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Evaluation of Manual and Automated Methods in
Total Nitrogen (TN) and Total Phosphorus (TP) Analysis (II)
— TP Analysis
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Department of Environmental Engineering, Sangji University, 660 Usan-dong, Wonju, Korea
*Environmental Measurement Strandards Department, National Institute of Environmental Research, Incheon, Korea
**Department of Fine Chemical and Advanced Materials, Sangji University, 660 Usan-dong, Wonju, Korea

Automated method for the determination of total nitrogen (TN) and total phosphorus (TP) in water has been
tested to replace the current manual method. Automated method are adapting the same operating principle of
manual analysis which is only approved by Ministry of Environment of Korea. However it is known that auto-
mated method can provide reliable data with less labor and less chemical use. Therefore automated analyses
are practically used in water quality and compliance monitoring of TN and TP in Korea. Automated analyses
using segmented flow analysis (SFA) were tested and compared with manual method to test equivalency.
Method detection level, precision, accuracy, interferences, etc. were compared between manual and automated
method. Automated method was proven to be better for both TN and TP analysis of clean water matrix pro-
viding low MDL, better precision, and accuracy. However automated method had restrictions in use because
the analysis of water samples containing high amount of particulate matter such as livestock wastewater was

not equivalent with manual method.

Key words: total nitrogen (TN), total phosphorus (TP), segmented flow analysis (SFA), automated analysis
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Table 1. Samples tested for the analysis of TN and TP

gt Al Whatman GF/C 4 mm O o33t
3 Wk A9 slglon, WA Ai FIgde
g/L, A4HE 1 EFENLS 5 myglE 3k FE
AR5 THTable 1).
71717F v &
7] $13l Disodium Phenyl Phosphate Dihydrate
(CeHsNa,PO,-2H,0), Sodium diphosphate decahyd-
rate (Na,P,0,-10H,0), Sodium Tripolyphosphate
(Na;P,0,0)5 7t siek= & Qle&4 05 mg P/LS
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H (1, 5 mg NO4-N/L)ol| 49
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25000 mg/L) A7kste] 1 J3FS ekt

= q‘E}"

2.2, EM7171 R 71+
221, 457 B4 @@=
&4=+ Varan Carry 50 UV Spectrophotometer

& AREEReH, F <l (TPy> 880 nmelld 2783151
t}. Autoclave 120°CollA 308 &<t 71dslglon o]
o) AR B &3 oF 100 mLe] WduilEe] vt
MAE FeHe AT

222. 7171 #2499 GlEE 3AH)?

7171 ¥4HS BRAN-RUEBBE AACS 2d9S A}
313k 7171 27 the Table 29} 7tk AEs]
719 9%t & 2I(TP)¢] ¥4 Diagrame Hg. 134 7

on e B4 2499 54 BAE st
2.3. Ao}
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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. Condition of automatic analysis system

Name Condition
Digester temperature 110°C
TP Heating block temperature TP(80°C)
Air Compressor Pressure :
Main Gage 0.29 Mpa
(for digester) 0.13 Mpa
Homogenizer time 20 sec
Micro Wave (TP) 800 nm

Waste 4+——

381
Alr | (381) =
Alkaline Peroxa (530) Autoclave|
Sample —|(381) ] ot
H2504 Solution —{151)
Molybdate Solution | (323) Waste
Alr (48) Heation Block
(192) Mol oo I _
W

Ascorbic Acid Solutipn

A | 148)

Waste ‘El

V800 nm

Fig. 1. Analysis diagram for total phosphorus (TP).
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Table 3. Precision data

Manual Automated
Linearity = 0.9993 2 = 0.9993
M.D.L. 0.02 mg/L 0.003 mg/L
Duplicate 1.8 - 16.6% 1.0 - 9.2%

(Ave. 6.38%) (Ave. 4.81%)
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Table 4. Duplicate analysis Data (TP)

Sample Duplicate

Sample Concen- Concen- %
sample > Method S RPD
(mgLl) (mgL)
Automated  0.016 0015 6.5
A
Manual - - -
B Automated  0.195 0.189 3.1
Manual 0.192 0.188 19
Stream C Automated  0.432 0444 2.7
Water Manual 0.540 0519 4.1
D Automated  0.175 0.160 9.0
Manual 0.120 0.125 44
Automated  0.114 0.104 9.2
E Manual 0.107 0.097 95
Livestock F Automated 170.500 179.500 5.1
Wastewater Manual 164.429 139.267 16.6
Wastewater G Automated  0.118 0.116 1.7
Manual 0.095 0.105 10.0
Treatment
Area H Automated  0.078 0.082 5.0
Manual 0.093 0.095 2.7
Saline Automated 10.300 10.400 1.0
Wastewater Manual 12.259 12.038 1.8
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Table 5. Interference of total phosphorous analysis in-
duced by copper and iron (spiked concentration,

s Fale] vlwH7 KD 33

Table 8. Reproducibility of 0.5 mg PO,-P/L

0.1 mg P/L) Frequency TP (0.5 mg P/L)
i Automated Manual ! 0.4940
Interfere Snljg{fi i 2 0.5060
nce esured %  Mesured % 3 0.5010
(m@L) (mgL) Recovery (mgL) Recovery 4 0.4980
0.5 0.458 91.6 0.510 102.010 5 0.5140
1 0.436 87.2 0.516 103.124 6 0.5010
Copper 2 0.416 83.1 0.507 101.409 7 0.5220
(Cw 5 0.38 76 0.504 100.790 8 0.4770
10 0.33 66 0.518 103.637 9 0.4790
50 0.331 66.2 0.490  98.067 10 0.4730
0.5 0.354 70.8 0514 102.753 Average 0.4965
1 0.314 62.8 0.455  91.029 SD 0.0161
2 0.237 47.3 0.491  98.297 CV(%) 3.2438
Iron 5 0.217 43.4 0.512 102.417
WD b e 0 s €1 s) an s AU w2
R 8 . . = IRy O o= =]
100 0.374 74.8 0310 61.995 ji];o;]\]i-/] 2 jg ;z_ ﬁTOE—‘ e 24
300 0.427 85.4 0.111 22.103 Fo e AE s T A3
500 043 86 0072  14.393 7171 0] Aede dotrr] S8 AEaEs
A2¥s) wekth ¥ 05 mg PO, P/LE AHEs}o]
Table 6. Interference of total phosphorous analysis 103] 233t A}, 771849 0] 90% AF5E Sl

induced by chloride (spiked concentration, 0.1

mg P/L) Unit : mg/L

Cr Manual RPD (%) Automated RPD (%)
250 0.099 1.005 0.103 3.405
500 0.097 3.046 0.101 0.929
1000 0.097 3.046 0.098 1.609
2500 0.094 6.186 0.100 0.030
5000 0.095 5.128 0.098 2.162
10000 0.096 4.082 0.095 4.970
25000 0.099 1.005 0.099 0.695

Table 7. Interference of total phosphorous analysis
induced by chlorine (Spiked concentration, 0.5

mg P/L) Unit : mg/L

Cr Manual RPD (%) Automated RPD (%)
250 0.500 0.000 0.500 0.042
500 0.501 0.200 0.497 0.659
1000 0.51 1.980 0.486 2.903
2500 0.503 0.598 0.498 0.441
5000 0.497 0.602 0.483 3.537
10000 0.504 0.797 0.474 5.312
25000 0.513 2.567 0.476 4.932
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Table 9. Recovery of total phosphorus
Mean Recovery %
Compound

0.5 mg P/L 5 mg P/L
Disodium Phenyl Phosphate Dihydrate 105.2 101.0
Sodium diphosphate decahydrate 104.6 101.1
Sodium Tripolyphosphat 98.2 98.4
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Fig. 2. Comparison between Manual and Automated
Analyses of Stream Water (TP).
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Fig. 3. Comparison between Manual and Automated
Analyses of Wastewater Treatment Area (TP).
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Fig. 4. Comparison between Manual and Automated
Analyses of Livestock Wastewater (TP).
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