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INTRODUCTION

Since the first recognition of problem  of the trace elem ent deficiency 
and the use of trace elem ents as fertilizers, there  have been num erous 
studies on the fixation of heavy m etal cations by soils. The ability  of 
soil-form ing m inerals to accum ulate exchangeable trace elem ents from  
very  dilute solution is significant from  the standpoint of p lan t nutrition . 
There are great differences betw een the adsorption of particu lar ions by 
various m inerals. Several authors [1, 5, 6, 14] have studied in more detail 
the reactions of reta in  trace elem ents w ith  soil clays and some pure 
m inerals and have shown th a t their na tu re  is connected w ith  specific 
exchange reactions involving form ation of complex m etal ions and the 
precipitation of the m etals w ith in  the clay structure.

The fixation ability  of the soil-form ing m inerals is thus of in terest as 
a principal factor determ inig the m icronutrient supply to the plants. This 
study was designed to compare the sorption of certain  trace elem ents by 
the m ain soil m inerals.

M ATERIALS AND METHODS

The samples of the m inerals were, in general, obtained from  geological 
deposits, as is indicated in Tab. 1. The samples were ground (if necessary) 
and <  2 in fraction was separated  from  them . The X -ray  diffraction iden­
tification was made for each m ineral in order to establish its purity . The
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m ineral composition of each sample is given in Tab. 1. The m inerals of 
the  illite and m ontm orillonite groups were the most im pure, the im puri­
ties were quartz  and kaolinite (Figs 1 and 2). The X -ray curves show th a t 
illite-B  and illite-C  contain sm aller am ounts of im purities than  illite-A  
and th a t m ontm orillonite-B  (from Poland) differs in its m ineralogical 
s truc tu re  from  the m ontm orillonite-A  (Wyoming bentonite) and contains 
less quartz.

T a b l e  1

Some d e s c r ip t iv e  data fo r  the mineral samples

Mineral Origin
CEC 

m . e . /100 g

Average
ca t ion

d isp laced
m . e . /
100 g

Mineralogy 
of  fr a c t io n

Quartz Poland 6.53 3 .4 pure
A lb ite Poland 6.53 1.6 pure
Ortoclaee Poland 7-59 2.0 pure
Olivine Norway* 12.00 4 .7 01, Q-trace
Muscovite Poland 15.75 10 .7 pure
B io t i t e Poland 19.25 10 .1 pure, s l i g h t l y  a l tere d
I l l i t e - A A ustra l ia** 37.45 11 .0 Q, 11 ( F i g . l )
I l l i t e - B USA, I l l i n o i s * * * 17.77 10.6 Q, I I ,  Kl, Ch, D ( F i g . l )
I l l i t e - C A u s tr a l ia ,  s o i l  clay** 39.20 17.1 4, 11, K l-trace  ( F i g . l )
Montmorillonite-A Poland, bentonite**** 98.70 9 .4 Mt iF ig .2 )
Montm oril lonite-B USA,Wyoming bentonite** * 97.60 40.0 Mt, Q-trace ( F i g . 2)
K ao l in i te England, Cornvalis I 21 .70 3 .3 pure

Some mineral samples were obtained to the courtuesy,  as fo l low s:  * Dr G.Semb, Vollebekk,
** Dr K.Norrish and Dr K .G .T i l le r ,  Adela ide,  *** Dr M.M.Mortland, East Lansing, Mich. **** Dr 

M.Kac-Kaccas, Puławy
Key to mineralogy: 01- o l i v i n e ,  $ -  quartz, II  -  i l l i t e ,  Kl -  k a o l i n i t e ,  Ch -  14.2 A 
minerals ,  not determined, D -  do lomite,  Mt -  montm oril lonite

All experim ents were carried out w ith one low concentration of each 
of the heavy m etals, using Ca2+ sa tu ra ted  m ineral suspensions as sug­
gested by H o d g s o n  [3] and T i l l e r  et al. [14]. The ratio  of clay to 
w ater was 1:25, pH of suspensions was ad justed  exactly  to 6. All trace 
elem ents were added in the am ount of 30 ^g/g for Co, Cu, Zn, and Ni, and 
in the am ount of 1500 ^g/g for Mn. All reactions were carried out in the 
presence of 0.1 N CaCl2 for 20 hours w ith continuous agitation at 21°C. 
A fter the trace elem ent saturation  all clay samples w ere centrifuged, w ith 
several w ater w ashing and air dried. The m inerals w ere ex tracted  by 
Tam m ’s solution (12.608 g oxalic acid and 24.84 g am m onium  oxalate per 
1 liter H20 ; pH 3.2), for 1 hour. The m ineral to solution ratio  was 1:50.

The in itial content of trace elem ents in m inerals and the content after 
trea tm ents (saturation and extraction) was determ ined by spectrophoto- 
m etric m ethods [8]. In all solutions obtained afte r m ineral saturation  and
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Fig. 1. X -ray  d iffraction patterns for the fractions <  2 ill separated  
from  illite -c lays

15,2

Degrees 2 в  Си К a

Fig. 2. X -ray d iffraction patterns for the fractions <  2 ц separated  
from  bentonites

extraction the content of Si, Al, Fe, Mg, К  and Na was determ ined. Cation 
exchange capacity (CEC) was m easured by NH4 saturation according to 
m ethod of M a c k e n z i e  [12].

RESULTS AND DISCUSSIO N

Previous work [10, 11] and other data [2, 13, 14] have shown th a t soil 
colloids participating  m ainly in the reactions of ion sorption consist not 
only of clay m inerals and organic m atte r bu t also of some prim ary  m ine-
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rals. The comparison of the ability  of the common soil-form ing m inerals 
to fix trace elem ents under the same conditions could reveal the degree 
of their contribution to these reactions. Since calcium  is the dom inant ion 
on the exchange complex of most agricu ltu ral soils, the exchange reactions 
th a t took place w ith  trace elem ents absorbed on the calcium sa tu ra ted  
exchangers should be very sim ilar to those which take place in soils in 
the field.

C o b a l t .  The differences in retention and rem oval of cobalt betw een 
m inerals as illustrated  by the data given in Tab. 2, show a great variation 
in the am ount of this elem ent sorbed in the presence of 0.1 N CaCl2. The 
percentage retention for all m inerals varies from  4 to 100 per cent 
(which corresponds approxim ately to the values w hen expressed as 
m.e./100 g). The sm allest sorption of cobalt (less than 10 m.e./100 g) is by 
quartz, feldspars, kaolinite and illite-A . Also T i l l e r  et al. [14] has 
indicated th a t the fixation of cobalt by kaolinite, quartz and some other 
soil m inerals was of the same order. It m ay indicate th a t this reaction is 
associated w ith the ex ternal planer surfaces ra the r than  w ith in ternal 
ones. Sim ilar suggestions have been given by H o d g s o n  and T i l l e r  
[4] from  their study on the location of bound cobalt on verm iculite.

The cobalt fixation by the m inerals of the illite and m ontm orillonite 
groups is not uniform . The differences are due to the im purities (e.g. the 
cobalt reten tion  by illite decreases w ith the increases of their quartz  con­
ten t (Fig. 1), as well as to the variation in chemical composition (Tab. 2). 
The am ounts of m ajor cations displaced are d ifferent for illites and 
m ontm orillonites and reveal a kind of relation betw een Mg2+ and K + 
displacem ent and the cobalt reten tion  (Tab. 2). H o d g s o n  et al. [5] has 
assum ed th a t cobalt enters into bond form ation m ore readily  w ith  sites 
occupied by Mg2+ than  w ith those occupied by H 4'.

The cobalt sorption by m uscovite and biotite is of the same order 
as sorption by illites and m ontm orillonites. Olivine, on the other hand, 
fixed the highest am ount of cobalt. It shows clearly  tha t the reaction of 
cobalt sorption is not only due to the true  exchange reaction. This is 
confirm ed also by the retention of cobalt in excess of the cation exchange 
capacity (CEC) for some m inerals (Fig. 3). H o 1 d r i d g e (6) has obtain­
ed sim ilar evidence for the form ation of complex m etal ions involved 
in the sorption of heavy m etals by koalinite. M uch earlier H o d g s o n  
[3] distinquished two forms of bound cobalt, the exchangeable chem i- 
sorption and nonexchangeable, undefined strong fixation by m ontm orill­
onite.



T a b l e  2

Retention  and removal of cobalt  at 30 ppm addit ion

Mineral
Content
before

treatment
ppm

Amount
retained

ppm

percentage
reten t ion

Amount
soluble

ppm

Percentage
removal Cation d isplaced (mg/g)

of
retained

amount

of
t o t a l

content
S i4+

Al3+
xlOOO

Fe^+
xlOO

Mg2* r Na+ Tota l

Quertz 0 .1 1.1 3 .7 0 .6 34 30 0.28 1.23 1 . 0 0 0.03 0.07 0.05 0.44

Alb ite 0 .1 2.6 8 .7 0 .3 12 11 0.18 1.23 1.75 0.05 0.05 0.28 0.58

Ortoclase 0.4 0.7 2.3 0 .2 29 13 0.10 1.23 2.00 0.03 0.46 0.14 0 .75

Olivine ЬО.2 29.6 100.0 20.0 68 23 0.26 0 3.23 1.31 0.05 0.09 1.64

Muscovite 7.8 15.1 50.3 4 .3 30 20 0.18 3.12 2.00 0.10 2.33 0.33 2.96

B io t i t e 2 3 . b 24. b 82 .0 6.5 2b 14 0.14 4.37 1.73 0.83 0.87 0.14 2.00

I l l i t e - A 2.0 2.4 7.7 0 .2 8 0 .3 0.38 1.23 2.25 0.45 0.13 0.17 1.20

111ite-B 25.3 13.0 43. 5 4 .0 38 11 0.14 0 1 . 0 0 0.92 0 0 1.07

111ite-C 10.6 29.2 97.0 4 .3 14 11 0 . 1 1 1.23 2.75 1.52 0.65 0.61 2.92

Uontmori llonite-A 1.1 20.0 67.0 0 .3 23 24 0.41 1.23
i
i  2.30 0.37 0.07 0.13 l . C l

Montmoril lonite-B 1 . 2 24.1 80. b 0.3 2 20 0.32 D J O 3.00 1 . 0 0 0.42 6.15 7.95

Kaolin ite 1.8 1.2 4 .0 0.3 23 10 0 . 1 1 4 .37 2. 2d 0.13 0.10 0.15 0 .52
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Fig. 3. R atios of the retention of trace elem ents (in m.e.) to the CEC of d ifferent 
m inerals. The scale for Mn is m ultiplied by 1 0 - 1

T a b l e  3

Retention  and removal o f  trace elements \ i n  m .e , / lQ 0  g)

Mineral
Co Ni Zn Cu Un

Rt Rm Rt Rm at Rm Rt Rm Rt Rm

Quartz 4 2 18 4 15 10 2 8 229 91
A lb ite 9 1 11 4 42 41 35 63 n.d. n. d.
Ortoclase 2 7 7 4 38 23 51 79 220 95
O livin e 100 68 0 170 57 151 39 175 604 272
Muscovite 51 15 32 6 44 105 47 84 58 379
B io t i t e 83 22 99 15 84 132 32 75 248 1176
I l l i t e - A 8 1 23 5 15 15 79 70 452 149
I l l i t e - B 44 14 102 19 92 92 54 86 1442 1034
I l l i t e - C 99 15 102 20 89 94 92 108 1б4б 6 9 6
Montmoril lonite-A 68 2 53 14 42 26 91 63 1242 878
llon tm ori l lon i te -B 82 2 92 10 92 49 83 59 2378 561
K aolin ite 4 1 37 3 26 8 36 47 211 142

Rt -  r e t e n t io n ,  Rm - removal

The rem oval of cobalt by oxalate solution ranges from  1 to 68 
m.e./100 g (Tab. 3). In general, the am ount rem oved does not exceeds 
50 per cent of the reta ined  cobalt (with exception of olivine). The stron ­
gest fixation of cobalt occurs in both m ontm orillonites and illite -A  The
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degree of cobalt solubility as calculated on the basis of its to ta l content 
in the m inerals (initial content and retained  amount) is m uch more uni­
form  and varies from  10 to 25 per cent, w ith the exception of illite-A  and 
quartz (Tab. 2).

N i c k e l .  The reten tion  of nickel by soil-form ing m inerals is very 
sim ilar to th a t of cobalt (Tabs 3 and 4). Quartz and feldspars accum ulate 
the sm allest am ounts of this elem ent (below 20. m.e./100g). The sorption 
of nickel by biotite, illites (В and C) and m ontm orillonites is of a very 
sim ilar order. The highest am ount of nickel is fixed by illite-B  and С and 
is higher than  for other elem ents (Tab. 3). There is a sm all sorption of 
nickel by muscovite, kaolinite and by illite-A  w ith a high content of 
quartz.

The curve of nickel reten tion  plotted against the CEC is sim ilar to 
those obtained for cobalt and zinc (Fig. 4). It m ay suggest tha t the reac­
tions involved in the sorption of these cations are very sim ilar, which 
may be also due to their ionic radius: Co2+ — 0.83, Ni24 — 0.82, Zn24' — 
— 0.83 Ä.

Fig. 4. R elation betw een  the retention  of trace elem ents, cation d isplacem ent
and the CEC of m inerals

There is no direct relation betw een nickel reta ined  and m ajor cation 
displacem ent (Tab. 4), except of some sim ilarity  to the am ount of Mg2 : 
rem oval from  the clay m inerals. The ratio  of the reta ined  nickel to CEC 
is very often higher than  1, especially for the p rim ary  m inerals (Fig. 3).

The rem oval of nickel by oxalate solution is calculated for all m ine­
rals, w ith the exception of olivine, over the range 3 to 20 m.e./100 g (Tab. 
3). Nickel is m ore easily ex tracted  from  illites and m ontm orillonites than  
cobalt (Tab. 4).



T a b l e  4

R etention  and removal of n ic k e l at 30 ppm add ition

M in era l

C ontent
b efo re

trea tm en t
ppm

Amount
r e ta in e d

ppm

P e rcen ta g e
r e te n t io n

Amount
s o lu b le

ppm

P ercen ta g e
rem oval C ation  d is p la c e d  (m g/g)

o f
r e ta in e d

amount

o f
t o t a l

co n te n t
S i4* A l3+

xlOOO
F e ^
xlOO

Mg24 r Na+ T o ta l

Quartz 1 .4 5 .4 18 .0 1 .3 24 19 0 .21 0 .62 1.00 0 0.05 0 .01 0 .28

A lb ite 1 .8 3 .2 10 .6 1 .2 38 24 0 .14 0 .20 1.75 0 0.03 0 .24 0.33

O r to c la se 4 .2 2 .0 6 .7 1 .2 60 19 0.19 0 .62 2 .00 0 0.39 0 .05 0 .65

O liv in e 2080.0 0 0 50 .0 - - n .d . n .d . n .d . n .d . n .d . n. d . n .d .

M u scov ite 4 .7 9.3 31 .0 1 .9 20 14 0.24 3.10 1.75 0 .04 2.28 0.33 2.90

B io t i t e Ю 6.3 28.9 96 .0 4 .5 16 3 0 .20 2.50 1.75 0 .72 0.80 0.13 1 .97

I l l i t e - A 1 .3 6 .7 22.4 1 .4 21 18 0 .20 3 .1 2 1.50 0 .39 0.16 0 .17 0 .94

I l l i t e - B 25 .0 30.0 100.0 5 .7 19 10 0.10 1.25 1.00 1.04 0 0 1.13

U l i t e - C 30 .2 29.9 99.5 6 .0 20 10 0.15 4 .37 2.00 1.54 0.58 0 .50 2 .79

M o n tm o r illo n ite -A 11.2 15.4 5 1 .5 4 .0 27 17 0 .4 9 3.12 1.75 0 .34 0.05 0 .08 0 .98

M o n tm o r illo n ite -B 3 .5 26.9 90 .0 2 .8 11 10 0 .33 2 .50 1.00 1.08 0 .41 5.94 7.77

K a o l in it e 20.5 10.8 36 .0 1 .0 9 3 0.16 6.25 1.50 0 .01 0.05 0 .08 0 .32

.. 
K

ab
ata-P

en
d

ias



The sorption of trace elem ents 63

Z i n c .  The sorption of zinc by illites and m ontm orillonites is sim ilar 
to th a t of cobalt and nickel and ranges from  42 to 92 m.e./100 g (Tab. 3). 
Its sorption by quartz  and feldspars is high and the ratio  of its reten tion  
to the CEC of these m inerals is above 2 (Fig. 3). Q uartz and illlite -Л  fixed 
only 16 per cent of zinc added, this value for feldspars, m uscovite and 
m ontm orillonite-A  is about 45 per cent and for all o ther m inerals (apart 
from  olivine) is above 90 per cent.

According to J e n n y  and E l g a b a l y  [7] zinc could be sorbed by 
m ontm orillonite from  ZnCl2 solution in the three exchangeable forms: 
Zn2+, ZnO H + and ZnCl+. Besides the exchangeable forms zinc is also 
fixed in an unexchangeable form. The experim ent of Bingham  et al. [1] 
shows th a t in the acid Cl-system  the sorption of zinc was generally  equal 
to CEC, regardless of concentration used. But in the solution w ith  pH 
above 5.6 to 6.0 the precipitation of Zn(OH)2 occured and increased the 
am ount of reta ined  zinc. Their evidences and particu lary  of Bingham  et all 
m ay be used to explain the resu lts of this experim ent in term s of the abi­
lity  of a soil-form ing m inerals to accum ulate zinc from  the very dilute 
neu tra l solutions in the excess of their CEC.

There is not a clear relationship betw een the am ount of reta ined  zinc 
and m ajor cation displacem ent. Only displaced m agnesium  as in the 
case of nickel, reveals some agreem ent w ith  the zinc sorbed by clay m i­
nerals (Tab. 5).

The solubility of zinc in the oxalate solution is very  high and exceeds 
in m any cases its reten tion  (Tab. 5). Zinc in micas and illites exhibits 
a rem arkable solubility, which indicates th a t sorption by these m inerals 
is based to a high degree on the exhange cation reaction.

C o p p e r .  The data for copper reten tion  and rem oval are presented 
in Tab. 6. Percentage reten tion  of copper in the presence of 0.1 N CaCl2 
is quite sim ilar to th a t of cobalt, but it is more uniform  than  for cobalt. 
M inerals of the illite and m ontm orillonite groups sorbed the highest 
am ount of copper: from 54 to 92 m.e./100 g (Tab. 3). The sorption of 
copper by feldspars, micas, kaolinite and also olivine is of the same order. 
Only quartz  reta ins a very sm all am ount of this cation (about 2 m.e./100 g). 
CuCl2-system  reten tion  from  dilute neu tra l solution is m uch more rela ted  
to the CEC of the m inerals than  tha t of any other elem ent (Fig. 4). B i n g ­
h a m  et al. [1] has shown that the reten tion  of copper from  Cl-salts is 
alm ost equal to the CEC, regardless of concentration used, bu t from  very 
acid solutions (pH 2.2 to 2.5). This relationship  reveals th a t an exchange 
reaction is involved in this sorption. In the pH 6 solution used in this 
experim ent, the reten tion  of copper increases the CEC. The ratio  of the 
reta ined  copper to the CEC is sm aller for clay m inerals than  for prim ary
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T a b l e  5

R etention  and removal of z inc at 30 ррш ad d ition

M ineral

C ontent
b efore

treatm ent
ppm

Amount
r e ta in e d

ppm

P ercen tage
r e te n t io n

Amo unt 
s o lu b le  

ppm

P ercen ta g e
rem oval C ation  d is p la c e d  (m g/g)

o f
r e ta in e d

amount

o f
t o t a l

co n ten t S i4* Al^+
xlOOO

Fe^+
xlOO

Mg2* K* Na+ T o ta l

Quartz 15.0 5 .0 16.5 3 .2 64 15 0 .12 0 .50 0.75 0 0 .03 0 .01 0.17

A lb ite 31.3 13.7 46 .0 13.5 98 30 0 .0 8 0 .6 2 2.00 0 0 .01 0.16 0 .28

O r to c la se 12.5 12.5 42 .0 7 .5 60 30 0 .08 1 .87 2.25 0 0 .28 0 .07 0.45

O liv in e 37.5 18.5 62.0 49 .5 89 0 .10 2 .50 2.25 1.54 o .o i 0 .05 1 .72

M u scov ite 65.5 14.5 48 .5 34.5 43 0 .18 4 .37 2.25 0.06 2.31 0.33 2.91

B io t i t e 302.5 27.5 92 .0 37 .0 11 0 .17 6.25 2.00 0.30 0 .6 8 0 .18 1.35

U l i t e - A 20.0 5 .0 16.5 5 .0 100 20 0 .17 3 .75 2.25 0 .34 0.Ю 0.Ю 0.73

I l l i t e - B 60.0 30.0 100.0 30 .0 100 33 0 .1 1 1.25 0.25 1.56 0 0 1.69

U l i t e - C 46.3 28.7 95.5 30 .6 40 0.17 6.25 2.75 1.42 0 .5 0 0.40 2 .52

M o n tm o rillo n ite -A 26.3 13.7 4 5 .0 8 .5 62 21 0 .39 3 .1 2 2.25 0 .3 2 0 .05 0 .09 0 .87

M o n tm o r illo n ite -B 150.0 30 .0 100.0 16 .0 53 9 0 .34 3 .70 1 .00 1 .08 0 .37 5.94 7.74

K a o l in it e 66.6 8 .4 28.0 2 .5 30 3 0 .10 3 .12 2.25 0 .18 0 .03 0 .18 0.57
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T. a b 1 e 6

R etention  and removal of copper at 30 ppm ad d ition

M ineral

Content
before

treatment
ppm

Amount
reta ined

ppm

Percentage
reten tio n

Amount
so lu b le

ppm

Percentage
removal Cation d isp laced  (mg/g)

of
reta in ed

amount

of
to ta l

content S i4* Al3+
xlOOO

Fe5+
xlOO

Mg2* K* Na+ T otal

Quartz 2 .0 0 .5 2 2 .5 - 100 0.17 0 .50 0.50 0.02 0 0 0.20

A lb ite 9 .4 10.6 35 20 .0 - 100 0.09 0 .65 1.00 0 .04 0 0 .03 0 .17

O rtoclese 9 .2 16.3 54 25 .0 - 100 0 .09 1.85 1.50 0 .05 0.25 0 0 .3 1

O liv in e 415.0 12.5 42 55 .7 - 13 0 .37 3 .10 1.50 1.61 0 0 2 .0 0

M uscovite 23.8 15 .0 50 26.7 - 67 0 .30 3 .75 2.00 0 .02 2.55 0 .1 8 3 .07

B io t ite 110.0 10 .2 34 23 .8 - 20 0 .1 9 3 .10 2.00 0 .68 1.13 0 .03 2.05

I l l i t e - A 15.0 25 .0 83 22 .0 88 55 0.18 5.00 2.50 0 .48 0.05 0 .0 2 0 .6 6

I l l i t e - B 44.3 17 .0 57 27.2 - 45 0.13 4 .5 0 0.75 1.04 0 0 1.25

I l l i t e - C 32.5 29 .2 98 34 .5 - 57 0.10 6.25 2.00 1.08 0 .45 0 .4 0 2.05

M ontm orillonite-A 16.3 28.8 96 20 .0 70 47 0.39 3.12 1.75 0 .4 9 0 0 0.90

M ontm orillonite-B 5 .0 26 .2 87 18.7 75 58 0.36 10.00 1.75 1.10 0 .36 5 .79 7.63

K ao lin ite 30.0 11.3 38 15 .2 - 36 0.14 5 .62 2.00 0 .19 0.15 0.Ю 0 .6 1
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ones (Fig. 3). It m ay suggested th a t the reactions involving the form ation 
of complex cations (CuOH+, CuCl+) and some precipitation of the m etal 
(e.g. in form  Cu/OH/2) play im portan t role in the sorption by prim ary  
m inerals. The ability  of all soil-form ing m inerals to accum ulate copper 
from  dilute neu tra l solutions in the presence of 0.1 N CaCl2 is very signi­
ficant for the p lan t nutrition .

No relationship  can be observed betw een copper sorption and m ajor 
cation displacem ent (Tab. 6), although the curve of to ta l cation displace­
m ent plotted against the CEC follows to some exten t a sim ilar pa tte rn  to 
th a t for copper reten tion  (Fig. 4).

The solubility of copper in the oxalate solution is m uch higher than 
th a t of o ther cations and exceeds the am ount of the retained  copper, 
almost for all m inerals (Tab. 6). Total copper (initial and reta ined  content) 
was soluble from  quartz  and feldspars. A rela tively  less soluble form  is 
tha t of copper fixed by olivine and biotite. The highest solubility was 
noticed in the case of muscovite, illites and m ontm orillonites, which cor­
responds to about 50 per cent of the to tal content of this cation.

M a n g a n e s e .  The content of m anganese in the CaCl2 trea tm en t 
system  was equal to 1500 ppm. Sm aller concentrations of M n2+ in solu­
tion caused the solubilisation of m anganese occuring in un trea ted  m ine­
rals. The in itial content of this cation was very  high, especially in such 
m inerals as micas, olivine and some illites (Tab. 7). All p rim ary  m ine­
rals (excluding olivine), illite-A  and kaolinite sorbed a sm all am ount 
of m anganese, from  58 to 248 m.e./100 g, which corresponds to below 
10 per cent of cation added (Tabs 3 and 7). The sorption of m anganese 
by two illites and m ontm orillonites is from  1242 to 2378 m.e./100 g, 
w hat is equal, respectively to 22 and 44 per cent of the am ount added. 
The data obtained for the m anganese reten tion  are not com parable w ith 
those obtained for other trace elem ents, nevertheless, a sim ilar degree 
of sorption ability  of the m inerals m ay by noticed.

As the resu lts of H o 1 d r i d g e [6] indicate, the concentration of m an­
ganese in solutions above 50 m.e./100 g kaolinite does not caused any 
increasing of m anganese retention. This experim ent was conducted at 
the m axim um  sorption ability  of the m inerals.

The replacem ent of m ajor cations by m anganese shows a great dispa­
rity , which is less apparent w ith  the divalent m agnesium  in the clay m ine­
rals (Tab. 7). The am ount of m anganese reta ined  plotted against the 
CEC follows to some ex ten t the trend  of such a curve for Cu2+ and 
differs from  the curves obtained for Co2+, Ni2+ and Zn2_f. It m ay indicate 
th a t sim ilar reactions could be involved in the sorption of M n2+ and Cu24.



T a b l e  7

R etention  and removal of manganese at 150 ppm add ition

M ineral

C ontent
b efo re

treatm ent
ppm

Amount
r e ta in e d

ppm

P ercen tage
r e te n t io n

Amount
s o lu b le

ppm

P e r c e n te ç e
rem oval C ation  d is p la c e d  (m g/g)

o f
r e ta in e d

amount

o f
t o t a l

co n te n t S i4*
A l *
xlOOO

Fe^+
xlOO Mg2* K+ Na+ T o ta l

Quartz 0 .8 63 4 .2 25 40 39 0 .35 0 0 .7 5 ' 0 .0 2 0 0 0 .45

O r to c la se 80 60 0 .4 26 - 31 0.09 0 0 .50 0 0 .29 0 0 .39

O liv in e 800 1166 78.0 749 65 38 0 .4 1 0 1.00 1 .40 0 0 1 .82

M uscovite 270 16 1 .1 104 - 35 0 .15 0 1 .00 0 .05 2.08 0 2 .2 9

B io t i t e 1950 68 4 .5 323 - 16 0 .13 0 0 .75 0 .53 0.80 0 1.54

I l l i t e - A 30 124 8 .3 41 33 27 0 .18 0 1.25 0 .39 o .o i 0 0 .5 9

I l l i t e - B 420 396 26.4 284 74 36 0 Д 1 2.25 0 .7 5 1.10 0 0 1.29

I l l i t e - C 320 452 31 .0 191 45 58 0 .20 2.50 1 .00 1 .19 0 .43 0 .31 2 .14

U o n tm o r illo n ite -A 195 341 22.8 241 71 45 0 .40 1.25 1 .25 0 .25 0 0 0 .6 6

M o n tm o r illo n ite -B 65 653 44.5 154 23 20 0 .34 n. d. 2 .00 0 .8 7 0.28 5.83 7.34

K a o l in ite 102 58 3 .8 39 68 25 0.10 1.25 1.25 0.05 0 0 0 .1 6

The 
sorption 

of 
trace 

elem
en

ts
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The am ount of m anganese retained, regardless of its high concen­
tra tion , does not exceed the CEC very  m uch for some clay m inerals and 
for biotite (Fig. 3). A ll o ther p rim ary  m inerals and two illites (B and C) 
are the exception and show th a t other reactions than  only pure cation 
exchange take place in this sorption.

The solubility of m anganese in the oxalate solution is higher than  
its reten tion  in both micas and orthoclase (Tab. 7). For all other m ine­
rals it is not higher than  74 per cent of the retained am ount. M anganese 
is thus rela tively  stronger sorbed than  copper. Since the sorption of 
m anganese was carried out at higher concentrations than  the other trace 
elem ents it m ay be concluded tha t the degree of its retention and rem o­
val is sm aller than  of other heavy m etal cations. The results of the expe­
rim ent carried out by H o 1 d r i d g e [6] clearly confirme this data.

SUM M ARY AND CONCLUSIONS

The experim ent conducted on the fixation of trace elem ents by pure 
prim ary  and clay m inerals in the presence of 0.1 N CaCl2 under sim ilar 
conditions of pH 6 shows th a t the am ount of heavy m etal cation reta ined  
is alw ays in the excees of the CEC (Fig. 3). The ratio  of the retained 
cations to the CEC is, in general, h igher for the p rim ary  m inerals than  
for the clay m inerals. It indicates th a t higher am ounts of trace elem ents 
are fixed by the clay m inerals in the exchangeable forms, bu t the prim ary  
m inerals fix these cations ra th e r by hydrolysis reactions occuring on 
their surfaces. This agrees w ith the results of B i n g h a m  et al. [1] and 
of H o d g s o n  et al. [5].

The generalized order of the ab ility  of all m inerals to accum ulate 
heavy m etal cations from  very  dilu te neu tra l solution is sum m arized as 
follows:

Q <  Fd <  K l  < O l  <  Mt <  II

The key to m ineralogy is given in Tab. 1, w ith  the exception of 
II, which refers to all illites and both micas and of Fd, which represents 
feldspars. The above order was calculated on the basis of percentage 
retention. S im ilar figures were obtained for cation re ta ined  in m.e./100 g.

The order of trace elem ent fixation indicates th a t regardless of the 
im portance of hydrolysis reactions in the sorption, there  is a kind of 
relation betw een the am ount of fixed trace elem ents and the in te rnal 
surface of m inerals. Olivine is an exception and its sorption is presum ably 
to a high degree due to the chem ical reaction involved.
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The generalized order of the rem oval of heavy m etal cations sorbed 
by m inerals in the oxalate solution is following:

K l c I l c M t c O l c Q  <  Fd

This order shows a high disparity  from  th a t calculated on the basis 
of m.e./100 g.

The solubility of the heavy m etal cations gives an alm ost reversible 
order to tha t of the fixation one. The less soluble trace elem ents w ere 
those sorbed by feldspars, quartz  and olivine. K aolinite is one the clay 
m inerals releasing the sm allest am ount of the reta ined  trace elem ents. 
This order is very  sim ilar to th a t obtained for HCl-soluble cobalt from  
differen t m inerals by K a b a t a  and B e e s o n  [9]. The resu lts of 
these both experim ents show th a t the sorption of heavy m etal cations 
by kaolinite is very  sm all and alm ost unexchangeable.

Some sim ilarities of the reactions involved in the sorption w ere esta­
blished for two groups of the trace elem ents: Co2+, Ni2+, Zn2+, and 
Cu2+, M n2+, basing on the relation of their reten tion  to the CEC (Fig. 4).

The en try  of the divalent heavy m etal cations into the p rim ary  m ine­
rals in CaCl2-system  m ay be sum m arized as follows:

Co2+ <  Cu2+ <  Ni2+ <  Zn2+

The same order for the clay m inerals differs a little  and increases as 
follows:

Co2- < Z n 2+ < C u 2+ < N i2-

These orders for both groups of m inerals do not differ very  m uch 
w ith  an exception of zinc, which is m uch more favourable placed into 
p rim ary  m inerals than  clay ones.

The order of rem oval of the trace elem ents by the ex traction  w ith 
oxalate solution is the same for both groups, p rim ary  and clay m inerals, 
and increases as follows:

Co2+ <  Ni2+ <  Zn2- <  Cu2+

This order shows some deviation from  the order of the en try  of diva­
lent heavy m etal cations into the m inerals, w hat m ay be possibly expla­
ined on the basis of the ir d ifferen t solubilities in the solution used.

All calculation for the orders of reten tion  and rem oval of trace ele­
m ents were based on the am ounts of m.e./100 g. M anganese was not 
taken into consideration because of its d ifferen t concentration in the 
trea tm en t solutions.

One is forced to the conclusion, therefore, th a t all soil-form ing m ine­
rals of clay-size participate in the fixation of these elem ents in the soil. 
The m inerals of the illite and m ontm orillonite groups play the m ost im -
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portan t role as concerning the am ount of trace elem ent sorbed. But m ont- 
m orillonites are more significant from  the standpoint of p lan t nu trition . 
The trace elem ents sorbed by illites and kaolinite are less soluble, thus 
less available to the plants, than  those fixed by m ontm orillonites.

Cobalt seems to be the elem ent most strongly fixed by all m inerals. 
Copper and zinc are easily exchangeable of the form s sorbed by all 
m inerals.
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used for this study, and also to Mr. M. Stępniewski, M.Sc. for X -ray 
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A . K A B A T A - P E N D I A S

L ’ABSO RPTION DES OLIGO-ÉLÉM ENTS PAR LES M INÉRAUX DES SOLS  

S e c t io n  d e s  O l ig o - é l é m e n t s  d ’in s t i t u t  l ’A g r ic u l t u r e  et. d e  P é d o lo g ie  à P u ła w y

R é s u m é

Au cours de l ’exam en de l ’absorption des cations des m étaux lourds (Со, Ni, 
Zn, Cu, Mn) par les m inéraux détritiques et argileux on a pu constater que la  
quantité des cations absorbés dépasse la  capacité d’échange de ces m inéraux. 
L ’absorption des o ligo-élém ents depend aussi bien des réactions d’échange des 
cations que de réactions chim iques dont le  résultat est la form ation des com ­
binaisons com plexes sur la surface des m inéraux. On a classifie  les m inéraux et les 
oligo-élém ents exam inés selon leur capasité pour l ’absorption.

A . K A B A T A -P E N D I A S

DIE SORPTION DER SPURENELEM ENTE DURCH DIE BODENM INERALIEN

S p u r e n e le m e n t e la b o r a t o r iu m  d e s  I n s t i t u t s  fü r  A c k e r b a u , D ü n g u n g  u n d  B o d e n k u n d e  in  P u ła w y

Z u s a m m e n f a s s u n g

D ie durchgeführten E xperim ente m it der Sorption der K ationen von S chw er­
m etallen  (Co, N i, Zn, Cu, Mn) durch die sekundären detritischen und tonigen  
M inerale haben gezeigt, dass die Zahl der gebundenen K ationen höher w ar als die 
K ationenaustauschkapazität dieser M inerale. D ie Sorption der Spurenelem ente fand  
nicht nur in  Folge des K ationaustausches staff, sondern auch in Folge der chem i­
schen R eaktionen, die zur E ntstehung von  K om plexverbindungen auf der Ober­
fläch e der M inerale führten. Es w urden die Sorptionreihen für die einzelnen M i­
nerale und für die Spurenelem ente bestim m t.

A . K A B A T A -P E N D I A S

SORPCJA PIERW IASTKÓW  ŚLADOW YCH PRZEZ M INERAŁY GLEBOWE

L a b o r a to r iu m  M ik r o e le m e n t ó w , I n s t y t u t u  U p r a w y , N a w o ż e n ia  i G le b o z n a w s tw a , P u ła w y

S t r e s z c z e n i e

Przeprowadzono badania sorpcji i desorpcji p ierw iastków  śladow ych (Co, Ni, Zn, 
Cu, Mn) przez detrytyczne i ilaste  m inerały, w ystępujące pow szechnie w  glebach. 
Ilość w iązanych kationów  m etali ciężkich przew yższała w ym ienną pojem ność sorp­
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cyjną tych m inerałów . Sorpcja p ierw iastków  śladow ych zachodziła nie tylko w  w y ­
niku reakcji w ym iany kationów , ale i reakcji chem icznych, prow adzących do 
pow stania kom pleksow ych zw iązków  na pow ierzchni m inerałów .

U stalono szereg sorbow ania dw uw artościow ych kationów  m etali ciężkich przez 
poszczególne m inerały oraz szeregi w ejścia  tych  kationów  do kom pleksu sorb- 
cyjnego.

А . К А Б А Т А -П Э Н Д И А С

СОРБЦИЯ МИКРОЭЛЕМЕНТОВ ПОЧВЕННЫМИ М ИНЕРАЛАМИ

Л а б о р а т о р и я  М и к р о э л е м е н т о в  И н с т и т у т а  А г р о т е х н и к и , У д о б р е н и я  и  П о ч в о в е д е н и я
в П у л а в а х

Р е з ю м е

Проводились исследования по сорбции микроэлементов (Со, Ni, Zn, Cu, Mn) 
клястическими и глинистыми минералами выступающими обыкновенно в почвах. 
О бнаружено, что количество сорбированных микроэлементов перевыш ает вели­
чину емкости поглощения этих минералов. Сорбция двухвалентны х элементов  
происходила не только путем реакции обмена катионов, но такж е вследствие 
химических реакции, ведущ их к образованию комплексных соединений на 
поверхности минералов. Установлены ряды некоторы х минералов по их спо­
собности к сорбированию микроэлементов, а так ж е ряды двухвалентны х ми- 
кроелементов по их количеству, в котором они сорбируются минералами.


