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Abstract: TOC, which can measure more than 90% of organic substances, can be measured quickly
and easily, replacing BOD and COD, which were indicators of organic pollutants. According to water
quality pollution control standards, when measuring TOG, if the inorganic carbon ratio in the sample
is over 50%, the NPOC (Non-Purgeable Organic Carbon) method should be used. If volatile organic
compounds (VOCs) are present at a certain concentration, the TC-IC (subtracting inorganic carbon
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from total carbon) method should be used. To validate the limitations of these analytical conditions,

experiments were conducted by varying the ratio of TOC to IC in purified water and measuring the

concentration of TOC in test solutions. The results showed no significant difference between the TC-
IC method and the NPOC method. When measuring samples with added VOC standard solutions,
it was observed that the carbon loss due to purging was not significant when using the NPOC

method. Therefore, it is concluded that the choice of analytical method does not lead to significant

differences when VOCs are present in the sample. To account for potential variations in results based

on water quality pollution control standards and regulations regarding the approval and testing of

environmental measurement devices, a comparison of field sample concentration values was made

using two widely used types of TOC analyzers in Korea. The results showed variations of 0.02 to

0.83 mg/L between methods depending on the manufacturer, highlighting the need for caution

when selecting an instrument.

Keywords : water pollution process test standard, notice on type approval and quality inspection of
environmental measuring equipment, inorganic carbon, volatile organic compound, total

organic carbon analyzer
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i Qo] 7FE 1 9tk (Park et al. 2019).
F71EY 29 A2 BEIH] A a7 FHBOD),
3}8HA AR4: @ 1RFH(COD), 77 94(TOC) 7 AHE-
w31 qle}, BODE A5 f-efue} T4 9 sPpofA]
oo mi- Wil WE e AX f71E9 A
7F =7] olgle A S 2 YEPRHKim et al. 2007a),
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Y24 15.7%, 42.6%= BOD%2} CODE 475 A %2
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Mili-Q® Direct 84 H|E AHg-3to] 7| HE=7}
0.056 MS/cm (25C) o]3}e} A 7] Ado] 18.2 MQ -
cm (25C) o14e] AAIE ARG8T A& HA
2] A] 34HWako Chemical, Guaranteed Reagent

)= ARgstTh 7ol AR = AR QAT
(4, Extra Pure 53)& AR8-351%31, NPOCH-S
o AHJunsei, Guaranteed Reagent 5&)= AR&-3}
gtk FEEHLE TOC Standard (SCP Science,
1,000 pg/mL)&} TIC Standard (SCP Science, 1,000
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‘Q‘_IL«] W73 % 27 0,8 mme} 0.5 mmO| 3t} Al&
FJFE 0.5 mL(AAD, 0,08 mLBAHIL HA 9
A= AARE 40mL A &Hpe|Y QFo| 1AL, BARE AR
7F 71712 {9l E T wAste] B |gAE AA
&} tH(Table 1).

g4 5 ’5‘}14 011*1 +d EAe 131 5}o] H*6
SR SRR A1 AT, Sl 5. =HAES F=8
T S P P S 347190 AR BNTIN
o), YIRS AL, ARE L PE  QA/QC WES(NIER 20109] Aol ek, 2 A2
Table 1. Difference between Brand A and Brand B measuring equipment
Classification Brand A Brand B
furnace temperature 800°C 630°C
inlet outer diameter 1.8 mm 1.6 mm
inlet inner diameter 0.8 mm 0.5 mm
outer diameter of sample transfer line 3 mm 1.6 mm
inside diameter of sample transfer line 1 mm 0.5 mm
sample injection amount 0.5 mL 0.08 mL
purging location In 40 mL vial Inside the device (After sample injection)
amount of acid 0.02 mL 1.5%
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T(batch)utch 3FL}] A|FuFERA] & (reagent blank)
£ 245

T s 9l 4
(1,000 mg/L)TJr IC £&89
3] 3]43t%l 1L, NPOCHZ 0~
7H 9] 73—?*5 0~20 mg/L #9112 Xﬂ¢°¥°4 ":"_"‘I
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Rom, FFHA Poﬂ 10uH3F F =gt AERHA = o
ot AU (relative standard deviation, RSD)2}
ez (accuracy) = AFESH] UERTE
HEHads e AR gt 4 Al JA9
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TR M Tokel A|BR [-Testl (5+2.5 mg/L),
[-Test2 (5+5 mg/L), I-Test3 (5+7.5 mg/L)E A
Z8to] AL AT AT 7= F71e4 & 50%

£ 7Y AR Ak, e A AIRE Ax
stof Alselnt,

AlE GAS 7 o s S A} Fread
H]&0] 50% o|4F —f—zﬂéﬂE TR = A
5.03 mg/L(AA}), 4.9
A9 9gke 77 % © 2 VYEPGTHTable 2).

7184 HlEo] I’% A =E AAFSF BAF
o 772 A}&s}o% 21 NPOC‘%’JJ% S A
o A}, A whE 24 23] ajol= gl A
O 2 Ueltth(paired t—test; AAF, p=0.176; BAL,
p=0.230). Tk, sE=olut et o] TOC &&=
7F FE A& TCOA IC7F AR 6= H]&o] w5
7] tzoll 7HEollA TC S8 1C 5749 24
gk apt wap7F TOC 343kl & 932 v &+
7] dzell, o]t Az o= NPOCH 2. & 573}
+ 7o) AT Ao IAETHSSKC 2023).

C)‘l rlo

S=(5* mg/L o1 9

Herdbs o & Aeksi)

135101 o] ol digt

H(ES 04311.1c) 9] "HIH3Hd 71€4x(NPOC) % HARE #Yotgltt, Park(2014)9] =#ell= VOCE
Table 2. Total organic carbon analysis result according to inorganic carbon ratio (TC-IC)
. . Brand A Brand B
Classification
TOC IC TC TOC IC TC

I-Testl | 4.73 (£0.10) | 2.85(x£0.05) | 7.58(£0.07) | 4.90(£0.08) | 2.86(£0.09) | 7.76 (+0.02)

Me("l;éﬁm [-Test2 | 4.94(x0.10) | 5.76 (£0.02) | 10.70 (£0.08) | 4.94 (£0.03) | 5.94(£0.08) | 10.87 (+0.10)

[-Test3 | 5.03(£0.14) | 853(+0.07) | 13.56(£0.14) | 4.90(£0.13) | 8.76 (+0.04) | 13.66 (+0.10)
) I-Testl 62.4 37.6 100.0 63.1 36.9 100.0
Rat‘g) /“;[ea“ I Test2 462 538 100.0 455 547 100.0
’ I-Test3 37.1 62.9 100.0 35.9 64.1 100.0
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A7kt A& E ARESto] Al Skl VOC &=7F
0.0283(V—Testl) mg/L, 0.0403(V—Test2) mg/L,
0.0460(V-Test3) mg/L =|A 345t =H| ol= 4=
AL HFAAANH7IEY =2 $E(5 mg/L ol
SR 320 TOC E41 23 4,60~8.25 mg/L
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Figure 1. Total organic carbon analysis result according to volatile organic compounds concentration
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Table 3. Linearity, MDLs, LOQs, accuracies and precisions for target compounds

Classification R’ MDL? (mg/L) LOQ" (mg/L) Accuracy (%) RSD? (%)
TC 1.0000
0.05 0.17 113 0.6
Brand A IC 0.9999
NPOC 0.9999 0.07 0.22 104 1.3
TC 0.9991
0.03 0.10 103 0.2
Brand B IC 0.9988
NPOC 0.9989 0.03 0.09 102 5.7
% Method detection limit
% Limit of quantification
© Relative standard deviation
Aol M NPOC Y08 B0 SR ANk Bels Eag
e HAGAY AAARR2)= BF 0.99 o] Btk 80~120 mg/L 912t AU = 20% n]vke] 7]
&2t 2GS LEo] AARet B/\l gH] 2 g 5 BE 55l
ARG/ |E AT BEGS WEH= A 2g2xo] Take ARo) A8 FAslk] thet 27
7 glch(Table 3) e} 2fe]7t vrebih=l, Kim et al. (2016)9] =]
A AN E F TR PHHESTAMDL)= A Aeke AlmoA= Probe® 251 3144719} Bath

79 74 AAlﬁ 0.05 mg/L, BAl+=0.03 mg/L
191 NPOCH 9] 4% AA= 0.07 mg/L, BAF
+ 0.03 mg/L& Ytk AFA(LoQ= 71
H o] A9 A= 0,17 mg/L, BAF= 0,10 mg/LE U
Ehdon NPOCH Q] -9 AAM= 0.22 mg/L, BAF
+ 0.09 mg/L& Yetsith, o= A AT HAH
71&(ES 04311 1)) Ffr71ek29] AFgA <l 0.3
mg/LEth 32 235 Bl

A e = 7179 29 AA= 113 %, BAME
103 %, NPOCH 2] 49~ AAF= 104%, BAR= 102%
vetgon, JU=(RSD)= 7HEH Y A9 A=
0.6%, BAF= 0.2%, NPOCH 9] -9 AX=1,3%, B
Ab= 5.7%% Uebgtt, o] 73‘4% THYFTEA

7159 A= (80~120%) 9 HLE(20% ©H) 71&

S % uE3s9tHTable 3).

HoBz2 Arie]ld 32 (Cellulose 100
mg/L)& AHE8te] Bttt AU EE okoich B
A 7RO A AAbE 89.7 mg/L, BAM=
98.0 mg/L, NPOCH 9] 7% AA= 88.9 mg/L, B
AbE 96,0 mg/LE YT, AdEs 7Y A
9 AAF= 0.0%, BAR= 2.0%, NPOCH Q] 749 AR}
£ 1.8%, BAH= 1.5%% UElT o] Aaks 49

o

& 254 27]9] TOC ZA7t0] FABH thghe
U oF 400 mg/L o44¢] 1% AR A= Probed
ahj719] A S AR ARA Sl
2 (9F 35%) TOC Z743HS Ui, &2 aAtoflA
400 mg/L olte] A% ¥9)o| ARE Bath
SIAIH 7S ARgsto] A 28k,

[\ [T

2) AA4 D @A 2o et A A} v|w
T Z9] 71719 gjste] Aol E%%@l% A7t
ot 5 A1 AdE v|astyct 97194 5 mg/L
71% 5.0, 7.5 mg/Le] lﬂFJl =4
H]&o] 50% oAkl Ag9] FEE H

A} Fe Aibe SAACE Afol7t §le AoR U
el tH(paired t—test; NPOCH, p=0.759; 7HH,
p=0.149),

BAg=ell VOC &2 A7kt &4 TOC
FEE NPOCH I} 71 & ARE-sto] #4135 At
AAFSE BALS] £7 Aato] Zol7} 9l A= e
T} (paired t—test; NPOCH, p<0.005;
p<0.005). o] & =FollA] ;ﬁgolfﬁ/\
o 4, FH7IA 77N FER 37471719
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Table 4. Total organic carbon analysis result of National Automatic Water Quality Monitoring Network and Wastewater

treatment facility (mg/L) (n=3)

Brand A(Mean + SD) Brand B(Mean + SD)
Classification NPOC TC-IC NPOC TC-IC
TOC TOC IC TC TOC TOC IC TC

Cheoneam | 370 3.93 15.05 18.98 3.19 3.74 1537 19.11
g (£0.03) | (£0.09) | (£0.09) | (£0.01) | (£0.12) | (£0.09) | *021) | *0.26)

National Tini 423 4.83 17.05 21.88 3.63 4.85 17.52 2237
WAtutogatll9 yu (£0.02) | (£0.13) | (£0.12) | (£0.18) | (£0.01) | (£0.10) | *0.05) | @*0.05)

T 1

l\ignimﬁlgty Gumi 757 8.45 22.65 31.10 6.74 8.14 23.75 31.89
Network (=0.11) | (£0.02) | (£021) | (£0.12) | (£0.02) | (£028) | *0.74) | @&1.01)

Buveo 4.61 479 1576 | 2055 401 4.95 1594 | 20.89
uy (£0.07) | (£0.14) | (£0.07) | *0.09) | (£0.02) | (£0.08) | (£0.11) | (+0.06)

S compan 8.49 9.41 2654 | 3595 823 8.95 2780 | 3675
PAY | (10.10) | (+0.11) | (£0.12) | (£0.02) | (£0.11) | (£0.07) | (£0.07) | (+0.13)

. Vi’a“e;”fate.rl. : 301 384 | 1865 | 2249 | 262 328 | 1965 | 2293
e renf:l‘iw I‘ft“ tty | Teompany | 65y | (£0.08) | 001) | +0.08) | ¢002) | ©0.12) | 0.15) | (£0.14)

A compan 7.48 6.78 0.20 6.98 6.92 727 039 7.66
PAY 1 (10.08) | (£0.04) | (£0.01) | (£0.04) | (£0.01) | (£0.07) | *0.01) | (*0.06)

A EFY%(0.5 mL(AAL, 0.08 mL(BAY), #HA <] WRE AFiske] NPOCHT} 7 o & 745191

A(40 mL AJEHF] QHAAT), AR 7]7IWH-2 &
AE F(BAY) 5 717] 54 Apolet U w2 o]

THFigure 2: Table 4), 27 AA524 2] 47
244 AEE NPOCHOE B4 A, AAL 7]7]

.“
S
S

Aol 2 QI%t Sl E el AR HE 9t £ A9 S 9ol AYSH4E 3.70 mg/L, A
(Table 1). F544 4,23 mg/L, F15% 4 7.57 mg/L, o

7R EEEY T AY, AF, o), Rl ZA e 4.61 mg/LY] FE7F Ugkon, BAL 71719
Aao] 5 FFA R S, 1, Ag|AL] A 2 AA 790l A9k 3.19 mg/L, XS 3.63 mg/L, |

2.0

8.0

7.0

6.0

5.0

4.0

TOC Concentration(mg/L)

3.0 -

2.0 A

A B
NPOC

Cheongam

Brand Brand Brand Brand Brand Brand Brand Brand Brand Brand Brand Brand Brand Brand Brand Brand

Figure 2. Total organic carbon analysis result of the National Automatic Water Quality Monitoring Network
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6.74 mg/L, ] 4.01 mg/LoZ A=t 71zt
H o] 49 AA= A9 3.93mg/L, A3 4.83mg/L,
0] 7.57Tmg/L, Fo1 4,61 mg/Le] §E2, BAR=
A 3.74 mg/L, A 4.85 mg/L, 1] 8,14 mg/L,
Fol 495 mg/Le g ST dFARE 4
A3} 713 o] NPOCH YT o 2 88 YER S
o Azt wet NPOCHS 0.51~0.83 mg/L
Zpol7k Q1glaL, 7H €] - 0.02~0.31 mg/L 2}
7F ASAL AAZE BARR T 2 SA7ES UEiTh
A 2 Al R4 37 AR A9 270 AR
(S, I3AHE 7182 (1C)7}F 50% o) Fo| A5k 17 A]
H(AZJAD) = 50% wldto] 9lth(Figure 3; Table 4).
7] A E(S, 18]Ah 2] 7% NPOCH E4 23} AAR=
8.49, 3.01 mg/LY] =% =&, BAF=8.23 mg/L, 2.62
mg/Log2 SHE L, 79 A9 AA= 9.41
mg/L, 3.84 mg/LY ==&, BAR= 8,95 mg/L,
3.28 mg/LoE ZA = o] 7Ho] NPOCH Htt
o = A=A YA R A& (AZAh=
NPOCH & BA AT} AAR= 7,48, BAR= 6,92 mg/L
o FEE SAEUL 7HHE AAR= 6.78 mg/L,
BAR= 6.92 mg/LY] FEE 23 E|o] A} F07]%
aFA7| 2 SAT Aagto] 4 A SHE A

the 27 gtk Aolg ATt e,

10.0

oFd W 344 5 AAA R el A-85t =l
A F7|€kA0) ofo] 7184 9Fe] 2~10v] A= W
s S Ardel digt f7lEA 249
NPOCHo] 7k Hok @A 2 Ao Iz
3 S-S e A 22 B THNIER 2005).
2 Aol Hes F7IekA o] 71k gt 2.7~
4,94 B2 oh 9 #H|pA gl A] g A Rof| del] 31
HhEste] A9 EEHA} gho] NPOCH 9] 7-9-=
7+ 0.054 mg/L (0,009~0.117 mg/L), 7FHL Hit
0.113 mg/L (0,038~0.275 mg/L)& e} NPOC
Ho] A& o] Fo3t Ao LrERTE
28 e] Fiol uhek SAgko] Adoldt
I3 9 B9} o] P v 4 e
N7 TR -A45A 55U
A= AIFGFEAFE ol gt Bl A= 7]
Zu|et A% Z4719ke] o)zt 15% (71540 &
H71E) 2= BAge| 1, HSA7]7] A
g5 A7 AFAEAIE Al 0.50me/L (Z4%k
°] 3,0 mg/L wTtel A-8), 15% (5747k0] 3.0 mg/L
ol/doll #-&) olsto]ofjof shif 2} Al KA Folct
(NIER 2022b), & oAl A, BALIA] S35k Hlo]
E|S | F 3 AHE 7|2 Al o ]
vl d|o]E &2 sho] #AF Al4tAlof Yol RH NPOCH

o o2 X

S ol

F

o HN
)

2

9.0 -

8.0 -
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Figure 3. Total organic carbon analysis result of industrial wastewater treatment facility effluent
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