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Removal of Pb* and Cd** from contaminated water using low-cost

materials

ABSTRACT

Heavy metals that exist in municipal wastewater canse many problems for human hygiene and envigahm
Therefore, it should be removed from wastewateofeebeing used in irrigation. Materials of highfage reactivity;
remediation studies, these materials were add@&btand Cd polluted water at addition ratios of 0€@ 1:1000 and

1:100 (remedy agents: polluted water). The mixtuvese then gently agitated and submitted to diffeegjuilibrium

periods of 1, 5 and 24 h. The results showed theiefcy of tested agents (shale, alginit, and iaide)|in the remove _ - {

of Pb and Cd from polluted water containing varicoacentrations of 5, 10 and 50 mg/l. Shale was &bteduce Pb
and Cd concentration from 5 to 1.14 and 0.34 nngflpectively, in a reaction period of one hour.I§halginit and
iron oxide, reduced the initial concentration d; rhg Pb/l to 0.98, 0.46 and 0.57 mg/l; and of 50Rhd to 0.21, 6.5
and 1.68 mgl/l; respectively. Shale was the mostcéffe material in decontamination of heavy mepaiuted water
and it could be recommended to be used to decontaenivastewater. This research aims to use a nuensive,
environmentally safe, and efficient technique tmoge heavy metals from industrial wastewater todethem free and

suitable for discharging to sanitary sewer system.

Keywords: contaminated water; remediation, heavy metatsrrative low-cost materials

Introduction

The most dangerous toxic elements listed by thefaan Economic Community on a “Black List”, were

Hg and Cd, while the less dangerous substancesinfgrthe “Grey List” were Zinc, Copper, Nickel,

Chromium, Lead, Selenium, Arsenic, Antimony, Molgodim and Titanium [1]Cadmium is present in

wastewaters from metallurgical alloying, ceramiefctroplating, photography, pigment works, textile

printing, chemical industries and lead mine draemabhe application of phosphate fertilizers or sgsva
sludge may increase cadmium levels in soil, whih cause increases in cadmium levels in cropsTf&.
average cadmium content of sea water is about (. largless [4] While river water contains dissolved
cadmium at concentration of < 1.1 - 13.5 ng/l, Casimlevels of up to 5 mg/kg have been reportedvierr

and lake sediments and from 0.03 to 1mg/kg in mneasediment$5]. A drinking water guideline value of

Comment [c2]: Replace this with “in the
removal”




27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

0.003 mg/l has been set for cadmium by WHO. In taidi the provisional tolerable weekly cadmium
intake must not exceed 7 pg/kg of body wei@ht The guideline value for lead in drinking watgven by

WHO is 0.01 mg/[6].

The present study aimed to achieve an efficient-exgensive and environmentally safe method to
decontaminate heavy metals (Pb and Cd) from pdllutastewater. Natural and non expensive materials,
shale, alginit, and iron oxide, were used to demmimate heavy metals polluted water to be suitétrle
discharging in drains and sanitary sewer systenthégnd of remediation trails, the remedy ageatshe

removed easily, then recycled and utilized in manotufring of building materials.

Material and methods

Synthesized polluted water

Synthesized polluted water were prepared by acewdifition of standard heavy metals solution of @00
mg/l to known concentrations using distilled watieead polluted water was prepared using lead stock
solution (1000 mg Pb/l in 0.5 M HNGs matrix). A series of standard lead solution§,df0, 50 and 100
mg Pb/l were prepared and used to test the almfittemedy agents in Pb removal. Cadmium polluted
water was prepared using cadmium stock solutio®@@lfig Cd/l in 0.5 M HN@as matrix). A series of
standard cadmium solutions of 5, 10, 20 and 50 mit) Were prepared and used to test the efficiericy o

remedy agents in Cd removal.

Remedy Agents

Three remedy agents, alginit, shale, and iron gxidere used for polluted water remediation tridllsese
agents are common, inexpensive and easy to olesides, they could be separated easily from tleate
water at the end of the remediation process. Thgeats were selected based on their negativelygetiar
surface and high adsorption capacity, which wasbated to their high surface area. The important

Characteristics of the remedy agents are summairizéed following paragraphs.

Alginit: Alginit is a natural rock out of the oil shale féyn It originated from fossil algae biomass and
pumice, descents from the mine in Gerce, Hungahg &ssential ingredients of alginit [14] are high o

organic matter (19%), clay (54%) and lime cont@29%). The clay is rich in montmurillionte (52%).

Shale: Shale is a naturally occurring material existsnany places in Egypt at different depths. It rhain

consists of clay (55%). The clay is rich in Montaitlonit. Chemical analysis showed that the shale
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contains high amount of salt, the electrical coniditg (EC) of 1:2.5 water extract equals 10.63mdSnd

pH = 7.31. Sodium was the dominate cation.

Iron Oxide (60 % Fe): The sample of iron oxide is imported from Roseld¢arreti. The Chemical
composition of the iron Oxide is F€60%), Fg (19%), Al (0.16 mg/ kg), Zn (12.8 mg/kg) and Cu

(9.94mg/kg).
Remediation studies

Remedy agents of Alginit, shale, and iron oxideravadded to heavy metals polluted water at diffieren
solid: solution ratios of 1:10000, 1:1000 and 1:1D8e mixtures were then gently agitated and stbjieto
different equilibrium periods of 1, 5 and 24 hrd. the end of each equilibrium period, the supemtata
solution was obtained by centrifuging the mixtua¢8000 rpm for 10 minutes. Concentrations of stddi
heavy metals (Pb and Cd) were measured before gdldénremedy agent and at the end of equilibrium

period as well as the pH and electrical Condugtifiic). All trials were done in three replicates.

Analytical procedures

Total concentrations of heavy metals (Pb, Cd, Ny, @n, Mn, Cu and Cr) were determined in both
suspended matter and clear water. Suspended nwadterdigested using Aqua Regia methdd].
Concentrations of Pb and Cd in polluted water a8 a® treated ones were determined using Atomic
Absorption Spectrophotometer (UNICAM, 969) (APHA9B). The pH was measured using digital Orion
pH meter (model 420A).

The electrical conductivity (EC) of the reactedusioins was measured using digital YSIEC meter (rhode
35). Cation exchange capacity (CEC) of remedy agemere determined using ammonium acetate method
as described by [16].Specific surface area of rgmegknts were determined using O- phenanthroline
method [17]

Statistical analyses

All statistical analyses were carried out by SA$sian 9 software for all data of remediation tridis
Squared values @Rand Equation were considered significanzélues <0.05) for the analysis of variance

test (ANOVA).

Results and discussion
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Efficiency of remedy agents (shale, alginit andniraxides) to remove Pb and Cd from synthetically

polluted water containing various concentrations5pf10 and 50 mg/l were examined using different

addition ratios (1:10000, 1:1000 and 1:100) of réynagents: polluted water, at different reactionqais

Shale

The results (Table 1) showed that, although atdtveaddition ratio (shale: heavy metal polluted evaof

1: 10000 had ngpronounced ability to remove Pb from polluted water, it was effective in renmay Cd

from solutions containing low concentration of 5/m&hale reduced the initial concentration fronto5

1

Comment [c3]: Replace this with “The results
obtained were as follows: “

0.55 mg Cd/l in a reaction period of one hour. Ae faddition ratio increased to 1:1000, the removal

efficiency increased, particularly for Pb. Shalesvedle to reduce the initial concentration of Pd &l

from 5 to 1.14 and 0.34 mg/l, respectively, in dro@ir reaction time. As the addition ratio increated.:

100, the efficiency greatly increased. Shale sisfullg reduced the initial Pb concentration of Sld0 to

0.4 and 0.7 mg/l, in a reaction period of 1 houichhwvere lower than the permissible level (5 mégh)

irrigation water [18]. The corresponding values @it were 0.22 and 0.74 mg/l. Althoutitese values are

much lower than the initial one, they were higltert the permissible level (0.01mg/l) for irrigatimater.

Shale proved efficient in the remediation of highencentration of 20 mg Cd /I at high addition oadf

1:100. It reduces Cd concentration from 20 to 1& /min a matter of 2 hour reaction time. Shale has

negligible ability to remove Pb and Cd from solutions containing highceaitrations of 50 mg/l of Pb and

Cd. In general, the obtained results showed thaliedhas higher efficiency to remove Cd rather tRan

This efficiency could be attributed to high CECues of shale (Table 2) and at the same time to the

character of Cd which is attracted to the negativelarged sites and exist in diffuse ion swarm as

exchangeable cation rather than forming inner splesemplex with surface functional groups which is a

characteristic

of

Pb.
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Table 1. Concentrations of Pb and Cd in polluted water before and after treating with shale at addition ratios of 1:10000, 1:1000 and 1:100 for different reaction times.

5(mg/l)

10(mg/1)

50(mg/l)

Addition LSD(5%) for
Heavy metal R? R? R

ratio 1(h) 5(h) 24(h) 1(h) 5(h) 24(h) 1h)  5(h)  24(h) 26h
1:10000 Pb 411 420 418 08450 810 7.70 924  0.8364 4030 3870 4504  0.8422 0.26
1:10000 cd 055 3.80 3.40 0.8465 880 540 920 09408 4650 33.00 5236  0.9202 0.22
1:1000 Pb 114 114 168 09735 270 2.60 440 09553 3270 3270 39.77  0.9735 0.30
1:1000 cd 034 111 143 08793 500 3.00 440 09113 4150 28.80 50.00  0.911 0.26
1:100 Pb 040 040 020 09735 070 051 098 009640 1450 1530 2159  0.9964 0.32
1:100 cd 022 021 007 09893 074 077 068 08607 17.80 13.60 14.00  0.9976 031
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Table 2. Cation exchange capacity (CEC) and surface area of remedy agents.

Surface area
Remedy Agent CEC {Cmol,/kg}
(m*/g)
Shale 60.13 165
Alginit 34.99 81
Iron oxide 7.49 150

The results (Table 1) showed that the efficiencystudle in removing Pb and Cd from polluted

water was higher at shorter equilibrium period ofechour rather than longer ones which could be

attributed to the release of exchangeable catioitislly existing in the interlayer of clay minesalthen

replacing Pb and Cd readily exchanged to the serfSo that, higher reaction time of 24 h is not

recommended for shale. Similar trails have beered26]using alkali-treated oil shale ash as adsorbent to

remove lead and cadmium ions from aqueous solutidmsy reported that adsorption of lead and cadmium

ions by the modified oil shale ash depended onraésd concentration, ash particle size, contace tamd

pH of solution. At initial concentration of an aque solution of 10mg/L and that of the adsorberit 59

91% of lead and cadmium ions was removed from thetisn. [ These results proved lower efficiency of

Alginit

The lowest addition ratio of 1:10000 was not effeceven for low concentration of 5 mg Pb/l. Thgher
addition ratio of 1:1000 (Table 3) was effectivdyofor relatively low concentration of 5mg /I, wiids
considerably reduced to 0.52 mg/l in a reactioretoh 24 h. The efficiency of alginit in remediatiohPb

polluted water increased as the addition ratiodgased. Addition ratio of 1:100 significantly elirabes Pb

_ - - | Comment [c4]: This should be replace with “
These results proved of lower efficiency when the
modified oil shale ash was compared with “
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from polluted water containing 5 and 10 mg Pb/ireaction time of 24h, Pb concentration in theviotes
solutions reduced to 0.21 and 0.46 mg/l, respdgti¥or water highly polluted with 50 mg Pb /I, atioh

ratio of 1:100 was able to reduce Pb to concenimg.5 mg/l) little higher than the permissiblede

Regarding Cd, addition ratios of 1:10000 and 1:1@%e low efficiency in removing Cd from polluted
water. However, addition ratio of 1:100 proved mefécient in eliminating Cd from polluted watet. |
reduces the initial Cd concentrations of 5 anddl0.21 and 1.57 mg/l, respectively. The resultsagib
that, removal of Cd by alginit was time dependeéntes the changes in pollutant concentrations wiitret
were significant (LSBos ranged from 0.20 — 0.33). Based on Cd permiséviel for irrigation water (0.01
mg/l), alginit showed low efficiency in Cd removal. works only with low Cd concentration at high
addition ratio of 1:100. Based on these resultspitld be concluded that, unlike shale, alginit hizger
efficiency in the removal of Pb rather than Cd, ethtould be attributed to the relatively low CEGuea
(34.99 Cmolykg) of alginit (Table 2) comparing with shale (88.Cmoj /kg), i.e. low electrostatic
attraction between Cd and alginit surface whichtledow Cd removal via exchange process. Therefore,

specific adsorption of Pb is more likely to be doarit on alginit surface than the exchange process
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Table 3. Concentrations of Pb and Cd in polluted water before and after treating with alginit at addition ratios of 1:10000, 1:1000 and 1:100 for different reaction times

Addition 5(mg/l) 10(mg/l) 50(mg/l) LSD
ratio Heavy R R? 2 (5%)
metal  9m) st 24(h) 1h)  5(h)  24(h) 1h)  5(h)  24(h) f°:124

1:10000 Pb 500 473 470 0.8733 1000 950 950  0.8018 40.10 40.80 4030 0.9985  0.26
1:10000 cd 500 5.00 5.00 Nd 890 10.00 5.50  0.8483 47.40 46.50 39.60 0.9967  0.32
1:1000 Pb 1.85 1.2 0.52 0.8843  9.01 8.10 9.68 09117 40.20 39.70 3850 0.9352  0.20
1:1000 cd 280 440 320 0.9691  9.10 8.00 520 09872 50.00 48.90 50.00 0.9859  0.33
1:100 Pb 004 021 021 08803 0.0 042 046 09868 19.80 17.90 650  0.9990  0.31
1:100 cd 029 023 021 0.2845  2.00 1.70 1.57 09307 47.40 39.90 30.00 0.9233  0.31
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157 Iron oxide
158  Table (4) shows the concentration of Pb and Cdbliufed water before and after treating with ironde

159 at additio ratios of 1:10000, 1:1000 and 1:100different reaction times. At the lowest additiortigaof

160 1:10000, iron oxide proved nbt efficiency to rem{Ne even from water polluted with low concentrasion_ - { Comment [c5]: Please replace this with
“efficient in the removal of “

161 of 5 mg/l. As the addition ratio increased to 1:00i@on oxide worked well with low Pb concentratioh5

162 mg /I and reduced the initial concentration to Or@/l. However, for water polluted with higher Pb
163 concentration of 10 mg/l, the efficiency droppedwihich the initial concentration reduced to be &l
164 in a reaction time of 24 hour. Iron oxide can béeptally efficient in removing Pb from polluted tea
165 only at high addition ratio of 1:100. This efficnincreased even for high Pb concentration of 50.m
166  Also the removal efficiency increased significar(fR?=0.888) as the reaction time increased. In a reacti
167  time of 24 hour, it eliminated Pb from solutionsimitial concentration of 5 and 10, with the conizations
168 reduced to undetectable valuBable 4). Also, it reduced the concentration ofrBg Pb/l to 1.67 mg/I
169  where is lower than the permissible level (5 migh)irrigation water.

170  The efficiency of Fe-oxide in removing Cd was sfgaintly (LSDy 0s=0.24-0.32) time dependent. As the
171 reaction period increased, Cd concentration inettpeilibrium solution decreased. High addition radfo
172 1:100 was the most effective in removing Cd. Atifidd ratio of 1:100, iron oxide efficiently reded the
173 initial concentrations of 5 and 10 mg Cd/l to Orid&.4 mg/l, respectively, in a reaction period2dfh.
174  These concentrations (0.1 and 0.4 mg/l) were higihen the permissible level (0.01 mg/l) for irriigat
175  water. Although, several methods have been addptedmove heavy metals from polluted water, these
176 methods succeeded only with water of high pH valaed low concentrations of pollutants. At acidic
177  conditions and relatively high concentrations ofiytants, the efficiency of these methods were tiuhi
178 On the other hand, the techniques utilized in @search succeeded in decontaminate water of low pH
179  values and high concentrations of Pb and Cd. Amtmgse methods [21] stated, that waste iron
180 (imy/chromium (lll) hydroxide has been used as adsorbent for the effective removal of Pb(Il) from
181 aqueous solution at pH greater than 7.0. The pemesorption of Pb(ll) increased with a decrease in
182 concentration of Pb(11) and an increase in tempeaf22], suggested a process for removing leawh fr
183 battery industry wastewater by neutralization withOH, in the presence of Fe(lll) salts which thadle

184  concentration of the treated effluent is below @@/l. [23], proposed a procedure for purifying wate



185 polluted with metal ions [ AIl(I1l), V(V), Ni(l), ddl), Co(ll), Pb(l), Hg(l), Cr(l),
186 Sn(l1),Bi(ll),Zn(Il),and Cu(ll)], by precipitatiorof metals as magnetic ferrite from the alkalinizetuition
187  containing iron(ll) was based on the precipitatammetals as magnetic ferrite. The maximal purifaa
188  efficiency (99.99%) was achieved when waste watenpdes are treated for 3 hours at 50°C and pH 10,

189 Fe(1l)/Total metal ratio  was 15.0 and different  concentrations  of KMnO



190 Table 4. Concentrations of Pb and Cd in polluted water before and after treating with iron oxide at addition ratios of 1:10000, 1:1000 and 1:100 for different

191 reaction times.

192 5(me/l) 10(mg/l) 50(mg/I) LsD
Additi H 5%
:_lon eatvxlr R R R (f 6)
193 ratio meta 1(h) s(h)  24(h) 1(h) 5(h)  24(h) 1(h) 5(h)  24(h) z:;
194 1:10000 Pb 276 500 500 0851 1010 1000 10.00 0.906 42.60 10.78 44.04 0.853  0.25
1:10000 cd 450 260 3.00 098 030 1040 800 0.850 4710 52.80 42.00 0.926  0.25
1:10000 Pb 276 260 067 0991 960 853  3.50 1.000 42.60 39.82 44.83 0.879  0.29
1:10000 cd 370 200 200 0842 210 920 880 079 49.80 49.20 49.40 0.962  0.24
1:100 Pb 027 Nd Nd 0402 020 028 Nd 0815 2901 1580 168  0.888 -

1:100 cd 0.70 0.34 0.10 0.790 4.00 2.40 0.40 0.915 38.80 44.00 34.00 0.880 0.32
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Conclusion

All remedy agents, shale, alginit and iron oxidtnmved potential efficiend:yfir) the removal of Pldadd - ‘[Comment [c6]: Replace this with “proved
potentially efficient”

from water polluted of wide range of Pb and Cd edrbetween 5 to 50 mg/l. Generally, their efficienc

increased as the addition ratio between remedytager polluted water increased from 1:10000 —@.:10

Among all tested agents, shale jhad highest effigidar the removal of Cd. It had high potentiallapito - {c.;mment [c7]: Replace this with “had the”

)

remediate higher concentration of 20 mg Cd /I aitéwh ratio of 1:100. However, shorter equilibrium
period of 1 hour was more effective than the highrer of 24 h. Alginit proved high efficiency in rening
Pb and Cd from polluted water when added at higio raf 1:100. Unlike shale, alginit had a higher
removal efficiency for Pb rather than Cd. Iron axithd potential efficiency in removing Pb from ptid

water only at high addition ratio of 1:100. Thi§i@géncy was shown even for high Pb concentratibB®
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mg/l. In a reaction period of 24 hour, it eliminétBb from solutions of initial concentration of 6dal0,
mg/l, while reducing the concentration of 50 teewadl (1.67 mg/l) lower than irrigation water persgiiide

level (5 mgl/l).

REFERENCES

1 - Bond PBR. Aspects of the European Investment Bank's Experience in Wastewater management. The

Second Middle East Conf, on Wastewater Mgt., Cairo,pp. 323-330. 1995.

2 -Gadd GM, White C. Microbial Treatment of Metal Pollution, A Working Biotechnology. Trends

Biotechnol, 1993; 11(8): 353-359.

3 - Evangelou VP. Environmental Soil and Water Chemistry principles and applications. lowa State

University, lowa, John Wiley and Sons, Inc. New York, 564p. 1998.

4 - Egyptian Environmental Affairs Agency EEAA. Environmental Action Plan of Egypt. Cairo, Egypt, 246p.

1992.

5 - Eckenfelder W, Wesley JR. Industrial Water Pollution Control. Z"d, McGraw-Hill book company, ISBN:

007018903X. 1989.

6 - World Health Organization WHO. Guidelines for drinking water quality health criteria and other

supporting information.” Geneva, World Health Organization, 2: 84-90; 1984.

7 - Wilson B, Pyatt FB. Heavy metal dispersion, persistence, and bioaccumulation around an ancient
copper mine situated in Anglesey. UK. Ecotoxicology and Environmental Safety; 2007;. 66: 224-

231.

8 - Statistics Canada. Freshwater supply and demand in Canada,”Human Activity and the Environment,
Catalogue no. 16-201-X, 2010 http://www.statcan.gc.ca/pub/16-201-x/2012000/part-parties-

eng.htm

9 - Hagberg, A. Industrial wastewater treatment and other environmental problems in Wuhanls Swedish
technology a solution. Department of Earth Sciences, Uppsala University, Villaviagen; 16: SE-752

36 Uppsala, ISSN 1401-5765; 2007.



247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

10 - Muchuweti M, Birkett JW, Chinyanga E, Zvauya, R, Scrimshaw MD, Lester JN. Heavy metal content of
vegetables irrigated with mixture of wastewater and sewage sludge in Zimbabwe: implications

for human health. Agriculture Ecosystem and Environ. 2006; | (12): 41-48.

11 - Pacyna JM. Heavy Metal Emission from Industrial Sources in Europe. Chem. Environ. Proc. Int. Conf.,

pp.129-137. 1986.

12 - United States Environmental Protection Agency "USEPA". Air Quality Criteria for Lead. Research

Triangle Park, NC. (Report EPA600/8-83/028F). 1986.

13 - Kocaoba S, Akein G. Removal of chromium and cadmium from wastewaters with a strong cation
exchange resin. Second International Water Technology Conference Alexandria, Egypt, 382p.

1997.

14 - Terra Natural Resources TNR. Alginit- a brand of Terra Natural Resources GmbH Switzerland,

Seestrasse 24. CH-8806 Wallerau SZ. Email. 2009.

15 - Cottenie A, Verloo M, Kiekens L, Velgh G, Camcrlynck R. Chemical analysis of plant and soils, Lab.

Anal, Agrochem., State Univ., Ghent, Belgium, 63p. 1982.

16 - Page AL, Miller RH, Keeney DR. Methods of Soil Analysis, Part 2—Chemical and Microbiological
Properties. Second Edition, American Society of Agronomy, Inc. Soil Science Society of America,

Inc. Publisher Madison, Wisconsin USA, 698p. 1989.

17 - Sparks DK. Methods of Soil Analysis. part 3. Chemical Methods. Soil Science Society of America, Inc.,

Madison, Wisconsin, USA, 1390 p. 1998.

18 — FAO. Water quality for agriculture. R.S. Ayers and D.W. Westcott. Irrigation and Drainage Paper 29

Rev. 1. FAO, Rome, 174 p. 1985.

19 — Batley GE. Approaches to the assessment of sediment quality. CSIRO Division of Coal and Energy

Technology Investigation Report No. CET/IR274, 45 p. 1994.

20 - Zhu, Bo-Lin, Xiu, Zong-Ming, Liu, NA, Bi, Hai-Tao and Lv, Chun-Xin. Adsorption of lead and cadmium

ions from aqueous Solutions by modified oil shale ash. Oil Shale, 2012; 29 (3): 268-278



272

273

274

275

276

277

278

279

280

21 - Namasivayam, C. and Ranganathan, K. Removal of lead (ll) by adsorption onto waste iron
(11)/chromium (lll) hydroxide from aqueous solution and radiator manufacturing industry

wastewater. Industrial Chemistry Research;1995; 34 (n): 4101-4104

22 - Macchi, G.; Pagano, M.; Santori, M. and Triavanti, G. Battery industry wastewater: lead removal and

produced sludge. Water Research; 1993; 27(10): 1511-1518.

23 - Barrado, E.; Vega, M.; Pardo, R.; Ruiperez, M. and Medina, J. Application of the Taguchi experimental
design to the removal of toxic metals from wastewaters by precipitation as magnetic ferrites.

Analytical Letters; 1996; 29 (24): 613-63.



