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Automated On-Line Digestion System for the Determination of
Total Phosphorus
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Department of Environmental Engineering, 234 Maeji Hungop, Wonju, Kangwondo, Korea
(Manuscript received 1 August, 2000)

An on-line digestion system based on the flow injection analysis technique was presented for the
determination of total phosphorus. The system converts condensed and organic phosphoruses into orthophosphate
that can be analyzed spectrophotometically. The reaction between orthophosphate and ammonium molybdate in
a strong acid medium forms the yellow complex of phosphomolybdate which is next reduced to a molybdic
blue complex by stannous chloride. The quantitation of orthophosphate is based on the absorbance of the
molyhdic blue. To determine total phosphorus, the digestion system was installed between the sample injector
and the reaction coil with the added lines of digestion solution(potassium persulfate+sulfuric acid) and the H:O
carrier. The system has shown that the digestion efficiencies were greater than 95% for the typical condensed
and organic phosphoruses. When tripolyphosphate standards were used, the calibration data showed that the
linear dynamic range extended to a concentration of 1.5ppm with the detection limit of 25 ppb total
phosphorus. The typical relative standard deviation was less than 2%. The proposed system was successfully
applied to lake water, wastewater, and streamwater. The analytical variables such as digestion efficiency,
analysis time, and reproducibility were evaluated and compared with the manual digestion method.
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FIA manifold for the determination of total
phosphorus. D.W.. distilled water, D.S:
digestion solution, P: peristaltic pump(3rpm),
I-6:  sample injector, I-8  sample/carrier
separator, HB.: heater(2 m, id. 05mm), CC:
cooling coil(0.5m, id. 0.5mm), B.R.:
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Fig. 2. The operational sequence of the valves for
the determination of total phosphorus

Table 1. Example of the valve operational sequence.
Time for one cycle is 10min.
Time

System status (min) Function
2) 0 Deliver the sample and digestion
reagent to the heating block
b) 02 Heat the mixture of sample/
digestion reagent at 140°C.
Load the next sample to the
o) 05 loop. The mixture in the heating
block is continuously heated
during this period.
a 07 Digested sample is delivered to
the measurement system
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Table 2. Comparison between the on-line digestion
and the manual digestion

Analytical ~ On-line digestion Manual digestion
factor /measurement and FIA detection
Calibration 0.0827 0.1294
sensitivity
Detection limit 25 ppb 10 ppb
R square 0.9987 0.9983
RSD at lppm 1.3% 0.5%
Heating time 5min 100min
Temperature 140°C 150C
Potassium 9.9mM 185mM
persulfate
34. % 99 358
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Table 3. Recovery of total phosphorus from test
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Fig. 6. FIA profiles for the determination of total
phosphorus with various phosphorus compounds.
The sample solution was triplicate. The
concentrations of samples are 0.5ppm P.
LKHPOs 2:NasPsOry 3:CiHsOaP;  4:NaP:07;
5Na3sPy0g; 6:CsHsNayPOs, 7:(NaPO3)s.
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Fig. 7. Comparison of recoveries between the FIA
method with the on-line digestion system
and the FIA method without the on-line

digestion system; 1:KH:POs;  2:NasPiOup
3:CHoOP: 4 NaP,O7; 5:NasP+0s 6:CsHsNaPOs;
7:(NaPOy)s.
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Table 4. Comparison between the on-line digestion
and the manual digestion

Orthophosphate Total Phosphorus
FIA Method  FIA Method FIA method with
Samples /o digestion with on-line the manual
(ppm) digestion digestion
(ppm) (ppm)
Streamwater 0% 039
at site |
Streamwater o 134 135
at site 2
Streamwater 0 074 076
at site 3
Streamwater o
at site 4" UDL 0.05 0.04
Streamwater
at site 5" 0.20 054 0.62
Lake” UDL” 0.06 0.05
Influent 15 47 5.4
water
Effluent 0.10 030 034
water

1) Wonju-chun in Wonju, Kangwon Province

2) Reservoir near Yonsei Univ.

3} Influent of water-treatment plant, Wonju campus, Yonsei
Univ.

4) Effluent of water-treatment plant, Wonju campus, Yonsei

Univ.

5) Under detection limit
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