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Ramure ALBREKTIENE!" and Dainius PALIULIS

INVESTIGATION OF LEAD REMOVAL
FROM DRINKING WATER USING DIFFERENT SORBENTS

Abstract: Lead is a heavy metal with strong toxic propertigsis chemical element is found in wastewater and
sometimes in drinking water. The article deals witle removal of lead(ll) ions from polluted watesing

a sorption process to determine the most effectorbent for the removal of lead(ll) ions. Threebsmts were
used in the research: clay, sapropel, and irongsludll three sorbents investigated reduce the eatnation of
lead(ll) ions in water: clay efficiency was of 688 %, sapropel of 94.3-100 %, and iron sludge48&®7 %,
depending on sorbent type and contact duration.r&bearch has shown that the most effective wagrtmve
lead(ll) ions from the test water is sapropel. \gsififferent amounts of sapropel (1, 2, 3, 4, 5/dg and 0.1,
0.2, 0.4, 0.5, 0.6, 0.8 g/dirand different duration of contact (30, 60, 900 Hhd 150 minutes), the concentration
of lead(ll) ions in the test water after purificati did not exceed the permissible values for dnigkiater
(10 pg/dn), so that the lowest sapropel content of 0.1 §/dam be used for sorption. Lead(ll) ions are most
effectively removed when contact time is 30 min.

Keywords: lead, water, sorbent, adsorption, clay, sapropeter treatment iron sludge

I ntroduction

Lead is one of the most dangerous heavy metaldosystems. This heavy metal has
strong toxic properties. Lead is a highly poisonoustal having effect on almost every
body organ. The nervous system is the mostly aftetarget in lead toxicity [1, 2]. Lead
tends to accumulate in the body and can cause sahaffects: damage to the central
nervous system, 5-10 % of the lead in the gasesiimtal tract is absorbed by adults, and
50 % by children, by inhalation, 80-100 % of leadsginto the blood, it is accumulated in
the hair, nails and bones [3, 4]. Lead is one & thost dangerous components of
wastewater. Heavy metals enter the environmentaigel quantities from natural and
anthropogenic sources. Natural lead pollution cedtom volcanic explosions and forest
fire. Non-natural sources are from human activitsom the industry and transportation [5].
Road transport emits, along with exhaust gas, ashras 75 % of lead contained in petrol.
Renovation of old steel structures can result imgda amounts of lead dust.
The metallurgical industry, lead-processing comesuaind fuel plants also contribute to the
environmental pollution with lead compounds. Otlseurces are from manufacturing
batteries, coal burning, type casting, and in ollguses and buildings [5-7]. By burning
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lead-containing waste - capsules, tubes, synthmfiterials, anti-corrosive paints - the
pollutants get into the air and then settle on sh# and enter the water bodies. Major
exposure pathways of pollution also include intaké lead from consuming
lead-contaminated water and food. Food can becomminated with lead due to the soil
and water in the growing environment, or materizgded in processing or cooking or the
containers used for storage. The water from leddesed plumbing, leaded polyvinyl
chloride (PVC) products can be polluted with le&dl [t has been found that in China,
Poland, Japan, Singapore, India and Cambodia teéslef lead in drinking water exceed
the permissible values (1fig/dn? according to Directive 98/83/EC [8], 1pg/dn?
according to World Health Organization) [4, 8-1Lfad concentration in water can be
reduced by nanofiltration, membrane filtration [1Z]dsorption is often used for lead
removal [13]. Adsorption using nanosorbents haighen efficiency in removing chemical
elements [14].

Various sorbents are used to remove heavy metalsidss, activated carbon, red clay,
zeolites, magnetite, aluminium, carbon nanotubbgpsan, copper, iron, manganese and
zinc oxides, aluminium sorbents, bentonite [13,185- Oak bark, mahogany bark, lignin,
rice shells, clay, modified peat, bamboo pulp, sastdactive sewage sludge, modified
wool, palm tree waste fibres, saffron flower wasite can be used as sorbents too [19-22].

A lot of lead removal techniques are used in theldyaghe most common one being
the adsorption process, but there is a lack ofarebeof the uses of sorbents that are easy to
obtain and cheap, such as clay, sapropel and atmeged sludge. Three cheap and
available adsorbents - clay, sapropel, and irodgdu were used in the lead(ll) adsorption
study.

Clay has good sorption properties. The adsorptapacity of clay depends on the
negative charge of clay minerals. The negative ghaontributes to the ability of clay to
adsorb positive metal ions. The sorption capaditglay depends on pore size and surface
area [23-25]. Typically, unmodified clay is usedaitssorption, but clay adsorption capacity
may be increased by chemical modification [14].

Sapropel is a muddy sediment or sediment formedhenbottom of fresh, standing
water bodies. Organic matter consists of lignin-baroomplex, carbohydrates and bitumen
[26]. Sapropel is characterized by the ability dobsorganic substances and heavy metals
from solutions [27].

Iron sludge occurs as the result of the preparatiodrinking water, where the iron
surplus is removed from groundwater to the quargltgwed by the Lithuanian hygiene
norm in water treatment facilities [28]. Iron ox&lehave adsorptive properties.
This property has been investigated by the usmafsludge for the removal of phosphorus
from domestic wastewater and for removal of orgaoimpounds from water [24, 28].

The purpose of this article is to investigate tepehdence efficiency of the removal of
lead(ll) ions from drinking water on contact timsgsorbent dose, and solution pH using
three different sorbents (clay, sapropel, and #ladge).

Materials and methods

According to one investigation of the groundwatealgy in Prey Nop district of
Cambodia, one district in coastal area, it was dgskthat concentration of iron and lead in
groundwater are higher than permissible value¢T8ble 1).
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Table 1
Quality data of groundwater in Prey Nop districan@odia

Parameters Amount
pH [] 5.25

Electrical conductivity §#S/cm] 32.2
Turbidity [NTU] 6.95
Dissolved oxygen [mg/dfh 2.52
Total dissolved solid [mg/dth 1660
Ammonia [mg/dm] 0.05
Nitrite [mg/dnr] 0.001

Iron [mg/dn] 0.958

Lead [mg/dm| 0.0702

The test water was deionized water contaminatech wéiad(ll) ions with the
concentration lead(ll) ions of 0.07 mg/dnThis concentration of lead in water has been
chosen taking into account the chemical composttibtihe water taken from the Prey Nop
area of Cambodia.

Stock solutions of lead(ll) (1000 +2 ppm, Buck S$tific, USA) were used for
GFAAS calibration. Standard solutions with the rieggl lead(ll) ions concentrations were
prepared by appropriate dilution with deionized evatThe pH of every solution was
maintained at a desired value by adding 0.01 N Na©®&i01 N HNQ.

Test water was prepared by dilution stock solutb®b(ll) in 1 dni measuring flasks
with deionised water. 6 flasks of 1 dmith 70 pug/dm Pb(ll) of test water were used for
the tests.

The temperature has the impact on the adsorptiateps. As the temperature
increases, the adsorption process can be actidatedo the increased surface area of the
sorbent. The optimum temperature for the adsorpgtiocess is between 30 and 70 °C [15].

Experimental adsorption tests were performed anrtemperature at 20 +2 °C.

Three sorbents were selected to investigate therjgiitsn process: clay, sapropel, and
iron sludge. Clay from Ukmerge in Lithuania wasdif& the experiments.

Table 2
Chemical composition data of the clay [29]
Compounds [%] wiw
SiG, 66.33
Al,O5 15.8
FeO; 6.42
CaO 1.8
MgO 2.72
K;0 1.63

The raw sapropel was extracted from 2-3 m deptlhefApslavas lake located in
Stabulankliai village, Leliunai local municipalityJtena district, Lithuania. The sapropel
sample was taken to analyse its composition andottduct the further experiments.
The chemical (elemental) composition of saproped iwaestigated by X-ray fluorescence
spectrometer with wave variance Axios MAx (manufiaet PANalytical, Netherlands).
An X-ray source of 4 kW power with Rh (rhodium) aeo The chemical composition was
calculated using the betalon methodology and so#fw@mnian (PANalytical,
Netherlands). The mineral composition was investigaby powder X-ray diffraction
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(Powder X-ray diffraction). Used X-ray diffractoneetSmartLab (manufacturer Rigaku,
Japan). Analysis was made using the software EVAIK& AXS) and X-ray database
PDF-2. The carbon content was determined by th&dPaand sulphur analyser CS-2000
(Manufacturer ELTRA, Germany). The composition apopel is shown in Table 3.

Table 3
Chemical composition data of the sapropel
Element [%] wiw Compound [%] wiw
Cc 6.616 ofe)] 24.240
@) 56.325 o) 0.105
Na 0.363 NgO 0.489
Mg 0.279 MgO 0.462
Al 2.602 ALOs 4.916
Si 30.383 SiQ 65.000
P 0.040 FOs 0.091
S 0.165 S@ 0.413
Cl 0.011 Cl 0.011
K 1.422 KO 1.712
Ca 0.890 CaO 1.246
Ti 0.147 TiQ 0.245
Cr 0.027 CsOs 0.040
Mn 0.010 MnO 0.013
Fe 0.657 FOs 0.940
Ni 0.003 NiO 0.003
Cu 0.001 CuO 0.001
Zn 0.003 Zn0 0.003
Rb 0.005 RBO 0.006
Sr 0.005 SrO 0.006
Y 0.002 Y;03 0.002
Zr 0.024 ZrQ 0.032
Ba 0.013 BaO 0.015
Pb 0.007 PbO 0.008

The iron-saturated slabs from the Antaviliai waterks, belonging to JSC Vilniaus
Vandenys, were used for the tests. An iron sludgeging machine/filtering press is used
in the Antaviliai waterworks. After washing via ttapen filters, the washing water is
filtered and the precipitated iron is compressed #@ansported to a ceramics factory.
Composition data of iron sludge are presented lier4.

The sorbents for the adsorption studies were wasthied with deionized water, dried
for 3 hours in a drying oven at 110 +2 °C. The drimass was crushed in a porcelain
mortar to a homogeneous mass and spread throughnand sieve.

The efficiency of the removal of lead(ll) ions bgsarption depends on the pH of the
solution, the initial concentration of lead ionise tdose of adsorbent, the contact time and
temperature [30-32].

Sorbents for adsorption tests were prepared by imggshem twice with deionized
water, drying for 3 hours in a drying oven at 110 °€ temperature. The dried mass was
crushed in a porcelain mortar to a homogeneous arabsieved through a 0.2 mm sieve.

The efficiency of the removal of lead(ll) ions bgsarption depends on the pH of the
solution, the initial concentration of lead ionse tdose of adsorbent, the contact time and
temperature [30, 31].
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Table 4
Chemical composition data of iron sludge [28]
Compounds, elements [%] wiw
H,O 55
Fe 33.9
Ca 55
Si 2.7
F 2.2
Al 0.4
Mn 0.25
(Zn, Ba, etc.) 1.05

Dry sorbents - clay, sapropel and iron sludge éndbses of 1, 2, 3, 4, 5 and 6 g - were
weighed with analytical scales. The prepared sdsbeere added to the prepared 1°gix
containers with test water contaminated with leadéins. The test water was mixed with
sorbents in a magnetic stirrer at 200 rpm [32].

5 water samples were taken in the quantities of@5after different contact times:
30, 60, 90, 120 and 150 min. After adsorption, smution was filtered through
a membrane filter (47 mm diameter, pore size 0.48. |After filtration the concentrations
of lead(ll) ions were determined by using atomicaption spectrometry (AAS; model
Buck Scientific 210 VGP, USA) operated with graphifurnace, a slit of 0.7 mm at
283.2 nm wavelength. A chemical modifier (MHPO,) was used for possible alleviation
of matrix interferences, which are normally sevdrging graphite furnace analysis for
lead.

The results were compared with different sorbeditsy, sapropel, iron swabs, and it
was found that sapropel was the most effectivehénremoving of lead(ll) ions from the
test water. However, the concentration levels warmparatively low - a more detailed
study with lower doses of sapropel is required. $beond test was designed to determine
the conditions under which sapropel adsorbs lepndffls best at low doses of sorbent -
0.1, 0.2, 0.4, 0.5, 0.6, 0.8 g/dmand the concentration of lead(ll) ions in watesisw
measured after 30, 60, 90, 120 and 150 minutes.

The analysis sorption efficiency of lead(ll) ions different media had also been
performed. Sorption efficiency was tested at pt8,24, 5, 6, 7, 8, 9, 10, 11, 12. pH was
adjusted with 0.01 N (HCI) and 0.01 N (NaOH) saluns.

Analysis methods

Water quality assessment tests after mixing wertspraed according to the following
standards:

* Determination of lead concentration in water wagied out according to LST EN
ISO 15586:2004. Water quality - Determination ofce elements using atomic
absorption spectrometry with graphite furnace.

e Water pH was determined according to LST ISO 1052338 Water quality -
Examination of water pH.

e According “Council Directive 98/83/EC of 3 Novemb#998 on the quality of water
intended for human consumption” the result is atai@p, when trueness and precision
of method is less than 10 %.

* Trueness (Table 5) is a measure of systematic,dreorthe difference between the
mean value of the large number (10 measurement®pefited measurements and the
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true value. Stock solutions of lead(ll) is 0.01 dhg! according Council Directive
98/83/EC of 3 November 1998 on the quality of watetended for human
consumption parametric value of lead isytddnt [8].

» Precision is a measure of random error and is lysexipressed as the standard
deviation (within and between batches) of the gpreé results from the mean.
Acceptable precision is twice the relative standsediation.

Table 5
Trueness and precision of method
Trueness Precision
Average value [g/dfh 9.7 10.12

Assigned value [ug/dt 10.0 10.0

Standard deviation [ug/din 0.24 0.39
Relative standard deviation [%] 2.4 3.9
Acceptable trueness [%] 4.8 7.8

The obtained result of the analysis is the arititabtaverage of concentrations of
three samples, when distribution does not exce¥d B higher tested were repeated. 95 %
confidence interval was calculated.

Results and discussion

The experiments have determined the dependendee ddfficiency of the removal of
lead(ll) ions from water on the sorbent dose amutamt time. The results of the tests are
presented in Figures 1-4.

Figure 1 shows that all three sorbents adsorbet{llaons with lead concentration
decreasing to 0-1fig/dn¥, which corresponds to the cleaning efficiency 438100 %.

Clay reduced lead(ll) ions to 74@y/dn? (87.1-90.0 %). The concentration of lead(ll)
ions decreased below the permissible value gig/éint [8] using all sorbent doses. Using
clay, the best results were achieved using theacotime of 30 min and the quantity of 6 g:
the concentration of lead(ll) ions decreased t@/dpr’ (90.0 %) during the testing. Using
sapropel, lead(ll) ions decreased to figddn? (94.3-100 %) (the value of O corresponds to
a low concentration that is lower than the devietedtion limit). Increasing sapropel doses
increased the effectiveness of lead removal.

Using all sapropel doses, the concentration of (Iadons did not exceed the
permissible values of 1g/dn [8]. When using iron sludge, lead(ll) ions werdueed to
2-11 pg/dn? (84.3-97.1 %). Using the first two doses (1 arg),2dead(ll) ions were above
the permissible values, but increasing the sorlioges led to the decrease in the
concentration of lead(ll) ions in water and did retceed the permissible values.
By increasing the sorbent dose, the concentrafitead(Il) ions decreased.

The results obtained show that the lead ion conagon decreased from 7@/dnT to
0-12 pg/dnT (82.9-100 %) at 60 min contact (Fig. 2). Clay restlithe concentration of
lead(ll) ions to 8-12ug/dnT (82.9-88.6 %). Lead(ll) ions had fallen below frermissible
value of 10ug/dnT [8] with 2, 3 and 5 g adsorbent doses. Using dlag,best results were
achieved with the 60 min contact time and 2 g cfoadent when the concentration of
lead(ll) ions decreased to 8 pghi(B8.6 %). Using sapropel the concentration of (Bpad
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ions dropped to ig/dn? (100 %) (value O corresponds to a low concenmatiat is lower
than the device detection limit).
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Using all the doses of sapropel the maximum clageificiency was achieved. When
using iron sludge, lead(l) ions were reduced ®8/dnT (92.9-95.7 %). For all doses of
iron, the concentration of lead(ll) ions did notegd the permissible value of ug/dn?

[8]. By increasing the amount of sorbent, the cotregion of lead(ll) in the solution was
practically unchanged.
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Fig. 3. Lead(ll) concentration dependence on difieamount of sorbents, at 90 min contact time
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The results in Figure 3 show that the use of thdi#ferent sorbents reduced the
concentration of lead(ll) ions to 0-2&)/dn? (68.6-100 %). Using clay, lead(ll) ions were
reduced to 18-2qig/dnT (68.6-74.3 %), but did not decrease to the peiblesyvalue of
10 pg/dnt for all clay doses. By increasing clay doses, dbecentration of lead(ll) ions
remained practically stable. The results show thatincrease of the sorption time of the
clay reduced the sorption capacity of the clayyGil adsorbed lead(ll) ions but was no
longer as effective as during the mixing for 30 &Adminutes. Using sapropel, lead(ll) ions
were reduced to 0-dg/dnT (94.3-100 %) and iron sludge - to 348/dnT (88.6-95.7 %).
Using these two sorbents, the concentration of (IBadons decreased below the
permissible value using all sorbent doses. By emirey the doses of sorbents (sapropel and
iron sludge), lead(ll) ions were reduced, but terepel reduced lead more effectively.

Figure 4 shows that after 120 min contact time ¢bacentration of lead(ll) ions
decreased to 0-24 pg/dn65.7-100 %). Clay reduced lead(ll) ions to 19-2¢/dm?
(65.7-72.9 %), but did not reduce it to the perihissvalue. By increasing clay doses, the
concentration of lead(ll) ions was practically uanfed. Using sapropel, the concentration
of lead(ll) ion decreased to 0 pg/drthe lead removal efficiency was at maximum. Using
iron sludge, the concentration of lead(ll) ions vimter was reduced to 2-4 pgfim
(94.3-97.1 %). The concentration of lead(ll) iorxitased below the permissible value of



Investigation of lead removal from drinking wateing different sorbents 75

10 pg/dni [8]. The concentration of lead(ll) ions was prealiy unchanged when
increasing iron sludge doses.

After the sorption testing with three sorbents ¥clsapropel and iron sludge), it was
observed that all three sorbents reduced the ctratiem of lead(ll) ions in water. Clay is
the most effective in adsorbing lead when its cdrtiane is the lowest, i.e., of 30 minutes.
By prolonging the contact time, it still removedadll) ions, but the removal efficiency
was reduced and the removal of lead(ll) ions didfalbbelow the 10 pg/diwvalue [8].
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Fig. 4. Lead(ll) concentration dependence on difieamount of sorbents, at 120 min contact time

When using the iron sludge, the process was omposith the shortest contact time,
lead removal took place with the lowest efficienloyt with higher doses of iron sludge (3,
4, 5 and 6 g/dM and after 30 min contact time, the concentratibe lead(ll) ions
decreased below the permissible limit values. lmgireg contact time increased the
efficiency of the removal of lead(ll) ions, but themoval efficiency was practically
independent of dose.

Using sapropel, lead(ll) ions were efficiently raerad using all sorbent doses and all
contact times. By prolonging the contact time, Sspropel sorption capacity did not
decrease.

Similar results were obtained by other scientistsenv assessing the influence of
contact time on the adsorption of lead(ll) ionseTptimum contact time between sorbent
and lead(ll) ions is 30-90 minutes [20, 32, 15].

When tested with different sorbents, at differenses, at different contact times, the
sorption capacity of each sorbent can be calculayetie formula:

(CO - Ce)V .

i 100 (2)

e =
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whereq, is the amount of adsorption [mg/@}s andC, are the lead(ll) ions concentrations -
initial and after adsorption [mg/din respectivelyV is the volume of the solution [dfin
W is the mass of adsorbent [g].

Clay sorption capacity using 1 g of clay at diffgreontact times ranges from 4.9 to
6.2 mg/g. The sorption capacity of iron sludge eenffom 5.9 to 6.7 mg/g and sapropel
from 6.6 to 7.0 mg/g.

The results were compared with different sorbecitsy, sapropel, iron sludge, and it
was found that sapropel was the most effectiveeimaving lead(ll) ions from the test
water. Using sapropel, the efficiency of removiegd ions reached 94.3-100 %. Therefore,
it was decided to conduct studies using lower do$sapropel (0.1, 0.2, 0.4, 0.5, 0.6 gfdm
and 0.8 g/dr}).

Figure 5 shows the dependence the concentratideadf{ll) ions in the solution on
different doses of sapropel at 30 minutes of cdrtiam.
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Fig. 5. Lead(ll) concentration dependence on difieamount of sapropel, at 30 min contact time

Figure 5 shows that the concentration of lead@bsi decreased from J@y/dnt to
1-6 pug/dn?, water treatment efficiency reached 90.9-98.7 #e Toncentration of lead(ll)
ions decreased below the permissible limit ofpb@dnt [8] using 0.1-0.8 g/dfsapropel
doses. The best results were achieved with thespamount of sapropel, i.e. of 0.1 g&im
with lead(ll) concentration decreasing tpd/dnT (98.7 %).

Figure 6 shows the concentration of lead(ll) ionsdifferent sapropel doses after
60 min of contact time.

The results show that with the 60 min contact,|¢ael(ll) ion concentration decreased
from 70 pg/dn?® to 1-2 pg/dnt (96.7-98.3 %), the lead(ll) concentration decrdaselow
the permissible value. Using different doses ofapagl, the effectiveness of the removal of
lead(ll) ions was virtually unchanged.
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Figure 7 presents the concentration of lead(ll)sian different sapropel doses
at 90 minutes of contact time.
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Figure 7 shows how the concentration of lead(llysicdecreased to 1-Bg/dnt
(92.0-98.1 %) after 90 min contact time. In thiseahe concentration of lead(ll) ions after
sorption was also lower than the permissible linafue. By increasing the doses of
sapropel, the concentration of lead(ll) fluctuateidhin a very small range. Figure 8
shows the concentration of lead(ll) ions in différesapropel doses at 120 minutes of
contact time.

The results in Figure 8 show that the concentratibfead(ll) ions was reduced to
1-4 ug/dn? (93.1-98.6 %). Using this sorbent, the concerdratf lead(ll) ions decreased
below the permissible value for all sapropel do8gsincreasing the doses of sapropel, the
concentration of lead(ll) ions fluctuated withivery small range.
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Fig. 8. Lead(ll) concentration dependence on difieamount of sapropel, at 120 min contact time

The sorbent dose had a significant effect on tfieieficy of adsorption of lead ions.
In the presence of excess adsorbent, aggregatiiohweduces the adsorption surface and
adsorption capacity [14, 27] is possible, thusapgmum adsorbent dose is to be set during
the adsorption process. After conducting experiadeiaists with low doses of sapropel, it
was found that lead(ll) ions were removed from aarihated water by all sapropel doses
used. Because all tested doses of sapropel efiactiemoved lead(ll) ions, it is the best to
use the lowest dose of 0.1 gfirdsing this sapropel dose, the sapropel sorptgacity is
69 mg/g.

Figure 9 shows the dependency of the concentrafitead(ll) ions on the contact time
with the use of 0.1 g/dfsapropel.

Figure 9 shows that by removing lead(ll) ions frtme test water with sapropel, both
after 30 minutes and 120 minutes the concentratibrlead(ll) in water decreased
efficiently and the concentration of lead(ll) didtrexceed the permissible limit value. It
was also found that the optimal adsorption tim&Qisnin, with the concentration of lead(ll)
ions in water decreasing to 1 ughif@8.7 %).



Investigation of lead removal from drinking wateing different sorbents 79

= Permissible value

12
E
S 10
ffe]
S
g 8
rs)
26
S
8 4
§ 2 2
S e 1 = =
SR — =
30 60 90 120

Dose of sorbent [g/d#h

Fig. 9. Concentration of lead(ll) ions at differentact times using 0.1 g/dsapropel

In the first stages of the testing, the most eifecsorbent and optimal adsorption
conditions - the optimal amount of sorbent and acintime - were identified, and later on
the influence of pH on adsorption of lead(ll) iomas analysed. Based on previous studies,
other optimal conditions for the removal of leajifins from the test water were chosen:
the optimal dose of sorbent (sapropel) was 0.1 §/dne optimum contact time was 30
minutes. Using this optimal dose and the contace tithe pH of the solution was changed.
pH is one of the most important environmental festanfluencing not only site
dissociation, but also the solution chemistry a&f tieavy metal: hydrolysis, complexation
by organic and/or inorganic ligands, redox readjoand precipitation are strongly
influenced by pH and, on the other hand, it strgngifluences the speciation and
adsorption availability of heavy metals. The adsorpprocess is highly dependent on the
pH of the medium. When the pH medium changes, farfres sorbent and metal ions also
change [14].

The results of the testing when changing the pHthaf solution are presented
in Figure 10.

Figure 10 shows that the concentration of lead¢is decreased from 7@y/dn? to
1-15 pg/dn? (adsorption efficiency of 78.6-99 %). Lead(ll) sowere the most effectively
removed when the pH was strongly acidic (pH = Badl(ll) ions were not removed from
water when the pH was lower than 3.0, becauseihs inhibit the adsorption process.

The reduction of the concentration of lead(ll) iamas 78.6 %, but the concentration
did not fall to the permissible limit value. By me@asing the pH of the solution from 3 to 5,
the efficiency of the removal of lead ions increhsf1.4-94.3 %) and lead(ll)
concentrations no longer exceeded the permissiies.

The increase in adsorption capacity of lead(ll)siavith increasing pH is the result of
two possible mechanisms, which are cation excharayjg surface complexation
mechanisms [26].
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High lead(ll) ions removal efficiency when pH = 2-Tan be explained by lead
hydroxides formation at pH > 6.5 for Pb(QHgspecially whepH > 8 [33].
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Fig. 10. Concentration of lead(ll) ions at differgrH values of the solution using 0.1 giisapropel,
contact time 30 min
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The most effective removal of lead(ll) ions occdrmehen the pH of the solution was
between 6 and 11. The efficiency of the removakafi(ll) ions was reduced to 90 % by
increasing the pH to 12, but the concentration exdl ions still did not exceed the
permissible values. The high efficiency of the realdead(ll) ions can be explained by
adsorption and formation of insoluble Pb(QKgdiments.

The adsorption testing at different pH have shoWwat tthe optimum pH for the
adsorption of lead(ll) ions is about 6.0. Otheresrshers also received similar results.
The optimum pH for effective adsorption is betw&ahand 6.0 [20, 32].

Adsorbents can be used repeatedly when selectingphropriate desorption process,
used as fertilizer or to be disposed in accordamitk the regulations governing waste
management in the Republic of Lithuania.

Conclusion

1. All three investigated sorbents reduce the catnagon of lead(ll) ions in water: clay
by 65.7-90 %, sapropel by 94.3-100 %, and irongduby 84.3-97 %, depending on
sorbent type and contact duration.

2. Clay was found to be the most effective in tmoving of lead(ll) ions at the shortest
adsorption time - 30 min. In this case the conegiuin of lead(ll) ions decreased to

7-9 pg/dnt (87.1-90.0 %). Lead was the most effectively reetb(90.0 %) using the
sorbent dose of 6 g/dm
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3. Using iron sludge at the shortest contact tifh@0min, the removal of lead(ll) ions
was performed with the lowest efficiency, but whtigher doses of iron sludge (3, 4, 5
and 6 g/dr) and at the contact time of 30 minutes, the cotnagan of lead(ll) ions
decreased below the permissible value. Increagintact time increased the efficiency
of the removal of lead(ll) ion, but the removaliefncy is practically independent of
the dose of adsorbent. When the contact time wami@0tes, the concentration of
lead(ll) ions no longer exceeded the permissilmhétdi.

4. Experimental testing had shown that the mostcéffe way to remove lead(ll) ions
from the test water is sapropel. Using sapropdd, tleatment efficiency of water,
contaminated with lead(ll) ions, reached 94.3-100u8tg different sorbent doses
(1, 2, 3, 4, 5, 6 g/d and at different adsorption times. The conceiamadf lead(Il)
ions in the test water after purification did noxceed the permissible limits
(10 pg/dm).

5. Experimental testing with low doses of saprdpel, 0.2, 0.4, 0.5, 0.6, 0.8 g/dnhad
shown that all used sapropel doses effectivelyipkite lead(ll) ions, so it is the best to
use the lowest dose of 0.1 gfinThe concentration of lead ions decreased to
1-2 ug/drﬁ (95.4-98.6 %) and did not exceed the allowableking water standards
(10 pg/dni) according to Directive 98/83/EC [8] after treatrne

6. Experimental testing had led to the identifioatiof the optimal conditions for the
removal of lead ions from contaminated water: atdbse of sapropel being 0.1 ghim
the contact time - 30 min and with pH = 7, the @ncation of lead(ll) in water
decreased from 70 to 1 pg/dtr 99 %).
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