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ABSTRACT

In order to prevent secondary pollution of tap water, corrosion characteristics are investigated, and corrosion index are
calculated using LI and LR to manage corrosiveness. As targeted water treatment plants from 2014 (July, once) to 2015
(July and October, 2 times), 70 plants are selected by making a division for each area and water system. (treated water
samples, n=240, raw water samples, n=72). In result of pH analysis, treated water was lower than raw water to 7.12,
and 7.29, respectively. LI were investigated in the order of Seomijin river, Nakdong river, Han river, Geum river, to -2.08,
-1.24, -1.11, -1.10 (at raw water), and -2.18, -1.59, -1.51, -1.35 (at treated water), respectively. In case of water quality
goal value (LI = -1) in Japan as control of corrosiveness, management object was investigated about 83.3%.
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1. A-I E F2101z}o o3| g8k Hb=r} (Aiman et al., 2003,
Marangou and Savvides, 2001). $-2|yehe= Ao

0148 A% BAC] olehyl AR AGE BE  SHOR dguue 4l Be Bun ZAEE 5
£ 98.6%= A 0.1% F53 A2 ZAE S A2 7HA AL Qlof, FAA T E8d SAEAAS
o} (ME, 2015). ko] BgE2 S7FsHAA, 7} 3 @)t} (Kim and Kim, 2011, Kim et al., 2007).
W59 5E AH3E 29 o3 Az 74 BAS #a35l7] 9)8) Li(Langelier saturation index),
o] FaAL S tFEIL Uty A oA RI(Ryznar saturation index), LR(Larson's ratio), Al
7hEEo] WtE7] 98 kst o, gy Y=g (Aggressiveness index), SI (Saturation index), RCI (Riddick
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ENo| w2 2z HAA 2A 9 AT 7}A o) corrosion index), CCPP(Calcium carbonate precipitation
A FEFS Sl ot FaAdo] EAste] 23 2.9 potential) S CT}oFal H.2] 7} vl o] ) sl 9o
S TYAZ 4t (Shankar, 2014, Liu et al, &R @2 UaloA] FATE S 98] LIA47}F AL
2016, Willison and Boyer, 2012 ). 3L )t} (Shams et al., 2012, Ahn et al., 2012, Imran et
Ao FA2 A 3Fekd aflar A adl, al., 2005). LI+= 19361 0] u]=+2] W.F. Langelierol| ]3]
RESA QT o5 BRE 4 glom, B FAY kR B4 A2 Zo|Ao] ezl Wy
2 COy, pH, g =, 824, Haol2 5 thafgt E 333l 23}, Exs), HEs AR EAES 9
&

7h 8 4 Qs oItk LRE go] &3} Fatol2ut
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AADL P ZERAE L 0] 85t HAdojRE Table 2. Instrument operating conditions for (I, SO,* by IC
B7}eH= W ot (Melidis et al., 2007). Item Conditions
I Y Fof HAlo] BrAYsHA =W, A2 41 Instrument IC Metrohm 850
o] Yolo] = 4= glom, Al W 224 Q= 1) Collumn Metrosep A SUPP 5-150
- Eluent 3.5 mM Na,CO; + 1 mM NaHCO.
BES A, 2UAT 5 dFR AAH £ % Sampl Toop St 3
HE?:_]‘ ‘/l\‘ (/)J]\E}- (I(lm et al~9 2007) ‘tl]"é} /\g'% Pﬁl—ﬂ 3]'% Samp]e volume 20 pL
Hogz HAS Aoz N S£EEo 2L FRA} Regeneration solution 100 mM sulfuric acid
9 pzo) Sy Qo] wE @Al e A Flow 0.7 mL/min
S Qe AW Gk wheb B Aol N w34
ol =8 Sof o3 452 2% oguxE g = 2.3 FHEEXe
W deedaeet o] B4 545 AL 54 LI(Langelier saturation index)= &9 pH, ~2, &7+
4 TEE St e A e oefstel =y Aw, AR, ANATE, B4 o)L o] 7S o] 43}
A HEE 9t BEdiE vk shalak skt o] LS|RITE LI7} 0ojAto| W ERAbz4o| 2} shALe)
& AR, 0ol34elR Bkl Hatst At
= .j_ﬁ\__ H A HP}\ 7
2 XE LU AlSiHKH = &0 Ao whE mwo] 'WAE LI} 00
ke eEgol BEAA o] S Helo]
2.1 EMCHAL 2 A3et o 4 9lek (Alberto et al, 2005).
) 707 A Y= 2471 4) S thAFe 2 2014 LI=pH,— pH,
74 = 9_] 5 o] 13 % 33 =
= 1%} 20159 74 18], 104 lﬂj\i 3%]= ot RI (Ryznar saturation index)+= ryznar®| 1944 9] 7}
1?_/}_'/@.5 ‘lﬂ7]'°}'01r’]' ‘1:17]":]']“— XJ“F‘%]—T_‘ %LH 4800:] 1?__'_}_% %QQ%X]—?O]E} E]'A]JLAA i§]_ o 7H1‘,§]’
g Xé%v SOTHE OJdZ A AR (I5718), 108F o o 122 =0 gqq LIA$o} & e
= AA > .
= 25%, lt&% o]4 SHHE U]‘?l% 15%, WhE mehS
25%% g R A, Aeun pRake] Yt RI = 2pHs — pH
o
ALt LR (Larson's Ratio)= @403} dHAito| e o ut
)y A & 5 g4o] E& golego] RAS NItk Yo e
22SE X 27 o TSl A4 Agolth. LRAGE 2k Aol
BAGTA LA S (AWEA), pH, BHE, B T BeHD gon, BE 0sut A42AS R
SRR, AR, 4, A/AEE, 0|, Aol A4 e 05HTE F 49 "RAY glevoR B
&5 Yue BAsigth FARHS BB £4F =2 Aok Davil et al, 2009)
AAR7IE osto] EAstglon, Zw 9 F7)o] [ 1[502 ]
SO ICPe} 102 ol gale] HAsYT EHzAL _ 1o 1150 |
Table 13} Table 29} 7t} HCO,

Al (Aggressiveness index)= 27| AHu}o]3Zo A

Table 1. Instrument operating conditions for Calcium by ICP Zo el o =g WA LI

Item Conditions %‘{L‘g}‘g /l] oz E]—/K]—?P :Egl_oq_}?]_oﬂ EE]—% _1?]_5_! Aé‘%
Instrument Horiba ActivaS
=3} 9) 2O A O HAIA] AR
Forward Power 1000 W &5kl ok A7} 10K T 2S¢ FA1Ado] Zst
- o 10~ 12004 OFzbe] HAA, 1250k 2 AL 2AY
Plasma Flow 18.0 L/min
Auxiliary Flow 1.2 L/min HAo] Hkar &8 A lh (Davil et al., 2009).
Nebulizer Type Meinhard
Sample Flow Rate 1.2 mL/min Al=pH+ log[C’a2+HAlk]
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DICH- 2340 Olo| i 201 - 05| uiZ 3!

3. Znt U oAt 4ot A4o] BT £ B4 Fig 29} 2k,
7zt E i 22420 A] 5.4 mgL~105.0 mgLo] Ho|=
3.1 2L et Hho| £ EX 2APE LI, 4ol A 47 mgL—108.0 mgLe] W92

Uelgton], - Ag=o)A Hit 36.2 mg/L, 31.63 mg/L
2 Uehdth B 249 Aol 4ol 186
mg/L~44.75 mg/L, S+ 2041 mgLE YEGFOoH, &
220 = 2.03 mg/L~51.97 mg/L, B 19.11 mgL&
PR Q0] 29] 79, f14mi 2,46 mg/L~10246
mg/l, B 2039 mgLE UEhgon, Hal 388
mg/L~117.56 mg/L, B 22.03 mg/LE YEGTH E

AR

2 707) B4 tAke.= 20144 13, 20154 2
3 Z4sto] Aot Hoo 44 EAS v et
Fig. 1-& = 707 A5AoAle] YA pHE, ¥4
L 633~8289 W9l Uehdon], FiL 629~
8408 ZAFE|QITE oA pHO| FXHgE2 7.26
7} 7.100.82 2AVEgon, JRgE 7299 7122
7Rk 2 zfo] glo] YK A o] & H=
XT}::O*E}. !ﬁé?l an 3%7& ;]7; wyofaé o BArol2e] B, Ui 211 mgl~79.32 mylL.
BeEel A 2o A 733, 720, 733, 7.128 M7 ot 19.58 mg/L, Aof| 4] 2.23 mg/L~81.24 mg/L, F
SAGIA TV she pHE EAPEgch o] e o |72 ML R AR, Ben
Hool A A AEE FdEoz A|AEE, oiol

HE 7.17, 7.04, 7.12, 7.03 &2 12=9} o] AA7}
P Tebeel AEd Bpatol Lo @ Uehton], HaAaE Al SHA Y

2 A 7F Yo pHE RAFE| QI =
AN 7R R piisE AT 254 BRI Qlslo] oleF W pH, UUAE 5
os HAS dod = 9l a4t 37t Ao E Yehy
o} Zgol Ae, Aot Ao 2 ko7 YEhY
50 | . A oFoket.
75 ] T % 3.2 I et Mol BAM XA Zut
=y
N e ATEA AT} Liof| il Aol 7hd o g
7.0 1 l T o= A% pH, &L= £0=2 0.77, 0.75, 0.74% o}
. Elgeh AN AR = 107 BE 0.01 304
. folsAl UEhon, grel BadA 2o A
: =2 ny o 3 o x
Raw water Treated water AS Hath RS galel, fdold, Ariee S
03 0.64, 058, 05002 Uepygth 2AME 432 g

Fig. 1. Corrosion characteristics of pH (2014 (July, once), 2015
(uly and October, 2 times), Raw water : n=72, Treated

01

S 2 87l oA 99% 0.014:F0l A 5-o]atglo

A<
water : n=210) o, 7] &l 0.054F0A 525k aL, pHeb=
140 H g
1 . L S 140 9
500 g F 500 &
120 - s 120 - s
—_ 400 & —~ 400 B
) s ) LJ o
3 100 1 2 B 100 =
? § 10 5
c S = c
S 80 (300 8 S 8o 300 8
s 3 ® 3
s o = o
c < € c
o 60 A 8 @ 60 4 8
e F 200 |5 e F 200 ©
o ° o 'g
O 404 s O 404 s
o o
100 & Fr100 ©
20 4 2 20 - 2
k] k]
0 0 w 0 0 w
Alkalinity Hardness CI so > a2 EC (Right) Alkalinity Hardness  CI a2 EC (Right)
(a) water quality of raw water (b) water quahty of treated water

Fig. 2. Characteristics of water quality at 70 water treatment plants.
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Table 3. Correlation analysis of water quality at 70 water treatment plants.

Water pH Turb. | Cond. | Alk. | Hard. F Cl SO,7* | Ca** LI LR
Temp.
Water 1
Temp.
pH | —0.05 1
Turb. | —0.22"| —0.13 1
Cond. | 0.10 | 0.25" | —0.03 1
Alk. | 015 | 0.277 |—0.28"| 060" 1
Hard. | 0.16" | 0.35° | —0.05 | 0.88" | 0.72" 1
F -0.01| 017 | —0.06 | —0.40" -0.11 | —0.39" 1
cl 0.10 018 | —0.01 | 0917 | 0497 0717 —-0.36" 1
SO | 0207 | 008 | —0.06 | 0.817 | 045 | 071" |—-0.37" 077" 1
Ca’* | 017" | 035" | —0.08 | 0.80°" | 0.74” | 095 |—-0.37"| 067 | 067" 1
LI 022" | 075" | —0.24"| 059" | 0747 | 0.777 |—0.28" 0.46" | 044" | 0.80" 1
LR 016" | —0.12 | 0.237 | 0507 | —0.227| 026 |—0.32"| 058" | 0.64 | 0.217 | —0.08 1
** Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)
1 1
0 w 01
g Il T T
i BB b = g1 — I
s | L == s
E] E] L] p—
3 — L | 9 B 1
g2 1 | == g 2 -
5 4] 5 L] L
-4 T T T T -4 T T T T
H N G Y H N G S
(a) LI of raw water (b) LI of treated water
Fig. 3. Characteristics of LI at 70 water treatment plants.
o8] Al YEbgth BAALS H7ME 5 = L A A= 245 ~ -0.169] HOlE Holu 25 ¥
9} LRO A 24 AF}, -0.082 RAME| o] A4 Aetdat 75 HAEA Q] t7to] vl AHA e
o] AF ¢l Ao= e ot YsideAol A= 389 ~ 1419 & WeoE X
U Y5l HaoAfe] BAY RS RAH AbE Sl o, 25 HAELL L 75 HANEFd 9] E7to] Hy
Al 707H é—’r—oa ez 33 =4S B3 & S H2 HARE YEpdh T3 10 HAlEY o] o E
LL RI, Al, LRG& ZAFsto] A=k =4 A 4=0 A A vl 7Py @2 FAAdo] YERYAL Qlo] Y
o) WAA A4 AL} HosAct o B4 BT ofego] e o BmEt
LIA4=5 AHg3sl7] §15k =2 B4 3 LIE A4S Hot S4AY A9 -1.73 ~ -0.349] HYE Hol
A1}, YoM AAZFSFA A Bt -2.082 F2] o, 10 HAEFA T} 90 HANEFL o] ThE4=7A] o B3| H]
Aol 71 A Yebgon, Y7} <124, 37 -1.11, 1A HL Fro R EAslo] LI W] A ¢ke
=7 -1.10 =02 FALE QT (Fig. 3). ZF ¢=AE = AL g Atk A =AY A4S, -2.58 ~ -1.20
A B9 S A fARSEAl 2ARE S o] HYE Hola Qlom, 10 HAEFU} 90 HAIEFA 2]
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QRACH- B3| 0[O|Lf- 201 OBl R |
B I00 AR teR 2 A4 3d A

Han | L1o] Bg o §ste] FAA B4 ER5} shof

EPQLTE LIS vlastgle o pH7b @ oA &

\— AAol 7p A3 o], 240 R} A%

o o Aol 57}3}% Agow AT Y

AN RATe] D H4Aat B 4ol A

f D [adong] e oot 5 Aagel 29 e das

[ Geum | 3 woh W HEE 5o $24 gor Aol v
S 37 depdr QEe] pawegn 44719

g 1EoR BAMS B2} skl o, 107H2] A4

Seomjin ,f</ ° r

[Example]
® Below-3.0
e -30--25
-25—-20
-20—-15
-1.5—--1.0
®  Over -1.0

Fig. 4. Plot according to corrosion of LI at 70 water treatment
plants in Korea.
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2 wwek A, W4 95 loh MR A BAlol&o] THE SAlel e We bEw Z4Hol
ZEZE 18.0%, 22.1%, 27.4%, 48%% S7letHe FAIE LR AMRA FA4do] W Ao s A Q. 4
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(a) LR of raw water (b) LR of treated water
Fig. 5. Characteristics of LR at 70 water treatment plants.
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Fig. 6. Average comparison of raw water and treated water according to corrosion index such as LI, Rl, LR, and Al
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@ LRO] LOS2 714 7l et om, S 135, & g zpmqe, iz 2448 Brke AeolE fs
7132, AR 1.039] =02 2AME QI 3, Y A= B= g50jAko 7 2AJE| o] HAlA o] Qi Ao
A gl A S BT 2 g aagmen IRe WA Agels Udet 4
of glo] tehtonl, U0 Bk ALolA B IR Lo mool gsmel A el Aol 9 2
2 47 12 8%, 77.9%, 50.2%, 47.6% S7}ol= HAFS oz zApElth AlZ WS AL, 100]510] W4
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AL ALt AL AL A 0.28 ~ F o 5.98
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RIHCH- 30| 0[O|LH- 2|QIM - OFH3| - Hhd

ERAl W Ao gist ad=E ekl 4 ok
Baylis curvel= o|2|3F TAS o] &35lo] pHe} Ly
w9 HAZ HEE ZAS=A oREZE Frhslol
FA4 24 AR E AT 5= Qlo] Fig. 7o Y
el ¢lth Baylis curveol] 9Jaf 707 Ao Ao A
Feof| thalf FAIdE e Ak 17]o A A1 olu
sA|do] FAER] Ferkal yeRgon, 209710 A
=1 A= ASE RAEQITH
AV S 9 Bt B7ksh] s o
= 2748 B AEIHS Uelo] e
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S 7 e 222%= ZAME
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2 YUehgth Eo 4E9) 423

Scale-forming

D) ° ® 9 & 2
o o
6
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5 ‘
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Fig. 7. Baylis curve to evaluate corrosiveness at 70 water

treatment plants (Treated water : n=210).
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Fig. 8. Histogram of raw water and treated water according to range to evaluate management object.
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