teotopes (11)
that b, vhen atasorded by the roots, tends o accumulate in that plant part,

The sversge urmaium-coutent of U.5. phosptnte deposita 18 equivalent
10 0.1% Uy0g (105). It follovs that sotls dressed vith phosphate fertiliters
pay render planta redicective due 10 \gtake of Fv-210 and Po-210. Thue,
the radionctivity of the Ddones of sheep ruteed on flelds fertilised vith
tastc slag vas 298 of comparable walues of anismla paatured on flelds

supplied vith superphosphate (109).




@ P> originating from contam{nation tends to be retained {n the
j: topsoil. For exnmple, the Pb-content of the A, -horizon vas 3.2 times
that {n the Aj-horizon of #o01ls of the Charlotte-tovn series, and 9.1
times that 1n the Ap-boriton of sotls of the Armadale u-(ri)es (176).

\
The possibdility of Pb-chelation by orgsnic metter seemed/ not likely

in & study covering a variety of soils (154). It has been sugzested
(163) that precipitatioca of b and P'b(;’)dul to creanic matter is
{instumentsal in Po-retention by the topeoil. Because of the surface
accumulation, surface-rooting plants such 88 cover crops are affected
to & greatar extent than deep-rooting plants such as orchard trees (89),

This may pose & special threat to livestock that §s kept ocn old orchard
ar potato land (103).
The toxicity of lead to plants has bDeen related to the pH of the

s01l {3%). The uplake of Pb by kidney Deans hes been counterscted by
adding CaCls to culture solutions (135). In the case of legumes groving
on s01ls adjacent to mines §n England, beavy dreesings vith linme have

veen applied vith good results to countersct taxieity due to Pb (6h).

Concluding Rewarks

The majority of the metals diecussed {a this presentation appeer
10 have a mmbder of properties {n common. PFirst, the equilidrium betveen
the more mobile lover-valeacy forms, and less mobile higher-valency
forus depenis oo ouidation-redwoticn conditions, PN, and occesionally

o0 alerobial astivity, These faolors may all Ve interrelated. Becond,

L0 same extent they occur s chelates, sither by mmduulu Yialogically

decreases treir avallablility, though not pecessarily thelr modility,

in living systams, or by reacting vith a0l organic mstier. This generally
™ind,
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to different degrees the hoavy metals are cazpetitive vith iron. The

general order of decressing competition seems to dea: Cu>Co>M>Cr>»
2a>Ma> P (35, 51, 72, 155). The order here given 1s approximate,
and the transposition of any twvo adjoining metals should de beld possidle.

The taxicity of these metals to plants does pot necessarily follow the

sams order, JFourth, the phosphates of the heavy metals are rather

i{nsoludble, eepecially under alkalire cooditions.

It thus follovs that unfavorable effects of heavy metals oo plants

can generally be alleviated by ooe or more of the folloving operaticos:
A. Ioncreasing the soil pH to adove 6, such as by liming., B, Organic-

matter treatment of soil (studbdle mulching, green masuring), the pi

\

deing neer or adove §. C. Application of Fe, particularly as the IDMA-

chelats, either follarly or to the soil.

D. Application of phosphates,

provided the #0il P8 1s managed properly. Absolute velues for the
different treatsents depend entirely upoa species of pPlants izvolved

and ecological conditions §n topo.




