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Evaluation of the Groundwater Analysis Accuracy
using Electrical Conductivity and Ion Concentration Data
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Abstract

Methods for evaluating the accuracy of chemical analysis for groundwater were tested and
new methods were developed using electrical conductivity and ion concentration data collected
from 15 wells in Gyonngi province during 1997 and 1999. Charge balance analysis suggested
that cation rather than anion tended to be underestimated. Overestimation or underestimation of
total ion concentrations could be inferred from the comparison with measured and calculated
electrical conductivities. Combined use of the charge balance and electrical conductivity
difference, however, rather than use of each independently provided more comprehensive
information on analytical errors by informing which charge species (cation and anion) was
underestimated or overestimated. By using the correlation between charge sum and electrical
conductivity, we could also calculate the percentage of analytical error for each charge species.
Furthermore, correlation between ion species and analytical error revealed the dominant ion
species (Ca™ for cation and HCO;- for anion) causing analytical error for each charge. An effort
to minimize analytical error for Ca* and HCO,- needs to be made. .
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coupled plazma spectrophotometery), %21l
33 2ol E 18 o ¥ (Cations exchange
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= A-87] A& o &FTHEA R, 2004),

Al B4 0] 74 tiFg 7|7t 24 W@
< 0] AR E FH5}7| el E4 T of
AlEE SR E B AR duAdE XI5
ol Wasltl YRt o R AFkrd B
AR E= B4 gol2at Zol29 A
| (o]} A3t} Charge error), A
A7) A =% (electrical conductivity, EC)
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(o3} M=% 2} EC error) 5= T34 F
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Table 1. Equivalent conductivity of ions (at 25.0°C)

Cation (s om) Anion A, (S cm™)
1/2Ca*" 59.5 HCO4 44.0
1/2Mg?* 53.1 CcI 76.0
Na* 50.1 NO3 71.0
K* 73.5 1/250,% 80.0
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Table 2. EC,, EC, and charge sum of the groundwater samples used

No. EC, 2/ Cation 2 Anion No EC, 2/ Cation 27 Anion
dSnr' megL! meqL! ) dSm’! meql’ meqL!
1 0.188 1.32 1.29 42 0.081 0.51 2.17
2 0.374 2.50 2.20 43 0.175 1.38 1.72
3 0.131 0.91 0.99 44 0.387 2.50 4.06
4 0.436 3.39 3.03 45 0.107 0.91 1.27
5 0.252 1.88 2.30 46 0.482 3.76 4.78
6 0.242 1.74 1.58 47 0.046 0.33 0.38
7 0.231 1.61 2.09 48 0.272 2.06 2.57
8 0.221 1.55 1.43 49 0.089 0.72 0.80
9 0.174 1.25 1.11 50 0.286 2.33 2.69
10 0.130 0.98 1.00 51 0.218 1.56 1.95
[ 017 1.16 1.80 52 0.138 1.14 1.21
12 0.378 2.24 4.03 53 0.360 3.14 3.68
13 0.132 0.88 1.24 54 0.579 3.98 5.71
14 0.250 1.74 1.52 55 0.322 2.22 3.39
15 0.034 0.21 0.30 56 0.348 3.61 4.40
16 0.219 1.36 2.17 57 0.149 1.13 1.67
17 0.220 1.39 2.7 58 0.348 2.93 6.08
18 0.143 0.93 1.21 59 0.125 1.37 1.35
19 0.127 0.83 0.98 60 0.045 1.77 0.44
20 0.177 0.95 1.77 61 0.234 2.75 2.75
21 0.386 2.13 3.79 62 0.045 1.92 0.47
22 0.138 0.73 1.30 63 0.690 5.58 9.15
23 0.205 3.48 4.01 64 0.251 2.69 2.92
24 0.7 1.99 2.29 65 0.218 1.76 2.41
25 0.142 2.91 2.52 66 0.124 2.13 1.07
26 0.161 0.75 1.50 67 0.264 2.24 3.34
27 0.175 1.50 2.18 68 0.516 4.54 6.43
28 0.178 2.07 2.95 69 0.473 4.23 6.07
29 0.064 0.77 1.26 70 0.159 1.63 1.56
30 0.182 0.92 1.73 71 0.339 2.58 3.49
31 0.393 2.17 4.07 12 0.038 1.20 0.36
32 0.143 0.74 1.30 73 0.387 2.67 3.99
33 0.411 3.33 4.36 74 0.037 1.17 0.37
34 0.242 1.78 2.34 75 0.464 3.37 4.92
35 0.177 1.07 2.27 76 0.318 1.96 3.18
36 0.087 0.57 0.93 77 0.269 2.24 2.58
37 0.241 1.61 2.27 78 0.175 2.25 1.72
38 0.133 0.76 1.38 79 0.429 2.55 4.52
39 0.119 0.73 1.12 80 0.529 3.57 5.75
40 0.186 0.96 2.76 81 0.372 2.80 4.04
41 0.148 1.20 3.03
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Table 3. Evaluation of the contribution of cation or anion to analytical error by using the
difference between charge sum calculated and measured (Equation 7

Charge sum Charge sum error (%) Charge sum Charge sum error (%)
NO. NO. ; ,
calculated Cation Anion calculated Cation Anion
1 1.91 -31 -33 42 0.82 -38 163
2 3.81 -34 -42 43 1.78 -22 -3
3 1.33 =31 -26 44 3.94 -37 2
4 4.44 -24 -32 45 1.09 -16 17
5 2.56 =27 -10 46 4,90 -23 -3
6 2.46 -29 -36 47 0.47 -29 -18
7 2.35 -31 =11 48 2.7 -26 -7
8 2.25 -31 -37 49 0.90 ~21 =11
9 1.77 -30 -37 50 2.91 -20 -8
10 1.32 -26 -25 51 2.22 -30 -12
11 1.74 -33 4 52 1.40 -18 -14
12 3.84 -42 5 53 3.66 -14 0
13 1.35 -35 -8 54 5.89 -32 -3
14 2.54 -32 ~-40 55 3.28 -32 4
15 0.35 -40 -14 56 3.54 2 24
16 2.23 -39 -3 57 1.52 -26 10
17 2.24 -38 -3 58 3.54 -17 72
18 1.45 -36 -17 59 - 1.27 8 6
19 1.29 -36 -24 60 0.46 287 -4
20 1.80 -47 : -2 61 2.38 16 16
21 3.93 ~-46 -4 62 0.46 319 3
22 1.40 -48 -7 63 7.02 -21 30
23 2.09 67 92 64 2.55 5 14
24 1.74 14 32 65 2.22 ~-21 9
25 1.45 32 74 66 1.26 69 -15
26 1.64 -54 -8 67 2.69 -17 24
27 1.78 -16 23 68 5.25 -14 23
28 1.81 14 63 69 4.81 -12 26
29 0.65 19 94 70 1.62 1 -4
30 1.85 -51 -7 71 3.45 -25 1
31 4.00 -46 2 72 0.39 210 -7
32 1.46 -49 -11 73 3.94 -32 1
33 418 -20 4 74 0.38 211 -2
34 2.46 -28 -5 75 4,72 -29 4
35 1.80 -41 26 6 3.24 -39 -2
36 0.89 -35 5 77 2.74 -18 -6
37 2.45 -34 -8 78 1.78 26 -3
38 1.35 -44 2 79 4.37 -42
39 1.21 -40 -8 80 5.38 -34
40 1.89 -49 46 81 3.79 -26 7
41 1.51 ~-20 102
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