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Abs tr ac t: Sorption characteristics of soil components are the most impor—
tant in governing fixation, transport and bioavailability of heavy metal pollutants
in soils. Solubility of metals from dusts of a copper smelter and their fixation by
different minerals were studied as a function of pH. Pb and Zn were the most readily
soluble from the dusts, while Pb was much more strongly fixed than Zn and Cd by all
the minerals. The metals were sorbed on minerals in the decreasing order: Mn-oxides
> montmorillonite > kaolinite > Fe—oxides > illite. Amorphous hydrous oxides of Mn
and Fe had the highest affinity for Pb.

INTRODUCTION

Clay minerals, amorphous hydrous oxides and organic matter play an
important role in controlling the concentration and behaviour of me-
tallic pollutants in soil. In general, oxides of iron and manganese are
more significant than those of aluminum and silicon because the former
have greater sorption capacities and are less stable under variable‘oxi—
dation conditions of the soil environment.

The present research focused upon the solubility of heavy metals
from dusts emitted from a copper smelter, and upon their sorption by
some soil-forming minerals as pH-dependent process. The factor of pH
is of special interest in the studies of the behaviour of metallic po-
llutants in soil because industrial emission also contains a high pro-

portion of sulphur compounds compared with that of metals [Table 1/.
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Therefore the decrease in the soil pH is one of the most common pheno-—

; 1 335 10,1
mena in contaminated soils. |
Tat bR e ] l s i
Chemical composition of dusts emitted from a copper smelter /7Z/ 1 : g 425 .
/ Illite
|
Kind of dust Ca Mg K Na Fe Mn Cu Pb Zn cd S-total ' 258 71
Flue 0.02 |0.10 [1.50 [0.10 [0.15(0.005|0.69 |54.0 ( 9.60 |0.09 nd
X
Chimney 0.06 | 2.05 ]0.60 [2.55 [0.73[0.007|0.85 |33.0 (11.40 [0.32 10 Fig. 1. Smoothed X-ray diffraction Raolinit
[ patterns for the minerals wused in Clelipiiee
‘ the experiment, using Cu K, ra-
: dslig : hi er refers tol alh henomena at diation. The figures given at the
The term "sorption" used in this pap il P . sEaks ave dhkz iR e 2
the solid-solution boundary including adsorption, precipitation and . . \__//L_IAJiﬂ/A
Montmorillonite
other concentrating processes.
2,44 4.17
Fe - oxides
MATERIALS AND METHODS 303
] 33¢ 407
. ’ Mn-oxides
Ihe'  tractiont <2 pm was separated from possibly pure mineral spe- ‘
cimens: kaolinite, illite /from weathered muscovite layers/ and mont- 1 40 30 20 10

morillonite. Manganese oxides were obtained from a manganese ore of ‘ degrees 2 8
sedimentary origin. Iron oxide /goethite/ was fractionated from meadow

ore. X-ray diffraction patterns of the separated fractions of the mi- ‘ i .
{a e

nerals show that neither iron oxides nor manganese oxides are well cry- 4

; i Heavy metals released from the smelter dusts at various pH

stallized /Fig. 1/. Amorphous material predominates in the two kinds

3 of suspensions /in 7 of total content/
of oxides.

The sample of manganese ore contains 10% Mn and the sample of mea-
Flue dust, at pH Chimney dust, at pH
dow ore 20% Fe.
. q . Metal

Manganese oxides are associated with calcareous rocks and presuma- 3 4 5 6 7 3 4 5 6 7
bly represent a continous series of composition from MnO/OH/ to Mn02/
/OH/ without distinct reflections in the X-ray diffraction pattern,whe- | Lead S5 Shes Al Saas sk )y et i oets
re the strongest peak is that of calcite d=3_03 /Fig. l/. Zinc 1s837/ 2.34 1.64 1.68 11559 9.67 5R32 3.90 2.36 3515

The suspensions composed of 5g mineral /lg of montmorillonite/ in Cadmium | 1911 [12.55 | 11.11' | 12.55 [[12.55 | 19.53 [17-18 [14.06 [10.15 | 11.71
50 ml HZO with 1g of smelter dusts were shaken for 5 min. and adjusted i Manganese | 36.00 [32.00 | 30.00 | 30.00 |30.00 10.00 o4 Tl 114 Tl 7.14
to the desired pH /3,4,5,6 and 7/ with diluted HNO3 or NaOH. The su- i Iron As1S || 248 |l adO) || @013 || @ 0 0 0 0 0
spension with adjusted pH were shaken for 5 min., incubated at 20°C for

24 hours and shaken again for 5 min.

The supernatant liquid obtained after the centrifugating of the

mineral suspensions was analyzed for Hel N Cul PO 7l by atomic

absorption spectroscopic method on a Perkin-Elmer 403 spectrometer.

Adopting the same procedure, the solubility of heavy metals from the ’

smelter dusts and minerals was measured

at various pH of the suspen-
sions /Tables 2 and 3/.




Téaltbplend3
Heavy metals released from minerals at various pH
of suspensions /pglsl/
pH
Mineral Metal 3 B % % »
0
Kaolinite Cu 0.4 0.4 0.2 0

Pb 4.0 230 1.6 182 0
Zn 0.4 0°2 0.2 0.2 0.2

cd o* 0 0

Illite Cu 2 9.0 22 4/ 0

Pb 2.4 0s2 4 1.6 0
Zn 3.8 2.4 1.4 1.0 (0,7

cd 0 0 0 0 0
Montmorillonite | Cu 64.0 82.0 74.0 45.0 57.0
Pb 16.0 16.0 30.0 14.0 32.0
Zn 20.0 33.0 32.0 24.0 29.0

cd 1.0 1.0 1.0 1.0 0

Fe-oxides Cu 0 0 0 0 0
Pb 0 0 el 16 .6
Zn 180.0 24.0 6.4 30.0 (0);:72
Ccd 0 0 0 0 0.1

Mn-oxides Cu 0.4 0.2 0. 0
Pb 8.0 4.0 .0 Je 7.0

Zn 0 0 0

cd 0 0 0 0

X, 1o of metal released into the water phase means the content below detectability

limits.

Heavy metals occurring in the smelter dusts mainly as sulphides and
oxides show relatively low solubility in water suspensions.The highest

solubility was observed for Mn /up to 36%/ and Cd /up to 19%/,

RESULTS AND DISCUSSION

while

e T = -

S ——

the solubility of Pb did not exceed 1% of their content in ‘the smelter

dusts /Table 2, Fig. 2/. Copper present in the smelter dusts in

a5 6=

of metals decreased with increasing pH. The release of heavy metals by

the minerals, although in small amounts, was also a function of pH

/Table 3/. However, the behaviour of montmorillonite at various PH was
different and did not show obvious dependence on pH.
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The solubility of heavy metals from two different kinds of dusts

was variable, and while Pb, Mn and Fe were released more easily from
the flue dust, Zn and Cd were released more readily from the chimney
dust. Also the solubility of Zn and Cd from the chimney dust was less
pH~dependent than it was observed for other metals and other
(Eias 2/,

The effect of pH on heavy metals sorption on kaolinite, plotted as

dusts

the percentage of total metals released from the dusts is shown inHi=

gure 3. Besides the effects of pH, the equilibrium concentration of me-

latively small amount /Table 1/ was not dissolved in the water suspen-
sion. Apparently the smelter dusts should be considered as a source of

readily soluble Pb, Zn, and to a lesser extent, of Cd. The solubility

6

tal cations in the solution was also a factor influencing the sorption.
The sorption capacity of kaclinite increased steadily with the increa-—
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sing pH. In the case of Zn released from the flue dust, the decreasing
sorption reflected presumably much higher affinity for kaolinite than
other metals. The pronounced dependence of Pb sorption on kaolinite on

pH and Pb concentration was also reported by Griffin et al. /1977/.
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Fig. 3. Sorption of heavy metals by the minerals as a function
of pH of the solution

Explanations see Fig. 2

The adsorption of heavy metals on illite was evidently smaller than
on kaolinite /Fig. 3/, but also lead was fixed in the highest propor-
tion. The influence of PH on the sorption capacity of illite was less
pronounced than for kaolinite.

Montmorillonite is well known to have the highest sorption capaci-
ty for various cations.It is evident that sorption of heavy metals
montmorillonite was in general the highest and less pPH
by the other clay minerals iRkl 2

by
-dependent than
» Table 4/. This mineral also relea-

sed the highest amount of metals into the water phase /Table 3/ The

pus. ;
all effect of pg on the sorption capacity of montmorillonite was ap-
parently due to high buffer properties of that mineral

T -ai bl el
Sorption of Pb, Zn and Cd released from the smelter dusts by minerals

at various pH of suspension -/pg/g/

Mimadal Flue dust, at pH Chimney dust, at pH
and metal
5 3 4 5 6 7 3ablisk 5 6 7
Montmorillonite Pb | 2350 3700 1800 | 1606 868 250 170 252 230 336
Zn 825 | 1385 875 (1220 [1105 4365 | 3375 2620 | 1575 | 2650
Ccd 50 63 27 s 7/5) 238 225 225 150 212
1kt Pb 600 | 2500 450 | 1250 400 350 110 100 250 240
Zn 450 400 225 245 270 2835 | 1350 500 405 | 1005
Ccd 25 15 15 25 15 50 100 25 25 75
Kaolinite Pb 950 | 2450 | 1450 | 1150 535 250 55 220 215 415
ZnalS1Q8SRI21S 540 370 530 4800 |2700 2260 (1200 | 2475
Cd 35 50 30 60 60 25 150 135 200 210
Fe-oxide Pb [ 2715 | 3880 | 2150 | 1700 950 470 120 310 475 405
Zn 225 675 75 720 530 3330 990 550 8558 157
Ccd 25 50 35 75 75 125 75 100 130 175
Mn-oxide Pb | 2940 |3900 [ 3895 |1745 775 810 480 580 590 755
Zn | 1240 750 | 1570 615 |[1545 (10465 [5575 4305 | 2580 | 4830
Cd 95 110 100 110 110 145 110 230 185 295

There is strong evidence to suggest that one of the most important
factors controlling the distribution of heavy metals in soil profiles
is the clay fraction. All experiments with soil minerals, have indica-
ted however, that amorphous hydrous oxides of iron and manganese are
largely responsible for the behaviour of heavy metals and their concen-
tration in soils /Forbers et al. 1976; Gadde and Laitinen 1973, 1974;
Jenne 1977; McKenzie 1977; Norrish 1975; Stuanes 1976/.

Hydrous oxides of iron and manganese play apparently a more impor-
tant role in soil where heavy metals occur as pollutants. Presumably
when these metals are inherited from the parent soil material, they
are related more to alumino-silicate clays since hydrous oxides are
formed later during soil-forming processes. When metallic pollutants
are added to soils, hydrous oxides of iron and manganese are capable
of fixing a very high proportion of trace metals.

The sorption capacity of the two oxides was less pH-dependent than
it was observed for clay minerals /Fig. 3/. There was clear evidence
that lead was very easily fixed by Fe-oxides while all heavy metals we-
re most easily fixed by Mn-oxides /Table 5/. There was also observed a
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relatively broad pH range for high relative sorption /RS/ affinityx of
Mn-oxides. All other minerals do not show any constant value of pH for
the highest sorption of metals /Table 5/. The value of relative sor-
ption /RS/ for all the metals was in the following order:

Mn-oxides > montmorillonite > kaolinite » Fe-oxides > illite.

In each case Mn-oxides show the highest and illite the lowest sor-
ption affinity for heavy metals. As regards the other minerals lead was
most readily fixed by Fe-oxides, while zinc and cadmium by montmoril-
lonite /Table 5/.

Talibi ilie s
Relative sorption /RSx/ of Pb, Zn and Cd by various

minerals at pH range 3-7

: Average RS value for all BigheatARS valugaL, pH
Mineral H /7/
BAgvE Pb Zn cd

Pb Zn cd % pH 74 pH & pH
Montmori- 85 65 65 92 4 75 6 66 7
llonite
Illite 58 22 18 71 6 25 3 25 3|
Kaolinite 81‘ 47 55 95 7/ 57 3 56 7/
Fe-oxides 94 25 48 97 4 44 6 66 67!
Mn-oxides 99 88 97 99 57, 99 S5=7 99 5~/

X
RS value means the total metals released from the flue dust into the solutions /in %/.

Although the relative sorption of metals /expressed in per-cent of
the amount released from the smelter dusts/ increased with the increa-
sing value of pH /Fig. 3/, the total amount of the fixed metals increa-
sed with the decreasing pH of the suspension /Table 4/. This is

appa-
rently related to the higher proportion of metals released into more
acid solutions.
FINAL REMARKS
Soils in the Vicinityviof a copper smelter are a collector for heavy

metal pollutants. Their behaviour, transport and biocavailability are

of great environmental concern. Smelter dusts in the investigated area

were mainly a source of readily soluble lead and zinc. Their mobility

x"Affinity" is the n

ame use indi ; s
£5vCEE vaTls. d to indicate that RS valtue ia mot related directly

10

in the dust-solution system was nearly equal /Fig. 2/. Copper emitted
with the smelter dusts showed very low mobility in the dust-solution
system. This is not the case in polluted soils, where copper is "rela-
tively readily soluble /Kabata-Pendias, Gondek 1978/.

The affinity of lead for the mineral soil components was much gre-
ater than that of other metals. The behaviour of lead was affected both
by the kind of minerals and the source of polluting metals. It is evi-
dent that flue dust containing different compounds of lead and more po-
lycyclic hydrocarbons than chimney dust released this metal in a higher
proportion /Kabata-Pendias, Gondek 1978/. The observed increase in lead
sorption in the case of flue dust, and the decrease in the case of chi-
mney dust can be attributed to the tendency of lead to form metal-orga-
nic complexes the behaviour of which is highly influenced by pH. A sig-
nificant role of organic complexes in the lead behaviour was also no-
ticed by many other authors /Griffin et al. 1977; Mayer 1978; Riffaldi
etial 9GS olldat i e et ol SS9V 6//4

The results of these studies show that amorphous hydrous oxides of
iron and manganese may be of practical importance for solving the pro-

blems associated with the concentration of heavy metals by soils.
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SORPCJA METALI CI@ZKICH PRZEZ MINERALY ILASTE ORAZ

TLENKI ZELAZA I MANGANU

SHERTRie™ S uztfch z feniitie

Stopien zagrozenia s$rodowiska glebowego przez metale ciezkie emi-
towane wraz z pytami hutnictwa metali niezelaznych zalezy zardwno od
ich rozpuszczalno$ci jak i od sorpcyjnych wta$ciwo$ci mineratdéw oraz
substancji organicznej. Badano rozpuszczalno$é metali wystepujacych w
pytach huty miedzi oraz ich wiazanie przez nastepujgce mineraty: mont-
morillonit, kaolinit, illit i uwodnione tlenki zelaza Ooraz manganu. Do
doswiadczenia zastosowano suspensje minératdw i pyidéw hutniczych z wo-
da o zrdéznicowanym odczynie w zakresie pPH 3-7. Stezenia metali ciezkich
w fazie wodnej oznaczano metodami atomowej spektrometrii absorpcyjnej
/ASA/. Oba rodzaje pytdw hutniczych, smolisty osad z filtrdw /flue dust/
oraz pyiy kominowe /chimney dust/ okazatly sie gidwnie Zrdéditem tatwo
rozpuszczalnych Pb i Zn. Rozpuszczalnoéé Fe gwattownie spadata w miare
wzrostu wartogci pH suspensji, podczas gdy pozostatych metali - byta
mafo zmienna. Wszystkie mineraty wigzaty najintensywniej Pb, ale naj-
wigksza zdolno$¢ do jego sorbowania wykazaty uwodnione tlenki zelaza i
manganu. Opierajgc sie jednak na wzglednej pojemnogci sorpcyjnej, wy-—
razonej procentowym wigzaniem metali uwolnionych z py*dw hutniczych,
ustalono nastepujaca kolejno$é mineraldw:

Mn-tlenki > montmorillonit > kaolinit > Fe-tlenki Sl gt

Wykazano, ze uwodnione tlenki zelaza i manganu moga spetniaé bar-
dzo istotng role w procesach unieruchamiania metali ciezkich zanieczy-
szczajacych gleby.

OBJASNIENTA FIGUR

Fig. 1. Uproszczone dyfraktogramy rentgenowskie mine

ST ratdéw zastosowanych do dosdwiad—

/promieniowanie Cu&x » Przy plkach podano wartogci d k w 2/
l

1 - pyt smolisty, 2 - Pyt kominowy
12

Fig. 3. Sorpcja metali ciezkich przez mineraty w zalezno$ci od pH roztworu

Objasnienia przy fig. 2

Aauna HKABATA-TISHLAC

COPBIHYA TAKEJIBIX METAJJIOB T'JIMHUCTHIMU MUHEPAJIAMMU,

A TAKXE OKHUCJIAMM KEJIE3A U MAPI'AHIA

Pe3omMe

CTeneHb 3aCOPEHHSA TMOYBEHHOHW Cpenn TAXEJIHMH MeTalJlaMd, HCIYCKaeMBEMH
BMECTE C MEUIb) LBETHOW MeTaJllypruel, 3aBUCHT KAaK OT HX PAaCTBOPUMOCTH
TaK U OT COPOUHOHHHX CBOUCTB MHHEpaJiOB, a TaKXe OT OPraHUYEeCKOI'O Beme-—
CcTBa. H3ydasnach pacTBOPUMOCTB METAJJIOB, INPUCYTCTBYKHUX B MNEUIA MeIHOMEe-—
TaJUIyPriYeCKOoro 3aBomda, a TaKXe HMX CBfA3HBaHHE TaKHMH MHHEepaJjlaMH Kak
MOHTMOPHJUJIOHUT , KAOJIMHHUT, HJJIAT, a Takxe TIUOPOOKHCJIaMH Xejie3a U MapraH-—
La. B onHTax NpUMMeHdAslachk B3EBeCh MHHEpPaJyIOB U MEeTaJUlyprUYEeCKOH IMBUIM B BO-—
e Ppa3JIMYHOM KHCJIOTHOCTH B OuamnasoHe pH 3 - 7. kOHueHTpaunﬂ TAXEJIHX Me-—
TaJIJIOB B BOOHOUW ¢dasze omnpenesisijlacbh MeToOoaMH aTOMHOAGCOPOLHOHHONW CIEeKTPO—
meTpun /MAAC/. O6a BuOa METAJUIYPTHUYECKOM IMEUJIM — CMOJIBHHH OCAanoOK (GUIIBTPOB
/flue dust/ u memoxomHas nwiib /chimney dust/ - mpexnme BCero okas3ajluCh
HUCTOYHHKOM JIETKOPAaCTBOPHMHX Pb M Zn. PacTBOpHMOCTE Fe pe3ko NOHHUXajlach
IO Mepe yBeJIMdeHHs pH B3BeCH , a IJId OCTAaJIbHHX METaJUUIOB H3MEeHfAJlaCh B He-
60JIbION CTEeNmeHUu. Bce MuUHepasibl HauboJiee UHTEHCHUBHO CBSA3HBaJUd Pb, HO Hau-

60JIbllly1d CIIOCOBHOCTh K €ro COp6UMH OOHApyXWUJIM T'HOPOOKHUCIIH XeJjie3a H Map-—

‘raHna. OOHAKO, OCHOBHBAfChH HAa OTHOCHTEJBHOM CODPOLHOHHOW E€MKOCTH, BHpa-

KEHHOM MNPOIEHTHHM CBSI3HBaHUEM OCBOOGOXIEHHHX U3 MEeTa/UIyPprHYeCKOH MNEUIH Me-
TaJlJIOB, YCTAHOBJIEHO CJIEOYNMHUN PAL MHHEPAaJIOB: OKHCJH Mn > MOHTMOPHJIJIOHHT
> KAOJIMHHT > OKHCIIE Ee >"UJUINT .

Jloka3aHO, YTO TUIOPOOKHUCIJIE XeJie3a W MapraHua MOTYT HCIOJHATH BecbMa

CymecTBEHHYK pOJIb B Mnpoueccax GUKCHPOBAaHHUA 3aCOpPSANmIHX MOYBH THAXEJIHX Me—

TaJUJIOB.

0BBACHEHUA K OUTYPAM

Our. 1. YnpoueHHsle AMPPAKTOrpamMMbl MPUMEHAEMBIX B OMbiITax MWHepanos /C K, nanyuenue,
BO3Ne NWKOB yKa3aHbl 3Ha4yeHuA dhkl 8 A/
Our. 2. PacTBOPUMOCTb COAEPKAWWXCA B METanNNypruyeckoin MbiNv MeTannos 8 3aBUCMMOCTH

ot pH pacTBOpa
1 — CMOAMCTAasA MbiNb, 2 — ALMOXOAHAA Mbib

Our. 3. Copbuma TAXEnbX MeTannos MUMHEpanamu B 3aBUCMMOCTM OT pH pacTteopa

06BbACHEHUA CM. OUr. 2
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