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ABSTRACT

The typical methods of treatment for acidic andahebntaminated water effluent such as the AcideMin
Drainage (AMD) will always focus on either civil gimeering methods, such as disposal, excavation,
drainage and encapsulation or process based tegfeslsuch as effluent washing and treatment. These
techniques are not environmental friendly, costhyd aunsustainable, thus environmental damaging.
Nowadays, there is a growing need for an alterpatemediation treatment that is innovative and more
natural in order to prevent pollution in the enwmineent. Therefore, in this study, a new alternative
treatment, that is more organic, biodegradable el effective, using bone meal was presentedhif t
research, bone meal comprising of chicken bones weed as an alternative passive treatment tondiesr

its potential in neutralizing and removing heavytaie from the abandoned cooper mine, Mamut Acid
Mine Drainage (AMD) waste water effluent. A pretraant process for bone meal was performed by
incineration process where it was heated up irfuheace at 500°C for 24 h after it was cleanedsloed,
boiled and dried. Batch experiment test has bertedsout to test whether the selected bone meaksi5,

75 and 150 pm was able to neutralize the AMD Mawater samples. Inductive Plasma Couple-Atomic
Emission Spectrometry (ICP-AES) test was carriettouest the concentration of the heavy metalstgef
and after the treatment. The surface morphologyaie meal was examined by Scanning Electron
Microscopy (SEM). Enlargement of pores after theitradization treatment was seen on the surface
morphology of the bone meal by SEM analyses. Aiggmt rising of pH from 2.98 to 5.69 within 6 1©3
min was observed during neutralization process 3% removal of Fe, Zn, Al, Cu and 36% removal of
Mg concentration was achieved after the treatmenatugh the neutralization treatment of the AMD wast
water effluent. The results from this study conelutiat bone meal has the potential to neutralizé an
remove heavy metals from acidic and metal contairethAMD waste water effluent.

Keywords: Bone Meal, Acid Mine Drainage (AMD), Passive Traaht, Neutralization, Remediation

1. INTRODUCTION remediation will always focus on either civil engaring
methods, such as disposal, excavation, drainage and
Remediation treatment of metal contaminated waterencapsulation or process based technologies such as
effluent such as the Acid Mine Drainage (AMD) is an effluent washing and treatment. These techniquesat
important environmental issue because of healthenvironmental friendly, costly and unsustainablajst
considerations and pressure for reuse of the efflicea environmental damaging. Nowadays, there is a grgwin
usable form of water resource. The typical methofis need for an alternative remediation treatment, vatioe
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and more natural way in order to prevent polluiiothe increase calcium bioavailability (Larsehal., 2001),
environment. Therefore, in this study, a new ahéue and thus calcium as an alkali will be used to redite
way, that is more organic, biodegradable andthe acid mine drainage and remove the dissolved
inexpensive, using bone meal (group of calcium heavy metals as well. Bone meal which will consit
phosphate) addition was presented in this research. chicken bones and fish bone are selected becaage th
The usage of bone meal for soil remediation has bee are potential source to obtain calcium. The idea of
done for contaminated soil remediation in previous using bone meal as a neutralizer evolved from the
researchers (Deydiegt al., 2003; Hodsoret al., 2001, usage of crab shell, tree bark and egg shells to
Sneddonet al., 2008), however this is the first study to neutralize acid mine drainage. Those said materials
performed onto contaminated waste water effluent.have the buffering capacity for recovering acidic
Many metal phosphates (such as; plumbum, zinc,waters because like crab shell it contains calcium
cadmium) are highly insoluble with coefficients 1@ carbonate (Robinson-Lora and Brennan, 2009b). Other
to 10% solubility and are stable over almost the entire than that, bones are biodegradable; it can be degdra
range of conductivity and pH conditions in natural by the environment so it causes less complicat@mn t
environment (Nriagu, 1984). If pollutant metals in the environment. In terms of economic benefit, they
contaminated waste water effluent could be conderte more economic feasible since they are waste migeria
into metal phosphates, then the metals would be
immobilized in situ and with the low solubility thie 2. MATERIALSAND METHODS
bioavailability would be reduced (Suzuki and Iwao
1982; Nriagu 1974). Theoretically based on 2.1. AMD Samples
immutable chemical relationships, such passive ) _ )
treatment is fully applicable and sustainable. Samples of Acid Mine Drainage (AMD) water
Acid Mine Drainage (AMD) is formed from sulphide samples were collected from the ato)andoned mamut
minerals that are exposed to oxidizing conditionsdal ~ CCOP€r mine at the coordinates of 06° 01.883 N,°116
and metal mining, highway construction and othegda ~ 39-300 E at the elevation of 1342 m using pre-wdste
scale excavations (Skousest al., 2000). It is the L Polyethylene bottles. In situ parameters wereeiak
production of mine impacted water in mining ardaatt SUch as pH, electrical conductivity, salinity, fota
happens all over the world (Robinson-Lora and Bagnn d|s_solveo[ solld,.turb|d|ty and dissolved oxygen éarch
2009a). When sulphide ores containing large quaestit POiNts using calibrated portable meters.
of pyrite is discarded in the tailings pond, it guced
sulphuric acid (AMD) when exposed to water and 2.2. BoneMedl
oxygen (Allan, 1988). The ferrous iron producedhisn Figure 1 below shows the picture of bone meal that
oxidized to ferric ions which become the dominant was taken after it was cleaned, boiled, crushddded,
oxidizing agent of the exposed sulphide mineralmeM  sieved and incinerated in furnace. A light grey gdewof
wastes may affect the filter feeding or respiratory bone meal was obtained. Two kilograms of bone meal
structures, caused gill damage in fishes or inestas samples were collected from fast food restaurafC K
oxygen consumption organisms. Not only that, but atThe bones were separated from their meats anddrinse
lesser rates of sedimentation, benthic organisnd foo thoroughly using tap water and distilled wateremove
supply is also blocked. In addition, many composeit the impurities. They were dried inside the dry oven
mining waste are lethally or chronically toxic tigHf or 120°C for overnight. Then, were crushed using the
cause sub-lethal effects (Allan, 1988). Mortar to get a smaller particle size. After tiiagy were
This study was conducted to analyze whether boneboiled for 200-300°C on a hot plate until it boiléal
meal can be used to neutralize and remove heavyemove the oil and then they were let to settle el
metals from the acid mine drainage water samplmfro down and later was filtered with 45 um membrarterfil
ex-copper mining site based on the acid-base macti to remove the oil mixed boiling water. It was theut
This is because when bone meal reacts with AMD itinside the furnace under temperature 500°C for 24 h
will produce salt. According to Barrow and Shahidi remove the organic matter until light grey powdeasw
(2007) bone has calcium phosphate as its mainformed. Lastly, it was crushed using the grinded an
component which is used in strengthening teeth,sieve through the mechanical siever to customize th
bones, nerve function and other enzymatic reactions particle size of it at the appropriate level (Srmue al.,
Calcium has been widely used in many industriehisuc 2008). The sizes that were used in this experirhenta
as food industry and construction industry. Smihf design are 45 um (325 mesh), 75 pum (200 mesh) and
bone is an important source of calcium and it can125 um (100 mesh).
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solution, a pH 7.0 buffer solution and a pH 10.6fdxu
solution. 150 mL of AMD sample was taken out and
filtered into a 250 mL beaker. The probe of themeter
was immersed into the AMD sample. The reading @n th
pH meter was taken when the value become stabke. Th
pH meter probe was rinsed with deionized watewvatye
testing interval. The ph meter probe was immersed i
KCI solution when not in use.

Determination of total acidity of the AMD sample
after treatment. From the 150.0 mL of AMD sample
taken out, 20.0 mL of the AMD sample was filteratbi
a 250 mL Erlenmeyer flask using m membrane files.
drops of phenolphthalein was added into the AMD
sample and shaken well. The AMD sample was titrated
with 0.01N until endpoint. The titration was cadieut
twice and all the data was recorded. The aciditghef
water sample is calculated using formula as below:

Fig. 1. Crushed bone meal sample for 75 pum (200 mesh)

. . - A xN x50000
2.3. Sample Preparation and Analysis Acidity (mg CaHA / L)=#
Preparation of 0.01 NaOH: 0.4 g of NaOH pellet was
weight accurately using a electronic balance. I ween Determination of dissolved heavy metal after AMD

transferred into a 1-L volumetric flask. Distilleghter was  treatment: From the 150.0 mL of AMD sample taken
added into the 1-L volumetric flask to dissolve N&OH out, 20.0 mL of AMD sample is filtered with a 0.4%
pellet and shaken well. The solution is furtheut@l to  membrane filter using vacuum filtration. 5.0 mL tbe
1L. The resulting solution was shaken well andeskal filtrate was transferred into a 50 mL tube andteifiito a
Preparation of phenolphthalein indicator solutiorg volume of 20.0 mL. The resulting solution was adited
g of phenolphthalein powder was weight using an 4 s grops of 37% HNO3 solution and shaken well. The
electronic b"%'ance- 50.0 .mL of 95% ethanol Was yater sample will be transferred onto an auto-sampl
measured using a measuring cylinder. Phenol_phthalel an ICP-AES and analyzed for the concentration af/iie
Egivr:getrht\e,vaSSO gvalfltegf Ig:r?ar?olloso(B%LmVngfm g(tar-li(z)r:‘ilggg metals. The final concentrations of dissolved nsetetre
X o recorded and they were calculated using the forrirula

water was then added into the volumetric flask. The ) g
resulting mixture was shaken well and sealed. Equation 1 to get the percentage removal efficiency

Neutralization test of AMD samples: In batch

experiments (Parkt al., 2007), 10 L of AMD sample o removafmeuntadsorbed 100

was transferred into a bucket mixed with bone meal initialamount )
powder. A Jar mixer was set up operating at armvate _ vci-vcix100 _ v(ci- c¢f)x 100_ ci cfx 10C

of 250 rpm and at constant time interval of 20 i) g - Giv - Vi - ci

of bone meal powder was measured and added into the

water sample for the first 20 min. At every timéeival ¢, = |njtial concentration of heavy metal ions (mg/L)
stated, the jar mixer was stopped and 150 mL of thec, - Resjdual solute concentration of equilibrium (g

water sample was taken out for pH and acidity &@isly \; = v/olume of solution from which adsorption occ(ir
Then, 0.5 g of 100 mesh bone meal powder was

measured and added into the water sample and jar mi  2.4. Surface Morphology Analyses of Bone Meal

was continued until the last 380 min and the tatabunt Using Scanning Electron Microscope (SEM)
of bone meal powder reached 10 g. The experimeat wa

repeated with 200 mesh bone meal powder and 326 mes  Preparation of sample was done by taking a small
bone meal powders. amount of bone meal powder and then it was spinéied

Determination of pH of the AMD sample after the carbon tape. The excess was blowed with
treatment: pH meter was calibrated with a pH 4.8ebu  compressed air and lastly particles were coated.
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3. RESULTS scattered surface of bone meal has precipitatetbabe
solution during the treatment.
3.1. Scanning Electron Microscope (SEM) Results Figure 2 shows the SEM image of bone meal before

treatment whild=ig. 3 shows the SEM image of bone meal,

Scanning Electron Microscope (SEM) images under i, after AMD treatment under 50nd 20 pm. There is
magnification 5081500<and 30080f bone meal sample no visible pores seen on the surface of bontel nedatdthe

before and after treatment are shown below. Before L
treatment it shows not much of visible pores werens treatment but after the treatment there is vigblargement

only after the treatment there were visible pores©f Pores seen under the SEM image Fig. 3. The
observed. The irregular pores occurred due to theMorphology is represented by fine grain size ofitsbone
reaction of AMD with bone meal surface. Heavy netal Meal. Porosity makes in bone makes it a good péimea
are adsorbed to the wall of bone meal causing tlesp  reactive medium, an excellent condition and conmpeite
to clog and causing enlargement of pores while thesupport high flow of solution (Conca and WrightD8]

Fig. 3. SEM image of bone meal after treatment under nfamtion of 500x
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Figure 4 and 6 shows both irregular surface of the bone meal surface in both resolutionsFig. 5
bone meal before the treatment with AMBigure 4 and 7. After the neutralization treatment of AMD with
is seen under the image of 10 pm resolutions and idone meal, it was observed that the surface of bone
focus more under resolution of 2 um for a clos@klo meal has a smooth texture and scattered as compared
in as inFig. 6 and 7. A few lumps can be observed on to the surface image before the treatment.

Irregularsusface

Fig. 5. SEM image of bone meal after treatment under nfagiion of 1500x
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Fig. 7. SEM image of bone meal after treatment under nfi@gtion of 3000x

3.2. Neutralization of AMD With Bone Meal bone meal. The ability to increase the pH is asdedi
with the dissolution of calcium hydroxyapatite

The pH of AMD as seen iffig. 8, shows a slow (CaHA), CalO(PO4)6(0OH)2 from the bone meal
increase with increased amount of bone meal usdd anféacting with the AMD. It releases salt phosphate,
over longer period of time (contact time). HPO3 anq OH \{vh|ch will generate the' glkalmlty. The

The pH increased as more bone meal dissolved irAPatite dissolution equation is simplified as below
the AMD. According to Hodsoret al. (2001) the (Valsami-Jonestal., 1998) Equation 2:
amount of dissolution was proportional to the antoun
of bone meal used and the size or surface areheof t Cal( PO} ¢ Ofji 20 10Ca+ 6PO43 @)
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Sneddon et al. (2008) explained that the Fig. 9 and increase the overall pH of AMD treatment
dissolution of bone apatite consumes protons andwith bone meal. The average initial pH increaseanfr
releases hydroxide ions. Basically, the release 0f2.98 to pH 5.69 while the total acidity reducednfro
hydroxide ions reduce the total acidity as showthim 391.25 to 71.25 mg L.

6

== 45 pm

- 75 um

[ B]

w150 pm

04
0 1152253354455 355665 77588599510
Amount of bone meal (g)

Fig. 8. Final pH of AMD after neutralization using boneah#or 3 different sizes
450 -

400

350

300

250 I~ o= 45 um

Total acidity (mg/L.)

e 75 UM

BN s |50 um

0 3-3.522.5 335 445 555 665 7758 B35 99510
Amount of bone meal (g)

Fig. 9. Graph of total acidity (mg/L) over amount of baneal used with different selected sizes
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Different grain sizes of bone meal were used suchsignificant rise in Mg concentration further awaprh

as 45, 75 and 150 um with addition of 1 g for thstf
minute (20 min) and 0.5 g for the next minute uittil

the initial concentration while for 75 um and 156 u
bone meal shows constant decreasing trend. It doaild

reached to 10 g for a 6 h and 30 min duration. Base associated with the magnesium element from the bone

on the result above, it is observed that the capaxdi

meal itself leaching out to the AMD water. Another

bone meal in neutralizing the acid mine drainagereason would be because metals have differentitgffin
water sample is dependable on the surface area anfbr adsorption sites (Stella, 2008). Since AMD dehs

amount of bone meal used. For the finest grain @5 p
the pH increased from 3.11 to 5.69, for grain sibe
pm the pH increased from 2.93 to 5.64, for gragesi
150 pm the pH increased from 2.98 to 4.47.

3.3.Heavy Metal Concentration Before and
After Treatment

Figure 10-14 below show different trends in
concentration of Mg, Zn, Al, Cu and Fe with diffate

of multiply metals such as Fe, Zn Mg and Cu, they
may compete with each other for the binding sites
during adsorption process. Therefore, adsorption of
other metals might lower the removal efficiency of
magnesium concentration from the AMD. Thus, it ban
concluded that magnesium removal is not efficieith w
bone meal and it might also have been desorptisteainl
of adsorption (Sneddaat al., 2008).

Figure 11 shows the concentration of Zn after the

sizes of bone meal over varied weight used. Metaltreatment with bone meal. A sudden increase obderve
removal in this experiment could involve different during the first interval but at the end of theeml it

mechanisms either through adsorption or precipitati
However, the major contribution could be from plgsi
sorption at low pH followed by precipitation at har
pH (Daubert and Brennan, 2007).

The concentration of Mg shows
inconsistent trend for different size of the boneain

Fluctuations of heavy metals concentration with the

finest grain size occurred throughout the tirkégure

significant

shows a stable decreasing trend for the rest dhteevals.

The concentration of Zn decreases with more dosége

sorbent and longer contact time. This is suppoligd
Rios et al. (2008) stated Zn concentration tends to in-
crease at longer reaction time and with higher esarb
dosage. Also, past research by Hodsbral. (2001)
proved that the addition of bone meal was abletuce

10, from the graph, for size 45 um bone meal there athe bioavailability of Zn.

18 4 =—#—45um

16 -

Concentration of Mg (mg/L.)

0 —————T—T—T1—7

75um =150 um

01 354 45

152 253

555665775885

Amount of bone meal (g)

Fig. 10. Graph of Mg concentration (mg/L) of different el sizes over amount of bone meal used (g)
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0.6 —4—45um —#—75um 150 um

Concentration of Zn (mg/L)

0 115225335445555665 77588599510

Amount of bone meal (g)
Fig. 11. Graph of Zn concentration (mg/L) of different sié=l sizes over amount of bone meal used (g)

4.5 4 =4=45 um —#=75 um 150 um
4 4

3.5 1

Concentration of Al {mg/L)
2

050 11522533544555566577588599510

Amount of bone meal (g)
Fig. 12. Graph of Al concentration (mg/L) of different setied sizes over amount of bone meal used (g)

Initial concentration of Zn is 0.234 mg'Las the pH of  one type of mechanism mainly through adsorption and
solution increases to 5.0 shown kig. 11 and more  coprecipitation occurring in partial removal in pkD to
dosage of sorbent added, removal of Zn occurredfad 7.0 (Leeet al., 2002). Past research by Dzombak and
concentration decreases to 0.002 myy The pH rise up  Morel (1990) found that for surface precipitation
when favourable dosage was added as it becoming mormechanism of heavy metal, it usually includes atiain
soluble in the solution of bone meal and AMD. Fritnis rapid, adsorption mechanism followed by a slower
study, the removal of Zn might occur through mdr@nt  surface precipitation.
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Fig. 13. Graph of Cu concentration (mg/L) of different £déel sizes over amount of bone meal used (g)

0.45 ——45um —8—75um —&— 150 pm
0.4
0.35
0.3
0.25
0.2

0.15

Concentration of Fe (mg/L)

0.1

0.05

0 —
0 1152253354455556657 7588599510
Amount of bone meal (g)

Fig. 14. Graph of Fe concentration (mg/L) of different spésl sizes over amount of bone meal used (g)

Figure 12 generally shows a progressive decrease forconcentration of Al decreased from 3.028 mg and
Al concentrations after the treatment althoughehsra  then dropped to -0.030 mg’Lat or below the detection
slight increased within the first dosage. The aiti limit. This is because at pH more than 5.0 th& Atarts
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to decreased and form a solid precipitate aluminiumTable 1. Removal efficiency of Fe, Zn, Al, Cu and Mg at the

hydroxide, AI(OH} (Daubert and Brennan, 2007), it final concentration for different size

would precipitate out of the solution based on rthei Removal efficiency (%)

solubiltity product constants (§ (McQuarrie and Rock,

1984) and therefore would lower the concentratioflo Size/ metal  Fe Zn Al Cu Mg
Figure 13 shows the concentration of Cu after the 45um 98.47 92.77  100.00 100.00 52.43

treatment of AMD with bone meal. An abrupt increase 72 HM 9745 6766 9742  68.55  25.05

was observed for the first dosage of bone mealtiaddi 150 pm 96.68 9915 10000 100.00 30.77
but somehow is proceed with steady decrease of Cu

concentration until dosage of bone meal increagetbu 4. DISCUSSION

10 g. Since the minimum solubility for Cu to pratapes

is at pH 4.0 (Leest al., 2002), it can be seen from this
experiment, as the pH increased up to 4.0 witheimging

In past research by Ri@s al. (2008) other than the
reactivity and mode of metal uptake into the sotbgen

tof b I d th Lof C d the crystal size and morphology of the sorbents are
amount of bone meal used, the removal of LU 0COUITe jh6ptant to trigger its sorption properties. The

at this phase and reduced the concentration oftGhea crystalinity of bone meal is low but according to

end pf the experiment. i Hodsonet al. (2001) after bone meal is incinerated it
Figure 14 shows the concentration of Fe after the jycrease the crystallinity of bone meal. In whicse,

trea(;ment of ('jNIVID Wl'th l?tonehmeal. The con_centratlxbn as the crystalinity of bone meal increase, it wil$o

Fe decreased linearly after the treatment with boeal. increase the surface area, as more pores are akpose

The concentration dropped from 0.392 mg to 0.01 . . )
mg L where it almost reached a complete removal Of_because organic matter was removed and this wil

Fe metal in AMD. This result indicates that boneame 'NC¢f€as€ the metal i_mmobilizatiqn. In this expeniige
has a high efficiency in removing Fe with progreesi the bone meal was incinerated in furnace under G00

decreasing of Fe concentration for the rest of theUntil @ light grey powder is obtained. However, the
intervals. Evangelou (1955) stated *Fecan be iMmages of bone meal shown under SEM are not too

precipitated as Fe(Okl)at pH more than 3.5, a clear because itis in a powder form.

proportion of the dissolved Fe may be precipitated It is likely that the increase in surface area ohd
from the solution. The remaining Fe, thereforeikely meal was accompanied by an increase in the ciiydtall
to be dominated by Eé of bone structure, which is the porous structuréaies

i . (Hodsonet al., 2001). The removal of organic material
3.4. Removal Efficiency of Heavy Metals Using from the bone through the incineration during thie-p

BoneMeal treatment process allowed larger pores of the bone

Table 1 below shows the percentage of removal €xposed. The solubility of the bone meal, phosphate
efficiency of Fe, Zn and Mg at the final conceritatfor ~ mineral is low in water (Valsami-Jones al., 1998),
selected different size of bone meal. The highesioval  therefore it requires a longer period of time contar
efficiency is Fe with almost 99% of removal; theade  neutralization reaction to be more efficient. Inisth
removal is Mg average range from 50 to 20%. The experiment, the pH of the AMD during treatment is
other heavy metals, Al and Cu have less significantobserved at every 20 min time interval for 6 h 8adnin.
removal efficiency because at certain mesh sifallg As shown in this experiment, the grain size bone
below the detection limit. From the concentration o meal of 45 pym and 75 pm have shown the highest
each dominant heavy metals Mg, Fe, Zn, Al and Cucapability in rising up the pH up to 5 during the
(Jopony and Tongkul, 2009), there a significant neutralization process as compared to 150 pm dize o
reduction in respective metals concentration with bone meal used. This is because as said by
correspond of increasing metals removals followgd b Ahmaruzzaman (2011) decrease in particle size would
pH of AMD after the treatment. The trend of metals lead to increase in surface area. The finest sae c
removal in  this  experimental results are increase the pH of AMD higher compared to the other
Fe>Zn>Al>Cu>Mg. A rapid removal of Fe and Zn insthi size. During the neutralization process, removdiezvy
result shows that bone meal has the potential atal metals through adsorption mechanism may have taken
removal. However, the mechanisms of metal remoyal b place. However, it might not depend solely on apison
bone meal are complex and should be further exahiore =~ mechanism, precipitation of metal hydroxide migatvé
a better understanding. occurred as well. pH increased as the charge desélo
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on the surfaces of the adsorbent, therefore pH isbone meal are complex and should be further examine
important in the sorption or removal of the contaanits  for a better understanding.

(Rioset al., 2008). The formation and composition of the

sorbent was controlled by pH, chemical compositién 6. REFERENCES
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