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ABSTRACT The most ideal method to measure the water-soluble CI ion eluted from iron artifacts is conducting the analysis
on desalting solution by Ion Chromatography. But most institutes related to cultural heritages use Cl meter by reason
of lack of budget and experts. This study evaluated reliability and stability between Cl meter and Ion Chromatography
by doing cross-validation with results from two methods to detect C1 ion of desalting solution. From D.I water, extremely
small quantities of Cl  ion was detected by the influence of remaining water-soluble Cl ion at the electrode of Cl meter
and water-soluble C1” which remains in Sodium sesquicarbonate, components of reagent was detected as well. The first
desalting solution had the most CI ions, Cl ion slightly decreased from the second to the fourth desalting solution and
tend to decrease again at the stage of dealkalified in D.I water. Each ClI meter has the standard deviation according to
the measured numbers and the higher concentration of Cl ion the desalting solution has, the wider the deviation is. But
when the concentration of Cl ion is low, it was stable to use Cl meter to detect the concentration of CI ion from iron artifacts
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because there is the small deviation, It is thought that conductivity meter method is not suitable for measuring Cl ion,

because the electrical conductivity of alkaline solution is too high to measure Cl ion.
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Table 1. The analysis results of D.I water by Cl meter and ion chromatography.

Chloride ion CI ions Concentration of D.I water(mg/L)
analytical Cl meter Cl meter/IC
instruments Ist 2nd 3rd 4th Sth Error Mean Error
Ton
Chromatography 0.00 ) ) j j j 0.00 )
'A' Cl meter 0.52 0.47 0.45 0.43 0.44 0.09 0.46 -0.46
'B' Cl meter 0.31 0.18 0.15 0.11 0.11 0.20 0.17 -0.17
'C' Cl meter 0.21 0.21 0.21 0.20 0.22 0.02 0.21 -0.21
Table 2. The analysis results of sodium sesquicarbonate by Cl meter and ion chromatography.
Chloride ion CI ions Concentration of sodium sesguicarbonate 0.1M(mg/L)
analytical Cl meter Cl meter/IC
instruments Ist 2nd 3rd 4th Sth Error Mean Error
Ion
Chromatography 1.49 ) ) ) ) ) 1.49 )
'A' Cl meter 1.90 1.79 1.72 1.90 1.90 0.18 1.84 -0.35
'B' Cl meter 0.42 0.31 0.29 0.34 0.32 0.12 0.33 1.16
'C' Cl meter 1.16 1.07 1.07 1.03 1.02 0.14 1.07 0.42
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Figure 2. Comparative graphs from the analysis results of
sodium sesquicarbonate Cl ions by Cl meter and ion
chromatography.

Figure 1. Comparative graphs from the analysis results of
D.I water CI ions by Cl meter and ion chromatography.
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Table 3. The comparison of water-solubles CI ions from No.1 iron nail after desalting.

Duplication CI ions Concentration(mg/L)
Cl meter Clmeter IC  Cl meter/IC
Sample Ist 2nd 3td 4th 5th Error Mean Measure Error

Desalting 1st  173.00 194.00 194.00 195.00 198.00 25.00 190.80 143.33 -47.47

Desalting 2nd  21.50  18.90  17.80  18.70  17.60 3.90 18.90  10.22 -8.68

Desalting 3rd  20.60 19.00 18.40  20.00 20.70 2.30 19.74 8.33 -11.41

'A' Desalting 4th 9.10 8.40 8.79 8.81 8.58 0.70 8.74 8.34 -0.40
Clmeter Dealkalified 1st  2.94 332 3.03 3.25 3.48 0.54 3.20 3.67 0.46
Dealkalified 2nd  2.66 2.50 2.45 2.49 2.36 0.30 2.49 2.92 0.43
Dealkalified 3rd  2.15 2.20 2.21 2.26 2.23 0.11 2.21 2.77 0.56
Dealkalified 4th  2.63 2.41 2.40 245 235 0.28 245 2.67 0.22
Desalting 1st ~ 87.20 72.80 63.50 62.80 6640 2440 70.54 143.33 72.79

Desalting 2nd 8.63 8.77 8.72 8.67 8.72 0.14 8.70 10.22 1.52

Desalting 3rd 2.23 241 2.51 2.59 2.84 0.61 2.52 8.33 5.81

'B' Desalting 4th 2.14 2.09 2.10 2.08 2.01 0.13 2.08 8.34 6.26
Clmeter Dealkalified 1st  1.52 1.52 1.52 1.55 1.52 0.03 1.53 3.67 2.14
Dealkalified 2nd  0.87 0.83 0.84 0.86 0.86 0.04 0.85 2.92 2.07
Dealkalified 3rd  0.45 0.50 0.51 0.54 0.54 0.09 0.51 2.77 2.26
Dealkalified 4th  0.49 0.48 0.53 0.56 0.56 0.08 0.52 2.67 2.15

Desalting 1st ~ 195.00 205.00 214.00 213.00 214.00 19.00 208.20 143.33 -64.87

Desalting 2nd ~ 17.20 1640 17.50 1640 17.20 1.10 16.94  10.22 -6.72

Desalting 3rd ~ 13.90  13.30  10.90 12.60  12.90 3.00 12.72 8.33 -4.39

'C Desalting 4th 8.26 8.01 8.26 7.81 7.85 0.45 8.04 8.34 0.30
Clmeter Dealkalified 1st  2.53 2.49 2.57 2.67 2.65 0.18 2.58 3.67 1.08
Dealkalified 2nd  1.41 1.24 1.34 1.38 1.38 0.17 1.35 2.92 1.57
Dealkalified 3rd  1.12 1.15 1.17 1.16 1.18 0.06 1.16 2.77 1.61
Dealkalified 4th  1.07 1.08 1.06 1.04 1.05 0.04 1.06 2.67 1.61
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Figure 3. Comparative graphs from the analysis results of
No.1 iron nail Cl ions by Cl meter and ion chromatography.
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Figure 4. Comparative graphs from the analysis results of
No.2 iron nail Cl ions by Cl meter and ion chromatography.
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Table 4. The comparison of water-solubles CI ions from No.2 iron nail after desalting.

CI ions Concentration(mg/L)

Duplication

1st 2nd 3rd

Sample

Cl meter Clmeter IC  Cl meter/IC

4th 5th

Error Mean Measure Error
Desalting 1st ~ 173.00 135.00 138.00 136.00 140.00 38.00 144.40 86.53 -57.87
Desalting 2nd 16.20 1620 16.40 16.70 16.70 0.50 16.44 9.12 -7.32
Desalting 3rd 16.80 17.30 17.50 17.20 17.40 0.70 17.24 8.18 -9.06
‘A Desalting 4th 8.87 8.83 9.70 9.05 9.01 0.87 9.09 8.39 -0.70
Clmeter Dealkalified 1st  3.22 3.38 3.31 3.37 3.49 0.27 3.35 3.76 0.41
Dealkalified 2nd ~ 2.12 2.22 2.34 2.30 2.25 0.22 2.25 2.61 0.36
Dealkalified 3rd  2.33 2.32 2.37 2.45 2.47 0.15 2.39 2.79 0.40
Dealkalified 4th  2.20 2.11 2.21 2.19 2.26 0.15 2.19 2.54 0.35
Desalting 1st 4730 4990 5190 53.60 56.30 9.00 51.80  86.53 34.73
Desalting 2nd 2.84 2.95 3.09 2.84 3.04 0.25 2.95 9.12 6.17
Desalting 3rd 2.62 2.74 2.84 2.83 2.86 0.24 2.78 8.18 5.40
'B' Desalting 4th 1.97 1.98 1.99 1.97 1.95 0.04 1.97 8.39 6.42
Clmeter Dealkalified Ist  1.27 1.24 1.13 1.15 1.17 0.14 1.19 3.76 2.57
Dealkalified 2nd ~ 0.55 0.56 0.61 0.64 0.66 0.11 0.60 2.61 2.01
Dealkalified 3rd  0.61 0.58 0.59 0.63 0.64 0.06 0.61 2.79 2.18
Dealkalified 4th  0.22 0.27 0.29 0.29 0.32 0.10 0.28 2.54 2.26
Desalting 1st ~ 142.00 141.00 142.00 144.00 149.00 8.00 143.60 86.53 -57.07
Desalting 2nd 1560 1630 1620 15.60 15.80 0.70 15.90 9.12 -6.78
Desalting 3rd 12.40 1250 12.30 12.20 12.40 0.30 12.36 8.18 -4.18
' Desalting 4th 8.80 8.62 8.26 8.26 8.19 0.61 8.43 8.39 -0.04
Clmeter Dealkalified Ist  2.36 2.35 2.27 2.27 2.24 0.12 2.30 3.76 1.46
Dealkalified 2nd ~ 1.20 1.23 1.23 1.26 1.29 0.09 1.24 2.61 1.37
Dealkalified 3rd  1.24 1.22 1.20 1.21 1.22 0.04 1.22 2.79 1.57
Dealkalified 4th  1.15 1.17 1.21 1.25 1.28 0.13 1.21 2.54 1.33
e SAREE 2.57mg/LE £ HAE BYO 9] #2 $AE YT 29 23404 = 20.08mg/LE
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T Fao|RFE 572 77 £A510] Table 58+ 2
2 2345 Q) ol 2ARnEIH Y BAATE B
A =2g 1204 76.79mg/L o] £& A& YElit L 2
o 23}l A1 11.92mg/LE Aol o] F25) Zastech
ol B 47714 9. 72mg/L 2] 2 2 Wsbrh Qe ok
& AR = B dA AR E 4.83mg/L ©]s}
2 Zraste] 2 gz 42104 = 2.37Tmg/L7HA] ZHas
Eipiag

‘AP0l F7)= B 1Al Bt 126.40mg/L

2L olearntEguE A3 9.72me/L $=2]9}
AR AE 2ok g9ze] IPgoAe olgaznt
ET 9o} AR 4.62~2.05mg/L o] F4olR HEE L}
B, 0.38mg/L o] &) HAFE H ]It} FA|TF Gaxo]
TS B Apke ol2a=nkE e e -49.6lmg/L
o] HAE Holu, ZA3I5o| T G025 E 47
o] FRHAE 25.00mg/LE =A Urebyth

‘B’ g0l T 47| = 2 1XolA] Bt 44.56mg/L
2 S0 o] 2aZrEIdu ) 32.23mg/L W2 &
A5 HYon, &g 2345 E = 3.14mg/LE IA 43t
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Table 5. The comparison of water-solubles CI ion from No.3 iron nail after desalting.

Duplication CI ion Concentration(mg/L)
s s GG e G
Desalting Ist ~ 124.00 125.00 119.00 120.00 144.00 25.00 126.40 76.79  -49.61
Desalting 2nd 20.10 20.20 2040 2030 19.40 1.00 20.08  11.92 -8.16
Desalting 3rd 2220 2230 2230 21.80 21.30 1.00 21.98 11.62 -10.36
N Desalting 4th 10.60 1090 10.80 1090 1240 030 11.12  9.72 -1.40
Clmeter Dealkalified Ist ~ 4.29 4.49 4.62 4.86 4.86 0.57 4.62 4.83 0.21
Dealkalified 2nd ~ 2.20 2.23 2.36 2.39 2.44 0.24 2.32 2.70 0.38
Dealkalified 3rd ~ 2.15 2.33 2.41 2.41 2.46 0.31 2.35 2.72 0.37
Dealkalified 4th  2.07 2.04 2.04 2.05 2.07 0.03 2.05 2.37 0.32
Desalting 1st 4380 46.80 4730 40.60 44.30 6.70 44.56  76.79 32.23
Desalting 2nd 2.89 3.21 3.12 3.09 3.39 0.50 3.14 1192 8.78
Desalting 3rd 3.56 3.86 4.03 3.88 4.03 0.47 3.87  11.62 7.75
'B' Desalting 4th 2.20 2.26 2.32 2.35 2.39 0.19 2.30 9.72 7.42
Clmeter Dealkalified 1st 1.27 1.31 1.35 1.37 1.39 0.12 1.34 4.83 3.49
Dealkalified 2nd  0.68 0.69 0.71 0.66 0.66 0.05 0.68 2.70 2.02
Dealkalified 3rd ~ 0.41 0.43 0.45 0.46 0.49 0.09 0.45 2.72 227
Dealkalified 4th ~ 0.22 0.27 0.28 0.27 0.28 0.06 0.26 2.37 2.11
Desalting Ist ~ 129.00 126.00 122.00 122.00 125.00 7.00 12480 76.79  -48.01
Desalting 2nd 2040 2040 1940 19.00 18.80 140 19.60 11.92 -7.68
Desalting 3rd 1740 17.10 17.00 1730 17.40 0.40 17.24  11.62 -5.62
'C' Desalting 4th 10.10  10.20 10.30 9.75 9.83 0.55 10.04 9.72 -0.31
Clmeter Dealkalified Ist ~ 3.02 3.05 3.04 3.06 2.92 0.14 3.02 4.83 1.81
Dealkalified 2nd  1.23 1.24 1.26 1.28 1.27 0.05 1.26 2.70 1.44
Dealkalified 3rd 1.14 1.13 1.10 1.17 1.14 0.07 1.14 2.72 1.58
Dealkalified 4th ~ 1.29 1.31 1.37 1.36 1.35 0.08 1.34 2.37 1.03
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Table 6. The comparison of the results of measuring elec- A2 AT ZRshe 84 dhol29] g3 ot
trical conductivity. Ao R A=} E3F Sodium sesquicarbonate 0.1M 4=
Sample & Conductivity(mS/cm) LoloA A2E GiolLe x|ok u|For EZAsH=
Desalination  Iron nail #1 Iron nail #2 Iron nail #3 2294 0] L0] gako] Ot A0 2 WkET)
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No.1 iron nail CI ions by Cl meter and ion chromatography.
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