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A comparison of two COD analyses methods and their
differences in analysis values

Tomoki Umepa, Yoko Kivomoro, Katsutoshi Kuno, and Katsuhisa Tanaka

Seawater samples from Ariake Sound, obtained from the innermost western part of the Sound in
Saga area and off Konagai-cho in Nagasaki area, were analyzed using the two COD analyses
methods. One method was the alkalinity method based on Environmental Quality Standards for Water
Pollution (EQS-method), the other, based on Revised edition Guidelines for Water Pollution Surveys
(GL-method). Results showed that COD values obtained using EQS-method (CODggs) were higher than
those using GL-method (CODg.) by 0.61 +0.33 mg/L (Mean +S.D.). Mg?* was identified as the agent
that caused the difference between the two analysis methods. In addition, it was deduced that CODgqs
may have been affected by Mg** when the salinity of the seawater sample was above 16, meaning
Mg?* concentration was 24.26 mmol/L.

A conversion equation from CODggs to CODg,. and vice versa was calculated from a multiple

regression analysis between the salinity, CODgos and CODg. of samples in the present study with
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salinities that were higher than 16. The resulting equation was also verified reliable.
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COD (mg/L IS5 v EEE () COD (mg/L 75 Y EEE () COD (mg/L I35 2y EEEm) COD (mg/L 25 2y EEE M) st COD (mg/L IS5y EEE M)
B#No.| 185 [CODeos| CODo | fEE [EFiE[TBEHA[ fBE | |3HNo.| 155) [CODeos| CODa [ 1BE |&imih | ashik| B2 | |B#No.| #54% [CODeos| CODa | fBE | &ivih| fablik | [BE | |3#iNo.| #4 [CODros| OODa | EE | ik | fESHE| BE o 4% [CODeos| CODq | 1B | it | $E81E | BE
G ® | ABl K B) | (A-B) A ® | AB ] M ® | (A-B) 0] ® | AB] K ® | (A-B) ) ® | AB ]| &) ® | A-B i 6] ® | AB] W ® | (A-B)

T |29.10 | 2.11 | 1.26 |0.83 | 9.78 | 9.85 |-0.07 85 3008 | 1.67 |0.93 |0.74 | 0.43 | 0.49 |-0.06 | [ 167 30,92 | T.21 | 1.00 |0.21 | 9.52 | 0.67 [-0.15 | | 251 | 6.17 | 265 | 2.65 | 0.00 | 9.94 | 9.93 | 0.01 335 14.26 | 2.24 | 2.27 [-0.02 | 9.84 | 9.83 | 0.02

2 [20.38 | 1.79 | 1.16 |0.63 86 |30.88 | 1.56 |0.77 |0.79 168 |31.00 | 1.43 | 0.92 | 0.51 252 22,08 | 2.90 | 2.86 | 0.05 336 23.36 | 2.82 | 2.36 | 0.45
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4 [30.01 1.3 |07 |068 88 |[31.63 [1.44 [0.66 [0.77 170 |31.36 [ 1.46 | 1.05 |0.41 254 |25.05 |2.87 | 262 | 025 338 13.60 | 3.38 | 3.17 |0.21 | 9.84 | 9.83 | 0.02
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12 [30.96 [ 1.67 | 0.88 [ 0.99 | 9.75 | 9.80 |-0.05 9 |30.24 | 1.69 | 1.11 |o0.58 178 |29.81 [ 1.53 | 1.00 |o0.53 262 [20.39 | 2.93 | 1.82 | 1.11 346 30.90 | 1.47 | 0.56 |0.91

13 3125 [ 1.59 | 0.74 [o0.85 97 |29.00 | 1.94 | 1.31 |o0.63 179 |29.20 | 1.23 | 0.77 |0.47 263 [20.26 | 2.77 | 1.50 | 1.27 347 16.20 [ 3.71 | 3.28 |0.43

14 |31.24 [ 1.48 | 0.65 |0.83 98 |29.52 [ 1.99 | 1.37 |o0.62 180 [30.50 [ 1.03 | 0.56 |0.47 264 [28.99 | 2.76 | 1.31 | 1.45 348 31.18 { 1.64 | 0.57 | 1.07

15 {3121 [ 1.73 [0.74 [0.99 99 2853 f218 | 1.78 |0.39 181 [20.23 [ 1.09 [0.91 |o0.18 265 [28 11 | 2.14 | 094 | 1.20 349 17.85 | 3.45 | 2.64 | 0.81

16 |31.51 | 1.41 |0.66 [0.75 100 [30.49 | 1.45 [0.91 |0.55 | 9.53 | 9.58 [0.04 | | 182 [20.23 | 1.75 | 1.30 | 0.45 266 [20.64 | 1.20 | 0.68 | 0.52 | 9.99 | 9.96 | 0.04 350 30.35 | 1.75 [0.72 |1.03

17 [30.18 [ 1.70 | 0.66 |1.04 101 |30.09 [ 1.77 |0.85 |0.92 183 |28.73 | 2.05 | 1.62 |0.43 267 [20.00 | 1.41 |0.65 | 0.76 351 3023 [ 1.12 | 0.60 |0.52 | 9.91 | 9.84 | 0.06

18 |31.29 | 1.48 [0.62 |0.86 102 |29.71 [ 1.86 [ 1.16 |0.70 184 [27.84 | 1.74 | 1.30 [0.43 268 [30.45 | 1.06 | 0.55 | 0.50 352 30.07 | 0.85 | 0.56 |0.29

19 |31.25 | 181 | 1.08 [0.73 103 |31.17 [ 1.50 [0.78 |0.72 185 30,98 | 1.62 | .06 | 0.55 | 9.98 [ 10.03 |-0.06 | | 269 |30.33 | 1.63 | 1.10 | 0.54 353 29.26 | 0.88 | 0.59 |0.29

20 |30.95 | 1.68 | 0.77 |0.91 104 30,86 | 1.71 [ 1.19 | o.51 186 [31.00 [ 1.52 | 1.43 [o0.09 270 [29.44 | 1.55 | 1.08 | 0.47 354 3171 | 1.11 | 0.65 | 0.45

21 |31.24 | 1.81 [0.92 |0.89 105 |30.17 | 2.39 | 1.62 |0.77 187 [31.41 [0.75 | 0.71 |o0. 04 271 [20.50 | 1.47 [ 1.05 | 0.42 355 30.96 | 1.55 | 1.13 | 0.42

22 3103191 [077 |1.14 106 |30.32 | 1.82 | 1.30 | 0.51 188 |31.52 | 1.07 [0.90 |0.17 272 |28.58 | 1.31 | 0.73 | 0.58 356 29.95 | 1.52 | 0.80 | 0.72

23 [23.37 | 1.88 | 1.51 |0.37 | 9.76 | 9.81 [-0.05 | | 107 |30.01 | 1.82 | 1.19 | 0.62 189 |31.82 | 1.78 | 1.05 |0.73 273 128,50 | 1.25 | 0.81 | 0.44 357 29.68 | 1.49 | 0.73 |0.76

24 [19.17 | 1.74 | 1.46 |0.28 108 [30.23 | 1.67 | 1.27 [0.40 | 9.95| 9.93 [ 0.03 | | 190 |31.82 [ 0.99 | 0.63 |0.36 274 [15.00 | 2.30 | 2.28 | 0.02 | 9.66 | 9.55 | 0.11 358 29.04 [1.01 | 0.76 025

25 [23.38 | 1.85 | 1.40 |0.45 109 |30.54 | 1.77 | 1.51 | 0.26 191 |32.04 [ 0.93 |0.57 |0.36 275 |15.92 | 1.62 | 1.46 | 0.16 359 11.87 | 7.45 | 8.05 |-0.60 | 9.81 | 9.89 |-0.08

26 |21.63 | 2.15 | 1.21 |0.94 110 |31.70 | 1.22 | 0.78 | 0.45 192 [32.02 | 1.57 [0.63 | 1.04 276 [15.75 | 1.75 | 1.33 | 0.42 360 23.08 | 4.40 | 3.99 |0 41

27 |18.44 | 2.15 [ 1.52 | 0.63 111 {3137 [ 1.35 | 0.65 |0.70 193 |31.55 | 0.93 [0.62 |0.30 277 [15.90 | 1.91 | 1.54 | 0.37 361 20.79 13.13 | 295 |o.18

28 |25.34 | 2.20 [1.01 | 1,19 112 30,92 [ 1.18 |0.98 |o0.19 194 |31.77 | 0.86 [0.40 |0.46 278 [30.50 | 1.03 | 0.64 | 0.40 | 9.89 | 9.83 | 0.06 362 821 |5.13 507 |006 | 9.84] 0.83 0.01

29 2538 | 2.46 [ 1.23 | 1.23 113 |29.96 | 1.27 |0.92 |0.35 195 [31.39 [ 1.53 | 1.15 | 0.38 | 9.83 | 0.99 [-0.15 | | 279 |30.46 | 0.97 | 0.59 | 0.38 363 21.54 | 3.57 | 3.18 |0.39

30 |25.65 | 2.71 | 1.49 |1.22 114 30,69 | 1.34 | 0.94 |0 40 196 [31.85 | 1.21 | 0.50 |0.62 280 [30.55 | 1.03 | 0.60 | 0.43 364 16.84 | 1.93 | 1.60 |0 33

31 2417 | 2,57 [1.32 | 1.25 115 |30.50 | 1.45 | 0.89 | 0.56 197 |31.87 | 1.19 [o0.62 |0.57 281 [31.12 | 0.94 | 0.46 | 0.48 365 20.68 | 1.13 | 0.96 | 0.18 | 9.74 | 9.83 [-0.09

32 |22.31 216 | 1.63 |0.53 116 |30.13 | 1.51 [ 1.13 |0.38 198 |31.87 | 1.03 [0.54 |0.49 282 [30.23 | 1.65 | 0.89 | 0.76 366 20.03 | 1.34 [ 1.00 |0.33

33 |27.02[1.80 |095 |0.385 117 [30.53 | 1.54 | 1.06 |0.47 199 |31.90 | 0.89 | 0.48 |0.41 283 [30.21 | 1.58 [ 1.02 | 0.56 367 30.18 | 1.31 | 1.08 [0.22

34 [19.40 | 2.32 | 1.55 |0.77 | 9.72 | 9.70 [ 0.02 | | 118 |[31.67 | 1.33 | 0.66 |0.67 200 |31.88 | 1.21 | 0.72 |0.49 284 (2993 | 1.73 | 1.24 | 0.49 368 31.36 | 0,99 [0.76 |0.22

35 |19.60 | 2.10 | 1.19 |0 91 119 [30.49 | 1.54 | 0.67 |o0.86 201 |32.24 | 0.87 | 0.37 |0.51 285 [2068 | 1.37 [0.92 |0.45 369 30,48 | 1.15 |0.81 0.3

36 2738 [2.13 | 1.04 | 1.09 120 [29.24 [ 1.50 | 0.82 |0.69 202 [32.19 | 0.81 | 0.38 | 043 286 [30.37 | 0.99 [ 0.58 | 0.41 | 9.77 | 9.79 | -0.02 370 30.64 | 1.21 [0.92 |0.29

37 2663 | 2.43 | 111 |1.32 121 [30.19 [ 1.88 | 1.15 |0.73 203 [32.20 | 0.95 | 0.32 | 0.64 287 |30.48 | 1.08 | 0.60 | 0.49 371 20.82 | 1.62 | 1.39 |0.24

38 |25.68 |3.19 | 2.28 |0.91 122 [29.21 | 1.86 | 1.39 | 0.47 204 {32.23 [0.81 | 0.25 |0.56 288 [20.55 | 0.97 [ 0.55 | 0.42 372 30.07 | 1.23 |0.89 |0.33

39 |25.08 390 |297 |o0.93 123 [30.45 | 1.12 | 0.62 | 0.50 | 9.80 | .83 [-0.03 | | 205 [32.37 | 0.76 | 0.25 |0.51 289 [31.03 | 0.88 [ 053 |o0.34 373 29.08 [ 1.80 | 1.54 |0.25

40 |23.93|3.57 |2.80 |0.77 124 [31.20 | 0.95 | 0.49 |0.45 206 [32.43 | 0.68 | 0.29 | 0.40 290 |30.52 | 1.18 | 0.79 | 0.39 374 29.34 | 1.13 | 0.89 |0.24

41 |22.51 | 6.51 |6.26 |0.25 125 |31.56 | 1.03 | 0.46 | 0 56 207 [32.21 [ 0.76 | 0.38 |0.38 291 [30.15 | 1.16 [0.80 | 0.36 375 29.98 | 1.27 | 0.98 |0.29

42 2510 | 2.36 | 1.19 | 1.17 126 |31.86 | 0.88 | 0.46 |0 42 208 [32.21 | 0.65 | 0.30 | 0.35 292 |29.69 | 1.38 | 0.80 | 0.58 376 31.78 [ 1.13 | 0.66 |0.47

43 2318 | 5.09 | 443 |0.66 127 |31.52 | 1.15 [ 0.70 | 0.45 209 13232 | 0.68 | 0,46 | 022 293 12017 | 1.32 076 | 0.56 377 30.42 | 1.69 | 1.09 | 0.60

44 |26.88 {215 | 098 | 1.17 128 30,91 | 1.1 |0.81 [0.30 210 [29.50 | 1.53 | 0.91 |0.62 | 9.92 | 0.90 | 0.02 | [ 294 [27.28 | 0.97 | 0.48 | 0.49 | 9.96 | 9.95 | 0.01 378 30.49 [ 1.50 | 1.19 |o0.31

45 [17.71 | 2.82 | 2.26 |0.56 | 9.65 | 9.51 | 0.14| | 120 [31.20 | 1.13 | 0.60 [0.53 211 [29.60 | 1.24 | 0.69 | 0.55 295 [28.98 | 1.13 |0.64 | 0.49 379 31.07 [ 1.54 | 1.17 |0.37

46 |18.96 | 3.21 [2.59 |0.62 130 |30.60 | 1.35 [0.75 | 0.60 212 13076 [ 1.15 | 0.67 |0.47 296 28,93 | 1.23 | 0.76 | 0.46 380 31,86 {099 | 061 {037

47 |25.38 | 2.22 | 1.22 | 1.00 131 /30,79 | 1.29 [0.70 | 0.59 213 {3119 [ 116 | 0.71 [0.46 297 [27.99 | 1.18 | 0.62 | 0.56 [ w® (2172 ] T.OA] T35 061 ] 0771 0.78 [-0.01

48 |24.65 | 2.15 | 1.28 | 0.87 132 |30.56 | 1.17 [ 0.86 | 0.31 214 [30.07 | 1.34 | 0.79 | 0.55 208 [28.79 | 1.42 |0.91 | 051 BX 32.03 | 7.45 | 805 | 166 9.99 | 1003 ] 014

49 2351 |1.95 [0.96 |0.99 133 |32.21 | 1.06 | 0.64 |0 42 215 130.04 | 1.42 | 0.90 |0.52 209 [28.62 | 1.1 | 0.54 | 0.57 B0 0.30 | 0.65| 021 061 ] 943 941015

50 {2618 | 1.70 |0.37 | 1.33 134 |29.78 | 1.57 [ 1.16 | 0.41 216 [29.38 [ 2.12 | 1.63 [0.49 300 [28.92 | 1.38 | 062 |0.76 BEEE 550 | 1.00 | 1.08] 033 0.13] 0.14] 0.07

51 2225 | 1.75 | 0.69 | 1.06 135 |30.23 | 1.09 |0.65 |0.44 217 29.99 | 1.26 | 0.83 |0.42 301 [28.83 | 1.07 | 0.67 |0.40 F— 5% (a) 380 |_380 | 380 ] — ] o] -

52 |26.38 | 2.06 | 1.17 |0.89 136 128.98 | 1.31 [0.94 |0.37 218 2774 [ 5.79 | 4.81 [0.99 302 |28.03 | 1.26 | 0.76 | 0.49 prny.

53 |21.47 [ 2.02 | 1.06 |0.96 137 [31.23 | 1.40 | 0.72 | 0.68 | 0.85 | 0.87 |-0.02 | | 219 |28.81 | 1.50 | 0.95 |0.55 303 j28.74 | 1.10 | 0.67 | 0.43 amg/L k% (b) 240

54 |21.81 | 1.90 |0.90 |1.00 138 |32.00 | 1.48 | 0.95 |0.53 220 |29.27 | 1.27 | 0.87 |0.41 304 [29.80 [ 1.82 [1.07 [0.74 | 077 | 081 [0.05 | |peainssm)

55 [27.33 [ 214 002 |1.22 139 |31.61 | 1.96 [ 1.68 |0.29 221 [30.82 | 1.08 |0.64 |0.44 305 [30.23 | 1.98 [1.11 |o0.87 vl vV /Y

56 123.97 [ 1.66 |0.77 |o0.89 140 [30.40 | 1.81 | 1.52 |0.29 222 [20.37 | 1.43 | 0.88 |0.55 306 [30.67 | 1.79 [ 1.04 |0 74 14 o6 - bras1o0) 8.5

57 |23.81 | 1.96 | 1.15 |0.81 141 |30.74 | 2.16 | 1.69 | 0.47 223 |20.75 | 1.42 | 111 | 0.31 307 |31.54 | 1.71 [ 1.00 |0 71 el :

58 |20.07 | 2.00 | 1.21 |0.79 142 |32.50 | 0.73 | 0.42 |0.31 224 30,53 | 1.24 | 0.85 |0.39 308 [30.80 |2.24 [1.11 | 1.14

59 21201293 [201 |0.92 143 {28.88 | 1.34 | 0.74 |0.60 225 30,97 | 1.00 | 0.47 |0.53 309 [30.53 | 2.80 [1.98 |0.82

60 |30.21 | 2.69 | 2.07 |0.62 | 9.66 | 9.71 [0.05 | | 144 |[29.83 | 1.24 | 0.84 |0 41 226 12363 | 2.36 | 1.63 | 0.74 310 30,45 | 2.26 | 1.17 | 1.09

61 [30.47 [ 1.95 | 1.08 |o0.87 145 [25.32 [3.09 | 2.70 |0.40 227 |14.28 | 2.76 | 2.64 |0.12 | 8.75 | 9.70 | 0.04 | | 311 [30.35 [ 212 [ 1.14 | 0.98

62 [30.91 | 1.48 |0.78 |0.70 146 |27.61 [2.78 | 222 |0.56 228 [17.28 | 2.03 | 2.55 |0.38 312 |29.95 | 5.26 | 4.74 | 0.52

63 [31.00 [ 1.88 | 1.31 |o0.57 147 [30.97 [ 1.45 | 0.85 |0.60 | 9.78 | 9.90 [-0.12 | | 229 |13.52 | 2.52 | 2.72 |-0.20 313 |29.71 | 2.53 | 1.36 | 1.17

64 30,90 | 1.82 | 1.07 |0.75 148 |31.24 [ 1.36 | 0.43 |0.93 230 |17.31 | 5.60 | 492 |0.68 | 9.63 | 9.66 |-0.04 | | 314 |30.15 | 2.64 | 1.49 | 1.15

65 [30.68 | 2.01 |1.08 |0.93 149 |31.26 | 1.25 | 0.62 | 0.63 231 |23.85 | 3.42 | 2.85 |0.57 315 30,97 | 1.93 | 1.21 |0.72

66 |30.98 | 2.68 | 1.75 |0.93 150 |31.64 [ 1.14 | 0.46 |0.68 232 [16.89 | 270 | 240 | 0.30 316 |30.29 | 2.65 | 2.03 | 0.62

67 [30.71 | 2.60 | 1.56 | 1.04 151 [31.44 [ 1.20 | 0.48 |0.72 233 | 0.30 | 4.66 | 453 |0.13 | 9.69 | 9.67] 0.02 | | 317 [30.22 | 212 | 1.43 | 0.69

68 [30.53 | 2.23 | 1.20 |o0.94 152 |31.96 | 1.09 [ 0.37 |0.72 234 [11.12 | 3.93 | 3.98 |-0.05 318 30,41 | 1.80 | 1.07 | 0.73

69 13009 | 1.94 | 0.65 |1.29 153 |31.62 | 1.17 | 0.48 | 0.69 235 | 0.86 | 540 | 516 | 024 319 [30.94 |2.35 | 1.35 |1.00

70 |31.05 | 1.84 | 059 |1.25 154 |32.15 | 1.16 | 0.33 | 0.83 236 | 18.35 | 2.65 | 1.01 | 0.74 | 9.67 | 9.65 | 0.01 | | 320 |31.36 | 1.75 | 1.11 | 0.64 | 9.60 | 9.62 |-0.02

71 [30.40 [ 253 | 1.26 | 1.27 155 |31.58 | 1.13 | 0.32 | 0.81 237 |24.25 | 4.74 | 4.17 |0.57 321 |31.49 | 1.77 | 1.05 | 0.72

72 130,09 | 1.91 |0.86 [1.05 156 |31.74 | 1.17 | 0.58 | 0.59 238 |21.66 | 2.04 | 230 | 064 322 [31.44 | 1.54 | 0.88 | 0.66

73 |30.12 [ 2.43 | 1.34 [1.09 167 |81.71 | 1.64 | 0.88 |0.76 | 9.84 | 0.97 [-0.14 | [ 239 |15.87 | 3.40 | 3.21 |0.19 | 9.73 | 9.73 [-0.01 | | 323 |31.48 | 1.48 | 0.80 | 068

74 12830 [ 2.14 | 1.21 |0.93 158 |31.70 | 1.98 | 1.02 | 0.96 240 |25.54 | 3.51 | 2.78 |0.73 324 [31.57 | 1.58 | 0.64 | 0.94

75 |20.93 | 2.55 | 0.89 | 1.66 | 9.73 | 0.66 | 0.06 | | 159 [31.83 | 1.56 | 0.85 |0.71 241 |21.46 | 2.34 | 1.87 | 0.47 325 |31.64 | 1.66 | 0.68 | 0.98

76 [30.31 [ 1.95 |0.68 | 1.27 160 [32.36 | 1.73 | 0.76 |o0.97 242 | 18.90 | 3.33 | 3.05 |0.28 | .67 | 9.70 |-0.14 | [ 326 |10.71 | 2.42 | 2.35 | 0.06 | 9.82 | 9.84 |-0.02

77 {3003 [ 200 [0.90 |1.19 161 [31.72 [ 1.76 | 0.88 |o0.88 243 [25.12 | 3.26 | 2.64 |0.62 327 |20.79 | 2.28 | 2.04 |0.24

78 {30.31 | 1.87 062 |1.25 162 [32.85 | 1.44 | 0.61 |o0.83 244 26,21 |3.10 | 2.64 | 0.47 328 |15.41 |2.21 | 216 | 005

79 |30.08 [2.11 [1.01 [1.10 163 [31.65 | 1.87 | 1.08 |0.79 245 |21.56 | 3.24 | 2.57 |0.67 | 9.52| O.41 | 0.11 | [ 329 [22.99 [2.90 | 2.63 | 0.26 | 9.86 | 0.86 | 0.00

80 |30.46 | 1.89 [0.81 |1.08 164 |32.93 | 1.27 | 0.28 | 0.99 246 [25.05 | 7.25 | 6.80 | 0.45 330 [25.37 | 3.47 |3.05 | 0.42

81 |20.80 | 2.02 [ 0.92 |1.10 165 [32.01 [ 2.05 | 1.06 |0.99 247 12496 | 2.50 | 1.86 | 0.64 331 |24.16 | 2.04 | 1.68 | 0.36

8 3114 |1.76 |0.21 | 1.55 166 132.42 | 1.45 | 0.51 | 0.94 248 [13.70 | 3.13 | 2.99 [0.14 | 0.94| 9.85 | 0.09 | | 332 [ 6.89 | 4.67 |4.62 |0.05 | 9.71] 98 71 [-0.01

83 [30.15 | 1.89 | 0,55 |1.34 249 23,00 | 2.76 | 2.41 |0.35 333 [18.89 | 3.84 [3.73 | 0.1

84 3089 |1.81 [036 |1.45 250 {21,903 | 1.06 | 1.51 [0.45 334 |16.28 13,38 {310 | 0.28






