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Optimization Condition of Trace Analyss of NDMA(N-
Nitrosodimethylamine) Using the Design of Experiment (DOE)
in Solid-Phase Microextraction with GC/FID

Si-Jin Lee'
Dept. of Environmental Engineering, Kyonggi University, Siwon City, Korea

Chlorine disinfection of secondary wastewater effluent and drinking water can result in the production of the
potent carcinogen N-Nitrosodimethylaming(NDMA) at the lower concentration ranges. Because of increasing
concern of presence of NDMA in water, effective analytical method to determine NDMA should be devel oped.
In this study, we have investigated to determine optimal condition for the analysis of NDMA using a statistical
methodology. The existing single-dimentional search is laborious, time consuming, and incapable of reaching
the true optimum due to neglecting of the interaction among variables. to resolve this problem, RSM(Response
Surface Method) has been proposed to determine the individual factors and their interactive influence. RSM
isasatistical technique for designing experiment, building models, eval uating the effects of several factors and
searching optimum conditions for desirable responses and reducing number of experiments. The analysis of
NDMA and by-products using SPME(Solid Phase Micro-extraction) technique with GC-FID.
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Table 1. Physicochemical properties of NDMA, DMA, and DMF

property NDMA DMA DMF
Molecular weight 74.0822 45.084 73.0944
Vapor pressure 2.7 mmHg 1520 mmHg 3.87 mmHg

Solubility 1x10° mg/L 1.63x108 mg/L 1x10% mg/L

Henry's constant 1.82x10%atm - m¥mole

1.77x10”atm - m¥mole 7.39x10%atm - m¥mole

Table 2. GC/FID operating parameters

Class

Condition

Gas Chromatograph system

Agilent 6890N Gas Chromatograph

HP-5 (5% Phenyl Methyl Siloxane, Capillary, 50.0 m x 200 um x 0.33 um film)

Detector FID (flame ionization detector)
Column
Carrier gas Nitrogen 1 mL/min

splitless mode
280°C
300°C

Injection port system
Injector Temp.
Detector Temp.
Oven Temp.

40°C for 1 min, 5°C/min to 120°C, held 3 min
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Summary for NDMA Summary for DMA
Anderson-Daring Nomality Test Anderson-Darling Nomality Test
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N N
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Summary for DMF
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Fig. 1. Descriptive statistics and comparison of measured data based on from the Table 4. (a) Normality distribution test
of NDMA, DMA and DME (b) The effect of detecting NDMA, DMA and DMF by each factor.
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Table 3. Design of experiment (DOE) on the SPME/GC analysis

Coded factor Uncoded factor Response(Y;)

Run Block Comment
X, X, X3 Xy X; X, X Xy Measured Predicted
1 1 0 0 0 0 30 55 15 20  Center-full factorial 236.6 234.340
2 1 1 1 1 -1 55 85 30 10 Full factorial 280.5 280.315
3 1 1 -1 1 -1 55 25 30 10 Full factorial 242.2 242.015
4 1 1 -1 -1 -1 55 25 0 10 Full factorial 243.5 243.315
5 1 -1 -1 -1 -1 5 25 0 10 Full factorial 183.0 182.815
6 1 -1 1 -1 1 5 85 0 30 Full factorial 245.8 245.615
7 1 1 1 -1 1 55 85 0 30 Full factorial 262.8 262.615
8 1 -1 1 -1 -1 5 85 0 10 Full factorial 253.5 253.315
9 1 0 0 0 0 30 55 15 20  Center-full factorial 235.7 234.340
10 1 -1 1 1 55 25 30 30 Full factorial 222.5 222.315
11 1 0 30 55 15 20  Center-full factorial 229.3 234.340
12 1 1 -1 -1 55 85 0 10 Full factorial 252.4 252.215
13 1 -1 1 1 -1 5 85 30 10 Full factorial 255.6 255.415
14 1 0 30 55 15 20  Center-full factorial 232.8 234.340
15 1 1 55 85 30 30 Full factorial 262.5 262.315
16 1 -1 -1 1 1 5 25 30 30 Full factorial 182.2 182.015
17 1 -1 -1 -1 1 5 25 0 30 Full factorial 208.1 207.915
18 1 -1 -1 1 -1 5 25 30 10 Full factorial 201.2 201.015
19 1 1 -1 -1 1 55 25 0 30 Full factorial 220.5 220.315
20 1 -1 1 1 1 5 85 30 30 Full factorial 236.1 235.915

Coded factor Uncoded factor Response(Y,)

Run Block Comment
X, X, X X, X X, X X, Measured Predicted
1 1 0 0 0 0 30 55 15 20  Center-full factorial 59.4 58.6350
2 1 -1 55 85 30 10 Full factorial 73.5 74.1662
3 1 1 -1 1 -1 55 25 30 10 Full factorial 53.2 53.8663
4 1 1 -1 -1 -1 55 25 0 10 Full factorial 48.3 48.9663
5 1 -1 -1 -1 -1 5 25 0 10 Full factorial 35.5 36.1663
6 1 -1 1 -1 1 5 85 0 30 Full factorial 62.8 63.4663
7 1 1 1 -1 1 55 85 0 30 Full factorial 82.5 83.1663
8 1 -1 1 -1 -1 5 85 0 10 Full factorial 62.3 62.9663
9 1 0 0 0 0 30 55 15 20  Center-full factorial 60.2 58.6350
10 1 -1 1 55 25 30 30 Full factorial 53.4 54.0662
11 1 0 0 30 55 15 20  Center-full factorial 62.5 58.6350
12 1 1 -1 -1 55 85 0 10 Full factorial 72.7 73.3663
13 1 -1 1 1 -1 5 85 30 10 Full factorial 55.8 56.4663
14 1 0 0 0 30 55 15 20  Center-full factorial 63.1 58.6350
15 1 1 1 1 55 85 30 30 Full factorial 78.6 79.2662
16 1 -1 -1 1 1 5 25 30 30 Full factorial 435 44.1663
17 1 -1 -1 -1 1 5 25 0 30 Full factorial 42.5 43.1663
18 1 -1 -1 1 -1 5 25 30 10 Full factorial 41.3 41.9663
19 1 1 -1 -1 1 55 25 0 30 Full factorial 43.2 48.8663
20 1 -1 1 1 1 5 85 30 30 Full factorial 73.4 74.0663
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Table 3. Contined

o

e

Coded factor Uncoded factor Response(Ys)
Run Block Comment -
Xy Xy X3 Xy X, Xy X3 Xy Measured Predicted
1 1 0 0 0 30 55 15 20  Center-full factorial 44.8 40.665
2 1 1 1 1 -1 55 85 30 10 Full factorial 35.1 35.915
3 1 1 -1 1 -1 55 25 30 10 Full factorial 42.5 43.315
4 1 1 -1 -1 -1 55 25 0 10 Full factorial 38.2 39.015
5 1 -1 -1 -1 -1 5 25 0 10 Full factorial 315 32315
6 1 -1 1 -1 1 5 85 0 30 Full factorial 42.4 43.215
7 1 1 1 -1 1 55 85 0 30 Full factorial 48.9 49.715
8 1 -1 1 -1 -1 5 85 0 10 Full factorial 51.1 51.915
9 1 0 0 0 30 55 15 20  Center-full factorial 452 40.665
10 1 1 -1 1 1 55 25 30 30 Full factorial 42.5 43.315
11 1 0 0 0 0 30 55 15 20  Center-full factorial 44.2 40.665
12 1 1 1 -1 -1 55 85 0 10 Full factorial 65.7 66.515
13 1 -1 1 1 -1 5 85 30 10 Full factorial 324 33.215
14 1 0 0 0 0 30 55 15 20  Center-full factorial 415 40.665
15 1 1 1 1 1 55 85 30 30 Full factorial 45.5 46.315
16 1 -1 -1 1 1 5 25 30 30 Full factorial 64.1 64.915
17 1 -1 -1 -1 1 5 25 0 30 Full factorial 124 13.215
18 1 -1 -1 1 -1 5 25 30 10 Full factorial 32.1 32.915
19 1 1 -1 -1 1 55 25 0 30 Full factorial 315 32315
20 1 -1 1 1 1 5 85 30 30 Full factorial 21.7 22.515

4), 6= LY HFUE Z=IATA G 2d
ojt}.

Parameter estimate from coded data
Y = 234.34 + 13.838X, + 21.625X,, + 0.825X,

-4.463X, - 5.438X, X, + 2.738%,X, - 1.825X,X,

+ 1.7X,X3+0.113X,X, - 5.062X:X, + 1.687X, X, X

+ 4.275X, X, X, + 1.925X, XX, + 0.037X,X,X,

- 4.0X, X, XX, @
Y = 58.635 + 5.831X; + 12.231X, + 1.119X,

+ 2.644X, + 0.794X,X, - 0.244X,X,-0.769X, X,

- 0.994X,X, + 1.481X,X, + 0.494X,X,

- 0.656X, X, X, + 0.369X, X, X, - 1.044X, XX,

+ 1.056X, XX, - 1.681X, X, XX, (6))
Y = 40.665 + 3.888X, + 3X, - 0.362X, - 1.225X,

+ 2.063X,X, - 1.975X,X, - 0.412X, X, - 8.813X,X,

- 2.0X,X, + 5.188X,X, + 2.65X,X,X4

+ 2.038X,X,X, - 0.95X, XX, - 2.037X,X,X,

+ 46X, X,X,X, ®)

Parameter estimate from uncoded data
Y = 121.656 + 248X, + 1.606X, + 2.041X; + 2.317X,

- 0.032X,X, - 0.050X,X; - 0.076X,X, - 0.022X,X,

- 0.033X,X,, - 0.108X,X, + 0.0008X,X,X,

+ 0.0011X,X,X, + 0.0025X,X,X, + 0.0011X,X.X,

- 3.5556E - 5X,X,X,X, @)
Y = 18.069 + 0.415X, + 0.519X, + 0.638X; + 055X,

- 0.004X, X, - 0.008X, X, - 0.014X,X, - 0.014X,X,

- 0.007X,X,, - 0.026X:X, + 0.0002X,X,X,

+ 0.0003X,X,X,, + 0.0009X,X.X, - 1.494E

- 5X,X,XX, “
Y = 36571 - 0.141X, + 0.210X, - 1.091X,

-1.276X, + 0.006X,X, + 0.032X,X, + 0.021X,X,

+ 0.0069X,X; + 0.0104X,X, + 0.135X,X, - 5.822E

- 4X,X, X - 3417E - 4X,X,X, - 0.0025X, XX,

- 0.0017X,X,X, + 4.089E - 5X,X,X.X, 6)
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Fig. 2. Normal probability plot of the standardized effects and pareto chart of the standardized effects for Y,(NDMA).

(b)

Y,(DMA), Y4(DMF). (a) Normal probability plot, (b) Pareto chart.
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Table 4. Analysis of variance for Y,(NDMA). Y,(DMA), Y;(DMF) (coded units)

Source DF® Seq SSP Adj SS Adj MS Fo pY
Main Effects 4 10875.4 10875.4 2718.85 308.28 0.000
2-Way Interactions 6 1102.8 1102.8 183.79 20.84 0.006
3-Way Interactions 4 397.3 397.3 99.32 11.26 0.019
4-Way Interactions 1 256.0 256.0 256.0 29.03 0.006
Residual Error 4 35.3 35.3 8.82
Lack of Fit 1 2.7 2.7 2.74 0.25 0.650
Pure Error 3 325 32.5 10.85
Total 19 12666.7

Source DF? Seq SS” Adj SS Adj MS F9 pY
Main Effects 4 3069.57 3069.57 767.392 68.20 0.001
2-Way Interactions 6 75.29 75.29 12.549 1.12 0.480
3-Way Interactions 4 44.35 44.35 11.087 0.99 0.506
4-Way Interactions 1 45.23 45.23 45.226 4.02 0.115
Residual Error 4 45.01 45.01 11.253
Lack of Fit 1 35.51 35.51 35.511 11.21 0.044
Pure Error 3 9.50 9.50 3.167
Total 19 3279.45

Source DF® Seq SSP Adj SS Adj MS F9 pY
Main Effects 4 411.92 411.92 102.979 6.70 0.046
2-Way Interactions 6 1870.32 1870.32 311.720 20.28 0.006
3-Way Interactions 4 259.64 259.64 64.911 4.22 0.096
4-Way Interactions 1 338.56 338.56 338.560 22.03 0.009
Residual Error 4 61.49 61.49 15.371
Lack of Fit 1 53.14 53.14 53.138 19.10 0.022
Pure Error 3 8.35 8.35 2.782
Total 19 2941.93

4DF : Degree of freedom
PSeq SS : Sum of squares
9F Value : MSR/MSE

DThe p-value defined as the smallest level of significance leading to rejection of the null hypothesis
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Table 5. Estimated Factor effects for Y;(NDMA). Y,(DMA), Y4(DMF) (coded units)

Source Term Factor Effect P Significance? Effect”
X, 27.675 0.000 O (+)S

. X, 43.25 0.000 O (+)S
Main Effect X, 1.65 0.329 X OA
Xy -8.925 0.004 O (+)S

XX, -10.875 0.002 O +)S

X, X5 5.475 0.021 O (+)S

2-Way XX, -3.65 0.070 x A
Interactions XX 34 0.084 X (HA
X,X, 0.225 0.887 x A

XX, -10.125 0.002 o (+)S

X, X,Xs 3.375 0.085 x OA

3-Way XXX, 8.55 0.005 O (+)S
Interactions X, XX, 3.85 0.061 X A
X, XX, 0.075 0.962 x OA

4-Way Interactions X X XaX, -8 0.006 O (+)S
Source Term Factor Effect P Significance? Effect”
X, 11.663 0.002 O (+)S

: X, 24.462 0.000 O (+)S
Main Effect X, 2238 0.253 x A
Xy 5.287 0.034 O (+)S

XX, 1.587 0.397 x OA

XX, -0.488 0.786 x A

2-Way XX, 1538 0.411 x A
Interactions X, X, -1.987 0.302 X A
X,X, 2.962 0.152 x A

X,X, 0.987 0.588 x A

XXX, 1313 0.478 x A

3-Way XXX, 0.737 0.683 x (A
Interactions X XX, -2.088 0.281 X (A
X,XoX, 2.113 0.276 x A

4-Way Interactions X XoX5X, -3.363 0.115 X (HA
Source Term Factor Effect P Significance® Effect”
X, 7.775 0.017 O (+)S

. X, 6 0.038 O (+)S
Main_ Effect X, 0.725 0.730 X A
X, -2.45 0.280 x A

XX, 4.125 0.103 x OA

XX, -3.95 0.114 x A

2-Way XX, -0.825 0.695 x A
Interactions XX, -17.625 0.001 O (+)S
X,X, 4 0.111 x A

XX, 10.375 0.006 O (+)S

XXX, 53 0.054 x OA

3-Way XXX, 4075 0.106 x (A
Interactions X X5Xy -1.9 0.387 X (A
X,XoX, 4.075 0.106 x A

4-Way Interactions X XXX, 9.2 0.009 O (+)S

dndicates that the term was significant at 5% (p-value)
Y(+) : Synergistic effect in factor effect
(-) : Antagonistic effect in factor effect
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Main Effects Plot (data means) for NDMA Main Effects Plot (data means) for DMA
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Fig. 3. Main effect (a) and interaction (b) plot for Y;(NDMA). Y,(DMA), Y,(DMF).
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