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ABSTRACT

Alkalinity and total carbon contents were measured by acid neutralizing titration (ANT), back titration (BT), gravitational
weighing (GW), non-dispersive infrared-total carbon (NDIR-TC) methods for assessing precision and accuracy of
akalinity and total carbon concentration in CO.-rich water. Artificial CO,-rich water(ACW: pH 6.3, dkdinity 68.8 meg/L,
HCO5™ 2,235 mg/L) was used for comparing the measurements. When akalinity measured in O hr, percent errors of all
measurement were 0~12% and coefficient of variation were less than 4%. As the result of post-hoc anadysis after repeated
measure analysis of variance (RM-AMOVA), the differences between the pair of methods were not significant (within
confidence leve of 95%), which indicates that the alkainity measured by any method could be accurate and precise when
it measured just in time of sampling. In addition, alkalinity measured by ANT and NDIR-TC were not change after 24 and
48 hours open to atmosphere, which can be explained by conservative nature of alkdinity athough CO, degas from ACW.
On the other hand, akalinity measured by BT and GW increased after 24 and 48 hours open to atmosphere, which was
caused by relatively high concentration of measured total carbon and increasing pH. The comparison between
geochemical modeling of CO, degassing and observed data showed that pH of observed ACW was higher than calculated
pH. This can be happen when degassed CO, does not come out from the solution and/or exist in solution as CO,, bubble.
In that case, CO, bubble doesn't affect the pH and akalinity. Thus akalinity measured by ANT and NDIR-TC could not
detect the CO, bubble athough measured akalinity was similar to the caculated dkalinity. Moreover, total carbon
measured by ANT and NDIR-TC could be underestimated. Consequently, it is necessary to compare the akalinity and
total carbon data from various kind of methods and interpret very carefully. This study provide technica information of
measurement of dissolve CO, from CO,-rich water which could be natura anaogue of geologic sequestration of CO..

Key words : Geologic storage of CO,, CO,-rich water, Alkalinity, Tota carbon, CO, degassing
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o). Blre} Zo] COp} RN degassing)=le 7§ 7 374 el saels
COZ WINZ ¥ 7} 24 e Hgslgich 7 A% A28 A9 NDIRTC WHOR 24
CO2) Bl iglo) QAT e fxekal ik ol dalme] mEAH 7118 AnE s
AP} DA RN 78 Qlelut 71K A0 Uekth 99 & ga e ] Zhsie] erzt
Fole A oF 50%e] CO7t B8 Row BAHUT. JAPEY APoRnE 75 S Foldl ol
% Bk guol o el wisled Bl ST, Co, 1T BHY @ A%, S48 F uk 9 33
Q) pHETE S5 pH7L 7] WEolch, ol ACWe] 2RE 00, 71%e] ekos Azt Co, Bl o8
A CO, 71T pHE WA Rala wielns] 9FE FAE o] W] 25} 24w NDIRTC 24l
£ BAEA) AR GA4 AR Agele] & BB BAT 49ole SAgel EahE. mep Bkl
QgelE B F wie] 243 A A 37 e %
5 RESE Zlo] Baslth, o) Ae] Fiks YIS Ak CO, AR

2 A [e}
CO, ATA A7l &82 45 27154 ¥ CO, 7I1Ee] &3S e
gAY CO2l AT 713} Co, A7 &% H7lel 58
M A F GAaE ggeial AfsiAl SAsh] AT e e

FHO : oPsiga XA, Bk, dAeE, F 94, CO, B7)

LM 2

g2 HalAe A2dslel gi-s3tr] g T4 AR
o] x=¥o] 7143 Har JTHUNFCCC, 2007; IEA,
2008). 1Efu AlHA] o= R S7HE Ao= o
=, ol 7k k> COo, AeAgY 22 &
A7k Az i e] whdoe] AlFsitt. IPCC(Intergovern-
mental Panel on Climate Changey= 20503 A4 &4
7 3 B F 19% AEE CCY(carbon capture and
storage) 7Ie=o] FEE F AUS FOFE dS3AH(IPCC,
2005). ololl W} COo, AFAFol| #Agt A7} i lA
o= sk F3EaL o (FI7IE €], 2005; IPCC,
2005; AFF - A=, 2008; WY 9], 2009; NETL,
2009), o] Zol|lA] EAE(CO,rich water)oll tigh AF3-f-
AHnaturdl analogue) 17+9] H ool AV|FEI Ut
(Baines and Worden, 2004; Pearce, 2006; Pauwels et
a., 2007, Koh et a. 2008; Pruess, 2008; Choi et
d., 2009). CO, gHgo] & kel tigh A7+ CO,
AFATE AtollA] T2 22 F840] Uk A WA,
e AldF ez WAt Coyt Aslgol| &= o
& 7IzF AR 9} vkt A5 o g2 COo, A
AL Al FUE COR AT AsS ofalsk=t
Tl "ok AFol| U cort At A wiA]
oko] W3S Fste] d9%] AdEe 3 Al
1,000 ZAE 107Rd oPde] ARRE FEolA ofafEofok
Sth(H WY 9 2009, Gaus e d., 2005, Xu et 4.,
2005; Pearce, 2006). ©|&i3t Wal= 27} B2 & 4
glomg FU" CO AT AsS AFF o=
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ol3lsle= dlolle gkl uldt Ad-fAF A7t 1188}
o ol2d CO, ATAF Al FAUW AF e 79
2 AR dlE Wl 853l Co, HIlE TUEge s
A Az FYE Co2 3R B¥XE olslst=d] =20

2 5 gk ER Bl AR AR @ S99
Qe CO, AFARY AT PR WFFHw B
o= volElZ 349 gl T A TS G

CO, ATAEY YA AARH 9 A5 XYY A
2F 7o) o]8= F Ut FYE Cox FH BirE
Bol] & 2 g SRR, COo, FY FA AA A
FHol| Eikre] A i) ulg- FQsith meba] '@
2re] 7193 ARl tig A15E DBS) sk Ao]
dgsh, 79 BA A Al 'k BEE WY HE
slojol 3t} o]#i3t DBOlE B4R W CO2l 71%i9]
SPiteEol o HAEH A=A (Rose and Davisson,
1996), EZ ko] G (Chiodini et a., 1999)° ZY-E
7198ke Ao} fael B MT BT gk B3
o] A7 (Evans et a., 2004; Choi et al., 2005) 5l
T F8FFQ] sfjao] E3E|ofof gt} ofefgh A ¢
A AR Y A ZUER A, Alg, Al b
GF=Jolof gt

el ool Bl AN oFF] et o)
oARA] ke Ao HRlth B =RdAe giE A
AR A slellA] thEEe] Coyt AE ] e A
sirEA, AR pHZL Sl 8 o] 3Fo]| Fom
AfFhol = COR B2 sk AslE A8t
T2 32t Pearce(2006)0 2l5tH galE W) CO, 7]
AL ME)A2] ) (mantle degassing), 3}:F%(volcanic
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activity), E2 2] & (therma metabolism of limestone)
o7 FREIIGAT S olYg TRk A Pl o
g} FIAZ BFSIATE 94 eAEEE 92 ek (CO,-
fich spring) =4 W5 Aslrolut By 23 o=
Birrt AEEe A998 FuE aie
(discharge) == 73-7-oltt. o]=lgt 74 3
ek BEal glomH, -8
7} 7] R 2Eet W B84 @o) olgsion F
ol IFTPIK] Ao EA 1 TR} EolA|aL
At} F WAls 7793 (dry CO, gas vent = geyser)
o] FH= gt BEHT Agoltt olelgt Bee @
2HE] EE 23 Aol VR, ek Ak
Al 25 B GeErislel oJgh 4] wiskel = T
A, HA|e} 7|APe] FEEHE Alo|E Qlet CO2
D7Vt FTIAcR oy ARl E75S ofFH
X B-Z31}(Pruess, 2008; Evans et d., 2004). Al HA|
= AFEY 540z I8t Ast Cco, A% 727}
TS AT COyt AET AR AR fryolx] B
=31 uh(Chiodini et a., 1999; Pauwels et &., 2007).

TESE e whked, PR sk A, A
FAs2A WAk H7)E vlgA] s 8] A8)st
A8, AN S99A, IEFAL, Aslsr 2dly
ol ATEATHFFE 9 2000, & 9 2000,
Brugger et a., 2005). Bk A7te] S CO2
7195} A8k kg, gk sl FEEQ gt
T AelM 71 71E2Folal Fagh el 8 B
0]2%(H,CO,, HCOs, CO )2 ¢4EI= S %, &%
AMx SHE pHel 255 HIHEAE 2S didst] +
Sith ¢ s HYY Faole BEEE ke
Fgoio] FEog Hojdrt ol 58 Yo Fhol
I HspHo] gt ofike] AR o R Holur= &t
), BEA dole] dRitolx B Sole st
= Wl gho g FoE7|= Sk 1).

= 2

fe=]
=
T

-

Total alkalinity (eq/L) =Zequivalent cation —Zequivalent anion
= (HCO3) +2(CO5™) + (B (OH)y) + (H3S0,) + (HS) +
(organicacid) + (OH") — (H")

BE o]go] olg} pH, redox
A7 gk 4l oA

fr

Aol M

244 o

LF(HCOs, COH)S Al wxrt ¥4 &) &

ol % % QREE o] F olege) FEHeR At
=, o] gie =l Stk 2).
Carbonate alkalinity (eq/ L) = (HCO;5) + 2 (CO5%)
¢l 2
i s AR Ahs Folste] g o]

250] BT FAPIE HA] &= Bkl (H,CO0 2 ¥
s pHEEAYHA A8 B3t Fekad], &

HENS =57) wEo]] Aukl A=) AlgAlF,
2, 3 Tl CO2l 839t gvel o3 ¢AE=rt
H3}e1A] oF=tH(Drever, 1997). 5, pH7l &2 A8k
AEE AHFT A5 "7l T2 Coyt AlFel &3l €
ke, olw 83lE Coxe slg]slo] 4 oled F
O} (HCO; )0l TFEoXItt. wehr] 2] 1004 ST
ol A olo| FVRIEE dAT|es
HelsHA] =t} 3 COyt V)= 9= vHE &
Bt o]&3) ho)lo] BESSIY COS ASIAY, &
Ze|wo) FFE PRA] g Bkl 2(H,CO5)0] COE
@lEng JZE)ee HslhA] geth 1EY Co
83l & &r)o] o3 8 CO, T2 st}

24 AN EREE CO, 71E7} €717 i)
oA A== pH 2 A=) o= #3) 9
o] AIE7] =l Sk ghhlee ARE AESEAEA o
Ho| LolxBngZ CO,2 83ll=r} F43] wolzlt}, o=
Q8 cox= &715H d3¢A Co, 712E &3] AT
I Stk CO2| B717F HASIA pHe SEP AT, &

T HslelA| fdeth webA VI AtelMe dEH
o7 RS Akesl Ao s S4slal S99 pH
2 e o]&E0] B ALK 39 F whh RS
ARFSIATE. o] 735 & B4 A sk do] v] v
o] delx Z49] G0l T 2AlsiRA] Kt
a8y @7|5E CO, ol B2 Y- o] 42 IEisiy
pHE T Alksle] sjXe) o]gstedof & Hart Q).
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3}a1 2th(brugger et d., 2005 A3E 9] 2001). At
7} A FEI e S AR 3UE RS COo,
ATAE ZRAENMT HCO; = 43} 47 8dRls 48
3kl TH(Mito et d., 2008; Emberley et al., 2005).
B oAqo] EAo gAkpE A CO, A=A A
7o 8= s 54 2 T Hh é’ﬁ“‘%& H]|
3, AL CO0 A4S Hxdld F
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o7 TS At Akest 2,
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7) 999 andd Baudie
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pae Hgsl

Qbsgle). of el s
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2. A7 4

£ dAFelie dikel Al AlxRd 89s o]
B3l FEste SPPHES vwsidoh =3k Az
ERIEE 0AZE, 24713, 48A17FERE Ul7] & cooll
X3+ Z(EHA: open system) =43te] CO, €79l w
T A shge] wals #EEAh

- w
a- =X

I Algol Z8s17] ffa A
STAKIRS Feitt. Yo g Sk Bk '
29) pHE ¢F 6.3 AE0l, HCOs o9 ¥Ete =
mglL A% Ao® BWuEs Qrhal
000; #7193 <], 2001). &=3F UE Nagaokeell
CO, ATAE Hd8l H2ES] ASANA =
e pHe 6.35°]3L HCO; & 2320 mg/LE Hie Hf
AkMito et a., 2008). FHUt} lojHA Co, T
% 249 A8 pH 6.44°] HCOs 7} 2423 mg/LE X
J_HM‘“/]-(Emberley, et a., 2005). wbA pH7]‘ 6.30]1L
HCO; 2] %7} ¢F 2,000 mg/LS] ¢l EHA=(Artificial
CO,rich Water: ACW)E THE7] 98l ek

o OFO mlo
] _j(_}, Jo
N
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TE - HEA - Y

(NaHCO3) 0.07 mol(5.88 gy 1 #JE]] ZF<rol -&aiA
71 % 2mol/L GAHHC) 164mIE 718t ACwW
o] AzxHpye Y3t slsNkE-S PHREEQC(Parkhurst
and Appelo, 1999)E ol-&ste] AlLMeE B3, pHe 6.39]
o AR E 36.6 meg/L(HCO; = 2,235 mg/L), & &
2= 68.8 mmoal/Lo]T}.

Azg ACWS] pH= 6.3+0.124 PHREEQCE ©|
T AL A= & urdsit). ek A)E3E ACWe
P o) T ©AT ARt Ao} AR Zo= oite
gl @71x4cc(EC)— 6340uS/chLF-'—_/\1 ) A
FAmoA BEEE durARl @ile] ECEe]
Hzk u}(z 200~3,000 uScm: 31-8d 2], 2000; 27
3 9], 2001) 29 71 =2 @S veRla o) webA
ACWe] 73-5- l =TT A 'R B 01, o]
we} FE A 488 v e AGE iﬂﬂo}%ﬂ
ACW AlE¢] %L:_t SATOAS]  SK2500WPIIK 257
£ ol&3dt =43Ial, pHe HACH AR HQ 40d
pH/DO multi meters AM&3te] S43HATE ECE WTW
ARl 340i EC meters ARE3te] 4313t pHe| 75
ZAF Aol BA (cdibrationyS 4343}

ACWE] = B S Bk ShES Folld ARE
He B A8std 54 oianh. gk '@l Als A
FH R A BN BT = Y= CO, B719% ol

o

1585,
=Y

Nt

Y33 _,‘H *he PHREEQCi Arka @t Bt
of HAE QXH(PE(%): Percent error)g AXkslaL( 3),
dsktde Fote Ag=E Frlsiitt. 249 Ae=

= TAPﬁ]—r(CV(%) Coefficient of variationys A4+
of F7FsiltHA 4).

-/

PE(%)" San‘”lg:le Ccalculated| .100

calcul ated’

71X Came 8% FZEIE v F ©A Fiol,
Ceacuiaed= PHREEQCE A2kel ACW A
Ee & vAh otk

CV(%) = i‘l -100 ()
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2.2.1. 253} HAH(Acid neutraizing titration)

k53l A (ANT)R: dZEE 3 3 A S0A
7P et oz ABER= WPHolth e GRS T
sl7] 934 Gran Z8Ho] AREE7IE gtk ACW A
F 50mE #H3l] Mettler-ToledoA}] Titration Excelence
T50AZ o|&3ta] A3} 717) 4ol 0.1 N9
GAHHCE o] 8381993, T pH WH3le] Hade
= W o® HAEJITHEQP method). 71719 ¢z
T 57499 HUXE 20 meg/LE A7 wiEol], 'R

ol o] F Co, o] B B9 H9 IN HCl &
HE olfale] AR pHE P50l & F A8t
7171 24 A pH 40, 70, 100 H=RAL o5}
717] B (cdibrationys 3t9th S8€ YAEEE mey
L2 EfRITE 5789 ¢ZR|=25E 2%, pH, ol
7% (ionic strength)S T12isle] &4k 0] (H,CO;,
HCOs;, CO2)e Akl 5, 6, 7), °18 S3lo
% g4 $F(H,CO;+ HCO; + CO2)S 1-313itt.

Alkalinity(meq-L)
ka2 Hco,
10"

(HCO; )(mmol -L) = @

5)
1+2

“Yco,

_ Alkalinity(meg-L)

(COZ™)(mmol -L) g
10" - Yco,

¢ o)

2+
Ko Hico,
_nH —
10" pyco, (HOCS )(mmol -L)

(H,COg)(mmol -L) = K
1

¢l 7
71K Ky, ki ERAE] 13} 2 23} #jE] wkg-o] B
Z7o]al, van't Hoff 41& Edl <% wE Hails 1z
SIATE. Hzcos, Thcos Yeost 2t Ol EEE AlTE

A ot o] I 8).

A%
logy= 0% @ 8)
1+aBI®
1=05y ' mZ @9
o7]A A, BE Debye-Hckd o204 AMEE= Aol
I (Faure, 1998), a= ©|2WHd, z= o|-&9] A&, 1=
ol olt) 4 A mE 8 o] 2% (1) EExol

o). N WE 8 ol o] k7] Wi
oledr) B3, o}e YEE AGT} @) WEe) w3

w2l tifdste] @t olF e ARtk Sl
Me EATE Eshks Aol niEsitt
2.2.2. GZ7H (back tltratlon)

31 H,COs2} HCOs ©l%F =
22315} (Fresenius et 4.,
o] pHE EF & AR
Hco; ez Mshe Ao
Hh B A 2Age < Qe ol
= "WHolth Fresenius et 4.
§ 451 AT es 2t
3ol HEAT. & A
]o] B_oﬂo }\]EA pH
T AP )
T oA TS
2 olgsle] 27
]E | NaOHE 37}
s —3]'0:] HCO; o] &=
W e pHE Asfel
g Qo aeja

it

O

(1988)2- -8 H,C
G, 2 Oﬂ%ﬂw% Sl
ToME B NaOHS} #HjE=
7} oF 8.30)%o] & w7
285 Bl dAEES %
TEF NaOH 71 & pH9Jr
5 v ARk =, 8k
3P H,COs= OH- o]£J+
CO> o]Lo= wWaler}

e

|il -W
o

CO2 @717} doju=
7F pHolM & HCOs s} COs™ & *4
5% 4 62 77 7 ¢ T, F Ha dFE 7L
T st=dl, o & B NaOH ZW Ao 5 e}
gomg 2 108 o8&t F wih FHFOREE
HCO; &= Fallrh. ®3k 4 7 115 o83}
HaCOSt COS™ S AAntel &= lnt. A= 4 28 &3

e
wg Zgsh

a =

AES YUES TE 5 Jor, F Br FE 7Y
% Sie.
(HCO; )(mmol L) = _Zﬁtal carbon(mmol -L)
10 '7H003+1+ Ko Tico,
kg 10_pH'7/co3
¢ 10
g K, 0. - (HCO, )(mmol —L)
(COZ y(mmol —L) = == — 3
10 “Yco, @l 11)

Fresenius et a. (1988)0 2lshd &AWL HCO;
%7} 100~3,000 mg/l HlelA A8 7153, o
47} +2~3%= A=l AUEr}F Erha shar glot

E A7) M= Fresenius et d. (1988)2] WHS 43}
Gomz =4 W9, Juwel PUet wug wel o
& 7
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2.23. FX9H (gravitational weighing)
7 (gravitationa weighing)> & Alg W9 =
Rk 0] 255 (H,COs+ HCOs + COZ2 )2 &aF HE
2) S48k Woltt. AHHE et B MR
LA A —&71(‘)1@%7% FH)e] 7
g 3435, Mg 871 ANEE "ol FAIE S35k
= MRS FAE Y o] F 43](Ca0) 5g& A
7¥3le] B4 (CaCO)S ARXAALE oW pHE oF
99714 F7kste] ¥IG oleFe EF COS = wighe
th S7IRE pHE Rste] ti7] F9) olikebehA(Peo, =
107°° amy}t 83f 2 ¢ lomE Aw87E 715 A
3 Rk FE0 7 oflslea S Abdsisltt. 't
_§<

4 3o T3] Lol w7k 7Ivd $- A7)
(2,000rpm, 5F)E ol&ste FE&AF HHES g
S B FHEE 105°CIAM MR ARG F AR
|719F 871 W JdEe] FAE 5488t & CO,

)

= AEsisivh. Tl Ba S A3 W7 A pH
oF L% 58 4 10, 11, 12 5ol FHE3le] DS
Tt AAHEe F w9 dFe] 2mmaliL o)
(HCOs 2+ ¢F 1,300mg/L)2] Algol 2 -&7}53ict
(Fresenius et a., 1988).

2.2.4. NDIR(non-dispersive infrared) S

|E F @A(TOE Shimadzwrle] TOCV s AME-S)
o 2RI & EATORAE f71eA Aol 484
o) 0O Skl WA #7IEk % )
B4 B5E CO, 7IAIE HEA)Z] 3 NDIR(non-dispersive
Infrared) 715712 ol8s}e] S WolThE-e%)
2k3HEg). =4 Holl= B4)7)2] WA (cdibration; r?=
0.999%) 534319th. NDIR-TCE 4] Aol 24¥ 2%,
pHE 4] 7, 10, 110 #8381 2z} o]Fe] =& T3l

om, 2 28 Fal HAEE FeRTh

23. SAIEY

A% Pz 24 Aske) djols} ARl me wsle)
Zol& AYEoRZ HFs] fot] ¥EESA AR
(repeated measure andysis of variancee RM-ANOVA)
S 283519th. RM-ANOVAE A3 uPHS dajsle] A]
) wie} W 29 Sl A9 dEe] Aols)
B 24 9] Ao], Te)w o|5e) WIAES HHHo.
2 3713ItE. RM-ANOVAE YN R8] (Genera linear
model-repeated measure: GLM-RM)olgkile sl I
o] FAREA(ANOVA)S] S<r3t elgkar & &4 Stk A
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R e mlae] 3 A

5, 95% 21F|4=Eol A
3]

WY ) Aozt gls
7o) AE=51(p > 0.05),
W Zh) Zfo7t ks % AT 71T
(p<0.05). Azl wE wWsle] 739 p gko] 0.05WT} 2¢
oW AFTHA R BE &3 %H %:@H githel 71
Z}=al p #ko] 0.05KTEH E - AYTHdo] AEE.
RM-ANOVAE A3 whgel xjole}k Alzlol] m& wis)e]
WFAE-S 7SS s, weF p ol 005 2
75 nsAkgo] BAKCE ou|rt Qo SfE 4 Q)
t}. o= ARl wE Walso] A3 W wEt o=
Uehuda ke Ae BA8E g5t &, ARk
wE #ske] Arrt AP W) Zfolrt dg 4 Avk
= Ae ovlsHAl Hrhelef-, 1992, SHJEl 2], 2004).
RM-ANOVAE SPSS 8.0(Chicago, IL, USAYS ©]&3
of AT

3]

=4
73
Al
=

3 #

3.1. ACW 24 Z1}

AZtll 2 ACWe] pH, EC =4 Z3= Fig. 1A
UERIIT. ACW AJES] pHi Aol el mfeiAd
CO,9 B2 <15l B 63904 T 842 Z715HY)
t}. EC9 A% 6404 68mScmzZ ¢F 0.4mScm &
7ketant. ol gaAlelx =2 Sl &) 7 A
o =Z AlEEY B pH SR R ?& 7ke] Bt ol
(CoM)el 712 & F slont, Ass} A Wwom
2459744, NDIRTCE 249 zelwrt 37184
% 2102 Hopx] B o] 9] Fk= ECo| F3E
FA 2 Zow dddry. ECY A UM of
400 pS/emiz AJ3] ol Z1ont, 3718 oF 6%l
A ggobr & AelMe SEAA] oF & Ba
g e wisle) disixe =92 sttt

311 AkFst 28 B A

253l AHo e 249 A= Tale 13 Fg.
180 YRt ACW A= 3 vl 4w 0A)71e)lA
9] &E|== ¥ 35.1 meg/L(HCO; =+ 2,141 mglL)
2 UERdth PHREEQC Al 23 ACWS] ¢HE|=s
36.6 meg/LO)EE, PE= B 4%= AFHE vl 529
A etk 5 AIEE 39 REE 4% 4w
CVE 0.7%= LERtA 49 AUe® =4 J7E
Atk 2447 & LGP s Hd 35.9 meg/L(HCOs
2,184mg/L), PEE 2%e|3l, CVE 05%= UERIA, 3
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Table 1. Theresult of akalinity and total carbon measurement. Percent error(PE) and coefficient of variation(CV) are also shown

Method Mean PE (%) CV (%)
0 hr 24 hr 48 hr 0 hr 24 hr 48 hr 0 hr 24 hr 48 hr
ANTY 351 35.9 36.4 4 2 1 0.7 05 0.7
Alkdinity BT? 358 446 47.0 2 2 28 37 13 03
(megll) GwW? 34.0 50.6 52.7 7 33 44 30 2.3 4.4
NDIR-TC 353 346 35.7 4 6 2 9.2 21 16
ANT 70.8 422 37.2 3 39 46 0.7 05 0.7
c?éin BT 64.2 489 46.7 7 29 32 46 13 0.3
(mmol/L) GW 68.6 504 51.8 0 14 25 30 23 44
NDIR-TC 60.8 379 355 12 45 48 9.2 21 16
1) Acid neutralizing titration
2) Back titration
3) Gravitationd weighing
9 60
A B
e 8 ,‘I o ) I
E § JETTTT B . —ANT
E pH = Kl ”,»' -7 BT
g’ 7 1| Leee EC ge LT e G
£ - __‘A' —| [ NDIR-TC
T i -——-f__—f,_fﬁ_ S ———PHREEOC
6 30
e 2
0 24 48 0 24 a5
Elapsed time (hour: open to atmosphers) Elapeed fie (hour: open fo aimosphere}
a0 10
C D
0 8
- N U I | N NDR-TC | O . ﬁ[\xn_m
o =0 —— PHREEQC 4

Elapsed ime {hour: open to stmosphere)

24 48
Elapsed time (hour: open to atmosphere)

Fig. 1. pH and EC of ACW open to atmosphere for 48 hours(A). The result of dkalinity (B) and total carbon concentration (C) measured
by acid neutralizing titration, back titration, gravitationa weighing, and NDIR-TC method. Changes of coefficient of variation is aso

shown (D).

mg/L), PEE 1%°]3l, CVE 0.7%E e e

o3le] 714 ror EE w3 Yekdeh
AFs A% A% 549 pHot QBIEE FI &

& B4 o2 (HCO; HCO;™ COs» ) ARIEHAaL,
A 3RS AEsl9ith(Table 1, Fig. 1C). 0X]7Hollx]e)
e~ 708 mmol/LE YERGTE PHREEQC A&k

Z B4 FEHe 688 mmo/Lo]|RE PE= Yo
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7} wl$- gl Aok, 48A)7t0llM 9] F ghAE U$ A
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A oz 248 F v ) NeOH W
oTe) phish 2128 018310) YULICE AU, A

= Table 13} Fig. 1B°ll YeRAATE. OxZH
of| A1 2] %%ﬂla—t— 4+ 35.8 meg/L(HCO; 2,180 mg/L)
W2 Yelto, PE= i 2%, CV= 3.7%= YEt
LA R oR ZgE YRl B OMRtelxle A
=o} JHr) w8 Zlow HriHth 2447 & &
TE BT 446 meyL(HCO; 2,715 mg/L)E YEREoH,
PE= 22% ©]31, CVE 1.3%%E =AHT}. 4877 $-9
G eE it 47.0 meg/L(HCO; 2,788 mg/L)E e}
wom, PEE 28%°]3l, CVE 0.3%E JERdth A3}
Aol vlste] A7l wet dZE|Er} Frekar 9l
on, o] CO, B7]° 2%t F v k] A4t 3
ixog Ao, S71 pHE vldsie] S5 7
2¥s1937] witolt).

W, Z g B Akest A8 Aot fAtst
A 7stark(Table 1, Fig. 1C). Ox7lAe] & it
i 64.2mmol/Le)aL, owje] PE= Hi 7% |t} o]w)
|= F g4 ] cvel ¢ZElxe] cvrt 2tk 24
12t 39) & BhaE 9 489 mmol/LolH PES 29%
It} 48N B0l & ghAE Wi 46.7 mmol/Lel™, PE
© 329tk 53] 48M%F 3 Al59] Y- ¢TIt F
e RO A AR ole $4% pH7E 850]
B2 COo# F7FE Rlsle ¢AE|=rt #AxstAl Akl
AT AR H

2

>
o

s

O

o8-
ﬁ]&o}‘%ﬂrﬁabm 1, Fig. 1B) 0’\] 1o
Ae] dAEE B 340 meg/L(HCO; 2,073 mg/L)E
Uelton, o] PE= HT %2 UERE, CViE
3.0%= VFERSTE 2417 A & G| E= 9 506
meg/L(HCO;~ 3,079 mg/L)el™ PES} cve zHzh 38%)
23%= UERgt) 48A7F $9o] gdE|eE Wi 527
meg/L(HCO;~ 3,075 mg/lL)E YERdow, PES 44%°]
3L, CViE 44%eltt. H927g9) 7399 v AIE e
T ARe] Aol me} Fkeke BloE UEReH, S
7FRe G2 vlsle] FvkFig. 1B). o= & ¥ g
Foghy YT E Fol= A HuiFoE w2
= B4 s =8 pH wEel] 7493 Al g

ShH A osle] =% & A dEK(Table 1,
Fig. 1C)2 0AZlollA i 68.6 mmol/LZ WERLC.
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cEA - HE
= 0%, CVE 3.0%2 YERIA, oju] i}
=1} =2 ot} 2407M 9] F Bk
594mmoI/L0]"’ PES 14%°|th. 48A3F F-o
51.8 mmol/Lo]il PE= 25%= WERdTh X
o7 ZH3 F wh 2 AR W PR TR ke
W, 24X 48AIY 7 ¥ F A T UE Y
< A48 W Hue =4 JeldTh 28y evid

CO, &5 SHA Lo o= WhHo] & i 3
ol 71 YA = & 4 §loh 2401%E, 48/~]7J 73‘#
T & A o] thE el visly 71% =
PR A FxAHolA E=A] AL, E3) ‘%475!
AgAve} nR AR 4802 F AlBe] B Y=
7t F e daEg 24 ARk

3.14. NDIR &% A%}

NDIRS °}83ld TCE 543 A= 5 ©h ggo]

o2 249 2% 4 pHE o83l YLREE T3
THTable 1, Fig. 1B). 0*|Ztollx] H 353 meg/l (HCOs
2,155 mg/L)2 VERM, PEE HF 4%= VeI, CcV
T 9.2%2 YeRdth 247 A9 § gFElsEe Hit
34.6 meg/L(HCO; 2,104 mg/L)°]3L, PEE 6%, CVE
2.1%= VERRTE 481t 9] e thh SIS
B 357 meg/L(HCOs™ 2,120 mg/L)E YEREOH, PE
E 2%°]1, CVE 1.6%e|t} ol A3} ﬁ@ggrra
TE Y=o} Hls=g Adolsl, TCE 338E T v
ghko] ARl wet wA43) wokax vehdt @Mt‘r. %
e S MR FHd 608 mmol/lLE WERAH,
PES ¥ 12%E YERNTH 2477 3ol & g4
Stefo] Wito| 37.9mmo/Lo|il PEE 45%= ZAE )

4877t Foll= i 355 mmol/L, PEE 48%E UElsith
(Table 1, Fig. 1C).
4, E [=]]
41 =3 dhHd H|lm
el st 43 Axs gotﬂ ACW—E— Az
T 2 349 94E= ¢ E% ke giAE

ACWS] o|&gkt frAkstAl %EME At H%EW s
Fo] e gl F A S 54l QoM A"
e Aol gisltk. 24 e A8k HsliMe
Aol S4S s AR e CoSl BVIE o
obr] AR AN SAstE T Aog wdE) v
W COE B7PIHE A5, 453t 27433 NDIR-TC

el
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Table 2. Multiple comparisons between the pairs of measurements

ANTY BT? GW?
BT 0.66
0 hr GW 0.46 0.25
NDIR-TC 0.88 0.78 0.38
BT 0.00
Alkainity 24 hr GW 0.00 0.00
NDIR-TC 0.07 0.00 0.00
BT 0.00
48 hr GW 0.00 0.00
NDIR-TC 052 0.00 0.00
BT 0.03
0 hr GW 0.41 0.13
NDIR-TC 0.01 0.22 0.02
BT 0.00
Tota carbon 24 hr GW 0.00 0.00
NDIR-TC 0.00 0.00 0.00
BT 0.00
48 hr GW 0.00 0.00
NDIR-TC 0.12 0.00 0.00

1) Acid neutrdizing titration
2) Back fitration
3) Gravitational weighing

VPOM 3L, 24, 48'\1
7ol AthHFig. 1D). °l=
Z79l= CO, B717F &t dojur]
]E—A Tvb_]‘/\ Toﬂ COz Eﬂi 9_01'04 ‘i‘l’“—%‘
ol Zfols vl Sl 2oz Aleent.
4817 NFME o= AE COo, g7
TEsle] HhE 24 Follw 1 ghe] Wspt
AshA] = sler Azt
A3t A4 A gZevE COo, ©7] Awd Al
o] UASHA vehdar Qitk. ol A Argst nke do
G BEA 7191 Aow weHnt, gk vk
=4 ] Aot A= 5% ofio|ER F& AEdS
WEiua 9ok, NDIR-TCE ¢e)es #4938 Zdax o
oF ARl Bt Tt o] Zeolls A3 A
It 7171 Aol Bl vehg=t, ole et =
S NEE AR g Fleh wheskes SRkl S &
ol o] wste] Fufje} vkl EATE & 7FeAd
o tt. WebA Fewrt B Ales B4 welle £

—_

—_

i A5 wASAY, MRS 2 g 5 R
Rl Felr} Bad Aoz AlREr. o=y W
APe 18T B9l Al WE 0o, B el
prvt Bkl st ol et Rl seA) A
SIthFig. 1B). Tht & i She] 7hage TRE A
3} 2193} NDIR-TC WSl wlsle] wom) & ga
sl 2413k, 48013 Fol= SR BA Uepda
9Ih(Fig. 10). CO, B71o] We pH Wislsl Uelw
Aol daipds Fol i=o) shes sk,

g7 239] AR w2 ZA3ke] EﬂﬁH AR 37}
£ 3] 98l vHESY AR (RM-ANOVAYS: =3)s)
: Ud_ | ol WM S e AlolE v

< p @ AR WE AelE HUERi= p el 2
T 0000 yepsit). webA %Xé HPHZEe] Ajol7t B
AHoR FoJstar, ARt wg Wale FAHCRE F9
A UeRdc) T3 wEAEE 00002 YERA, 7}
HEE A7) e S wo] W3y} Aolsltlhe A
< ou)sit}. =, SA WHEE Wglgo] bdar. or)A
A58t 2R3 NDIR-TC W] A9 28 ellMe

J. Soil & Groundwater Env. Vol. 14(3), p. 1~13, 2009



10 ZH7] -

Aol7k vrehtA] 39kott, RM-ANOVACIAE RE
HEe] zlol& @A or Wrksiug 4 Wis 1t
zto|7} Waisiths Aas =39t sk 7 AR
Zy wpHzEe] 2polE dolry) $isle] FHafxbEA
(LSD: least significant difference)2 £31] AL~ H-23&
T Mgl Be 54 WEY A3t zpolrt
PE Aoz YePdom(Table 2, p>0.05), 247|713 48
A 3 2% Anpoide 2k 279837} NDIR-TC £
e AJslue BE F4 A7) Ao] e 3o=E v
Efstth(Table 2). webA] WEE HlaoN s WE7EY
zto|7h frefeithar FrbE AR, AR 24 A 2kEs)
273} NDIR-TC 4 Fhll= zjol7} RoJsiA] %7
LERSTE

T A 3ol WXE S WHTEY] Zols Yeh
= p A AR mE AolE velllE p @o]l BT
0.000% Yepgt} 3k W 000082 YeEhA
AR e HelE T W Aolgt BloE =Tt AL
T 4 A Azele Alesl A9y, 98799
, 944 -NDIR-TC ®HZFe] 2|7} glat, v
A WPy el 735 ztel7h fofsiAl vERstTE o] AB5-
23t A HAAH-924-NDIR-TC 25 A5 xjo)7}
A et =e)d o elgs 2 o, A AR
=70 JolA cv gro] Z7) wiFel| ol A7} el
e Bloz gt 48A7ke] A8l A1) NDIR-
TC 71e] Xpol7} 9IS W = HPHollA 24X)71) 48X)7F
SR Alol7h tkar o= dch A8F 02 COo,
7|7} SdsAl WAShs gl CO, AeA oA
AFEE dFolA dZE=E S9g3AY, co, B718 9
= 8715 o83l AFAE ksl S, d%
oA AL 93 NaOH, T IAHS 93+ ca0E
H7kste] AN SHs= Blo] 7 viE=let. &
5] CO2 E717} EilshA BAshe 0lM 59¢ o)
, S0 AUnr} FHAsiEE uiE BAS ol Y
S ANSEAY theket WhHS wat Agste] AE1A Q)
tolHE 78k =¥o] dQasjtt

Lo

ol

Mo

fr

43. CO, &7|2} pH H35}

ol X ARk nie} do] QR HHHe] A9 Co,
2] & =2 pHel JUlHeE = F A digom
)18t Ak = #ho] 28|t NDIR-TC %P
Hoh =4 veRgt olelgt 2ols AWsh] ¢18 Co,
=27)d] wE P pHel W3S PHREEQCE ©)&-
sle] ARFIATHFg. 2). COx 7] CO, #4to] 10735
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modeling

Ohr

24hr ANT
24nhr BT

24hr GW
24hr NDIR-TC
48hr ANT
48hr BT

48hr GW
48hr ANT

pH
1 ¢ + @ ¥ X > @

CO,degassing
6 ! L L L . L L L
76 70 65 60 55 50 45 40 35 30 25
total carbon (mmol/L)

Fig. 2. The comparison between geochemica modeling (solid
ling) of CO, degassing and observed data from various kind of
methods.
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