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EFFECT OF OH ,Cl~ AND CO32~ ON THE CONCENTRATION
OF DISSOLVED CADMIUM IN SANITARY LANDFILL LAYER
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Yutaka DOTE*,Nobutoshi TANAKA* and Keiichi KOYAMA *

ABSTRACT;The precipitation and complexation scheme of cadmium in sanitary landfill
layer is studied by investigating the reaction equilibrium among ca?*,on ,cl and C032_.
First, the scheme and equilibrium constants of the reactions among those species in
pure water was determined. From these experiments, it is found that not only Lhe
precipitaion reactions but also the complexation reactions should be taken into account
on estimating the total concentration of dissolved cadmium, [Cdt] and so a set of
equations are obtained for calculating [Cdt]. The equilibrium constants in this work
agree well with published. Secondly, the same reactions were observed in leachate,
which had been sampled form three sanitary landfill sites. The observed [Cdt] with
various concentrations of OH ,Cl and COaz_ are estimated compatively well by using

the set of equations above mentioned. Finally, based on these results, the variation

of [Cdt] and other dissolved species in various conditions of pH,Cl  and C03%  are
considered and so 1t is found that the minimum [Cdt] in the range of pH 7 to 11 1is
about 0.2 mg/1l.
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MV, ZOEDEHEOEEBMYIH L IE U TABCELBICHLU T, BEARICE - THREZESE
HeBEABBEDORAKED U FAEKOMTEE &1L T 5 %R 2K T & g0 E % g+ 5
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APRTH, HEROBWEZA 5 LTEELRR T THLUILFHNERTOLZEEGIKEAL., MoES
BEHBEUQBROARI VALK A, $EAFRIVALESTAINERELTRAAQOLOPZI DB N,
EPHIMICEWT—BIICEETB0H, CL7, COY %k, TabbllsIHICE W TIRABYOH K

L YPHABAEWT B L. CUTREIF, BHIKS S WIEBRME OB & ICIElK & #BE L LTI —
MENCHEE L. COy RAEBMOAMPBHIR T ORMEOBEMSIC LY ELRBELEH0T. ZhbE
EEEACOHEBICBVWTHEELTVWSLEALNINOTHD., ZNOIODLEMIC L TLBHEN

FIvh BRESLRTOBRFEBRARNITL) #E [Cd,] PEOHRLBEELY., EORRUVRILOBE
Bl EWLMTEIZILEENELE, TORHIC, AT YRBREBEL LT (LAMEA 4 238K
FWEE UEEBAREMKREES) SEERER, BREMEBERD, LERWRWICEBEAFI VL
WEERBTOXEERLE, 3K ZOBLLERDY, FZHOLERCHLINTWELIBOBHIKEE
WELUELELHATEADERILE, BRI, ZORICHETOTEHMO MW THE 3 h 5B &M
KHLT [Cd)] OFELICODWTERLE,

2. OH\Cl ., COy RETFTTORBHEA FIVLBEHBROH L

AR TRE PO WE ol /L Cﬁﬁﬁwm
LK
CREN. WOBMTREET ST CdCO 22 CaCom ¥ 22 cdicon, -
ke g, Ke K
WHW SR Dng/ LSRR L TRk Ca* T2 CAOH * T2 CO(OM): S CO(OHy ~ o CalOH): ™
v5. 4&1K c1w% o
;=‘- d(OH)CI Cd(OH, lid

2.1 RIEAX—h ko (1|,K|)‘ (02 (solic)

OH . Cl", Cog- RETFTTHEL CﬁClz Cd(OH)CI (solid)

Kis
TWBHRI UL, Cd* 44y cdcls -
b & A o K ‘

OMICZAD DA F e OELE CLLC(SL o Cav $20H- £ Cd(OH): (solid)

BPNZEBZSHDN, ARFI VLA

RUEOERTHEDTEORSEN o0, 2 oy ot cop .
wons, ezosw Cd® +COF +2= CdCO  (solid)

K,
Cd' +OH +Cl" === CAOHIC (solid)

WEETV, FESBRDDNERG Fig.1 Reaction scheme among cd?*,0H”,Cl” and CO,%"
EFig. LICART. WD (solid) LR LAEDDONUMT, K RERGICBT 2FK VM EY (stepwise
constants), Kg WBMERER. K, RMOBEERTH S,
2.2 GEEREBICOWT
EWEREHEIZHICAFERCIYERZNS. HHBRBOBSICRERaOD A4V EE (M 1%L
W, BHAEL RBEENABRE LI RLAN, ZOTARERTOVPRANTERSINSGTEREZK y TH 5.
y=a(M)/ (M] (1)
DEYNMBENS LHERERETHEDICRERFKE MO DENRH 5. Guggenheinic kd &' A4
VMBI LA EEMOERGH 1, ORI, EAMOTRIKEZ, &35 & 1<0. 1 TUF OWESKY 3L
2,

log v y=-0. BZ2/T /(1+4T) (2)
ZZTAKAVBEBEERORICEHI NG,
I=0. 622 (M) (3)

(Z BETOMERMICONVWTITD)
EZATRULKDAAVIMBEICODOWTRITBESNZHR 20N, BB R0 MRiMZNOEE ALY
WAICEWELKOBELELLND, WADA A VHIER.TEE 20T, BILADAF VilERL.0
FTOMBEZALEFHTH D, R (2) BAXVHEN U ECHENELOTARAEL 2oL
WIERES-I #R (2) OHLCMDSB, UL, NS5 A~ IS ICRKERERDS 2 <. TOERA
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ZEINEDDHLDTHE., LIHTRIBKRSUERDOILEHIOSHEENTVEED., EDLIRNS
A—HEBRLKICOVWTEDSZERERTHY. R (2) 2I>0.1THAVE, 4BETRRL L DI,
TOHRBONEREEBIEXRBE KEZTRL, [>0.10BETLR (2) THEBMULTHHBEIZEDLS
BWEBITEWN,
2.3 RMERW
ZZTREEBRDEHEETT. REBUBA A VB ECHEOBROEE RN REN 2 WY BT 5,
Cd-OH-Cl A D EWR LK DOMRICET 5.
Cd* +mOH +nC1 =2Cd(OH) ,C12™™ (4)
ZORHEERE —MiCgross constantsEIEIEh B 8 TEHT .
Bm=a(Cd(OH),Cl,)/(a(Cd)a(OH)"a(CIH™)  (5)
LZATHEBICPHA - Z-THETSDRa(OH) TiraalH) ¢HY, alOH) La(H) DIEICIE
a(OH)=Ky/a(H) (K=10""*(ko44+>#) ) (6)
DHEENHBDT, a(OH) DhbYica(H) EAVWTR (5) 2 HEMAS,
B Ky=a(Cd(OH),Cl,)a(H)"/(a(Cd)a(CL)™) (7)
ZORDELODELERTHEDT, AHTIhiB,, LT
B wn=a(Cd(OH),Cl,)a(H)"/(a(Cd)a(Cl)™) (8)
LEHET B, Cd(CO,)  SEBDOREBWEMITRNTREHEIND,

B ca=a(Cd(CO,) )/ (a(Cd)a(COx)™) (9)
Cd(OH),,Cd(OH)C1 ,CdCO, RO M IEREMKs, Ksy K5y &
Kg,=a(Cd)/a(H)*® (10)
Ks,=a(Cd)a(Cl)/a(H) (11)
Kss=a(Cd) (COy) (12)
LEHFEESNG, RMOMMEREZAEN
K, =a(HCOy)a(H)/a(H,CO,) (13)
K,,=a(COy)a(H)/a(HCO,) (14)

LEFEIND, KIS, BROPOLVIKHTEELH VTR UAEGHER( ™ 24T TR E LB OHER
ERWETREEREOBGEUTIORT, BHZ 2RI 2 BOERGRREy, (EELI=IZ]) T35,

~ _[Cd(OH),Cl,] [HI™ 7vp(v ) By

Bm="""10a] [C11" T o (15
~  [Cd(CO»,]  (ry)™ Bia

Fon=0aT 000 == 7o (16)
Rg,= [Ca) / [H] *=Kg,/ 7, (17)
Reo=[Cd] [Cl] / [H] =Kgp/(7,74) (18)
Rge= [Cd] [CO,] =Kep/ (7 4,)° (19)
Roi= [HCO,) [H] / [HyCOQl = v Koy /7, (20)
R,,= [CO,) [H] / [HCOQ] =v Ky / 75 (21)

Z2Z2C. PHA—RTWELTWE O [H] Tidaca(H) THH0T [H =a(H) L LE., BREICEER
EDWT#RS, PHERLEE QBRI EROEHEFEY IO,

AlogK/AT=0H/ (2. 303RT?) (22)
22 TKIGEEEY. TWHAERE, AHRT VAV —, RIEKRERTH S, AP TRIECOVEEN %
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B LR IKE YV EWERDOREMERITo L. 2B AH EXERL3, 14,150 HEHWE, TOBX
BREX2VWEDICDOWTIFAH=0, L .,
2.4 2BEARIVLBEHER
CdBtkA 4> DEE [Cd] BR(17),(18),(19) CHHIASZHEDIBRENEVWBLDTH S,
[cd] =min [Ry, [H] ® ,Rs, (H) / [CL] ,Rg,/ [COs1 1 (23)
FEAMEOBEER(15), (16)ICEVHETES, MOGBLEMT S [Cl1] , [CO,) WMewirilsii

E [Cl,] ,2EBRHFBE C] KHATHEH TR NEVWEER2BL, [C1] ,Cl 1

[C1,] = [Cl] +Z2n [Cd(OH),C1L,] (24)
[C,] = [H,CO,) + [HCO,] + [CO,) +Em [Cd(CO,),] (25)

L#FB, Z22¢ [C,] £IC (Inorganic carbon mg/l) L DEICI
(C,1=I1C/12/1000 (28)

DEGEFHS., BRECLBEHIRIVLBEE [Cd,] 2HETHIRDPUTORICET S,

[Cd,] = [Cd] +Z% [Cd(OH),C1,] +Z [Cd(CO,),]

= [Cd] (14258, [C11 ™ [H] ™+Z8, [CO.1 ™ (27)

HLAAVIE  BESEVLTOREERAEEY [CL,] , [C] ,pHEENTBZLATELE, KD
FIET [Cd,] HHETEZ., RE2)EHOTHEWHELEEEHERR A A VRENSK (2) Tt
FNOBEREBERALT, RUS~QHOB2RICEY “HERHEREIET S, KICRNUT) kY3
Bahd [Cd]l &, X(18),(2) 2 MU B TCiIBEEINS [Cd] . K(19),(25) &M ETIESH
%5 [Cd] O>BBELEOMEVWED%E [Cd] 2 L. R(15)~(26)ICfKAL T [Cd(OH),Cl,]
[Cd(COy),] » [ClLT , [H,CO51 , [HCO,] , [CO,] MskE 2. LALTH#HE [Cd] , [CL) , [CO4)
ERVWTR@N &Y [Cd,] OEABONS, RBRAOHMEERIKROMEMWES .

K, =4. 4Tx107"" |, K,;=5. 01x107"!
2.5 AFVREOHH [ore=10]

AAVREIE R (3)
IKRUEEY ., BEMICH

Calculating the concentration of

HTHhHrILFMERLLT individual chemical species

DBEHFELTWBILZRICS

WTHELRThiER bR Inew=0.5{ (HCO,]+4[CO;1+(CL]+4{cCd]
+LE212{CA(OH)mCln)+L232[CA(CO;)m]}+10

W, fiKRICENTIE, B {where 2i=2-m-n , Z3§=2-2m)

FLTWBLTOEROD

BEX*HBZLHNTEZD

TAAVHMERHETSZ

JIotd-Inew|/Inews0.00% Iold=Inew

ERTED, A VHMED
fHeo70-Fv—-b %
Fig. 21cm¥. 22Tl
ik [Cd,] :*HEBEITZERE
THEShHLEEERY
EAZVHBET, BYBEL

lo:base ionic strength except variable species,such as (HCO,], in

Eomier LTtefEb pure water solvent system,Io=0.5{(H]+[OH]+[Na]) or in leachate
solvent system,I0=0.5([HJ+{OH]+(Na]+[K]}+d[Mg)+4[Cal}
Nd, thHFig. 21CHF

HTRLUE Fig.2 Flow chart for the calculation of ionic strength I

BHAKENWEZERTE., BELTVLIETOLEHOREERHEZLFH LY, —BICELAKPRICE
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BELHFEEL TSN K Mg ,Ca® . ClUU DS AHEDILEHOFERRBATHELBbhDT. Hl
WIEB TR DB AR AEAVEEROBEDI, . CI R INSAAEOBS EMATRDHZZ &
KUk,

3. ERGL

(A) LM OFEE TN

AWRTHVAEUGERIE. WARAMIO7 7 Y VEOMNETALL OBEMETIEL AL R, HiZAR
AR =5—EAVEN., FTOEGEREINBL RNk, BEBMH LR MEN, 18~38C O@UTIC
Hol.

SR, AV R HKS00mLE 22 BIAK GROAMKO. 45XV TS YT LNE—HOTHIESEL
= 3M) 400mlLicNaCl ,CdCl, ,Na,CO, R ERBMEEFHEDOBEL L, & 5ICPHIE % 2M DNaOH %
RHCI OHEMICE Yo, $ETFHEROBKEN SDEHICRTLETOKEE. 2HBTHLTH-
=

MAKRKBVTUTO3IHMBEOER /T 1=

E] -1 : Cd-OH 844k D @ 3 & Cd (OH) , LB O B IR EBUE I % 5k o 5 R
HERI-2 : Cd-OH-Cl Gk D EHE B & Cd(OH)CL LMD EMERUEI & R D 5 ER
SR 1-3 : Cd-CO, itk D PRI & CACO, Tl O ¥ B HUE B % R 5 KR

FEBHAERVEZRIITE, BEE LT3y FiOMYHA,B,Cro0REKEHVE,

S - 53R A Table 1 Experimental conditions of pH,
FHALDKREILDWTIL. 2 (A) TlRB, [Cle] and 1C

It

(B) pH, [CL,] IC O RUN No. pH [Clt])(mg/1)[IC(mg/1)
LRI, IITCOPH, [Cl,] ,ICOEE@E%Table 1 IR 1-1 [7.9~13.1 6~295 ==
. 1-2 |7.7~13.3] 306~70800 -—
T ERFUGEEBROBHEREMNILZED EROKRICRS, 1-3 5.0~13.2| 13~20100 | 56~475
# L5, 3~8. TN %) o1 I-A |5.3~12.4|2150~6270 19~466
PHIZHNIHT 135, 3-8 1&0)#&.:,?9:)56 [Cl] i I-B |[5.5~12.4| 877~25800 | 17~471
LIS TC846~5700mg/LE WOHE T AHD. ROHEEN I-C |5.8~12.6| 727~23500 | 74~507
< 72 % 0 VK AN SR TN HR B T I T . MKk O ~7T:not measured
Table 2 Analyti 1 it a
[CL,] 1#520000ng/lE EHNT DT HWIFHTIL. eSS e
HE30000mg/ | FBEICRB LEbNOS, ICKREH AEEI% , Item method
BunsenDULIR{E¥O0. 88%') ,pH 7 £ LTI B ¥ 5 L 1020mg/L &4 |PH  |Electronic pH meter
; bustion-infrared
B8, AEREHTRICOMBEE00m/LETUMRY (LALE |T 7 |nethoa ot
%@iﬂl:\zﬂgﬁ‘“Dmﬁkﬂ?J(qJ@ICLi:@mEﬁV‘]‘Cﬁ)O7;‘.) o cl ::iiggygg) thiocyanate
(C) ¥ F (UV;20, |Spectrophotometry witr
N B " DVara |Spectrophotonetsy vith
ﬁ*ﬁ'?‘i(ﬁ%'fable 2 L_TRT. %5&1 Jl@ﬁJ’fﬁ‘EE‘ipH, [Cd[] ' EC Conduct meter
[Ct,] ,ICT. #HOWMALIUTOELY THS. BOD | Azide modification %)
[Cd,} +H RIULRBHICHRYRET 5D TROIHE(15000 |Sulfrde Tatrinetric(iodine)
rpm, 10min) . 15ml£HL6N HCL Smlz X %, kGt |Kjelaanl method i1 |
ICHOHMBHS Y Y YV THMLE, NH.T-N |Phenate method %
1 hot t
[Cl,) :No.5COAMTHBLESKENHTLE, rﬁgrv&ﬁz%%§§§r—~
ERTHWBERAICDWTIE., ICHICY Y TNV EBRE T Yy |metals |spectrophotometry

TICHOMUED R 2, EODMER. 0.4 AV TS 74 NE—TCHESRLEBBESH L.
SBOFABE LTOEBYHBEIME-BERBEEAVWE (BEKALODVWTREBYIREGTDR
Mholz) .

4. HRLER

4.1 MAKRORER
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(A) #RRI-1 (K [Cl,] BIEOHE) BIUTERI-2 (& [Cl,] HEOHE) DHRE

CO5™ WAL L2 W 3 T T 4 x —
BEDRBROTME _ | 0100160 %5 v o
%{‘iﬂloiﬁgoyﬂaoy ?‘ pH /O 3 5333:8380? ﬁ\

E 1L Q:7~s g}gb -
B4O|K51 yﬁ()erogr 4 A9~10 5 ] ~ 2k
- XA o
BogsBosr By 1 Ksa et oL E
o o A T a
THBEN, BASWE 3 N7 . o H o 11~ ‘g‘%
0 XAy 110~1 -
pZNBOTHER ~ -1 Gh siiiciz o
H - &) | -
¥ ECHERT IO ¢ T 50
= e A Bl
WM THDEH, 22T -2 -1 0 1 2 3 S (Cle}mg/ L prpyireTr
! o log{Cdtleal (mg/l) -TF a0 e e |
[Cl‘] AHE Fig.3 Comparison of observed 2 1 | soloo- ooool v i ¢
I-1) T {Cdt] with calculated -

(X8 ) in iowvéoncentrgtion -2 -1 0 1 2 3 4

B,o~Ks, ¥ TRHEHR of [Clt] (RUN I-1) log(Cdtlcal (mg/1)
U, TONEEREHAWT [CL,] PEVWREE . :
Fig.4 Comparison of observed

(EBMI-2) TBy~Ksp BBEHRL. TAHOMEM VT (Cdt] with calculated
BTB o~Ksy BRIUET &0 D BRIC U TR B2 BN E BT contentration
THETHYBELEREEIToE, BB OVWTRLEBEIF
IVLAMEOENEL 2ETRALEHELHEICEL 5 T ] I I T I
B HRMO KB D ~RPFOTSRNE 2D & AR grgm = et

- o ~5000 }5000~50 -
Sic. BEiE (Sinplexit™ ) %AV TRERE o 5°°<§° i
-3 | A
Whekdiz, 2DOEEETable3 DEMWMICTRT. ~ gl-e-1i70 & % |
e 11~14] ©
ERI-1, K01 -2 OENE L BB LK > &5 ©
Fig. 3,4 CRTA, SlMEIBMEAv—% 2 8 .
ERLTWS, RBEROSK k. Sk % . / o?=0.110 |
HEMOMBEO_REEEL I LTHLERATE g
© Q
HBE2HhDH, T ol [HJ/‘;&“ 1C1200-500 nq/l A
3 - 9 " [C1t [(ma7 1]
o'=Jd/ (F— 28 (30) A 5005000 | 5000~50000
, 5-7 v
TEBERET-oEHKR. [Cd(OH),] , -1 & 7-31 [y A ]
[

[CdCl,] , [CA(OH)CL] & [Cd,] iKHnRT ) vr | Jjcx v
EHWICHILERTEE, -2 -1 0 1 2 3 4 5

(B) ZERMI-3 DR (COT REHELTVS logf{Cdtlcal {mg/l)

e Fig.5 Comparison of observed [Cdt]
with calculated for Cd-OH-Cl-COj;

COy WEHLTVAPAIC DV THIETRS system in pure water (RUN I-3)

EEEBEH VT B 1Bp 1B 1 Keg KOWTHREIToE. TOMEETable3DEBMICTET., ERI
~3DEPHE HBEMOLLB EFig. SICRTA, HMMEHBHEIRV—HERLTWVS, RBEHBOKR.
Cd(COy) ,,Cd(CO,) SENEB T E TCACO, AN BN FEHETHLEATRWIEN Do 2,

(C) MiKARDERDE L ®
UEDHENSHAKRDOIIGAF — LG BKENICFig. 6h5s, $2HOAEREEROML THRE %
Table3ICRY (MAULEAH OEVIHT) . BagrBe 1Ksg 1Ksa KOWT2HBIEOENH B, Db
DIED2OVTHFE-BLTNS, BN EVWETHEIEDICHBERENDTFE T L2, =8, Kgy o

Koy DHIEMIZ D FERE L 2 XREIZEY,
4.2 MKHRTHELBEI NI VLBEHEROGLANOBAE
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(A) BilikKkE CdCO; (solid)

HRITHOERLAOKEE W0 Relstion of K viih B
Tabled ISR Y. HSTMARMRMEK 1)k, Ke Ko Baa=Kae s
. . . Cd¥ === CdOH ' == Cd(QH)s == Cd(OH): T
AMZ AWM, B, CREEL Tk il i Bs0=Ks-Ks+Kx
BUIHTH B, BUKAIL. Bic CICL = CIOHICl  CdOH) (solid) Bor=Ko
+ . “,Ku (sold) Baz=Ka-Kis
AT TOC, BOD, NHy-N# 47 <. cdCh Bas=1Is-Ki+ Kis
CLU"#B,CIRIERTE . Btk c@?ﬁ- Bei =K.
Bif. A,CIE~TTOC. BOD, Cav +20H s caom)  (solia)
K,-N. NH{-N. Ca & v, &Ik Ksz
2r ~ - .
Cit. BiCkH~TTOC, BOD #ME < T Cd* +OH" +CI" == CAOH)CL  (solid)
H:COs T2== HCOy =2 CO; o K
ALABRKETHLN. K;-N Cd¥ +CO" =222 CdCOs  (solid)

N WNAICHA v, - _
i, MAICHATHY Fig. 6 Scheme of main reaction among Cd2+,OH ,CL

and CO3;2?” ,obtained in this work
Table 3 Comparison of equilibrium constants
by this work with those of

Titeratures (2536) used in this work

Table 4 Characteristics of leachates

} A B c
This work|Literature|AH(kcal/mol) Beginning year
log Bi0| -10.44 -10.1 * 13.3  * of landfill | 1984 | 1979 | 1978
log B20| -20.90 -20.3 * 26.7 * Date 11/5/85|6/4/8616/29/86
log B30| -33.97 -31.7 * 40.0 * pH 173 475‘7’ 1731
UVaso . . .
log Bo1 2.24 1.98 * 0.3 * Waze 2270 109 | 3er
log Bo2 3.26 2.6 * 0.9 * EC (@s/m)| 7.92 | 7.75 | 3.86
log Bo3 2.94 2.4 * 2.4 * 1c (mg/1) 198 245 416
log Bcl 6.38 4,02 ** 0 *k TOC (mg/1) 183 6500 178
BOD {mg/1) 84 5800 14
log Ksi| 14.31 13.65 *{ -22.6 * & tmm| 2210 | ee1 | 98
log Ks2 2.49 3.51%%%| 13,3 *ax NN (mg/L) | 8.25 | 252 129
log Ks3| -12.07 -13.74 * 0 * K3-N  (mg/1)| 11.8 279 137
*:literature 15), **:literarure 14) Sulfide(mg/1)| ~--= | <0.5 | <0.5
#x%:1iterature 13) cd (mg/1)| <0.01 [<0.01 | <0.01
(B) ZRII-ADHE ; Na (mg/L)| 731 | 884 384
K (mg/1) 220 236 | 80.5
BHAKAICCACL, Na,CO; & INL CTNaOH % 7=13HC! Ca (mg/1) 97 | s09 | s8i.s
B . " . Mg (mg/1) 197 180 72,9
THHEPEB L TIT o EEROENE L HBEBOLB £2Fig. 7 Fe (mg/1)| --- | 124 | o.85
X . X Mn {mg/1) --- 31.9 3.57
ICRT. ZhiaRBEPHRTEIYVDEL LB LHEBOEN Zn (mg/1}| --- | 0.62 | o0.16
Cu (mg/1) --- | 0.01 0.03

HWEE YDA RBHANHH. BHELTREBEHAKTD T imot measurea
HRIULUADIBA T DRBIEPKEILHOWRMNET, THLEANDHARIVLDREFEIHEZLEZR
bhb,

(C) ERII-BORR

BUKBICNaCl ,CdCl, ,Na,CO, %M UNaOH £ =\ 3HC! TPrHPE¥E L TiT-o 2RO LN HEL
HEWDOLE%Fig. 8ICRT. pHNTUETOLZATHEMEY BEWPEDIED FPRDKE L 25 MM
%5,

(D) EMII-COWEH

BWKCICNaCl ,CdCl, ,Na,CO, %% UNaOH $ = 3HC! TPrH#EE % L TIT-o EEROENME L
HEEOLEEFig. 9ICRT. PH>T CHRITEMRE EUEGHBEH—BL TVwa N, pHT T ENED S
AHEBEYVDAEL LDHEICH B,

(BE) 2BB#AFITLABEOIEROR LKA DHEH M

HRIIOFER LY. fikRTELOE [Cd,] HERIBHKERELLTHAWERSGD (Cd,] 0%
DM EEARETZZLNTES, LALBAWIC (Cd,] OENELFBELOMICBEEND Y., BH
KATIRARIVLUAOHA A Y QKBS REEAOH NI T LORE. BHIKB, CTIRMKER
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DABEAZASH., FEERLEOBWBEE UTELDBICLPEBOENER2ITITDAEDN, HB0iEA 4
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