120

ISSN 1648-6897
JOURNAL OF ENVIRONMENTAL ENGINEERING
AND LANDSCAPE MANAGEMENT

http:/www.vtu.lt/english/editions

2004, Vol XII, No 4, 120125

SORPTION OF HEAVY METALS FROM POLLUTED WATER AND
THEIR MIGRATION IN THE SYSTEM SOIL-TREE

Donatas Butkus!, Dainius Paliulis?, Edita Baltrénaité?

Dept of Environmental Protection, Vilnius Gediminas Technical University,
Saulétekio al. 11, LT-10223, Vilnius-40, Lithuania. E-mail; 2aak@ap.vtu.lt, edita@ap.vtu.lt

Received 29 Jun 2004, accepted 27 Oct 2004

Abstract. Large amounts of various contaminants are transported via natural processes from technogenic pollution
sources to air, water, soil and natural ecosystems. Heavy metals (HM) are very hazardous substances having long-lasting
impact on ecosystems. They have complex negative impact on human health, animals, flora and fauna at watercourses
and microflora of wastewater. Often concentration of HM exceeds maximal available concentration in wastewater.
HM enter forests in their wet and dry forms from local or outer atmosphere sources; they are also brought from seas
alongside with biogens and sea salt or washed from putrid or putrescent plants that concentrate in the soil or they are
brought by wind or water together with mineral particles. Monitoring of forests determined that contaminants, i ¢ HM
inhibit energetic status of a tree and cause increase of tree sensitivity to diseases.

In this paper the most commonly met HM, such as Ni, Mn, Zn, Pb, Cu and Co, are analysed. Pollution with HM can
be reduced, if HM are accumulated by plants or absorbed by porous substances.

Natural or synthetic sorbents due to their high sorption capacity, selectivity, the properties of cation exchangeability, a
low price and affordability are used to remove HM from wastewater. We investigated activated carbon (AC) CKT and
activated carbon (AC) UPA. The results of the investigation show that AC UPA cannot sorb HM and another sorbent —
AC CKT - cannot sorb HM too.

The transfer factor of HM from the soil to pine and birch trees was calculated, and the concentration of HM was
determined in pine and birch wood, soil and polluted water. Samples of wood were burned, samples of soil were dried,
and those of polluted water were analysed without special preparation. HM from wood and soil were extracted using a
nitric acid solution. Samples of soil, wood and water were analysed with an atomic absorption spectrophotometer Buck
Scientific 210VGP.

It is determined that Ni and Mn are most effectively transferred from soil to both pine and birch wood, while Cu is less
effective in accumulation in pine wood and Co — in birch wood.

Keywords: water pollution, soil pollution, wood, heavy metals (HM), birch, pine, activated carbon (AC), sorption,

migration, transfer factor.

1. Introduction

Heavy metals (HM) are very hazardous substances
having long-lasting impact on ecosystems [1]. They have
complex negative impact on human health, animals, flora
and fauna at waters courses and microflora of wastewa-
ter [2].

Large amounts of HM are transported via natural
processes from technogenic pollution sources to air,
water, soil and natural ecosystems. Commonly, the con-
centration of HM exceeds maximal available concentra-
tion in water (wastewater) and soil [3].

HM enter forests in their wet and dry forms from
local or outer atmosphere sources; they are also brought

from seas alongside with biogens and sea salt or washed
from putrid or putrescent plants that concentrate in the
soil or they are brought by wind or water together with
mineral particles [4-7].

Monitoring of forests determined that contaminants,
i ¢ HM, inhibit the energetic state of a tree and cause
increase of tree sensitivity to diseases.

We selected the most common HM, such as Ni,
Mn, Pb, Cu, Zn and Co, for our investigation. The trans-
fer factor of HM from the soil to a pine and birch trees
can be calculated, and the concentration of HM was
determined in the pine and birch wood, soil and pol-
luted water.
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Natural or synthetic sorbents for their high sorption
capacity, selectivity, properties of cation exchangeabil-
ity, a low price and affordability are used to remove
HM from wastewater [8].

The purpose of the investigation is to estimate the
sorption properties of AC CKT and UPA for HM re-
moval from an aqueous solution, and also to set transfer
coefficients of HM from the soil to pine and birch wood.
These trees and the mentioned sorbents were used for
evaluation of HM removal from polluted soil (tree up-
take) and from polluted water (sorbents).

2. Methodology of investigation

a) Materials, reagents and instruments

. 3-6 mm diameter black grains of AC CKT;

. 3-6 mm diameter black grains of AC UPA;

. Samples of soil and wood;

. Deionized water with electrical conductance —
(0,05-0,08) uS/cm;

5. Aqueous solutions of zinc and nickel mix with con-
centrations of 2 mg/l, that were prepared, accord-
ingly, from nitrates of zinc, copper and manganese
(pure analysis);

. Concentrated nitric acid (pure analysis);

. Muffle furnace;

. Percolators;

. Atomic absorption spectrophotometer Buck Scien-
tific, model 210 VGP;

10. Deionizator — ,,Demiwa 3 Roi”.

11. Analytical balance, model VLR-200.

B W =
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b) Sampling

Samples of trees and soil

The pine and the birch — trees common in Lithua-
nian forests — were chosen for the investigation (both
are approximately 30 m high, 0,4 m thick, 55 y o). Thus,
the results of the investigation on them are characteris-
tic of forested locations situated close to pollution
sources. Soil samples were taken from around a pine
and a birch following the scheme given in Fig 1.
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Fig 1. Scheme of soil sampling

Taking into consideration the wind direction pre-
vailing in Lithuania, soil samples were taken from the
western and eastern sides of the trees. Samples for mea-
suring the HM concentration dependence on the soil
depth were taken at a depth of 0-5 cm, 5-10 cm, 10—
15 cm, 15-20 cm and 20-25 c¢m, accordingly. The dis-
tance between soil-sampling points was 1 m, and the
sampling line was along the prevailing wind direction
in the sampling site (west—cast).

The trees under study grew in the southern part of
Lithuania, about 10 km to the south from the town of
Alytus. The soil there was podzolic, meanly podzolized,
with an average acidity of about 5,5 pH. The relief was
hilly (3-5 % incline). The forest floor thickness was 5—
7 cm, the green moss was the prevailing vegetation of
the under-crown area. An average yearly temperature in
this region was 6,0 °C. The prevailing wind was from
the west and the wind speed was 4,2 m/s. An average
yearly amount of precipitation was 610 mm.

¢) Preparation of samples

AC samples. AC CKT and UPA was heated at a
temperature of 100—105 °C for 4 h up to a stable weight.
Heated sorbent was cooled in a desiccator, filled with
calcium chloride, up to room temperature and a differ-
ent weight of sorbent (0,25 g; 0,5 g; 1 g; 2 g; 4 g) was
weighed out with the analytical balance.

Adequate salts of Cu, Mn and Zn (nitrates) were
chosen as a source of HM. During weight calculations
we paid attention to the class of clearness. Salt is dis-
solved in 800 ml of deionized water and diluted till the
sign in a 1000 ml capacity flask. After attenuation of
these solutions with deionized water, mixes of heavy
metals of these concentrations were prepared:

Cey — 2 mg/l + C — 2 mg/l+ C, — 2 mg/l;

A different weight of AC CKT and UPA was
weighed for the sorption of HM from an aqueous solu-
tion. Sorbent was filled up with 25 ml of an aqueous
solution of HM-salt mix and seasoned for 24 hours.

d) Chemical analysis of samples

Wood samples. 5 cm-cylinders were cut off from a
tree trunk. Samples were taken from the upper part of
the tree — at 3/4 height of the trunk, the middle of the
trunk, and the bottom of the trunk (1m from the stump).
The cylinders were cut into slivers (width of two annual
rings) in the direction of the tangent. The samples in the
form of slivers were dried and, later, burnt. The mass of
each tree sample was 30—40 g. Burning was carried out
in ceramic vessels in a muffle furnace at 480 °C for
2 hours. Before burning, the slivers were weighed, and
after burning the ash was weighed.

Soil samples. Soil was ground, mixed and screened
through a screen with @1 mm meshes. The mass of each
soil sample was 30 g.

AC samples. The quantity of HM — Cu, Mn and Zn
from an aqueous solution, sorbed by AC CKT and UPA,
was analysed with an atomic absorption spectrophotom-
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eter Buck Scientific 210 VGP with flame. Deionized
water was used as a zero solution. A standard solution
of metal was made from a standard solution of 1 g/l
concentration.

Wood samples. 0,5-1,0 g samples were formed of
wood ash. The ash of each sample was poured into a
heat-resistant glass vessel and kept there for 24 hours
infused with 100 ml of 20 % nitric acid. If the ash failed
to melt well the obtained solution was boiled for up to
15 minutes in a draught cabinet. Then it was filtrated
and diluted with 2 % nitric acid. A control sample con-
taining no ash was prepared in a similar way.

Soil samples. 30 g soil samples were heated for 2
hours at 100 °C so that humidity evaporates and then
cooled to the room temperature and 25 g of each sample
was taken. Later, the organic compounds remaining in
the soil were burnt at 450 °C in the course of 3 hours.
Then the samples, melted in 20 % nitric acid, were boiled
for 15 min in the draught cabinet in a heat-resistant glass
vessel. The sample — still hot — was filtrated and diluted
with 2 % nitric acid. A control sample was prepared in
the same way. HM concentrations in the wood and soil
samples were determined using an atomic absorption
spectrophotometer Buck Scientific 210VGP.

3. Results and discussion

The results of experimental investigation on HM
sorption from water solutions of HM mixes depending
on the sorbent mass (AC CKT and UPA) are submitted
in Figs 2—4. Experiments were done with a different mass
of sorbents: 0,25; 0,50; 1,00; 2,00 and 4,00 g.
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Fig 2. Dependence of HM sorption from aqueous solu-
tion on sorbent mass (¢ = 20 °C, C, =2 mg/l): 1 - AC
CKT, 2 — AC UPA
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Fig 3. Dependence of HM sorption from aqueous solu-
tion on sorbent mass (¢ = 20 °C, C,, = 2 mg/l): 1 — AC
CKT, 2 — AC UPA
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Fig 4. Dependence of HM sorption from aqueous solu-
tion on sorbent mass (t = 20 °C, Zn =2 mg/l): 1 — AC
CKT, 2 — AC UPA

From Fig 2 we can see that AC CKT from an aque-
ous solution cannot sorb Co. AC CKT includes Co, and
Co can dissolve in water. The value of Co concentra-
tion in solution depends on the mass of sorbent. Then
the mass of sorbent is growing, and the concentration of
Co in solution is growing too. AC UPA is indifferent to
Co in an aqueous solution.

From Fig 3 we can see that AC CKT from an aque-
ous solution cannot sorb Mn. AC CKT includes Mn,
and Mn can dissolve in water. The value of Mn concen-
tration in solution depends on the mass of sorbent. Then
the mass of sorbent is growing, and the concentration of
Mn in solution is growing too. AC UPA is indifferent
to Mn in an aqueous solution.

The results of the investigation show that, analo-
gous to Figs 2 and 3, we can see that AC CKT from an
aqueous solution cannot sorb Zn (Fig 4). AC CKT in-
cludes Zn, and Zn can dissolve in water. The value of
Zn concentration in solution depends on the mass of
sorbent. Then the mass of sorbent is growing, and the
concentration of Zn in solution is growing too. After
experimental investigation on removal of HM from aque-
ous solutions the possibility of AC CKT and AC UPA
to sorb HM (Mn, Cu, Zn) from aqueous solutions was
estimated. The results of the investigation show that AC
UPA is indifferent to HM and it cannot sorb HM. Ac-
cording to the investigation results, HM cannot be re-
moved from aqueous solutions with the help of AC CKT
or AC UPA.

Experimental investigation results on HM concen-
tration changing at a different depth of the soil around a
pine-tree are given in Fig 5.

The soil depth of 10-20 cm is a layer where the
main pine roots mass is concentrated. This implies that
trees uptake the largest part of HM at this particular soil
depth. Fluctuation of Co, Cr and Cu concentrations in
deeper soil layers are negligible (Fig 5), while the con-
centration of Pb is mostly concentrated in upper soil
layers (Fig 5).

Investigating the concentrations of HM in the soil
around a pine west-ecastwards, it is observed that the
concentrations of HM have a tendency to increase in
the soil around a pine on windward side towards the
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Fig 5. Concentrations of HM in the soil around a pine-tree

Concentrations of HM (mg/kg) downwind in the soil around a pine (P) and birch (B) (E — eastern direction, W — western

direction)
Co Cr Pb Cu Ni Zn Mn
P B P B P B P B P B P B P B
12w 1,28 1,26 2,06 2,18 9,03 7,52 0,19 0,18 2,08 5,42 0,46 0,51 33,70 -
11w 0,90 1,38 1,56 2,64 4,83 7,89 0,13 0,25 4,73 0,31 0,54 0,52 21,91 -
10W 0,78 1,38 1,89 2,31 10,9 7,41 0,17 0,27 3,67 0,31 0,56 0,51 53,37 -
7E 0,66 1,63 1,95 2,47 5,77 4,33 0,14 0,22 3,49 3,19 0,42 0,50 16,85 -
S8E 0,81 - 2,01 - 7,11 - 0,16 - 11,3 - 0,46 - 14,61 -
9E 079 | 1,40 | 1,76 | 231 | 762 | 7,77 | 013 | 019 | 829 | 7,59 | 049 | 055 | 11,80 -
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Fig 6. Transfer factor of HM transport from the soil to a
birch-tree

trunk. Increase in the concentrations of Mn and Zn is
especially distinct on windward side, and the decrease
is determined on downwind side (Table). Variations of
HM concentrations in the soil under the foliage of a birch
had no particular trends.

Investigating the concentrations of HM at a differ-
ent height of a pine trunk, it is determined that the con-
centrations of HM increase towards the leaves and top.
Investigating the distribution of HM concentrations at a
different height of a birch trunk, it is observed that larger

Fig 7. Transfer factor of HM transport from the soil to a
pine-tree

accumulations of Cr and Co are in the middle part of
the trunk.

Transfer factors for a birch-tree were calculated and
are given in Fig 6 and those for a pine-tree — in Fig 7.

Concentrations of Ni and Mn increase with the soil
depth. Lower concentrations of these HM in the upper
soil layer can imply a zone of active uptake. Mn is one
of those accumulated in a pine-tree with a high effi-
ciency.
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Transfer factor was calculated to determine HM
transport from the soil to pine and birch wood.

Ft = CH/CS’ (1)
where C, — concentration of HM in tree wood (in the
last annual ring), mg/kg; C. — mean value of HM con-
centration in the soil (at a depth of 0-25 cm), mg/kg.

The results from Figs 6 and 7 show that the high-
est values of transfer factor from the soil to the wood of
both a pine and birch are typical of Ni and Mn. Cu has
the lowest concentration transferred from the soil to pin-
ewood, whereas less Co is transported to birchwood.

4. Conclusions

1.Pb concentration under the foliage of a pine in
0-5 cm soil layer is approximately 2,5 times larger than
the concentration of Pb at a depth of 20-25 cm. A con-
spicuous increase in the concentration of Zn at the depth
of the layer is perceived.

2.1t is observed that the concentrations of HM have
a tendency to increase in the soil around a pine on wind-
ward side towards the trunk, while that for a birch has
no particular trends.

3.Concentrations of HM along the trunk of a pine
were found to increase towards the leaves and top, while
more Co and Cr are likely to accumulate in the middle
of a birch trunk.

4.1t is perceived that maximum coefficients of HM
transfer from soil to wood are typical of Ni and Mn. A
minimum quantity of Cu is carried in pinewood and that
of Co — in birchwood.

5.After experimental investigation on removal of
HM from aqueous solutions the possibility of AC CKT
and UPA to sorb HM from aqueous solutions was esti-
mated.

6.The results of the investigation show that AC
UPA is indifferent to HM. AC CKT from an aqueous
solution cannot sorb HM (Co, Mn and Zn). AC CKT
includes these HM, and they can dissolve in water. The
value of HM concentration in a solution depends on the
mass of sorbent. When the mass of sorbent is growing,
the concentration of HM in a solution is growing too.

7.According to the investigation results, HM can-
not be removed from aqueous solutions with the help of
AC CKT or UPA, but they can be accumulated in trees
from the soil.
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SUNKIUJU METALU SORBAVIMAS IS UZTERSTO
VANDENS IR JU PERNASA SISTEMOJE
,»DIRVOZEMIS-MEDIS*

D. Butkus, D. Paliulis, E. Baltrénaité

Santrauka

I§ technogeniniy tarSos $altiniy | ora, vandenj, dirvoZzemj
ir | gamtines ekosistemas patenka dideli jvairiy terSaly kiekiai.
Vienos i§ pavojingiausiyjy ir ilgalaikj neigiama poveikj misky
ekosistemoms turin¢iy medziagy yra sunkieji metalai (SM). Ju
neigiamas poveikis zmonéms, Siltakraujams gyviinams, vandens
telkiniy florai ir faunai, kanalizacijos mikroflorai kompleksinis.
Paprastai sunkiyju metaly koncentracija nuotekose vir§ija
didziausiaja leistingja koncentracija (DLK). Nustatyta, kad SM
patenka | miSkus $lapiosios ir sausosios formos — i§ lokaliyjy
ar tolimesniyjy atmosferos Saltiniy; pernesami i§ jury kartu su
biogeninémis medziagomis ir jliros druska, iSplaunami i$
dirvozemyje susikaupusiy supuvusiy ar piivanciy augaly bei
kaupiasi kartu su mineralinémis dalelémis, kurias atnesa véjas
arba atplukdo vanduo. Darbe pasirinkta nagrinéti kelis
dazniausiai pasitaikan¢ius SM, tokius, kaip Ni, Mn, Zn, Pb, Cu
ir Co. TarSsa SM galima biity sumazinti, jei SM akumuliuoty
augalai arba sorbuoty poringosios medziagos. Gamtiniai arba
sintetiniai sorbentai naudojami SM Salinti i§ nuoteky dél ju
gana didelio sorbcinio talpumo, selektyvumo, katijony mainy
savybiy, pigumo ir prieinamumo. Tyrimams buvo pasirinkti Sie
sorbentai: aktyvioji anglis CKT ir aktyvioji anglis UPA. Tyrimy
rezultatai parod¢, kad aktyvioji anglis UPA negali sorbuoti SM,
o naudojant aktyviaja angli CKT tirty SM koncentracija
vandeniniame tirpale didéja. Priezastis tai, kad aktyviojoje
anglyje yra SM, kurie gali pereiti { tirpala. Buvo apskaiciuotas
ir SM pernaSos i§ dirvozemio | puSies ir berzo mediena
koeficientas, tiriama SM koncentracija pusies, berzo medienoje
ir dirvoZzemyje apie juos bei uzterStame vandenyje. Medienos
bandiniai buvo deginami, dirvozemio — dziovinami, o vandens
meéginiai — analizuoti specialiai neparuosti. Cheminés analizés
metu medienos ir dirvozemio bandiniai buvo veikiami azoto
rigstimi, o ju istrauka ir uzterStas vanduo buvo analizuojami
Buck Scientific firmos atominiu absorbciniu spektrofotometru
210VGP. Nustatyta, kad efektyviausiai i§ dirvozemio { pusies ir
berzo medieng yra perneSami Ni ir Mn. Maziausiai i puSies
mediena perneSama Cu, o | berzo mediena — Co.
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Raktazodziai: vandens tarSa, dirvozemio tarSa, mediena,
sunkieji metalai, berzas, pusis, aktyvioji anglis, sorbcija,
migracija, pernasos koeficientas.

COPBIIUA TAXKEJBIX METAJLJIOB U3
3ATPSI3HEHHOWM BOJBI M X MTEPEHOC B
CUCTEME ,,JIOYBA-IEPEBO*“

A. Bytkye, . MMaxoauc, 3. baarpenaiite

PeszowMme

W3 TeXHOTCHHBIX HCTOYHHUKOB 3arPSA3HEHUS B BO3/IYX, BOILY
U TPUPOAHBIE HSKOCHCTEMBI MOMAajaeT OOJbIIOE KOIUIECCTBO
pas3HbIX 3arps3HUTENeH. OJTHUMH U3 CAMBIX OMACHBIX SBISIOTCS
TsDKeJble MeTaJuibl. OHM OKa3bIBAlOT KOMIUIEKCHOE OTpHUIIa-
TEJIbHOEC BO3JCHCTBHE Ha JIONCH, TEIUIOKPOBHBIX JKUBOTHBIX,
bayny u ¢aopy Boasl, mMuxpoduiopy kaHaimusauuu. Yacrto
KOHIICHTPALUS TSHKEIBIX METAJUIOB B CTOYHON BOJIE MPEBHIIIACT
MIpEAETbHO JOMYCTHMBIC KOHIICHTPAUHU. YCTAaHOBICHO, YTO Ts-
JKeJIble METaJUTbl MOIMAaloT B Jieca B MOKPOW M CyXoi (opme
U3 JIOKATBHBIX U JATbHUX UCTOYHUKOB aTMOC(hEphI, IEPEHOCITCS
U3 MOpsi BMECTE C OMOTrCHHBIMH MaTepuajaMd U MOPCKOM
COJIbIO, BEIMBIBAIOTCS U3 HAKOMHMBIIMXCS THUJIBIX WITH THUFOIIUX
B [TOYBE PACTCHHH, a TaK)Ke C MHHEPAIBLHBIMU YaCTUIIAMH, TIepe-
HOCHUMBIMHM BETpPOM MJIH BOJOH. B pabore mciemomanoce
HECKOJIbKO HanboJee 9acTo BCTPEYAFOLIUXCS TSDKEIBIX METAILIOB,
Takux, kKak Ni, Mn, Zn, Pb, Cu u Co. 3arps3HeHne TSHKESIBIMH

METaJlJIAMH MOXHO YMEHBIIHUTH, €CIU UX aKKyMYJIUPYIOT
pacTeHus U cOpOHMpPYIOT MOpHCTHIe BemiecTsa. [Ipuponmsie mim
CHHTETHYECKHE COPOEHTH HCHONB3YIOTCS s yAaJeHHUS
TSDKEIIBIX METAJUIOB M3 CTOYHBIX BOJ OIaromaps HMX BBICOKOM
COpPOLIMOHHONW EMKOCTH, CEJICKTUBHOCTU KaTHOHOOOMEHHBIX
CBOMCTB, HM3KOW II€HBI M JOCTYNMHOCTH. IJis uccnenoBaHHi
Ob1u BeIOpaHBl akTUBHpoBaHHBIM yroab CKT u VIIA.
Pesynbrarsl nccienoBaHmil OKa3aIH, YTO HU aKTHBHPOBAHHBII
yromnb YIIA, an CKT He MOTyT COpOHpOBAaTh TSDKEJIBIE METAILIEL.
Ilpun npumenenun aktupupoBaHHoro yrisi CKT moxHO
HaOJIIo/aTh YBEINYCHNE KOHIIEHTPAIIUH UCCIIEyeMbIX METaIIOB
B BOJIHOM PacTBOpE, TaK KaK B COCTaB YISl BXOIAT PaCTBOPHMBIC
B BOJIC TSDKEJIbIE METaJUIbl. BbUT ycTaHOBIIEH KOA(pQHUIUEHT
TepeHoca TSHKENBIX METaUIOB M3 MOYBBI B COCHY U Oepesy U
HCCIe0BaHa KOHIEHTPAIHS TSKEIBIX METAIIOB B JIPEBECHHE
COCHBI, Oepe3bl M MOYBE BOKPYT HUX, a TAKXKE B 3arpsA3HEHHOH
Boze. JlpeBecuHy cKuraiau, MOYBY BBICYLUIMBAJIM, a BOIY
aHaJIM3UPOBAIIM 0e3 CHeLHaIbHON IOArOTOBKHU. JIpeBecuHy M
MOYBY BO BpEeMsi XHMHYECKOTO aHajn3a o0padaTeiBai a30THOM
KHCIIOTOH, a 3KCTPAKT M 3arpsA3HEHHYIO BOAY aHAIN3HUPOBAIH C
nmomombeio Buck Scientific aromMHBIM aGcopOUHOHHBIM
cnekrpoporomerpom 210 VGP. Bruto ycraHoBieHo, uto Gonee
9ppexTHBHO U3 TMOYBBHl B JIPEBECHHY COCHBI U Oepe3bl
nepeHocsarcs Ni 1 Mn, MmeHee 3((eKTHBHO B APEBECUHY COCHBI
nepenocurcs Cu, a B apeBecuny Oepesbl Co.

KiioueBble cJI0BA: 3arpsi3HEHIE BOJIBI, IPEBECHHA, TSDKE-
Jble METaJIbl, Oepe3a, COCHAa, aKTHUBHPOBAHHBIA YTrOJb,
copOrtust, MUrpaius, ko3hGUIMEHT mepeHoca.





