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INTRODUCTION

In modern world there are many sources of heavy metals emmis-
sions, which have been deposited in our environment mainly in soil.
This type of the environment contamination still has risen.

To solve the problem many methods were proposed most of which
are very expensive and onerous. One of a new possible way to achie-
ve this goal is to use zeolites as ,reconstituent traps” of soils heavy

metals [1, 2]. It is well known that zeolites — primarily natural
occur in soils [5, 7], now natural and synthetic molecular sieves
[4] — possess many interesting properties connected with their fine

defined crystal structure and intracrystalline cavities. The particular
properties e.g. large ion exchange and adsorption capacities course that
use of zeolites in soil improves some properties of soil and at the same
time zeolites act as good traps for the metals presented in soil. Prac-
tical methods of the use of synthetic molecular sieves as the traps in
soils were worked out [6].

Borowiak [3] studies the dynamic of changes of heavy metals con-
tent in soils in a system ,zeolite —soil”. It was found the dynamic
depends on properties of the soils. More detail model studies on this
problem were suggested.

There is just the purpose of the present paper to describe results
of the model studies on synthetic zeolite type 4A competed for heavy
metals ions (Zn(II), Cu(II), Pb(II) with some mineral soils components.

MATERIALS AND METHODS

Systems: the zeolite — a model mineral soil component were stu-
dies separately. 100 g of a sample of the air — drying component and



28 B. Gworek, M. Borowiak

5 g of the zeolite were placed in quartz beaker. Next the solid mixture
was covered by a solution of the nitrates with pH =5 (1 mm up the
solid phase). After mixing 3 drops of chlorophorm were added and
the beaker was shut close. Each studied system contained 12 000 ppm
Zn(II), 3000 ppm Cu(II) and 6000 ppm Pb(II). A conservation time of
the systems was one, six and twelve months in a dark place and
a room temperature. Each experiment was four time repeated.

After and of the experiment the solid phase was separated from
the solution, dried in room temperature and next the zeolite phase
was separated from the component phase.

For the metals extractions from the zeolite after the experiment
the following media were used: 1) re-destillated water, 2) aqueous
solution 1 M CH;COONH, (pH = 7,2), 3) aqueous solution 0,1 M HCI,
4) aqueous solution 20%0 HCL.

To extract the metals a sample of zeolite was cansecutively treated
with 1., 2., 3., and 4 media during 24 hours. The ASA technique
was used for analysis of the metals in solutions, Zn(II) and Cu(II)
were analyzed in the aqueous solutions, and Pb(II) — after extracting
from the solutions to organic phase.

RESULTS

Zinc. The results of the zinc extractions from the zeolites after
the experiments are presented in Table 1. A total content of zinc in
the zeolites were calculated as a sum of the four consecutive extrac-
tions and an amount of exchangeable zinc in the zeolites, available in
the natural soil conditions for an ion exchange and for plant was
assumed to be a sum of extracted with H,O, 1 M CH;COONH,, and
0,1 M HCIL

The biggest total content of zinc was found in the experiments
with quartz sand (92,35—99,06°/s of added zinc, depends on the con-
servation time), the same order was found for Fe,O; X nH,O after
12 months (98,54%) starting from 66,43 after 1 month. In the pre-
sent of kaolinit the content was found to be lower (46,43—356,65%)
but still much more higher as compare with bentonite (0,28—0,91%/0)
and beidelite (1,65—1,96%0). These latter results probably meay be ex-
plained taking into account large sorption capacites of bentonite and
beidelite which are about 7—26 times greater than that of kaolinite.
The affinity of zinc for the minerals may also play a role.

A percent portion of exchangeable zinc expressed as a ratio of the
amount and the total content of zinc in the zeolite was found to be
greatest in the present of kaolinite (29,27—38,96%0) and lowest in the
present of Fe,O; X nH,O (7,40—10,28).



Tabela 1
Results of zinc extractions

Time The extracting media, ppm
Item 1 2 3 4 S ea CTe Ex®
[months] ppm %
Quartz 1 0,6 1680 516 10000 11196,6 92,85 10,69
sand 6 0,9 1900 1820 8200 11920,9 98,89 31,21
12 0,8 1440 2000 8500 11940,8 99,06 28,82
Kaolinite 1 0,6 1680 502 3420 5602,6 46,43 38,96
6 0,6 1640 552 4660 68,52,6 56,65 32,00
12 0,9 1280 656 4680 6616,9 54,69 29,27
Bentonite 1 0,8 8,6 10 144 163,4 0,91 11,82
6 1,2 6,7 5,2 74 87,1 0,28 15,04
12 1,0 8,9 6,2 107 123,0 0,57 13,01
Beidelite 1 0,6 26,0 66 160 252,6 1,65 31,95
6 0,6 21,2 48 220 289,8 1,96 31,73
Fe 05 x nH,0 1 1,2 512 312 7200 8025,2 66,43 10,28
6 1,8 528 363 10200 1109,8 91,98 8,05
12 1,2 466 412 11000 11879,2 98,54 7,40
Zeolite
before
experiments traces 94 1,4 52,7 54,5 —_ —

& CT = (212,34 — Zzeotitc) * 100 / amount of added zine.
® Ex = 31,3100/ 2),23,4.



30 B. Gworek, M. Borowiak

Copper. The results of the copper extraction from the zeolites after
the experiments are presented in Table 2. The total content of copper
in the zeolites was found to decrease in order: quartz sand (72,28—
77,33%); kaolinite (39,47—43,77%); Fe,03 X nH,O (29,52—36,99%/0); be-
idelite (0,37—0,47%) and bentonite (0,17—0,51%%).

The percent portion of exchangeable copper was found to be grea-
test in the present of kaolinite (44,33—47,51%) and lowest in present
of hydrated iron (III) oxide (7,96—15,49%).

Lead. The results of the lead extraction from the zeolites after
the experiments are presented in Table 3. All of the lead added to
the quartz sand — zeolite system was found to be in the zeolite after
1 month (the total content 99,27%). In the present of kaolinite the
content was 63,45-—75,08%0 depends on the conservation time. Only
a small content of lead was in zeolite in present of bentonite, beide-
lite and Fe,O3 X nH,O :1,17—2,92%6; 0,72—0,75%0; 0,42—1,00%6, respec-
tively.

The percent portion of exchangeable lead was found to change from
10,12% to 55,77%¢ depends on the mineral components and time.

DISCUSSION

There are many typies of possible interactions between zeolite and
soil in any zeolite-soil system but it seems reasonable to assume that
most of the interactions occur throught a natural aqueous solution
in a wet soil. The solution may be in an equilibrium with the exchan-
geable ions of heavy metals there are on mineral and organic com-
ponents of soil. The interactions between the natural component
of soil as also between the natural component and zeolite may
change this equilibrium state replaced ions on sites more thermo-
dynamic favourable. For the same reason in zeolite interacted with
a solution salt occlusion or imbibition of heavy metals compounds
are possible too [4]. Water and small organic compounds would
be adsorbed very strong by zeolites also. The latter adsorption may
be eliminate if a zeolite with small windows will be used.

In the present studies a first step was made to model the compli-
cated system zeolite-soil. The models used in our studies represent
,Zeolite-aqueous solutions component of soil” system as simple as
possible (e.g., the solutions contains only four typies of ions, three
metals ions and nitrate ion), a component of soil in the begining of
experiments did not contain contaminations of heavy metals studied
it was used the zeolite 4A with narrow windows (about 4A, etc.). To
model the natural conditions at the end of any experiment no wash
and only drying were used. It means that the obtained total content



Results of copper extractions

Table

Time The extracting media, ppm
Item 1 2 3 4 I CTa Ex?P
[months] bpm %
Quartz 1 0,3 566 253 1360 2179,3 72,28 37,59
sand 6 0,8 357 451 1540 23488 77,93 19,20
12 tr 279 486 1460 2225,0 73,81 34,38
Kaolinite 1 tr 390 197 737 1324,0 43,77 44,33
6 tr 322 205 684 1211,0 40,01 43,52
12 tr 309 260 626 1195,0 39,47 47,52
Bentonite 1 tr 4,4 1.8 19,9 26,1 0,51 23,75
6 tr 2,9 1,0 12,0 15,9 0,17 2453
12 tr 4,0 1,1 17,9 23,0 0,41 22,17
Beidelite 1 tr. 4,6 4,4 12,8 21,8 0,37 41,28
6 tr 6,0 3,0 15,8 248 0,47 36,29
Fey,0,xnH,0 1 0,8 36,9 33,7 825 896,4 29,52 7,96
6 0,9 73,2 61,0 870 1005,1 33,14 13,44
12 1,4 74,0 98,2 947 1120,6 36,99 15,49
Zeolite
before
experiments tr. tr. tr. 11,0 11,0 — —

8.b See Table 1, tr = trace.



‘able
Results of lead extractions

Time The extracting media, ppm
Item 1 2 3 4 ST CT? Eaxb .
[months] ppm %
Quartz 1 0,8 958 781 4318 5957,8 99,27 27,53
sand 6 0,8 954 1586 3492 6033,8 100 42,13
12 0,8 922 1730 3385 6037,8 100 43,94
Kaolinite 1 0,8 918 888 2019 3825,8 63,45 47,23
) 0,8 1237 949 2338 5423,8 75,08 48,33
12 0,8 1290 1138 1776 4205,8 69,77 57,11
Bentonite 1 tr. tr. 20 69 89 1,17 22 47
6 tr. tr. 23 118 141 2,03 16,31
12 tr. tr. 25 169 194 2,92 12,87
Beidelite 1 tr. 6 20 36 62 0,72 41,93
] tr. 6 18 40 64 0,75 37,50
Fe,O4xH,0 1 tr. 8 tr. 50 58 0,65 13,79
6 tr. 8 tr. 71 79 1,00 10,12
12 tr. 6 tr. 38 44 0,42 13,64
Zeolite
before
experiments tr. tr. tr. 19 19 — —

a.b See Table 1.
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of heavy metals in zeolites results not only from the studied interac-
tions in the system but from the drying operation, also.

The model studies presented in this paper illustrate that an effec-
tiveness of action of the zeolite as heavy metals trap is depend on
type of the component of soil and of metal. It is easy for the zeolite
to compete for heavy metals ions with quartz sand and — less— with
kaolinite. The largest effect was found with quartz sand for lead
(about 100%¢ added lead was trapped very quickly by zeolite), a little
lower —for zinc (95%) and for copper (75%). Only a little effect was
observed for bentonite and beidelite. From this point of view it seems
not reasonable to expect this type of zeolite may be a good trap of
the metals in heavy soils. On the other hand, using the type of zeolite
in soil from Katowice (with very large contamination of heavy me-
tals) about 80%0 of lead was removed from the soil after three months
[1]. This problem need more detail studies.

It seems that about 78% of zinc, 70%0 of copper and 68% of lead
trapped in zeolite should be not available in natural conditions for
plants, as indicate the results of percent portion of exchangeable me-
tals in zeolite.
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MOJZEJBHBIE UCCJEJOBAHMUSA IIO0O COPBUMMY TAZXKEJBIX METAJJIOB
CUMHTETUYECKMMMU 3EOJUTAMMU

Kadenpa nouBoBedeHmsa BapLiaBCKOM CEAbLCKOXO3AMCTBCIHON aKaigeMun
Pe3wwme

IlpoBoamanck MOJeNbHble MCCHENOBaHMA TI0 COPOUMM THMKENBIX METajlJoB
(Pb, Zn n Cu) CMHTETMYECKMMM 3e0JMUTaMM B eAMHMYHBIX CHUCTEMax C KBapileBbIM
TIECKOM (CTEKOJ1bHBIM), KaOJMHUTOM, OelimenmnrToMm, OGEHTOHUTOM ¥ TIUAPATMPOBAHHOMN
OKMCBIO JKeJje3a. YKazallHble MMHEepajbHble KOMIIOHEHTBHI CMEIUMBaJM C 3e0JIMTOM
B BecoBOM cooruHomieHum 20:1 u 3ammuBanu pactBopoMm HurtparoB Pb (II, Zn (II)
u Cu (II) B xoamuyecTBax COOTBETCTBEHHO 6000, 12000 m 3000 Mr/Kr CyxXoro BelleCTBa
MIfHEepaJbHOro KoMmmoneHTa. VIHKybaumsa cucreMmb! npogmosaxkaJjack 1, 6 u 12 mecsaunes.

B c¢ucreme 3e0nMT —KBapLEeBbI IIECOK MCCIeAyeMblii marepuas copbuposan
99,27 — 100% npubaBmenHoro cBuHNIA, 92,35 — 99,06% umuxa u 72,28 — 77,89%
MeMM; B CMCTeMe C KaOJMHUTOM COOTBETCTBEHHO 63,45—75,08 Pb, 46,43 — 56,65% Zn
u 39,47 — 4377% Cu; B cucreme ¢ GEHTOHMTOM COOTBeTCTBEHHO 1,17 — 2,92% Pb,
0,28 — 0,91 % Zn u 0,17—0,51% Cu; B cucreme B 0GeiffieIMTOM COOTBETCTBEHHO
0,72 — 0,75% Pb, 1,65 — 1,96% Zn u 0,37 — 0,47% Cu; B cucTeMe C IMAPATHPOBAH-
HOJI OKMCBLI ¥Kejes3a cooTBeTcTBeHHO 0,65 — 1,00% Pb, 66,43 — 98,54% Zn u 29,52 —
36,99% Cu.
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Streszczenie

Przeprowadzono modelowe badania nad sorpcjg metali ciezkich (Pb, Zn i Cu)
przez synietyezne zeolity w ukladach pojedynczych z piaskiem kwarcowym
(szklarskim), kaolinitem, beidelitem, bentonitem oraz uwodnionym tlenkiem ze-
lazowym. Wymienione komponenty mineralne zmieszano z zeolitem w stosunku
wagowym 20:1 i zalano roztworem azotanéw Pb(II), Zn(II) i Cu(Il) w ilodci od-
powiednio 6000, 12000 i 3000 mg/kg suchej masy komponenta mineralnego. Inku-
bacja ukladu trwala 1, 6 i 12 miesiecy.

W ukladzie zeolit -— piasek kwarcowy badany mineral zasorbowal 99,27—
100% dodanego olowiu, 92,35—99,06% cynku i 72,28—77,93% miedzi; w ukladzie
z kaolinitem odpowiednio 63,45—175,08% Pb, 46,43—56,65% Zn i 39,47—43,77% Cu;
w ukladzie z bentonitem odpowiednio 1,17—2,92% Pb, 0,28—0,91% Zn i 0,17—0,51%
Cu; w ukladzie z beidelitem odpowiednio 0,72—0,75% Pb, 1,65—1,96% Zn i 0,37—
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0,47% Cu; w ukladzie z uwodnionym tlenkiem zelaza odpowiednio 0,65—1,00%
Pb, 66,43—98,54% Zn i 29,52-——36,99% Cu.
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