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ABSTRACT

Struvite (MgNH,PO, - 6H,0) and hydroxyapatite (HAP, Ca;o(PO,4)s(OH),) precipitation in urine-separating toilets (NoMix
toilets) causes severe maintenance problems and also reduce the phosphate and calcium content. Application of urine
separating technique and extraction of by-products from human urine is a cost effective technique in waste water
treatment. In this study, we extract urine calcite from human urine by batch scale method, using urease producing
microbes to trigger the precipitation and calcite formation process. Extracted urine calcite (calcining at 800°C) is a
potential adsorbent for removal of heavy metal(loid)s like (Cd**, Cu**, Ni*', Pb*", Zn*" and As®") along with additional
leaching analysis of total nitrogen (T-N), phosphate (T-P) and chemical oxygen demand (COD). The transformations of
calcite during synthesis were confirm by characterization using XRD, SEM-EDAX and FT-IR techniques. In additional,
the phosphate leaching potential and adsorbate (nitrate) efficiency in aqueous solution was investigated using the calcined-
urine calcite. The results indicate that the calcite was effectively remove heavy metal(loid)s lead up to 96.8%. In addition,
the adsorption capacity (g.) of calcite was calculated and it was found to be 203.64 Pb, 110.96 Cd, 96.02 Zn, 104.2 As,
149.54 Cu and 162.68 Ni mg/g, respectively. Hence, we suggest that the calcite obtain from the human urine will be a
suitable absorbent for heavy metal(loid)s removal from aqueous solution.
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F 9 AEskE ARl ARgo] aTEE Ws 7RIt
(Colin et al., 2012). HZolle= o] 71& AH7lsd
S BAFOF HE F v oide FEA &A)
Zidol] #eE AF7E Wol o] FAAaL ok F2 A9
ol 82 22k Edo A F HxplY] FEAA) A
of W2 AAA FHe] B olfds 7 4 Urk(Sud
et al., 2008). Wet B Afolr= FADAEN F55
Aol AMg- 7Fseh F2F AP WRke = Qe fr2fe
urine calcite V&S Ao, 0|7l HIIES AE
| SHolA Aol Akde] e TS A
T e HoA =2 F8488 2=t

AR AFQ AXAL B (ME., 2010)] ==
20109% = B 2HYERS 46,189 mY/UE A 315
whgEke] oF 0.4%ol 3P}, Q1= (Human urine)e] 7+
4 A= Al WRECF urine-separating toilet(NoMix
toilet) system®] FQ43o] thFEal Ut} 29 S
B 4 2 AN), AP) € IYEHER <
3 skrAElde R Y Al AR olyAIZE 873l
T, 2012d% o]F siFFT] SA wE slAEd
o] FalgF S7F 2 AARR] QT SV AY=E sl A
gl F8Ao] Ak F7ksle FAlolth(Kim, 2007). @
thA B Aol A= NoMix toilet systems T3l 3=
g JIsE o]&slo] srAiE] Fob A B ASARI
H71E AHsE 9 7 e digtel #gk A7
BRI i\

ojFef] B ATolA] QoA EElE HEHS]
74 4SS B4 Ay FE FAELEE stuvite,
calcite, hydroxyapatite(HAP) 5°] &&A JAchUdert et
al.,, 2003). B3F o]2jgk IHEES 0|83 35 LH9EHE
9 T ofoF E49 AAC B3 A7t v Bard
B} ATH(Escher et al., 2006; Pronk et al., 2006).

Calcite®] T8 Fa< AA WAHAUFTL, Cd(1), Pb(l)
o 2 7} ol AA BEZQo] HauElom
(Yavuz et al., 2007), 555 AA T8 WAYSS &
I} 2tHEq. 1, 2).

CaCO; +Cd> — CdCO; + Ca®* (Eq. 1)
CaCO, +Pb* — PbCO, + Ca** (Eq. 2)
3k vAEEY 93t enzymatic urea hydrolysis

(ureolysis) /42 Ax=oll ZFE ureaS FHUole} FEE
Fher FATIAL pHETFE oF7IskH, S 743t
st IAEY BAEES S7H1E 4 Ath(Mobley and

Hausinger, 1989). ¥hg-2 Tha olefiell AAIE F2)(Eq.
3y ZTh(Udert et al., 2003).

NH,(CO)NH,+2H,0 — NH;+NH," + HCO;
(Eq. 3)

Urine calcite®] & Wkto g 118z} =5 4 ook=
o] A8 F FH Al8o] FhssiH, A5 HVIE, AR
T tHde EEROERE calcite §/0] o]HY AT
oA B3H u} JTHColfen and Antonietti, 1998; Lu
et al., 2005). 53] A calcited] S5 A|A A=
o] &g Z¢- S Rl wE 2A=H &
Aas 7 7IE 5 ok

£ dFdlMe 1o ARt ko 2H) QIaERE]
urine calcite®] 3|5~ 9 358 wjde] Eslsty 54
B, 3744 9GSK(TN, T-PE CODy} 535 AA a3t
Y 54E BT A7IRE ARSS) a2ollA A
S AR FFAY] calcined-urine calciteE ]85}
st T79 FE5 AA 7Fs8T AA B H =
sp3h B4 55 A7 olgst drAYEe A

[
A1 71E SF5 A vt ulZZM urine
calcite®] 7FsAdE
Ql AFE FaA I=E o83 AR H7 e AdeS
7S 71oE

=
%2
2

2.1. Urine calcite g 2 3|

B AFollA urine calcite?] FE]H0Z AMSEH Qe
Aol M AHIH ez AFEE NoMix toiletll A =58}
Hom, AFHE Alg= Hdl 10L 1A F7)12ERV)

of SLE FUst § A2elM 37 A% 3] AFTh
(Scheme 1). Z7] A urine calcite 3588 =°]
7] 3l caleite A £ FEEHE 7R dFE B
EokozRE ESINTE Urease 43S ERlshy| ¢18}
o EZE vAES 10mgLe phenol red’} F71E
stuart’s urea brothol] B3}l ¥R EZAog W=
Ao W} nAES Eelelial, HFFHCE  Pseudomonas
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Scheme. 1. Schematics of microcosm of batch experiment for
synthetization calcite induced by Pseudomonas sp. CN1.

Z =

sp. CN1 T8 Adste] A3do) ARSIt £ =2l
A AH&E Pseudomonas sp. = ol AT A
ureaseES A= Aoz RuEnl Jok(Stuart et al.,
1945). Pseudomonas sp. CN1= Luria Bertani(LB) broth
medium®] 24A]7F F<2F 30°C, 180 rpm 7oA H%k
gk & ugd smLs AFESIHoM, F71E gES =
ZHE urine calcites 3|57317] flgte] YAEEVIE ©]
831 6,000 rppmeollA] 2027 AAEE St EAl7)aL
Z5<r(deionized water)= 33] AlF ¥ —80°CollX =4
Azt Aol ARSIt

B

g

% COD HisHE4
Ol%xolA &3} urine calcite?] 5434 S=&-Ao]l
SHIES W, =2 F59 FA(TN; total nitrogen)2}
(T-P; total phosphorus)°] 8&2 4 o} 1 =5
IS midERH §EEE TN, T-Po A3 =
Tk pH Z21(1-9 el AAl siiet A7 Hol
M HCIZ 1M NaOHE ARg3}e] Zpzte] pHg 243)9]
T} Urine calcited]] F3=o] Sle Ao} Qe 548 =
Aol =S Wl gGA &&H] & F U719l urine
calcite 1gS 200mL2] 0.1 M NaOH &% Fo 3}
F- 247171 BRE REEAIZI Ao} Qle] 855 A=slA
ot ¥hgo] Ed 5 849 5 FHsle 045 um DE
2 oyt So thgt 22 o R GeFEtATH(Taleb
et al, 2008). T-N= Z&bY EaliyS o83l3lom, T-
P HPHEE FaAES o]8ste] BBt Urine
calcite®] 7P} =842] Total COD(mg/L) = H3}ol]
Hxe FEFs A4S 984 commercial calcite?} urine
calciteS deionized wateroll ZFZF 502} 200 mg/L T2
ZAst &4 100°Col A potassium  permanganate

(KMnO,)& ©|83+ cOD #2418 skt

22. & M=0| IE T-N,-P EE

F\o fot O b
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23. 535 MAH &8 "ot

B Ao urine calcite®} &E)yeaE AAEE vl
$s) AFEE commercial calcite= Sigma Aldrich
korea(Molumod ®Crystal Structures Pre-Assembled model
se)ZHE] Fajste] ARSSIATE &4 A - 9] urine
caleite®] 2, Feskd] 54 8 @rgas Sl
2 UL HelE 8R1sk7] 913t scanning
electron microscope image®} energy dispersive X-ray
spectroscopy(SEM-EDAX, SM-6400, JEOL, Tokyo, Japan)
E43} Xeray diffractometer(XRD, X’pert Powder, PA-
Nalytical, Netherlands) #2312 A8} T}.

QbA AF3E Tk BEO R yrine calcite 544 &
N3 F, WA £89) W) @FFS AL Bl
slol A9 WSk, Al AHGE L BERE HL
(As), 7F=H(Cd), 7-2](Cu), YA (Ni), F(Pb), ©}1(Zn)2-
2 % ol @EF% 450 tiste] AALBS A5
Som, Z+F NaAsO,, Cd(NOs), - 4H,0, CuCl,, NiSO, -
6H,0, Pb(NO;),, ZnCLE AFE-3ld 10,000 mg metal
(loid)s/Le] A7 £ (stock solution)S A X3k & TE
AL pFo T AFS A

Urine calcite®] @)sas AAS 17| $18t 63
E-(As, Cd, Cu, Ni, Pb, Zn)°l| g A&-S F3Ps}Hc).
EyEa5e 5% 22 100 mg metal(loid)s/L 7190
A AYE P2, urine calcite= 1 g/LE 7|52
2 Erlenmeyer flaskol] 2&-8 100 mL3} 0.1 g%
Folate] AAS BT @ yees AA 232 4
2(25+2°C)pPlA 7S ARSI 180 rpm 74
Ag=|Ron, Alg A= 1227 T 1.5mLE sk
QAELI7IE S8l 13,000 pmelld] 5E7 94 2e)gh 5
ImLe] 35T 2.5% AENS 1:42 N3 &
inductively coupled plasma-atomic emission spectrometry
(ICP-AES; Leeman Labs, Inc., Hudson, NH, USA)E
ARSI (FyEaEsd sEE BT

S urine calcite®] A|A ESL Hrlslr] Yshed
commercial calcites 912} &2 WHoz A3S zdYs)
At & AollA ARES urine calciteS 800°COlA] 62
F AAAA A A - T2 urine calcite®} commercial
calcite®] (F)easr AALTFS vlasith £ AN
AREE 7HA TR calcites ARLS B3l EjehoR
= (Fig. 1). 37 TFY calcite®] & )yeasr Al
A#e olgiel 2L 2] (Eq. 402 ARksle] vlwsic

q.=(Co— C./ m)V (Eq. 4)

=
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Fig. 1. (A) urine calcite, (B) calcined-urine calcite and (C) chemical calcite.

$e] Aol g (sorption capacity)= calcite g@ (F)o =
& AAFmgg), CoF Ca A7 Whe-gd9) 27| 5%
T 9 AHY & o FEE F=(mgl), m FolH
calcite®] Aa(g), 1= HF-&N2] Hu|(L)S Yehdt].

Urine calcite®] £33 T84 AATS golrr] $l5t
Z5% 4 FE(Cd, Cu, Pb, Znpl 3t AA AL
gttt YA AFEANISO, - 6H,0y= A &9
A] metal sulfate(MeSO,)e] FFHRS0] dojgo] we} &
3 AellMe UAS Aejsta AFS AA St &
g AARRL A4 FE5 55 S0mg/Ly S
A gl ARE-EIHO™, urine calcite2 100 mLYE 1 g/
LY Tt B3 T85 AlA A3 9dddy 2
o] (23 £2°CplM RIS ARE3Ie] 180 rpm =71
o7 1A S A7 3 ARE EAET T
Ao Z3zke] AlgoA 1.5 mLS AFHE & iR
E AREEY] 13,000 pm O 5EIF AR §F &
mLe] SN 2.5% HNOsENS 2831 247} 1:4
23 & [CP-AESE 53l £85It

E»—A

2.4. Urine calcite SM24

& AA & f2S 3551 urine calcited]] FE
Ak #e7] B TE5 S Aofske e &
Q18}7] $3lA fourier transform-infrared spectroscopy
(FT-IR, Spectrum GX, Perkin Elmer, California, USA)

g A4 ik,
3.&x ¢ nE

3.1. Urinel calcite 44 HIZ{L|&

UrineS ARE3} calcite®] 23439 HIAYUSLS urinedl| A
urea®] hydrolysis ZFgollA A= ammonium3}
bicarbonateol] 2J3l F-==, BAIE ammonium ©]-2]

olale] pH7} E7138HA Hal hydrolysis7} B9 & urine
Y olgzxe] HFS olFA Ht. o]y v T2
urease enzyme®ll 2J3] ZFFE™ enzyme©] °Fd urea
hydrolysise ¥i-¢- WR|$F Hxo] ¥he-dS BRItk Bl
H K Andrews et al., 1984). T] YoF7} urease positive
bacteriactoilet systemol] & EAshH B 2 U
of &3l EAskaL At A UiFel a=2exE fAl
ZlolE 4= 9]t} (Mobley and Hausinger, 1989).

£ AFolMe gt 1 EYelA 23 vAE F,
urease®] activity”} $5-3+ Pseudomonas sp. CN1 T
s Adete] F7|HA] F7FE HESAL urined
hydrolysis®] A§4S 53l calcited] S FAR F
wj S 3t AHS Al St A% bicarbonate
7} urine W 9 calcium ©]-&3} ¥FS3le] CaCO,&
B2l calciteS @3] sl Hrk. £ Aellxe o]
A3t HIAUSS Fsle] A calcites ARSI A7
< X3Pt

3.2. 221X o™ElE S8t TN, T-P ¥ COD & Xz
7=

A= fref wid, sigts 2 FIEAEE25Y FA U
o %= 7Is4°] = TN, T-P ¥ COD 59| 23} &
FEE FEEAN, 800°C 2ol WE 0¥ A7aEy} 4
S A oH, A= Fig 2(A)9t Fig. 2Bl 22
UERITE. TN, T-PE A FF4sle] a2l d%F
AR AARAH, HIE, ¥ F s 9 Lfdezy
B fElgo] o] A+ ArEelA v Bad ut 9l
TH(Logan and Taffs, 2013).

2 Aol A= o& pH (1904 U -2l
A2 RE 825 E TN, T-PY 552 z87F 2451300
AAAIZE B2t urine calcite® HF 3 & 88 Y] T-N

FEE 543 23 A4 A raw urine calcite®] T-N
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Fig. 2. Releasing of the (A) T-N and (B) T-P from the raw urine calcite and calcined urine calcite at different pH.

F%+ pH 1,
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10.2 mg/L7} &= Z2& 21 & & Aot AT
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Al T-Ne| AZSEA] FAY 433] 2
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A5 3] pH Wslol| WE wjEERE HA P FF
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25T B 50 mg raw urine calcite/L

/3 200 mg raw urine calcite/L
B 50 mg calcinated-urine calcite/L
20 1 C— 200 mg calcinated-urine calcite/L

COD (mg/L)

Time (hr)

Fig. 3. Effect of COD on the various concentration urine calcite
and calcined-urine calcite in aqueous solution.

B3k, 24 A -Fof| WE urine calcite®] A W Aks}
A BZY 85 =5 RIS H3) urine calcite®] %F
< 507 200 mg/LE Z}2} Z2A-slal AlRte] mE COD
FE W3S B4 tKFig. 3). AP A= Aol e
urine calcite®] COD = ZHAE3E Es RojEt).
E3] 200 mg/LE FYHE AgAHNA FHF HRSAI7HI

AR FEet 7] RS FEE Hlul s
HTHOR oF 50.1% ol A FAE A &
ATt ol2gk copel #FAE Tkl A W urine
calcite®] 24| ’\*éﬂlj/]% ARgEte] miEALE T Ay

;‘;

g 4 e 22k L) Oish S =Y 5 IS A
O o AtHT ]a?ﬂ' A= o)A Sasakl et al.

(2013)1A4 B3k 312042 decarbonation 2 Alidoust
et al. (20150014 B3t 1.20)x9] BIFAE Z7} Tl
o A W sk =49 855 E AR Aledrh
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Fig. 4. Maximum heavy metals adsorption capacity of raw
urine calcite, chemical calcite and calcinated urine calcite.

33. 335 MA

Urine calciteS AFE3I] (e 54 (As, Cd, Cu, Ni,
Pb, Znyll disted AARHES st A=, vla(As), 7}
ZH(Cd), 7-E](Cu), YANI), F(Pb), °}A(Zn) oM 2zt
7} 25.14, 180.26, 163.38, 38.62, 146.50, 192.89 mg
metal(loid)s/g2] AAFE JERIATH(Fig. 4). 1 F oA
X 7P ol AAEE FoE ERIHNCH Jf=H, T
g, 9, U, v o g 2o AlARS el =
3l urine calcite®] A|AEEL V37| 93+ commercial
calciteE AMSH (@)yeas AAYE 23 v&, 71=F,
T2, YA, |, ofdellA 22t 22,9, 19.6, 15.68, 30.36,
190.73, 186.59 mg metals/g®] #|AHH-S YERHATH

Commercial calcite®] ()54 AAEEFS urine

calcite9} Th2A] FollA 190 mg Pb/ge] AAFS = 713
& AAZS Ve ofd, YA, Hl&, 7i=H, T8
TOFE F2 AARES Bt ol A= HS A9
3 57N & )ads F=olA urine calcite’} commercial
calcitent} =& AAEES RoIFEY. 53] urine calcite
7} commercial calcited]] BI3}] 2]9} FR=HollA <F 9
Hl A= =& AAZS 7Y o5 E3) urine calcite
7} commercial calcitedl] HISI] & O] 0K &%
A7} 7Fsst vEe] 7l=F3 7S AASH £
o 78S JHA Ao Gt

IE3F urine calcitex]2] A] WAEE 22} 298 X3}
7] $J8A 443 A1Z] urine calciteS AMESIY] (&)
&£59] AAFS RIS A9 viA, 7l=H, e, YA,
W, obddlA ZHzZE 1042, 110.96, 149.54, 162.68,
203.64, 96.02 mg metal/gS YERNATE 24 E urine
calcite®] (Fyead AA A &, UA, 74, 7I=F,

33
HlZ, ofd 02 =2 AAES UERT ol &%A
7171 9] urine calcite?} 43F3] T2 AA HEFS g1
st 4= 9J=H, urine calcitedll X 7P =& A|ARE
Ellie old#t =& AARR] 7h=Fo AARe] A 7+
Adhet] Wiste] AAZE 2 JojuhA] | wlA, A, W
o] AAF] S7lhe Aom IRIFAL o5 T &
AAA1Z1 urine calcite®] AF8-2 urine calcite 2] A]

AE 5 Qe 22k LEE E92 EE HA, YA, P
Aol & o] &Y ASE dPddrt. o]yt Aol
oJgt T4 AAHS] Z7k= Wang et al.(2013)°] I3}
™ dolomite9} calcite] EFES 7] ZAZANNA
800°CZ Adek Ax} mesopores(20 - 40 nmy’} S718k=
AL SRl A 2571 FFAA S8k J3F
X, F= F7](pore size) B EHH(BET)°] 57}
She A7 #1199 Calcite?} dolomite E53HE-2] H]

i

o

olgfet A= el e wiHo] FEg FES 5
AHo=m Z/ME F U5ES BT B AFHE &
4 ¥ urine calcite®] F252] F7HE wet SE59
AAZo] F7I8I9E o= AlsH

Calcite= 72O ZCaCOE 7RIz FE2H o]v]
B2 AelA ol AR TS AA A7 SEsH
&AL glom, ol FHEMT opg} Fol/d H
291 aresnate(AsO,° )2} aresnite(AsO;> WA 1 22| W
A7t WA ARSEAL QUT) Caleiter}h o183 S35 Al
Aske WAYUSC 2= calcite 9] = Ca*'2} CO>
7} A9 27 o] (potential determining ions)O 2 317
™ (Zachara et al., 1993; Madsen, 2001), 27} %ol
Q FEEELS CO9} HkESl] A3l Hal S]]
FTEEES Ca'Y BHES P8t JHE B8 AA
=4 FkSeo et al., 2008).

o Yopt, o Fago] SAl =250 e 5
Ldge] AErreds ERIs] A l=FE, T, |,
oldo] &3t B3l @<l urine calcite, commercial
calcite, 2%3A17] urine calciteE *]2]3F A3, TS £H
9] calciteol] M|t A4S AIFIA] & urine calciteol]
A A FEE BT 7P =2 AAES et 1
Z T8¢ g AAZe] =4 e AS g1 &
Z AATHdata not shown). ©|2]3+ ZI}= SEM-EDAX
(Fig. 5Y5 8l 4714 S35 AA7L & olFo Ae
AL AT 7 AU}, AR A 7|3 urine calcite
o] TN, T-P 8% AFZHNA nitrate®} phosphate®] -&
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Fig. 5. SEM and EDAX images of (A) unexposed and (B) exposed calcined urine calcite to different type of heavy metal(loid)s (As, Cd,

Cu, Ni, Pb, and Zn) in aqueous solution.

o] urine calcite®] AA3xEe) QJaiA] TA|F] AT
AS 2l & 5 Uk

olgst Ayf= B Aol ARE3E urine calcite®] =
A W &% *2] Al nitrate?} phosphate®] 8=l 2|3}

e e

o] Rojolslel e 23 ede] Uolo] & 4= AR 1
L A AYE 53 vfE o3 fA] 23F L9 F

A3} 3 FA =2 TS AA BES VY
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A} Al &= nitratel} phosphate”| 212-2] A%
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Ao ALRETHWei et al., 2010).
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34. 535 MH &2

B AFo)A urine calciteol] &3t
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e} ofde] AATE urine calcitedllA] =A YERS =
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AA o] v2A Yehe Zlo= H]I ool vk}
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Table 1. Comparison of heavy metals adsorption capacity of urine calcite and with that of different calcium carbonate

Reference Materials Heavy metal (loid)s Adsorption capacity (mg/g)
This study Urine calcite As 25.14
Cd 180.26
Cu 163.38
Ni 38.62
Pb 146.50
Zn 192.89
Aziz et al. (2008) Limestone Cd 0.0155
Cu 0.0126
Ni 0.0165
Pb 0.0128
Zn 0.0130
Garcia-Sanchez and Calcite Cd 16.3
Alvarez-Ayuso. (2002) 7n 185
Cai et al. (2010) Amorphous calcium carbonate Pb 1028.21
Ni 5372
Shirvani et al. (2006) Palygorskite 1.0954
Sepiolite Cd 5.1797
Calcite 0.2631
Du et al. (2011) Aragonite Cd 501.304
Pb 656.824
Zn 0.5533
Calcite mollusk shells Cd 118.02
Pb 1591.296
Zn 0.5644

88 RS & F Ut o)+ calciteE: = 7‘1‘3101]
Hgsun & W, Ak o F4S TR0 5
o we} g F79 calcited] 280 Q3 ot
3t FTEEEC] AlA 7FsSt urine calciter W2 HLY
S5 Aol A80) s Aoz Are), £, o
55 AL ohleh 4 ST SGTE S
Aeetr] A%k FHRAEMS 2 AT =
Q15

3.5. SEM-EDAX

SEM image®} EDAX #241& 58] 2<l®d urine
calcite®] FE| ¥ UL FAEAE Fig. 5ol UERA
A} SEM image w427 = £ ATolA AME-E urine
calcite®] Fel= vIAAF] calcite &, 7F2] amorphous
calcium carbonate(ACC)7} FAFAUSS HAFTH(Fig.
5A). THHY HIEAE calcite] A3 o] Aol
Al F71El oS dtdor YPAHEThL gEA Utk
Wei et al.(2003)°] =™ magnesium, glutamic acid %
phosphate®} 22 &3 73| urine calcite F4Jol| 4

S it Bagk v Qo
i) ot FEEEI=E, T, |, ok 832 A%
o e Yirxs 9 ks _‘010}7] -.4‘8}0% EDAX #
s /‘1/\]& A3} urine calcite?] T8 AEo] C, O, P,
42 CaolH, o]t YAEL ojHd BHuE A7Ey}
~°ﬂ UC}EUi URFH O 2 urine®] FHREOIA FIE EA)
kAL o] #ld Bl AtHUdert et al., 2003). 55
E3tol] W2 ufEe] SEM image ¥ EDAX ZA¥E vl
AL ul, F5< AA T F4H caleite®] FHAA T
FI=g, T 2 ol 5 A A8H FE59] —\':?‘H%—

\_.

golslgion, o]gfdl A= A24% urine calciteS 3¢
Fa42) Fl ANNOE AT & g HolET)
(Fig. 5B)

3.6. XRD £4

QoA E—ﬂﬂ urine calcitesS ]%’3}04 ErEE5A
A AP A, T AEY XRD A4S AAET. Fig.
6a= raw urine calcite®] XRD F4AFHE HAFH,
Fig. 6bc @)ea3 W A7 39 calcined urine calcite
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Fig. 6. XRD patterns of (A) raw urine calcite, (B) heavy metal(loid)s (As, Cd, Cu, Ni, Pb, and Zn) unloaded and loaded calcined urine

calcite samples.
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Fig. 7. Influence of calcinations and heavy metals on the FT-IR
spectra of urine calcite.
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Cd 2 P} 22 F(@F)ws, WM 55 59 F
Z}C’ﬂ HoAgo] BiE vl Jth(Hong et al, 2002;
Alexandratos et al, 2007; Marsili et al, 2007). ¥FH
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