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Outlier Detection and Treatment for the Conversion of Chemical
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Abstract : Total organic carbon (TOC) is an important indicator used as an direct biological index in the research
field of the marine carbon cycle. It is possible to produce the sufficient TOC estimation data by using the Chemical
Oxygen Demand(COD) data because the available TOC data is relatively poor than the COD data. The outlier detection
and treatment (removal) should be carried out reasonably and objectively because the equation for a COD-TOC
conversion is directly affected the TOC estimation. In this study, it aims to suggest the optimal regression model using the
available salinity, COD, and TOC data observed in the Korean coastal zone. The optimal regression model is selected by
the comparison and analysis on the changes of data numbers before and after removal, variation coefficients and root
mean square (RMS) error of the diverse detection methods of the outlier and influential observations. According to
research result, it is shown that a diagnostic case combining SIQR (Semi - Inter-Quartile Range) boxplot and Cook’s
distance method is most suitable for the outlier detection. The optimal regression function is estimated as the TOC(mg/L)
= 0.44-COD(mg/L)+1.53, then determination coefficient is showed a value of 0.47 and RMS error is 0.85 mg/L. The RMS
error and the variation coefficients of the leverage values are greatly reduced to the 31% and 80% of the value before the
outlier removal condition. The method suggested in this study can provide more appropriate regression curve because the
excessive impacts of the outlier frequently included in the COD and TOC monitoring data is removed.
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(Doval and Hansell, 2000). 224, TOCE 3}st8 kA0
2H(COD, Chemical Oxygen Demand)l| H]3l &2{1]g0] 2
vl A% =3 (Ministry of Maritime Affairs and Fisheries,
2013a), FZelMok #7124 T8 AR AAEHUY]
Foll 2717 24 A A 0= FEa,

CODE= F5Ule] 47188 HPHEEo R AAA &
UIsl 1449 O SR 18] B0/ COD
9] B4 A7k 34|17 E3H(Tchobanoglous and Schroeder,
1985)519] sfjdehd U5d=olM A717ke 54 Ak=7F TOC
st sjere] B w3 el 24 olgo] 7}
53 TOC A58 1 e Uitz 3 RYE RS 13
4] CODE} TOCRE 45 WS AA 22 vil-§- T Q8he},

TOC 57¢] gl 49, COD #4]S &3 TOC F42

fFEA0] w9 & Zlojt}. djekell A A CODS} TOC
o] Aol tigk A= Son et al. (2003)2] A5}
2ol A =2 Ads 277 w9 of ok, ofvkshd, S
2] COD FH2 F71E2] il Jret 9 59 1
29

Hadel wet Alsd o] @2 7] wiiEo]th(Son et al,
2003; Ministry of Maritime Affairs and Fisheries,
2013ab). =, 24 el 574 @577 gnbe B Pt
Q1 9IS 2 Holhs oV 3R BT 7F54o] Fol
A,

B DS WAsH VNS ol RS R 2
L WA W] PEARE A8 Aol o)A
At A2 32 Ak Fas

otz vy Q912 57dn] ] Hw g (calibration), A
5 999 A, AM%FA n)5, QP A AT A Al
Ao e2E 5 ¢ thFsth(Cho and Oh, 2012). 01 2 gk
o AtE Weh M= &g}, B, 8, 1, EA, Y]
4l 27 5o] ekt HopellA ZuA F4E 1 %E}. &l
ol M= Folv SRR T ulg- AlgE YoM RE o)t
59 AEH HYE S8l AR FHE& Folal UtK(Cho
and Oh, 2012; Lee et al., 2001). ©]&Joll = =1 A7-A}e
71011% slzlelA2] CODe} TOCE] el tish A4+

Ao} djefol 4= 715 Son et al. (2003)2] =i ©] 9]
APAH7} ¢z, coDS TOCS] A%A91 Ao of
A7} T mnlE] wite] 7|E =2 A9E &8
u]-9- ASHA o]et. & Aol A 9] AllZE BA] ¢
oFA] o]z o] AFAT} ATAT) 7 olli= A1 AT S
A7) 7F o el o] o‘E‘r

il

=2 ool ;0 rl

Tﬁﬁ JM oPOﬂ oA EE x%ﬂﬁ‘ %ﬁéﬂrﬂ ze]
7} &g 5= ItH(Cho and Oh, 2012). ool wle} #EA1E
7Ag-el o] dA 7S THdsiAl A elste] AA
s "}F %EL}, H5AEL AF7t BE A5 olPdAss Q)
FAYoE Ak bl $A7E 7] Wikl A3k
e Adskd Ae7)Ho] d sttt

= O
B odqto A= skl o1zl G cob W TOCS] 7}
L3t FA B5 Ahw ARE o] gsto] AM SRS 3

o, A S 01%3}01 ﬁ&xq = EE]_ s A, oyg
# (robust) T2 A<ksklTh

2.1 K= &g

2 AFelA ARR ASAEE AR AlSkE, AR S
|4 B=¥ 713} Son et al. (2003)S] AFZolth. A7 W 212
skl o AR, sk A% dslkrE, st
o} g Alo] o] ARFR, 9 Al Alo]ollA 4
Zo]tH(Fig. 1(a)). ﬂa—ﬂ{h‘i 2006\ 5EHE 2008 2¢€
7P ARPER 5 83]o|tt. sTollM 8~-12417H ARER
& #=3l A5 o]t (Korea Ocean Research & Development
Institute, 2008). A|3}t% 2] A5+ 2006 44, 7€, 84, 10
ol e Zlolth, 35 A S 10, 75 A A
AL 5M(EA 3, 5,9, 12, 15) ©|THFig. 1(b); Ministry of
Maritime Affairs and Fisheries, 2006). AIRF=5 9] #SA]7]
20109 3¥€HE 108, ¥5 771 VIR HFolth AR
AH= A2 67l 4-HM1-M3, D1-D3)°. 2 %53} A
oA o]Fo] HTth(Fig. 1(c); Ministry of Land, Transport
and Maritime Affairs, Korea Institute of Marine Science
& Technology, 2011). Son et al. (2003)%] A&+ 73714,
g Ft, Aol e, FA, FAkele] 5 570 sl 4
g Folrk. 7|9k A5 19999 993 12, 2000 1
23} 490l 2170 A EFeIN FAE Zolet. G 2}

2

_.~ ey ke

B 2000 3 AF Faflol] w1971 9o ESelA F
53 Ao}, FAalsed o] 22 19993 599 87 FHe] &

S 270 AR 49 8)Y 54 Ago|t) sl
AAIE AFE = 19999 12€0)] 9A] 458-5E 17A] 1587H4]
30 FHA 0 R A5E Amolth. QI AlojE AbEa

>, of

290] 9A] 30RHE] 164] 3087HA] 305 7HA 2 S E 2}
Fo|th(Son et al., 2003).

B =l ARgS B R FAAREEE U Bl
T/ AAAEE o] 83ol7] wiitell B5H ArzkEe] o
ato] ARA Q1 A FAdS Agstr) 7t oo g7 ek
2.2 EAEHY

ANHA 07 ol dAlRE “rflte] Atm e thE 5498

7]’@ AR o= ]3‘31, o] -9- ookt Al o)
T A7 5o - A9tE 17 QltH(Barnett and Lewis,
1978; Kottegoda and Renzo, 1997). 18]} xt5 9] B3 1l
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Fig. 1. Monitoring stations of the salinity, COD and TOC.
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5 OPIAEE Iste] odAtE AlA 9 5 S1F 7]
FARRE B8 7hsebr, Wkl uke} ok xjo] 7} QAN B
ko] AEAE A it 5~10% JEE oIAER 1
sto] AAStE Felttal AAIskaL Qltk(Hair et al.,
2010). & =2 olgf st A we}t ASAEE o AR
T JARE ddstomy o R tnE AEste] A st

Aot

2.2.1 o] A} E (outliers) gk 4l £

Robust 3] 734 AR A A == 2422 Apzmel tfgt 7}
SAT7Y fride] 2R el slldshs ARE, 7FsATe
SIQR boxplot 71H& ©]-g-ato] Fldksitt, 3]71324 oFdollA
FA Hofvh= AR R o AR E v Atn e A A=
] 5% W9l WellA B AA g oAk m st B AlAE
739~ Robust 3] 73431} 71322191 3|74 o] &]gt w7
443 9 RMS 22}, AA AR, coefficient of determi-
nation) 5-°] 95% F-S5FollA FLHA = ojof sirt,

2.2.1.1 Boxplot 7151& &3k o] xlg gtk

Robust 37152l AF8¥ 717155 boxplot 7ol 24
slo 71 A=) 37 42 Q- 1.5 < IQR 2! Q,+ 1.5 X IQR
e ole)Yd A oFst ol“ﬂb(mﬂd outlier), ¥ 3t0] 7z}
7} Q,-3.0xIQR ¥ Q;+3.0x IQR W 9] o] 2] 7-¢- 74t o]
JAE (extreme outlier) 2Fa 78 & 3FCH(Lyman and Longnecker,
2001). 917141, 1.5, 3.0 212+ Whisker Z°]°]H, Q,, Q,&= 2+
7k ANARES, AIBARESIF (2915, quartile : 7] &A1
el EojEd ARE 4555k 9)°IH. IQR(interquartile
range)y Q; —Q0|th. # AFA = o dxtm A |FEo =
7t oA 5 o] &3kl Robust 3|2 8] T A
(weight)s AH&-Sh= o] fi= B5AER FollA o3tz 4

FE =L T 7] wEelth

2.2.1.2 SIQR boxplot 7S &3 o] dA5 At

2 AT = o AR L] B O = boxplot FAI71H
oAl Whisker Aol 3.02] a}gh 9 4Fst o]£]2] W Lle}
IQR2] WE(Semi-IQR)S &-83+ SIQR boxplot WH (©]3} S-
boxplotys 243l th(Kimber, 1990; Aucremanne et al.,
2004; Hubert and Vandervieren, 2008). S-boxplot -
ahetat ek 242 SIQR =Q,-Q,, SIQRy=Q;-Q, =
elebn, A5AE FollA sFehgho] IS5AEL] H gkl
Q7 Zd&Hgke] Qelld B5Ats el Holg7AE Blold =}
2ol gste] o] AR Z st} tha] T ol R km =
Whisker A°]7} 3.00.2 7F3k(extreme) ©| A E THetal 7}
thzo] opdAhn el =4S 331 IQRE] Wh(Semi-IQRYS
23 S-boxplot S H| w8} (Kimber, 1990; Aucremanne
et al., 2004; Hubert and Vandervieren, 2008) ©]J2}l= 3
W TAR kGl o, o] dRpR o] Al BlE-2 ATl A
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) 2k 5~10% H]E° == o]
ARz E Bt 7|07 AASA

2.2.2 %8415 (influential observations)2] 2tk #-29 HHH

A ARlANHT, 23F, ABAT 5)ell F TS
v A= AR =2, o] ARE] el et 3| Aot A
Al Gepit), AR E AN O R = o) dAtR e EFEA
Tk 3| F A of| A= AF=2] Aol = BlojuH] ekt
= FeA Zo|7} dtt. YEAtRe] I EE TSl Al
AE 3 Qo & AFeae el o] &H 1 e XA
(leverage values)?} Cook Al5=(Cook’s distance)E ©]-8-35}7
FHeHSHo(Chatterjee and Hadi, 1986). Q&4 52 FehE] =
A% Z52] 5% W oA 25 AlAs e, F3F
A57F B AAEE A, Folble tE ARE TR
AABAE 3|HEA Aol vX|= F3E 95% F-2) 7ol
nn) gk 0 % et ojof st T1eut AlA kg2 i
5 sHyeh] wiwel vlu|st S dolx= AET) ot
= % Ut} gk, ASAEe YRR Al digk A
Ql 72 gitt. il #A5E AR BN JE¢AES
y A B st AAE A d3AksE ddrE«@
FAk] whEl ARl 71EE AASE AR o= FE2] o]
7] J91E Al FEFe vE o rE ASAR] o
HEA QL @ A 9] 5%E etste] ZAR AAIS Aol

£ 030§ x
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2.2.2.1 A A5 (leverage values)

AeE BEAR FoN GEART 9o] 150) 34
Atell JFL vIAEA Sfefsp] g Aol thE B4
2o} ulisie] 2 AeASE A BN FgRiRol
7wl e AR JRAR SER AgR & 9T,
Hoaglin and Welsch(1987)= h,.(= 1 /n+(x,.—;z)2/2_(x,~—fc)2)
>2(p+ 1)/n 2L WS PEARE JIABE B
St A7NM b= AdAS, i ASAEY W, pe 5
o gAA) Jielal, x,x = A CODE| BSALE,
COD #Z5A8 2] Htol},

2.2.2.2 Cook Al5*(Cook’s distance)

JIA 7 W)= sz g o] 85 Cook AlF+
A7 dlolEH2RE A2 AATES iNA S AAsH
1 AL SAAITES] zlolE S, ivA A5 o
3 g S o A o7 st Cook(1977) C,9) %t
o] A% (degree of freedom)’} (p+1, n—p—1)31 F&EXE
9] 50% Rt F AF iHA ASARE JIAEE Fos)

T E0a AEKITHC, > F(p+ 1, n—p—1;0.5)). 12t
Kim and Storer(1996)7} 5.2 Sl Cook(1977)°] Akt
712 7F AAEA] Egs w3k tiAl €,23.67/(n-p) =
Cook A2 7|FA|Z AASHATE £ el o] 418 T
R0 7152 ARSI o714 € = 1/ (p+1) - h/(1-hy)

259 - 1)

o

oM, iz EF3F FHAPoITh

223 WA A3

A28k ukel 7o), OLS(Ordinary Least Square) ®FH¥}
Robust & o]8-sfo] 747+ 8]+1415 WA 374353l of
714 A 4 7] AH(Q@EAE dV)E 2714, oAb
B W) 27HA)S] 1SS deete] oAt W g

AR e Adsteh B4 Aahe ot R

ANGA - ARS8 7 QIAE, = COD 5k, TOC
TE ASAEE st o714 5HHASE
C 5w T5HFo|
A2eHA - B Aol thet OLS W 3} Robust 'WHOE
4 3749 71871, 29, 24A45 2 RMS
JER o] dAtE e} FAE S A
7 E3= B30T of 7oA OLS 3]7]3A]
< Robust Z|FEAloNA 7] $(weight
function)”} =< & n] gt}
A3 - FEAE Tl AbAS h=2(p+1)/n 9
Cook AlF* C;>23.67/(n-p) &, o1’dAt= #t
71729 boxplot¥} S-boxplote E-g3}0] U] 714]
73-5-2] IS 288130 Th2 x 2 = 4 Cases).
A 4dA : A3AAA 2G5 U] FFe] b= el
upe} JEAtE ek7]ER] Cook Al A A
o 7R E TSt #E5A R d¥HS
(index)2  Fofsiglth. oldxtm  Ihdr]E?l
boxplot?} S-boxplot®] Robust 7+ Al5=7} 3}sk
T} Fst 9] ]9l AR ISA R HEE
Fsioith. F 714 ezl el ae
He A5AEE AR B oPIARR 7
sto] BSAFF A Al LA F T
A SHA : ol dAtE B FEAEE AA F T W] 1A
S E38] OLSS} Robust 4 371212 7]27]
4l A, A AS 9 RMS 2215 APg3I3iTh

ol

Al AN A A SAA ] AFmA 7] el A &} EAo]
7P A3 RMS @2t W HEAlT 3 702 A a3
7F ¢ A& Cook Al S-boxplot 7S g3t
Case-2 Xy otk 2p5.9] Aelavs vietstr] 913) ©|
AtE W FEArRL] AA A} 5] RMS 228k A

ol MEAFE RS,

224 5 AR0] WS

B Aol ARgs A5 0] U= (data index)i= Son et
al. (2003)°] #}5 4 oz}t e, AlStS W AT S
2] COD % TOC #EZAIF M o dAtzm e} AIAEE UA|
Ao 7 A ] Slste] HolEl Flojt, AT Fof A



Table 1. Index numbering according to observed sampling stations
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data index sampling stations Number of missing data

1-79 Incheon coastal area

80-95 Kanghwa Island 5

96-110 Seo Island Sts. 7, 13, 17, 18, 1999; St.4, 2000
111-130 Hyungsan River in Incheon coastal area
131-150 Busan coastal area
151-182 Han river estuary -
183-300 Lake Shihwa 2

(MOMAF 2006, 158-162 p) St.6, 2006.4 ; St.9(4m), 2006.8

301-390 Lake Saemangeum 6

(MOLTMA 2011, 206-213 p)

Sts. M1-M3, D1-D3, 2010.5

* data index of Son's et al. (2003) : 1-150

Table 2. Observed data in Han river estuary

Salinity COD TOC
date Index (PSU) (mg/L) (mg/L)
Singok submerged weir (CB-1)
2006. 05 151 0.10 3.80 4.75
2006. 08 152 0.09 3.15 2.99
2006. 11 153 0.28 5.51 5.98
2007. 02 154 0.49 6.56 6.20
2007. 05 155 0.17 6.16 4.95
2007. 08 156 0.11 3.04 3.17
2007. 11 157 0.17 4.67 3.89
2008. 02 158 0.23 11.93 9.41
Yeomha Channel (CB-2)
2006. 05 159 14.61 3.91 3.91
2006. 08 160 9.67 4.37 3.92
2006. 11 161 23.40 8.28 8.55
2007. 02 162 25.50 9.03 11.28
2007. 05 163 20.40 4.69 8.05
2007. 08 164 7.38 5.13 6.22
2007. 11 165 20.08 7.53 7.97
2008. 02 166 2423 10.35 13.70
Seokmo Channel (CB-3)
2006. 05 167 19.84 3.75 3.08
2006. 08 168 15.08 3.21 3.60
2006. 11 169 25.83 6.35 7.74
2007. 02 170 26.36 6.94 10.57
2007. 05 171 23.13 3.06 3.84
2007. 08 172 10.58 3.72 4.54
2007. 11 173 22.69 5.07 5.97
2008. 02 174 25.65 6.67 7.96
Jangbong Channel (CB-4)
2006. 05 175 28.49 223 1.78
2006. 08 176 26.77 2.94 2.88
2006. 11 177 30.14 2.25 3.00
2007. 02 178 30.09 2.30 3.93
2007. 05 179 30.37 1.97 3.30
2007. 08 180 24.97 271 2.98
2007. 11 181 28.97 1.32 2.05
2008. 02 182 30.50 1.59 2.18

rir

A2 AHARE AN F 242719 24 3R &
o= gdste] Galgleh. d5A0] wPAHY 85 Al
1} AT AYE T 292 2olSIItH(Table 1 22). =
Ato] ALEE A B=AE 7 29 Son et al. (2003), M

9% (Ministry of Land, Transport and Maritime Affairs,
Korea Institute of Marine Science & Technology, 2011),
Al3}S (Ministry of Maritime Affairs and Fisheries, 2006)

= Alefet ek SRR Table 200 #1A8H3IHE

r- i

3.1 COD2} TOC &
B ool ggd com} TOCS] #EAa+E A 390
7| olth, AL A R ASAEG NG et 3270,
Agts 1187, A 907H, Son et al. (2003)2] A&
15071 o]t}
olg ARE et
(2003)°] A5 &
(2003) AFF.2] F Fto
Az oA OLS Wi Robust W=

Zx12 8M Ao}

T, AEE, ATEE 2 Son et al.
B xeke dA #E5AE9} Son et al.
2 FHEskSlth coDs} ToC =
23 570 24

St A& Table 3o HEFSITH(Case-0). 7+ 72 Akl
A 7% OLSS} Robust 2|72 9) 717, &4, Ag7

4= 4l RMS 93} 59 Joli= OLS 3]AEA A5 7|+=0
2 AAAEE= 0.9~154%, Son et al. (2003)2] AE:=
3.5~18.5% ATH(Table 3). 545 FollA - A5= 3
A el si=siA Blefuhal Qlk(Fig. 2(a)). © A5
oA o] AY FIAEY THsA o] ET

3.2 O| &K=t Hekktz Rt I 2| Zut

Y] 7] A A4sted coDgl TOC #5AEE 390
7R} Son et al. (2003)2] AF= 150714 o] d=} 5 9 FgkA}
BE Wi AR 0] Wk} Aol #kg.o] £4lo]
7P A Aelgapt 71 2 Case2= ERIF o dAtEe}
ks 247} 22709 1271 Sivk(Table 3). o8k A =S Al
7%+ Fof] OLS9} Robust 3] 742 43812 thFig. 2(b)).




212 FHE - Z3A - 7104

OLSS} Robust S171-40% 747 7187], 40, 297K 2§ WEARe Agulgo] 2 255 padue] L3 ol
RMS ©3F 5o U3 F F72] A5 dol oL IARY A=
AoHE 1EOR 01-42%2 FAA et of Aol A7) vl W, BEE AN ABE o) o

VAR JFAZ AP ol 13 o1 FER AASIE. PRI} BE EFo] 9lov], o) ARES MM B
h o] whek AA S - AR (Case 0)oll ThEE AlA

3.3 OlURt= et Btz M2l 2ot AR (Case 1-4)2] BIE{(1 - A7) 5 BI21AAER) x 100%]
AR Aels Bot AR FA P @k BAol olAR 2 APIFIT ol dRE W JPAR A F 93 ATk

o} @Atz AA A3 5] RMS 2418} W AT 8] A= UAAIRE AAA o7 o] Jr2o] A} A
HxLAGt)2] Mgk o] 8-ato] dedegith vl T72] Wi e o] AEA FAZ A Bt it

2 A5 A & AA #5252 OLS 3734 el A Robust 3|74 W] tjst RMS 2212} |EAT vl
RMS @212} JaAGol| st HgATe] A& 717} & Ao MER AASHA] gkt AlA F ek w
29~36%S} 74~80% LEFSXTE. Son et al. (2003) A2 2} OLS " ¥} Robust 3724 HH ] RMS 2x7F A €]
BAA RMS L3R 34~42%, S 3AISo) tjst W5 A1 A sfetElolA] Ad71ell AAlSE vl &2} fALSE 2oz
A0 59~71%2 3hetE] S Th(Table 4). RMS 2.4} 4l ¥ 217 w0 tH(Table 3).

oY oft

Table 3. Analysis results according to diagnostic methods of Son's et al and all data

DM regression RMS
(diagnostic parameters R’ error 1 outlier index influential data index
method) intercept slope
all data
BOR OLS 1.77 040 046 123
Case-0 390 - -
BOR RLS 1.50 044 045 1.24
AOR OLS 1.56 043 043 0.88 1, 17, 27, 31, 36, 120, 161, 162, 163,
Cosel JORRLS 150 044 043 088 165,166, 169, 170, 174,257, 305 1120 155 166,183, 271, 307, 313
AOR OLS 153 044 047 085 1. 17, 27, 31, 36, 120, 161, 162, 163 1, 17, 27, 31. 120, 158, 161, 162, 163.
Case-2 368 _1_‘_’_‘165 166. 169 1_'_’_'_"70 174. 257, 305 165, 166, 169, 170, 174, 256, 305, 307,
AOR RLS 146 045 047 0.85 T = 309, 310, 313

1, 17, 27, 31, 36, 120, 158, 161, 162,
AOR OLS 155 042 048 0.79 163, 164, 165, 166, 169, 170, 173, 174,

Case-3 338 199, 207, 234, 256, 257, 259, 305. 307,
AOR RLS 150 044 047 0.79 309,310, 312, 327

17, 120, 158, 166, 183, 271, 307, 313

1,17, 27, 31, 36, 120, 158, 161, 162,

AOR OLS 152 044 0.1 0.79 163, 164, 165, 166. 169, 170, 173, 174,

1,17, 27, 31, 120, 158, 161, 162, 163,

Case-4 360 199, 207, 234, 256, 257, 259, 305, 307 165, 166, 169, 170, 174, 256, 305. 307,
AOR RLS 146 045 051 0.79 309. 310, 312. 327 309. 310, 313
Son's et al.

BOR OLS 1.72 032 0.65 0.88
Case-0 - 150 - -
BOR RLS 1.40 036 0.63 091

AOR_OLS 132 040 0.67 0.58
Case-1 B 141 1, 17, 21, 27, 31, 36, 101, 115 17, 120
AOR RLS 127 039 0.67 0.59

AOR_OLS 142 036 0.60 0.56

Case-2 - 138 1. 17, 21, 27, 31, 36, 101, 115 1. 17. 27, 31, 36, 111, 112, 118, 120
AOR RLS 135 036 059 0.57
AOR OLS 133 038 0.69 0.52
Case3 _ e 111, 17.21, 27,31, 36, 101, 102, 17,120
AOR RLS 129 037 069 0.53 114, 115, 116, 118
AOR OLS 140 035 0.64 051
Case-4 - 134 L1117, 21, 27, 31. 36, 101, 102, 1. 17. 27. 31, 36, 111, 112, 118, 120

AOR RLS 134 035 0.64 0.51 114, 115, 116, 118

* Case-0 : raw data with before removal of outlier and influential data, Case-1 : leverage and SIQR boxplot, Case-2 : Cook's distance and
SIQR boxplot, Case-3 : leverage and boxplot, Case-4 : Cook's distance and boxplot, n : data number, BOR, AOR : before and
after outlier removal, respectively, OLS, RLS : ordinary and robust least square, bold underline : outlier index and influential
data index
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Fig. 2. Scatter plot and regression curves of COD and TOC (a)

before removal in outlier and influential data. (b) after 0 i i i
. . . . 0 5 10 15 20 25 0 3
removal in outlier and influential data. (b) Salinity (psu)
Fig. 3. Scatter plot and regression curves of Salinity and COD (a)
Table 4. Reduction ratio before and after removal of the outlier and before removal in outlier and influential data. (b) after
influential data removal in outlier and influential data
(a) RMS error due to outlier
Son’s et al Total data Table 5. RMS error and RR(%) of outlier and influential data due
- to variation coefficient in total salinity, COD and TOC
DM OLS RR(%) DR DM OLS RR(%) DR —
(a) salinity and COD
Case-0 0.88 BR Case-0 1.23 BR -
correlation RMS
Case-1 0.58 34 AR  Case-1 0.88 29 AR , RMS error RR
Case2 056 36 AR Case-2 085 31 AR bM interceptslope  error RR CO%KS (o)
Case-:3 052 40 AR Case3 079 36 AR (o)
Case-4 051 42 AR Case4 079 36 AR Cased BOR OLS 812 -0.170.18 2.57 501 -
BOR RLS 739 -0.16 0.15 2.61 '
(b) coefficient of variation due to influential point Case- AOR_OLS 827 -0.19 0.39 141 45 204 65
Son’s ot al. Total data AOR RLS 796 -0.18 0.38 142
DM Cook’s LV RR(%) DM Cook’s LV RR(%)
Case-0 738  3.05 Case-0 1035 3.42 (b) salinity and TOC
Case-l - 090 71 Casel - 087 75 correlation RMS
Case2 241 - 67 Case2 211 - 80 DM _ Re RMS ermor o0 RR
intercept slope error  RR (%)
Case-3 - 0.93 70 Case-3 - 090 74 (%)
Case-4 299 - 59  Case4 217 - 79 BOR OLS 594 -0.10 0.18 1.52
* RR(reduction ratio, %) : reduction ratio by RMS error and vari- Case-0 BOR RLS 537 -0.09 0.15 1.54 365 -
ation coefficient based on the case-0, DM : diagnostic
method, DR : before and after outlier removal, BR : Case-2 AOR OLS 571 -0.11°0.35 0.8 42 164 55

before removal, AR : after removal, LV : leverage value AOR RLS 5.68 -0.11 0.35 0.88
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Fig. 4. Scatter plot and regression curves of Salinity and TOC (a)
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2t 5 OLS 3|72 AHE 7|FoZ F 249 Apo]
7} 1.5~13.7% Slvh. =525 FollA 5 Ak 3744
ZdellA] Tl Blelsith(Fig. 3a). o] ARG oAk o]
Av FERARY 7HsA o] =k

Case-2 ZITHIR] O o) dztg o} JFARE Bt 16
7N AA=E AASACHFig. 3(b)). A& #Hg] F o
7] % OLSS} Robust 3]713#-4 02 3749 7]&7], A4,
A5 9 RMS 241 52 OLS 3|#HEA d3HE 7]
A2 2ol 7t 0.8~3.7% AT A1A $- OLS 3|74
Hell gk RMS 241] A7 E0] 45%, QAT
A A7)0 65%= 3FetE 9 tH(Table 5).
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Case-2 Xchiby o & oAzl g o} A E AEslo] 33
7N AA=E AASFSITHFig. 4b). Case-2 T 48 &
E3}1 TOC #FEo] thall OLSS} Robust 3] 715418 A48k
ok 3] elA FHE 71E7], 4, 271 2 RMS
22} Foll tist 7 A 7e] zfoli= OLS 37 7]
TORE 0.1~04% YEZ v mn]aigl o, o= ol dRtR
7} A AAEH A= 2w sth Al A & RMS 2419]
A7HEo] 42%, FEAT] WISAT AnlEo] 55%=

EFSTH(Table 5).
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EAANe] WUEE A5 Holrme]= o dRtmet 9
AHE (Lee et al, 2001)°] 2] {7l whe dnbz{ oz
2] 220]= OLS 3|74 oA A4 A1, RMS 24} Bl 7
3|72)e] 7187]9} M3 o] M7t 418ITH(Chatterjee and Hadi,
1986). o/dAtE e} AR FaFH S =ol7] 218 OLS 3
FE412] kS E Robust WOl Quantile 374 &
A1 2 ScK(Koenker and Bassett, 1978; Koenker and
Hallock, 2001; So et al., 2012). 3F4] vk 418 3] 782 2] 4
U2} Y S (robustnessyE 350171 f18lA] o] d=}m.9) Ik
Ao WG} 2= vl Fs

oldAtE 9l FFAT ] AlA St JHH
+™(Cho and Oh, 2012), A &F2] #5254 o] d=tR
AA Bk ABAR] 7E G )y HESHA AAIE ] A
ATt TR, oPdAlE & ks SRR §H] W A A
et 88 A, ] d5AFaelA tigF 5~10%
ALZ ol 2 7158ko] A4 8 CH(Hair et al., 2010).

2 AFelA TOC, COD, 9 #5ASE Cook A=}
S-boxplotE &-&3te] o] dxtm e} JEAtE A|AFl OLSS}
Robust 3] 7172404 RMS @28} QA5 tf gt W57
T BF © 2 7531 YH(Fig. 2b, 3b, 4b). o]t 7t
2% TOC, COD, % #A5A 5| 35 o] Atz 9l I
AF5.2] 2 A2 el Cook A5} S-boxplot B o] ul]-$-
aIA QS ALt

B0l oA AL 8 COD, TOC AFE o)A o)Ak At=
o} YRS Wk g A ] 23S grlshr] Sl
Son et al. (2003)¥} B] W &I Son et al. (2003)0] 43t
TOCS} CODell th3t 39212 COD(mg/L) = 1.63 x TOC(mg/
L) - 0.88, Z7A15= 0.66 ©|30T. o] 3]7218] SHE)= 7]
E ol g mol vz AAE O, & AAAaTiel v
W3F7] Y5t mg/L w2 #4F8FTE (1 mmol O, [CODY/
L=32mgL, 1mmol C[TOCJL=12mgL). ¥ oA
Case-2 WO 2 Son et al. (2003)2] AH&E A3} o)A+

Q1 Fto] ofe
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]
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Table 6. Comparisons of the regression models by Son et al. and this study in case of using the Son et al.’s data

. this study Son’s study
items - > - >
regression model R regression model R
COD-TOC COD = 1.57"TOC - 0.98 0.69 COD = 1.63-TOC - 0.88 0.66
TOC-Salinity TOC =-0.11-Salinity + 5.50 0.67 TOC = -0.10-Salinity + 5.28 0.66
COD-Salinity COD =-0.21-Salinity + 8.49 0.71 COD = —0.22-Salinity + 8.96 0.62

* units : COD(mg/L), TOC(mg/L), salinity(psu)

Atzob bRl Wek 9 X2 A¥, coDg} ToCe]| Tt
OLS 7% ﬂﬂd% COD(mg/L) = 1.57 x TOC(mg/L) — 0.98,

éx* A 0.69 Ak 7 Aol 71&719k o] fatet
L, 7&@741T: Son et al. (2003)2] A3} B} okt ST}

S} THTable 6). =, 7 A olA] o] ¢} 22 Afe] f
APEL 2 AtellA] i, COD ¥ TOC Goll 3 o)
A5} GEEAtRe] ek 9l Z2le]] ARE-$F Case-2 o] 4
Ao olu]sh},

oPdAtELe} AR Hdk W A A elM ApE e =
FEs)ehA R e 248 she Slo] niakA st G,
COD, TOC A} oA o] dAt5 8} AR L] et 4l A2
= 9% A4 s 3] 8 2 Aol A &
ARPR S v wakITh 71 Foll Cook A2}l S-boxplot 715
S 25 Case-2 S HEH 0= AAIATE Case-
25 ZAA3E o]+ S-boxplot- SIQRS &85t AFsH3to]
boxplot 2SR T #A] 7] wliTo| 19 o] Rt 5T} S0
SoA oIARER AAE BF5ARES] £ Eo] ol
(Hubert and Vandervieren, 2008). < S-boxplots -85t
ol dAts A-H T Y] 757} boxplots: E-8-3t o] dAtg A
g o] Ja Bt F4 5SS TH(Table 3). 4
PR G} A2 E $13l Cook AT E AeAlFE &
83131t} Cook A7t A2l Al Bt A1AE BS54 A
7} B @obA Cook AlF7F A el AlFE S8 W B
o "3 A Fk7He]7] wliZo]th(Chatterjee and Hadi,
1986; Hoaglin and Welsch, 1987; Kim and Storer, 1996).
w3}, Case-2 Z¥HYH o] Case-1 Mk H T} RMS 2.3}
7F Bop Ao mpebs] B5A5 9] 48] %2 Case-37
Case-4 W BT} &A50] W2 Case-17} Case-2 FEHIH
& RMS 227} 1] 42 Case-2 'S HF2 o2 A4}
RAFHTh

2 AT A Case-2 XTI E o] &3t i, COD ¥
TOC A5elA o] dAts et YFARE A2t § OLSe}
Robust 3] 7% 2] A3} (Table 3)= 2P A= E4S
213t Son et al. (2003)9] &4 Ao} Z ztol7F (IS A
5 A &y 34 Al o) dRtEe) dAkse] dist W
AT FHago] 247t 31%$} 80%°l ol A== Wi %
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