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Evaluation of Manual and Automated Methods in
Total Nitrogen (TN) and Total Phosphorus (TP) Analysis (I)
— TN Analysis
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Automated instrumental analyses are introduced for the determination of total nitrogen (TN) and total phos-
phorus (TP) in water. Since the automatized analysis provide very reliable data with less labor and chemicals,
it is considered as a replaceable technic for substituting the currently available manual method. Actually, this
automated technic has been practically used for the determination TN and TP in compliance with water quality
monitoring regulation in Korea. Automated method is also adapting the same operating principle of manual
analysis which is approved by Ministry of Environment of Korea. Segmented flow analysis (SFA) system was
applied for automated technic for the simultaneous determination of TN and TP. TN concentration data
obtained by both manual and automated techniques are evaluated for the mutual comparability. Method detec-
tion level (MDL), precision, accuracy, interferences, etc. values were compared, either directly or after sta-
tistical treatment, to test equivalency between two methods. Automated method turned out to be at least
equivalent or better than manual method in TN determination of relatively clean water sample. One of the main
restrictions in broadening the application of automated method is found to be its narrow range of detection in
analyzing water sample espcially ones containing high concentrated suspended solid. Particulate matters in
water samples interfere the determination of TN concentration negatively, in general.
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Table 1. Sample specifications for the analysis of TN and TP

No Sample Samplind date Sampling Station

1 Stream Water 2006.04 Nak Dong river, Won Ju Jusan bridge
2 Textile Wastewater (Effluent) 2006.03 Su Won Banwol Plants

3 Saline Wastewater (Effluent) 2006.04 Won Ju Kim-chi Plant

4 POTW" Effluent 2006.04 Won Ju Municipal Effluent

5 Livestock Wastewater 2005.11 Won Ju Hyantogyebal

6 POTW (Inffluent, Effluent) 2005.11 Nak Dong river

* Publicly owned treatment works
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Table 2. Analitical condition of automatic analysis system

Instrument Part Condition
Digester temperature 110°C

TN Heating block temperature TN(40°C)

Air Compressor Pressure :

Main Gage 0.29 Mpa

(for digester) 0.13 Mpa
Homogenizer time 20 sec
Micro Wave (TN) 550 nm

Waste 4+————

) B B

|
Alkaling Peroxo (530) Autoclave
Sample ——(281) me |
3 (151)
H2504 solution

Imidasol solution (635)

Air ——(%8)
)

Waste
Heating Block

Rasample

48)
Air

Sufanilamide Solution| (258)

Waste 41
(1)

NED Color UV 550 nm

Fig. 1. A schematic diagram for the analysis of total
nitrogen (TN).
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Table 3. Precision data

Manual Automated
Linearity 2 = 0.9995 2 = 0.9970
M.D.L. 0.12 mg/L 0.02 mg/L
Duplicate 0.8 - 28.1% 0 - 13.7%

(Ave. 9.08%) (Ave. 2.12%)

Table 4. Results of replicate analysis of TN data

Sample Duplicate

Sample Concen- Concen- %
sample  >PC Method T O RPD
(mgl) (mgl)
A Automated  3.808 3.714 2.5
Manual 3.788 3.637 4.1
B Automated  1.679 1.925 137
Manual 1.777 1.534 147
Stream C Automated 11.060 11.400 3.0
Water Manual 13.571 10.209 28.1
D Automated  4.129 3.972 3.9
Manual 4.193 4.272 19
Automated  2.930 3.015 2.9
E Manual 3.475 3.805 9.1
Livestock F Automated 35525 36925 3.9
Wastewater Manual ~ 2630.8 2609.37 0.8
Wastewater G Automated 52.150 52.150 0
Manual 54.352 56.572 4.0
Treatment
Area H Automated  29.540 28260 4.4
Manual 33.038 27338 189
Saline Automated  10.300 10.400 1.0
Wastewater Manual 12259 12.038 1.8
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Table 5. Interference of total nitrogen analysis induced by
copper and iron (spiked concentration, 2 mg N/L)

Concen- Automated Manual
Interfer .
ence  rauon Mesured %  Mesured %
(mg/L) (mg/L) Recovery (mg/L) Recovery

0.5 2171 108525 1999  99.963
1 2.099 10495 2234 111.680
Copper 2 2077 103.85 2253 112.647
Cu) 5 2103 105125 2.047 102.350
100 2045 10225 2318 115924

300 1.953 97.65 2.055  102.762

500 1.680 84 1.874  93.700
0.5 2189 10945 2.073  103.625

1 2153 10765 2.725 136.25
2 2.046 102.3 2367 118342
Iron 5 2.110 105.5 2471  123.535
(Fe) 10 2.052 102.6 2340 116981
50 2.097 10485 2211 110.534
100 2243 11215 2592  129.588
300 2.202 110.1 2470  123.446
500 2335 116.75  2.693  134.638

A AA 2789 1 mg NO-NLZ 5 mg
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Table 6. Interference of total nitrogen analysis induced by
chloride (spiked concentration, 1 mg N/L)

Unit : mg/L

Cr Manual RPD (%) Automated RPD (%)
250 1.268 23.648 1.090 8.612
500 1.152 14.159 0.996 0.401
1000 1.340 29.043 1.095 9.069
2500 1.212 19.194 1.023 2.274
5000 1.496 39.727 0.988 1.207
10000 1.233 20.844 0.932 7.093
25000 1.428 35.231 1.042 4.114
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Table 7. Interference of chloride an total nitrogen analysis
(spiked concentration, 5 mg N/L)

Unit : mg/L
Cr Manual RPD (%) Automated RPD (%)
250 5.433 8.306 4.969 0.622
500 5.392 7.543 5.015 0.300
1000 5.471 8.987 5.226 4.420
2500 5.491 9.358 5.042 0.836
5000 5.352 6.797 4.920 1.613
10000 5.423 8.113 4.977 0.461
25000 5.581 10.984 4.804 3.998
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At

717188 0] A dotry] Sl AEerEs
A Bkt ¥EE) 5 mgLe AMEEte] 108] 3
et Az, 7]718A 0] 99.9% 22|52 Sl A
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Table 8. Reproducibility of verification sample analysis

Frequency TN (5 mg N/L)
1 5.2580
2 5.1340
3 4.9830
4 5.1350
5 5.2810
6 5.0660
7 5.2320
8 5.2040
9 4.9890
10 5.0430
Average 5.1325
SD 0.1096
CV(%) 2.1362

7171849 AYgdrE HHtd7] 98 Amonium
Chloride (NH,Cl), EDTA (C,H;,N;Na,04:2H,0),
L-Glutamic acid (HOOC(CH,),CHINH,)COOH)E ¥
Aol H7bste] AawA Z47F 2 mg NS 5 mg
N7t Hes A2 AJ8S B483ith Table 99t
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Table 9. Recovery of total nitrogen

Mean Recovery %

Compound
2 mg N/L 5 mg N/L
Amonium Chloride 97.45 100.43
EDTA 106.93 102.08
L-Glutamic acid 100.28 101.52
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Fig. 2. Comparison between Manual and Automated
Analyses of Stream Water (TN)
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Fig. 3. Comparison between Manual and Automated
Analyses of Wastewater Treatment Area (TN).
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Fig. 4. Comparison between Manual and Automated
Analyses of Livestock Wastewater (TN).
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