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ABSTRACT

Even though the choice method of waste water ardslimpoundment in settling ponds by mineral pssicey and
metallurgical plants, chemical manufacturing, phaautical and textile mills in Nigeria has notljuhelped in
the recovery of valuable minerals and metals, herwater associated with it. Yet is very unforteriaat only few
plant in Nigeria use the impounding and settlingig®; and where these are constructed, they occapy large
area of land which are afterward difficult to becleimed and pose environmental hazard such as brgeof
ecologies like bacteria, mosquitoes (carrier of ana parasites) and host of others. In the indwtgities like
Lagos and Port Harcourt, industrial effluents ariem seen, running into the street waterways, widey small
guantities are channelled for treatment by the canigs concerned. The result of a work done onreegrhent of
stream water and sludge (effluents) collected feosand mining deposit and some mineral procesdagtp using
high molecular polymers (HMP) as flocculants isrgeieported in this paper. The water samples weatéd with
common conventional dewatering methods such agséef lime and bentonite. High molecular polynsersh as
Nalco 719f and PEG were also used to dewater these waste efflueritis.th¢ use of 0.02g/l PEO, 0.07g/l Nalco
7191° and 0.05g/l Percol 351 the water clarity and % dewatering were brought8& 16, 280 NTU and 55%,
43% respectively after 24hrs. The dewatered saigddt be handled mechanically, was not thioxotragicl hence
suitable for landfill.

Key words: Treatment, wastewater. sludge, processing plagh molecular polymers, flocculants, dewatering,
minerals processing, thioxotropic, metal extractigitra-fine particles.

INTRODUCTION

Nigeria is blessed with many natural resources sisctvater, minerals, petroleum, green vegetatiodscimates
and so on. Many mineral deposits have been disedvéar long time in past, some of which procesdiage
reached the advanced stages [1]. Iron ore minidigba@meficiation plants are located at Itakpe amdtake over by
private managers; cement industries are found iimesother parts across the country (Figure 1) sscBveekoro,
Sagamu, Obajana, Sokoto and Bauchi, glass plaetikeated at Igbokoda in and lkorodu, both in seugistern
political zone of Nigeria to mention a few whilargte is mined and processed at Azara; coal at &ntirg and
kaolin processing at Jos, limestone and marblénguétnd polishing at Jakura and Lokoja, and vashafy other
metallurgical, mineral processing and extractitants [2, 3].

Many operations in mineral processing and metalaeiibn make use of water in very large quantitimeral
industries source for water and locate very clasét.tIn the processing of minerals and some othdustrial
products, wastewaters containing some appreciadatiy of heavy metals and ultra—fine particlesich have
very poor response to the known conventional playsgeparation techniques used in water treatmeamst, a
discharged into the water bodies (surface and gndend).
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Figure 1: Map showing some industrial citiesin Nigeria (M S Encarta Premium 2009)

These metals and minerals bearing effluents ofésult in losses of metal values and on the othed hahen
discharge into water bodies result to environmeptdlution. In Nigeria, the discharge of the numeyceffluent
posses serious treats to the neighbouring comresnitihe shortfall in supply of treated portableenaiften results
in searching and depending on various sources lkédrapt water. On the other hand, where there are pgne
water, people crowd around the taps and extraangdinag queue are often experienced (Figure 2)s&hesult in
frustrations and hostility of the hosting commuastito these industries especially, the oil comani@ough the
method of impoundment in settling ponds has ndy faélped in the recovery of valuable minerals ametals, nor
the water associated with it. It is also unfortenidaat only few industries in Nigeria use the impging and settling
ponds, and where these are constructed, they ooceenyylarge area of land which are afterward diffico be
reclaimed and pose environmental hazard such aslingeof ecologies like bacteria, mosquitoes (eamf malaria
parasites) and host of others. In the industriatiestike Lagos, Industrial effluents are often seenning into the
street waterways, while very small quantities dr@nmelled for treatment.

According to the study of World Health Organisati@fHO) in 1980, at least 30,000 people die every ia
developing countries of the World because of unsafer supplies [4].

Water pollution is increasing and becoming sevexg-luy-day and posing a great risk to human heaith ather
living organisms also reported to be an acute grmobhlmost in all major rivers and dams in IndiaNbdgne et al,
2013[5]. US government, the UN and some other matiional organisations such WHO, UNISELF, DIFRE kad
invested multi million dollars in various millenmiugoal projects involving the provision of portamater and the
eradication of malaria parasites from the westaafisub-region including Nigeria. The vitality anghecity of good
naturally existing water resources and the needdover many valuable metals lost into the indakgifluents, and
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the need to meet the standard regulations of WH@ater have continuously led to many research workshe
determination of the quality and quantity and realoef unwanted hazardous elements (metals and at@)er
naturally found or resulting from processing indiest and thus also concerned about investigatiorvasious
methods of water treatment and dewatering methotorg such works were reported by Pahlman and Kaiidaf
1988 [6], Holland 1988 [7]; Reis and Cordeiro 2(Q&8B Jong et al 1989 [9]; Hood and Smelley, 1990]{Nilsen et
al, 1991 [11]; and Jeffers et al, 1991 [12].

Sani et al, 2012 [13] used AAS to determine theceatration of Aluminium, Iron, Zinc, Lead, Cobalickel and
Chloride in the various water samples from difféerlcations within University of Maiduguri, commuyi From

the results, the majority of the show concentraitimat are above the WHO recommendation. In onsoath-
western area, Adewole et al, (2011) [14] studiesl ghysico- chemical properties of 50 years and yi&@'s old
cocoa farms soils were analyzed for their pH, tatabgen, phosphorus, particle sizes and minenalyaes. The
mineral analyses showed that the mineral contamged from 0.045+0.05 mg/kg to 0.52+0.03 mg/kg &Htile soil
samples showed traces of heavy metals like Pb, MinCd. In another instance, Yu et al, 2014 [15]refent
reported studies on the effect of different sajinvater irrigation and soil salt contents on majeewth. The results
showed that the salinity water had much greatexcefin maize emergence rate than that of soihirstlt content.

The effect of the pre-selection of particle sizega on the treatment of locally-sourced bentonityy drom
Logomani, North-Eastern Nigeria using aqueous aaid alkali solution has been studied by Nwokeml,e2@l4
[16]. In the report, the characterization of theychdsorbents was done via Fourier Transform ledr&pectroscopy
(FTIR) and X-ray diffraction analyses (XRD). Theiag2.5M of HCl and HSQ,) and alkali (0.5M NaOH)
modified clay adsorbents were applied in the rerhafanethylene blue from aqueous media. The peréomte
efficiency of acid treated asphaltic carbon$8,-AC) and base treated asphaltic carbon (NaOH-AGH waspect
to adsorption of Cl, C** and PB" from waste water was studied by Ambursa et al 12[17]. The activated
carbon was produced from asphalt by treatment M0, and NaOH as activating agents. The result shotitltlea
efficiency of acid treated asphaltic carbon$8,-AC) is high than Base treated asphaltic carborONGAC) for
removal of C&", C** and PB" ions from wastewater.

The present study considers the treatment of mallagtural stream water and waste sludge (effludms some
selected Nigerian based mineral processing pla@s 21] using high molecular polymers as floccudabeing
guided by the various recommended practices byB&ureau of Mine [6,7, 9, 10, 11, 12]

EXPERIMENTAL SECTION

Materials. Waste effluents (sludge and waste water samples} wbtained from some mineral processing plants
located in Nigeria including: West Africa Portla@@ment Plc Ewekoro plant; Azara baryte processiagtf the
Nigeria Mining Corporation; Glass and Ceramic pijgant of the Federal Polytechnic, Ado-Ekiti; Minér
processing and Beneficiation workshops of Natiodatallurgical Development Centre, Jos; Nationalnlrore
Mining Company, Itakpe and water samples was gditem sand mining deposits within Ado Ekiti and Aku
metropolises. The five selected samples were datdnas A, B, C, D and E respectively. Treatmemiribals
such as Mg(OH) lime, alum, bentonite and CaGlere procured while PEQNalco 719% and Percol 351 were
obtained from OSRC Water Scheme, Osogbo. The datpatymer (Nalco 7191) and the non-ionic polymielcol
351) were used in place of Nalco 7®#nhd Percol 333previously reported by Hood and Smelley, 1991 [10]

Experimental Procedure
5ml of water samples were taken from each sourceHemical analysis by atomic absorption spectram&AS
method and the result is presented in Table 1.

100ml of sludge or water samples were measureddh ease for small scale treatment. The weigheglsawas
pre-treated by the addition of specified quantibésadditives and catalysed by mechanical agitatioa beaker
using an impeller. The drops of aqueous solutiothefflocculants were added using graduated burette

The mixture was transferred to a magnetic stirtiag for thorough stirring and to get a consolidatiints for
flocculation (the point at which the flocs movetlire beaker as a unit solid mass). The supernataiet s screened
until flocs could be handled, squeezed or filtexgsed and the volume of water loss was measuretharsblid
content of the flocculated solid was determinede Elonsumptions of the flocculants were determinednfthe
burette reading and the dosage is calculated im giex litre (g/l) of the effluent.

The mixtures of the samples collected were trewiititl various dosages of chemical additives suclinas, CaC},
bentonite and with high molecular-weight polymergHPi (Nalco 719%, Percol 352 and PE®). The parameters
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that were determined include the water clarity, Ndpmetric Turbidity Unit (NTU), chemical dosagé€l(gnd the
dewatered solid waste (%).

pH measur ement

The pH of the samples was measured using electigital mV-Temperature-pH meter (model PHS-3BWheT
electrodes of electronic thermopile and digital pN-temperature meter were immersed in the vessaiaing

the water samples and the pH was directly measwiidthe electrode, while pH of the sediment sampées

measured by preparing (1:5, sediment: water) sssperin distiled water. The contents were stirrgell and

allowed to settle and supernatant was used to ghidckccording to Mane et al, 2013 [5] and Egunis].|

Total Dissolved Solid (TDS)

The Total Dissolved Solids (TDS) of a solution le tconcentration of dissolved solids in it. TDStloé water
samples and sediment suspension was measured gy TBIS meter (PHS-3BW) where electrode was inserted
directly into the sample solutions for the direstpday of results on a digital scale as a readmngg/l.

Total Hardness of Water sample
The total hardness of the water samples was detedriy standard EDTA titration method with 1-2 raffbr of
pH = 10 and a droplet of Eriochrome black-T indicat

Hardness (mg/l) =V x T x 1000/ ml of Sample
Where V = Titre volume (ml) of EDTA, F mass (mg) of CaC{equivalent to 1.0 ml of EDTA

Heavy Metal Analysisin water and udge samplesusing AAS:
Heavy metals were detected by using atomic absorgfectrometer AAS (Thermo-series 2000) [19].

RESULTSAND DISCUSSION

Results of chemical analyses of as-collected slathgbwater samples are presented in Tables 1 aesp2ctively.
The waste effluents and sludge sample (A, B and&2 obtained from ceramic-based industries heoligssn the

samples consist mostly of clay, feldspar, fritcsiliand baryte. The sludge sample initially contajnabout 67%
solid was diluted 25% solid prior to testing. Ttéad to stimulate the sludge and to allow the fld&ot to structure
the floc into a stronger tougher sludge. The peatment of sludge with various dosages of betgptime and
CacCl, readily flocculate with high molecular weight polers and hence there was improvement in flocariadif

the fine solids.

Table 1: Chemical analyses of dudge and waste water samples

Congtituents (mg/l) | Sample A | SampleB | SampleC | SampleD
BaSQ - 60.40 - -
F&e0s 2.29 4.23 0.94 1.98
SiO; 13.37 17.7 21.61 32.68
Al,O5 3.79 3.83 4.13 2.31
TiO, N.A. 0.004 0.012 0.06.
MgO 1.79 0.35 0.84 0.73
Na,O 0.68 N.A 0.92 -
CaO 41.41 0.12 40.2 3.8
SiO; N.A 0.001 N.A N.A
K20 0.31 N.A 0.64 N.A
Pb* - - - 1.01
zn* - - - 0.42
Trace metals 0.23 0.19 0.12 0.27
Total CQ 77.67 - - -

N.A = Not Available.

Table 2: Analysisof natural stream water sample from sand mining site (Ado, WHO)

Sample SQ pH K | Na Ca Mg Cu Fe Cl| TDS Alkalinity TUR Coloyr
WHO standard 500 6.5-92 20 200 200 1%0 0.1 D.1 PEMO0 500 50 50
Ado 49 6.9 22| 1074 15.24 25.79 0.09 0,5 2P0 90.1 10 40

Table 3 shows the result of flocculation using linbentonite and Cagl The result shows a similarity in the
behaviours of lime and Calhaving equal dosage consumption. With the appdicadf , (9.5 g/l) bentonite, 0.15
g/l PEO was used up bringing the clarity of watenf 1320 NTU to 560 NTU after 24hrs at 44% dewatpiof
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solid. The best result was obtained from the us®.66 g/L PEO without other additives. The watearity
improved to 982 NTU at 52% solids.

Table 3: Result of lime tests on dudge mixture

. . . G i, Separation | Separation .
Specimen designation Additiveg Additive dosage (9/PEO (g/l) (Immediate)| (After 24 hrs) Dewatered solid (%
a Lime 2.40 04 NS NS NS
b Bentonite 9.50 0.15 1,320 560 44
c CaC} 2.40 0.2 NS NS N.S
d No-additive - 0.05 1,380 982 52

N.S. = No Separatian

In Table 4, the improvement of water clarity wasfeeted by the PEO treatment of the four (4) efilusamples.
They were pre-treated with CaGind bentonite before dewatering with PEO. The nesillts obtained in Table 5
show that the high molecular polymer flocculatiorogess was effective over the sampling range, adgsl
containing 48 to 61% solids and 6-8 NTU clarity wasduced from the four water/sludge samples. Tégsilt
compares favourably with a close range of conclusie similar field test by Hood and Smilley, 1990] which
produced a result of 47-58% solids and water glaft4-20 NTU from set of seven water and sludgegas used.
From the present study, the results show that thddéives can be used in treating waste effluéot® minerals
and metallurgical industries. The dewatered sotidl¢ be handled mechanically was not thixotropid &ence
suitable for landfill purpose.

Table 4: Result of polymer flocculation test on sludge mixture

|)Separation Separation

Polymer additive| Polymer dosage (g Immediate| After 24hrs

Dewatered solid (%

PECP 0.02 2.20 88 55
Nalco 719% 0.07 400 16 43
Percol 35% 0.05 640 280 74

Table 4 compares the result of polymer flocculatiest on the four-sludge mixture using PEQlalcd® and
Percof. The result shows that PEChas the best flocculation result on this mixtursdrl on the dosage
effectiveness. At 0.02g/l PEQconsumption clarity of 220 NTU and 88 NTU were abed at 55% dewatering
solid immediately and after 24 hrs of treatmenpeesively. Nalco 7191 shows highest dosage consomuif
0.07g/l and at the least % dewatering of 43%. Tée of Percol 351in sludge treatment will actually produce
dewatered solid of high quality suitable for ladbdurpose [20, 21]

In Table 5, the result of the effect of optimum ags of the additives (bentonite and Ga@ind PE® in the
treatment of the four sludge samples and a watepkawere examined and compared.

Table5: Determining the effect of optimum dosages of additives on dudge samples

. . . . NTU NTU .
Sample| |Initial solids (%) Additive bentonite (gf) Dosage CaGl(g/l) | PECP g/l immediate| After 24hrs Dewatered solid (%
A 21 12 12 0.02 125 7 53
B 31 12 1.2 0.04 480 6 61
C 0.7 12 1.18 0.03 98 8 48
D 0.8 12 1.16 0.02 32 8 50
E 0.3 1.2 1.2 0.02 15 2 7

CONCLUSION

In the present investigation, an attempt has bemhento assess water treatment and metal recovéiganfy metals
present in the sediment of the selected waste water four samples collected form different locaticshowed
higher levels of heavy metals and is the clearciaitin of contamination. Base on the data obtafinech the
laboratory dewatering tests conducted on lime ékatudge from these mineral plants, three polymers tested
as flocculants to determine their ability to dewate effluents. Among all, PEOwas found to be most effective
and also other additives such as clay, bentoniteCaC} were effectively utilized in pre-treating the wasiudge
prior to dewatering by PEOthus improving the water clarity. Based on theokaltory results obtained, a designed
research is currently proposed for a continuoust®rdewatering test using these dewatering teclesido be
conducted in these plants. Further research stumliesneeded and encouraged with an extensive saoge
continuous study on the characterisation of thelgdufor other major industrial effluents and pdalhis and
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monitoring the extent of the environmental influef&8, 19, 20, 21]. More representative samplesiighioe used to
go beyond this initial assessment as reportedisrstady.
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