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Fumes emitted by a stack of a copper smelter contained mainly ga-
lena (PbS), some oxides (PbO, CuO, ZnO, SO;) and hydrocarbon com-
pounds formed as products of coal conversion while smelting process [7].
Fugitive dust blown onto soil surrounding a smelter was accumulated in
a thin top layer (0-3 cm depth). Heavy metals were slightly mobile and
slightly washed down from that layer into a deeper soil horizon. A high
concentration of trace metals, especialy of Cu and Pb, a high acidity
of the top soil and a presence of bituminous-like substances are impor-
tant factors in deterioration of soils.

A beneficial effect of an addition of peat and (or) carbonates in sup-
pressing the uptake of toxic amounts of heavy metals by various crops
was reported by several authors. However, the results were not uniform
and showed a variable behaviour of heavy metals under various pH and
other soil factors.

MATERIALS AND METHODS

The greenhouse experiments were conducted with two surface soils
(0-3 cm depth) sampled at 1.0 and 2.5 km from the copper smelter in
Glogdéw, Poland. The sample at 1.0 km was a light sand of pH 4.6 and
2.5 km sample was a silty loam of pH 5.4. Information about the soils
and heavy metal contents are given in Table 1. Five replicates of each
treatment with pot contained 1 kg of soil were prepared. The following
treatments were applied:

1 — blank sandy soil,

* The paper was presented at the 11th Congress of ISSS in Edmonton, Alber-
ta, June 1978.
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Tabdble 1
Some properties of soil samples
Downwind lg_:g:giggl Organic | pH in 1 N KC1¥ Hycgo- Heavy metalz
matter lytic
Soil distance » o initia1 |ofter | acidity fcu | Po | za i ca
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ety Sl 0 3 7 0.4 46 | 4.9 3.08 830 | 325 [ 100 | 2.5
ooy it 25 9 | 18 0.8 5.4 | 4.9 278 [} e | 95! 1.5

X Value for control treatmert. A final pH after all carbonate treatment was 6,2.

2 — soil with 2.13 g CaCO; (equal to 1.5 times hydrolytic acidity),

3 — soil with 1.15 g CaCO; (equal to 0.75 ha) and 0.96 g MgCO;,
(equal to 0.75 ha),

4 — soil with 1.15 g CaCO; (equal to 1 ha) and 0.65 g MgCO; (equal
to 0.5 ha),

5 — 3% peat air dry basis,

6 — peat and CaCOj; as in treatment 2,

7 — peat and CaCOj3 and MgCO; as in treatment 3,

8 — peat and CaCOj3 and MgCO; as in treatment 4.

The loamy soil received the same treatments except the carbonates
were adjusted for the different acidity e.g. 1.5 HA was equal to 2.08 g
CaCOj and 0.75 HA was equal to 0.87 g MgCOs,.

The greenhouse experiment was done in the 1976 and 1977 seasons
using succesive crops of spinach (Spinacia oleracea L.), buckwheat (f'a-
gopyrum esculentum Much.), and two crops of horsebean (Vicia faba
minor L.).

Plants were harvested at a blooming stage. Samples were washed in

~deionized water prior to chemical analyses. Total contents of heavy
"metals in soils were determined after digestion with a mixture of acids
(HoFp, HCIO4, HCI). The same acid mixture was use for plant material
after ignition in a muffle at 450°C. Chemical analyses were made by
AAS flame method directly from a solution or after a concentration
into an ogranic phase. Content of sulfur was determed by X-ray fluo-
rescence.

RESULTS AND DISCUSSION

Harmful effects of a high soil concentrations of metals emitted by
copper smelters on a growth of plants has been reported by several
authors [1, 3, 7, 9]. Growth of all plants on the blank soils without any
amendment was very poor and spinach on sandy soil did not produce
any crop. Buckwheat was less tolerant to the contamination than hor-
sebean but both plants were chlorotic and stunted. Roots of those plants
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Table 2
Some major elsments in horsebean grown on smended soils
/percent air dry weight/
/arithmetic mean of five replicates and treatments/
Ca Mg K S
Soil and treatment

I II I II I II I
Sandy soils 0.56 0.50 2.8 0.3 1.8 1.5 0.37"
Soil with peat 0.91 1.00 2.5 0.3 1.2 0.9 0.30
Soil with carbonates 0.92 1.00 3.4 0.3 1.1 0.9 0.41
Soil with carbonates and peat 0.88 1.10 3.0 0.3 1.0 0.9 0.23
Loamy soil 1.31 1.10 1.4 0.3 2.3 1.6 0.31
Soil with peat 1.26 1.20 3.3 0.3 2.5 1.6 0.27
Soil with carbondtes 129 1440 5.3 0.4 2.4 1.7 0.23
S»il with carbonates and pea® 1.45 1450 4.9 0.4 2.3 1.6 0.24
i, II - crops of 1976 and 1977

were stubby with a very limited growth. The effect of each treatment
on plant growth was spectacular. In all the cases an addition of peat
with carbonates together always gave the best results.

The chemical composition of plants grown on contaminated soils
with and without amendment showed a great changes, but there were
consistent for each plant and soil. There was no visible influence of
soil treatments on a content of major elements (Table 2), but changes
in heavy metal contents of plants were large (Fig. and 2). The highest
content of trace metals was observed in buckwheat grown on sandy
soil without any treatment: 1000 ppm Cu, 400 ppm Zn, 100 ppm Pb and

900 Sandy soil

Cu intops (ppm)

Fig. 1. Influence of soil treatment on copper uptake by plants
S — spinach, B — buckwheat, H; and Hs — horesebean, 1976 and 1977 crops respectively
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Fig. 2. Influence of soil treatment on lead uptake by plants
explanation see Fig. 1

Table 3

Some heavy metals in various plants as influenced by amendments of polluted soils
/ppn air dry weight/
/arithmetic mean of five replicates and treatments/

Plent Treatment Sandy soil Loamy soil

ca | zn | un | re [ ca | zn | ma [re

Spinach polluted soil no yleld 1.2 360 | 176 | t26
s0il with peat 0.5 200 168 330 12 380 30 56

soil with cerbonates 2.1 73 386 280 0.9 371 70 | 106
goil with carbonates and peat | 0.9 136 49 130 1e1 320 56 54
Buckwheat polluted soil 2.5 '} 400 260 950 21 260 | 122 | 324
| soil with peat 165 310 380 276 145 230 88 152

soil with carbonates 1ol 160 508 161 1e0 140 69 | 374

soil with carbonates and peat | 0.8 133 39 104 1.0 140 56 | 176
Horsebean polluted soil 2.3 225 325 179 0.4 181 322 | 104
1976 8oll with peat Qe3 168 206 81 0.7 181 259 103
8031 with carbonates 0.2 70 133 75 0.4 147 | 184 | 109

soll with carbonates and peat 0.3 89 48 86 0.3 125 176 101

Horsebean polluted soil 0.8 208 364 160 0.6 110 | 330 90
1977 poil wlith peat 0.2 115 239 104 Oe4 112 | 281 91
soil with carbonates 0.1 59 142 72 0.3 69 | 136 83

s0il with caxbonates and peat | C.1 69 77 91 0,3 68 | 124 86
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2.5 ppm Cd (Table 3). The concentration of those metals in other plants
grown on both sandy and loamy soils was much lower.

Relative suppression of heavy metal uptake indicated that an effect
of the soil amendements were more effective for Cu, Cd and Fe than
for Pb, Mn and Zn on sandy soil, but on the loamy soil the effects
were much less (Table 4). However it is possible that some heavy me-
tals were accumulated by plant roots to a much higher degree than by
tops in this experiment. It is known that under certain conditions heavy
metals, and especially lead, are stored in root tissues and not transpor-
ted into the tops [4, 6, 7].

Table 4
Factor™ of relative suprosaﬁag of heavy metal uptake by plants
from amended soils
Ylant Treatment Cu Pb (o Zn Hn Pe
Sandy ecil
Buckwheat | peat 4.6 4.5 1.7 1.3 0.7 3.4
carbonates™ 6.7 5.0 2.1 2,5 0.5 5.9
p=at and carbonates 13.5 10.0 3.1 3.0 7.0 9.1
Horsebean | peat 8.8 1.6 T.7 1.3 1.6 2.2
1976 carbonates 17.7 1.9 10.0 3.2 2.4 2.4
peat and carbonates 15.7 1.3 8.8 2.5 6.7 2.1
Horsebean | peat 4.8 1.4 4.0 1.8 1.5 1.5
1977 carbonates 7.9 2.2 8,0 3.5 2.6 2,2
peat and carbonates 7.9 1.8 8.0 3.0 4.7 1.7
Loamy soil
Spinach paat 1.4 1.0 1,0 0.9 1.9 2,3
carbonates 1.9 1.0 1.3 0.9 2.5 1.3
peat and carbonates 2.0 1.1 1.1 1.1 3.1 2.4
Buckwneat | peat 1.6 1.4 1.4 1.1 1.4 2.1
carbonates 2,2 | 1.5 2.1 1.9 1.8 0.9
peat and carbonates 2.5 1.3 2.1 1.8 2.2 1.8
Horsebean | peat 1.2 0.8 0.6 1.0 1.2 1.0
1976 carbonates 1.3 0.8 1.0 1.3 1.8 1.0
peat and carbonates 1.3 1.0 1.5 1.5 1.8 1.0
Horsebean | peat 1.2 162 1.5 1.0 1.2 1.0
1977 carbonates 1.4 163 2.0 1.6 2.4 1e1
peat and carbonates 1.6 1.4 2.0 1.6 2.7 161
X Factor is calculated as a ratio of heavy metal concentration in plants grown on polluted
goils to those grown on amended soils
= Average value foxr all carbonates trcatments
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Concentration of heavy metals in the natural soil solution was de-
termined for each treatment at the termination of the experiment
(Table 5). All the treatments depressed the content of heavy metals in
the solution from the sandy soil. In loamy soil however, an increase in
concentration of Cu, Pb, Mn and Fe was observed after carbonate addi-
tion (mainly CaCos).

Table 5
Chemical composition of natural soil solution after the experiment
cd Zn Mn Pe Ca Mg K
Soil and treatment I T [ l [
rrb ppm
|l

Sandy soil - control 70.51 13034 12400 n.de 165 53.9 96.2
Sandy soil with:

Cally 8.00 390 5200 3500 330 18.8 12,3

03003 + !13003 /121/ 8.20 410 5328 5277 207 90.2 9.8

CaC04 + MgCly /2:1/ 5.90 334 4331 4577 194 63.8 10.9
Sendy soil + peat - control 18,29 2347 5061 4726 186 . 36.2 33.6
Sandy soil + peat with:

CaCo4 5.21 352 1042 124 428 27.1 7.8

CaC0;y + MzC0, /is1/ 6.88 298 1537 212 264 87.2 8.3

CaCO; + MgCO4 /2:1/ 6,10 275 3720 3659 295 71.6 G.4
Loamy soil - conivol 532 470 11702 1108 102 19.2 28.4
Loamy soil with: .

CaCo5 1.41 4C4 19317 4230 259 25.0 24.4

CaCO, + MgCOy /1:1/ 5.10 144 10204 2168 161 57.5 23.0

CaCOy + Mgl0y /2:1/ - - 4.78 120 10510 2110 133 47.8 21.5
Loamy soil + peat - control 4.65 466 11957 4969 102 16.8 10.0
Loamy soil + peat with:

CaCo4 3.16 480 14399 831 133 133 T.4

CaCO, + MgCOy /1:1/ 6.33 150 4114 22943 190 55.7 9.0

CaCOy + Mgt0, /2:1/ 4.84 137 9032 4943 154 33.2 8.6

The Cu concentration in the solution from sandy soil was above
27 000 ppb and decreased after a peat addition to 2600 ppb, after car-
bonate treatments — to 2200 ppb (average) and with peat and carbona-
tes together — to 940 ppb. In loamy soil the changes of Cu concentra-
tion were as follows: soil — 800 ppb, soil + peat — 560 ppb, soil + car-
bonates 1040 ppb and soil + carbonates + peat — 417 ppb.

The relative mobility of Cu however, expressed as concentration in
soil solution in percent of total content of soil, was higher for all
treatments in the loamy soil (average 0,3%) than in the sandy soil
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(0,15%). In the blank soils however, that proportion was different
(Fig. 3).

The values obtained for a mobility of Pb (sandy soil — 0,009% and
loamy soil — 0,03%) under various treatment were much lower than
for Cu, but in general it was similar to the trend observed for Cu. The
solubility of Cd, and Zn (average 0,12%) also showed a fairly stable
behaviou' of those elements under liming and amended soils with peat
(Fig. 4). A liming and peat addition were much less effective in supp-
re.w.’ng the solubility of Mn. The order of a mobility of heavy metals,
in this experiment, based on their percentage solubility (given in pa-
rentheses) in soil solution is as follows:
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Fig. 3. Copper content of soil solution and its solubility as affected by various
soil treatment

Fig. 4. Lead content of soil solution and its solubility as affected by various soil
treatment

Mn (0,74)>Cu (0,22)>Cd (0,14)>Zn (0,1)>Pb (0,02)>Fe (0,01)

The suppressing effect of carbonates and peat on an uptake of trace
metals was quite different for buckwheat and horsebean. A variable ra-
tio of carbonates (e.g. Ca:Mg) was without any significant effect on
bioavailability of the heavy metals. Peat added to the soils without
carbonates suppressed heavy metal uptake only on sondy soil. The effect
of soil pH and liming on Cu and Pb uptake by plants is variable and
in certain environments does not suppress the bioavailability of those
metals very much [2, 5, 8]. In this experiment however, carbonates,
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especially when applied together with peat on acid sandy soil, have
suppressed the concentration of heavy metals in soil solution and in
all crops. There were however no significant differences in the treat-
ments on the loamy soil.

Relative suppression of heavy metal uptake showed that the effect
of soil amendment was much higher for Cu, Cd and Fe than for Pb, Mn
and Zn on sandy soil, while on loamy soil these values did not differ
much for each metal (Table 3). It is possible however that metal accu-
mulation by the roots was much higher and in another proportion than
by the tops.
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Fig. 5. Copper uptake by the tops of buckwheat and horsebean versus its con-
centration in soil solution
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Fig. 6. Lead uptake by the tops of buck-
wheat versus its concentration in soil
solution
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The uptake of heavy metals by plants seems to be controlled mainly
by their concentration in natural soil solution. This is affected by a lar-
ge number of soil factors and also depended on plant species (Fig. 5
and 6). The results of the experiment showed that content of carbo-
nates and organic matter are of a great importance. Effects of liming in
suppressing the uptake of toxic amounts of heavy metals by plants is
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complex and depends on both the rooting medium and the plant tis-
sues.

Th2 benefitial influence of lime and peat on soils contaminanted
with heovy metals depends on various soil factors and should be inves-
tigated fcv each kind of soils.

The author wi.~™ to extend her thanks for partial support of the work by
the USDA under th= PL-480 Program. The assistance of Mr. E. Bolibrzuch and
Mr. P. Tarlowski in a :nlytical and experimental work is very much appreciated.
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A. KABATA-IIEHIUAC

BJIVISHUE U3BECTKOBAHMA U BHECEHUS TOP®A HA YCBOEHUE
TAXKEJIBIX METAJJIOB PACTEHMSAMU U3 IIOYB 3ATPA3SHEHHBIX
OMUCCUEN MEJEINJABUJIBHOIO 3ABOJA

VIHCTUTYT arPOTeXHUKY, yRoOpenus u mouysosenenus 8 ITymasax

Pes3oMme

IOse noussl oTo6panuble BOIM3M MENENABUILHOTO 3aBoxa B Iioroee (taba. 1)
6511 M3BECTKOBAHBI PA3IMYHBIMM [03aMM KapOOHATOB KAJbLUMA ¥ MarHusa TPY MUX
COBMECTHOM BHECEHUM B KOJUYECTBE SKBMBAJIEHTHOM 1,5 rwxponwruqecxox’& KWCJIOT=-
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HocTH. KpoMe TOrO mIpOBOAMIMCH OMBLITHEI ¢ npubaBkoii Topda B KoumdecrBe 3%
(B mepecueTe Ha cyxoe BelllecTBO TOpP(a) K MOYBaM KOHTPOJBHBIM ¥ M3BECTKOBAaH-
HbIM. BereraumoHHble (COCyAHble) ONbITbl 6blIM NIPOBEAEHB! B IIEPUON ABYX JAETHUX
ce30HOB (1976 u 1977) co cJenyloUIMMM BbIPDAUMBAaeMbIMM II0OYepenHO PaCTEeHMAMM:
UMIMHAT, TPeYuxa M gBA ypoxasa KOHCKuUX 6060B.

Bianaune npubaskyu kKapbonaToB M Topda K TIOYBE HA YPOXKaAM YU XMMUNUECKMIA
COCTaB paCcTeHMit NPOABUJIOCH MHAYE HA KaXKAOM M3 IMOYBEHHBIX pa3HoOBMaHOCTel. He
6b1an 06HapyXKeHbl PasaUuMa B AeMCTBUM KapOOHATOB IIPY U3MEHEHMM COOTHOILIEHMUSA
Ca:Mg. ComepXaHue TIJABHbIX XMMMUYECKMX 3JIEMEHTOB TOXKE He IOABeprajioch M3-
meHenmro (tabs. 2). OpHaKO KOHUEHTPauuMs MMKDOSJEMEHTOB, a OCOGeHHO Mean
¥ CBUMHIIQ, ITOKAa3aJia CyuiecTBeHHYI auddepenunposasHocTb (Taba. 3, rpadhux 1 u 2).
CaMble BBICOKME KOHUEHTPAUuM MeTaNyaoB OblamM obHapyXeHbl B rpeuuxe BbIPAllly-
BaeMOiI HA KOHTPOJILHOM IlecyaHoM IouyBe; OHM cocraBaAam: 1000 ppm Cu,
400 ppm Zn, 100 ppm Pb u 2,5 ppm Cd.

IlpubaBka kapbonaTtoB M Topda K NecyaHO! NOYBE CHUIKAJA YCBOEHME MeTaJJIOB
PacTeHUAMM, HO 9TO BJIMAHME NPOABUJIOCH cuabHee B orHouenuu Cu u Cd. B cyramu-
HMUCTOM NOUBe ObINI0O OTMEYEHO 3HAUMTEJBLHO MEHbIee IIOHMIKEHME YCBOGHMS MMUKDO-
3eMeHTOB (Tabia. 4).

Xy¥MHUIeCKO COCT@B IIOYBEHHBIX PAaCTBOPOB IIOCJIe OKOHYaHuA omerra (taba. 5)
MOKaszajl, 4TO IO BJIMAHMEM M3BECTKOBAHMA IIeCYaAHOM IIOYBBI IOHM3UJIACHL PacCTBO-
pumocTs Cu u Pb, Torma Kak B CYTJAMHMUCTOM IOuYBe OOHADYXRMICA POCT UMX PacTBO-
puMocTi (rpachuk 3 M 4). AKTUBHOCTD IIepPexoja MUKPOIJEeMEeHTOB u3 cTabuibHoi
(has3bl B NOYBEHHBIN PacTBOD, BbIpa’kaeMmas IPOLEHTHOM PaCTBOPMMOCTBIO II0 COOTHO-
IMIeHWIO K COAEPKAHUI0O B IIOYBE, IIPEACTABIAETCA CJeAYIoLLe:

Mn > Cu > Cd > Zn > Pb > Fe

YcBoeHme METAJIJIOB PACTEHMAMM 3ABUCHUT HEIOCPEACTBEOHHO OT MX KOHIIEHTPALMu
B IIOYBeHHOM pacTBOpe, a CJefOBaTeJbHO M OT MX DpacrBopumocTy (rpacbuk 5 u 6).
Hazpannas 3aBUCMMOCTH HAXOAUTCA OOHAKO NOX CUJILHLIM BIAMSHMEM Pa3HOOBDPA3HBIX
HOOYBEHHBLIX (PAKTOPOB, a TaKXe MHIMBUAYAJIbHBLIX CBOMCTB pacreuuir. IlosTomy
BIMAHWE M3IBECTKOBAHMUA M BHECeHMA Topda HA CHUXKEHMEe YCBOGHMA TAKEILIX Me-
TAJIIOB PACTEHUAMH CJeAYeT BCErAa YCTAaHABAMBATL IJA ONDENEJEHHBIX II0OUBEHHBIX
YCJIOBMIL M BMIOOB PACTEHUNA.

A. KABATA-PENDIAS

WPELYW WAPNOWANIA I TORFOWANIA NA POBIERANIE METALI CIEZKICH
PRZEZ ROSLINY Z GLEB ZANIECZYSZCZONYCH EMISJA HUTY MIEDZI

Instytut Uprawy, Nawozenia i Gleboznawstwa w Putawach

Streszczenie

Dwie gleby pobrane w poblizu huty miedzi w Glogowie (tab. 1) wapnowano
réznymi dawkami weglanu wapnia i magnezu, wprowadzajgc oba sktadniki lgcz-
nie w ilo$ciach odpowiadajacych 1,5 kwasowo$ci hydrolitycznej. Ponadto zatoZzono
serie do$wiadczenia z dodatkiem torfu w ilo$ci 3% (w przeliczeniu na suchg mase
torfu) do gleb kontrolnych oraz wapnowanych. Do$§wiadczenie wazonowe prowa-
dzono w okresie dwéch sezon6w letnich (1876 i 1977) z nastepujgcymi kolejno ros-
linami: szpinak, gryka oraz dwa plony bobiku.

Wplyw dodatku weglanéw i torfu do gleby na plon i sktad chemiczny roslin
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byl odrebny dla kazdego rodzaju gleby. Nie zaznaczyly sie réznice w dzialaniu
weglanéw o zmiennej proporcji Ca:Mg. Zawartosé¢ giéwnych pierwiastkéw che-
micznych w ro$linach nie ulegala zmianie (tab. 2). Natomiast stezenie pierwiastkow
$ladowych, a zwlaszcza miedzi i otowiu, wykazywalo istotne zréznicowanie (tab. 3,
rys. 1 i 2). Najwyzsze stezenia metali wystapily w gryce rosngcej na kontrolnej
glebie piaszczystej; wynosily one 1000 ppm Cu, 400 ppm Zn, 100 ppm Pb
i 2,5 ppm Cd.

Dodatek weglandéw i torfu do gleby piaszczystej obnizyt pobranie metali przez.
ro$liny, ale wptyw ten zaznaczyl sie najsilniej w stosunku do Cu i Cd. W przy-
padku gleby gliniastej nastgpit znacznie mniejszy spadek pobrania metali $§lado-
wych (tab. 4).

Skiad chemiczny roztworéw glebowych po zakonczeniu dos$wiadczenia (tab. 5)
wykazal, ze pod wplywem wapnowania gleby piaszczystej obnizyla sie rozpuszczal-
nos¢ Cu i Pb, podczas gdy w glebie gliniastej zaznaczyl sie wzrost ich rozpusz-
czalnosci (rys. 3 i 4). Aktywno$é przechodzenia pierwiastkéow $ladowych z fazy
statej do roztworu glebowego, wyrazona procentowg rozpuszczalnoscia w sto-
sunku do zawartosci w glebie, przedstawia sie nastepujgco:

Mn>Cu>Cd>Zn>Pb>Fe

Pobieranie metali przez ro$liny jest bezposrednio uzaleznione od ich stezenia
w roztworze glebowym, a wiec réwniez od ich rozpuszczalnosci (rys. 5 i 6). Wy-
mieniona zalezno$¢ pozostaje jednakze pod duzym wplywem roéznych czynnikéw
glebowych oraz wiasciwosci roslin. Dlatego wpiyw wapnowania i torfowania na
ograniczenie pobierania metali ciezkich przez rosliny nalezy ustalaé zawsze dla
okre$lonych warunkéw glebowych i roslin.

Prof. dr Alina Kabata-Pendias
Instytut Uprawy Nawozenia
i Gleboznawstwa w Pulawach






