[image: image1.png]Organic
waste

Water waste



Extraction-Flow Injection Spectrofluorimetric Measurement of Dissolved Oxygen in Environmental Waters Using 2-Thionaphthol
Tadao Sakai1,*, Hisashi Takio1, Norio Teshima1 and Harumitsu Nishikawa2
1 Department of Applied Chemistry, Aichi Institute of Technology, 1247 Yachigusa, Yakusa-cho, 
Toyota 470-0392, Japan

2 Gifu Prefectural Institute of Health and Environmental Sciences, 1-1, Naka-Fudogaoka, Kagamigahara, Gifu 504-0838, Japan

Abstract

A simple and highly sensitive flow injection analysis for the spectrofluorimetric determination of dissolved oxygen (DO) in environmental waters was developed. The decrease in fluorescence, which is based on the reaction of 2-thionaphthol with iodine liberated in Winkler's method, was utilized as the DO detection system. The calibration graph was linear over the range 2×10–6 – 1.2×10–5 mol/l iodine. The relative standard deviation (n=8) was below 1% for the 6×10–6 mol/l iodine determination and the detection limit (S/N=3) was 4.9×10–7 mol/l. The sample frequency was 18 per hour.
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1. Introduction
Dissolved oxygen (DO) is important as an indication of water pollution, as well as chemical oxygen demand (COD) and biochemical oxygen demand (BOD). DO is produced by photosynthesis and consumed by breathing and decomposition of organic compounds in water. A saturated amount of DO in fresh-water is 9.1 mg/l at 1Pa, 20℃ [1]. The higher DO value is, the lower the water pollution is.

In Japanese Industrial Standard, Winkler's method by oxidation-reduction titrimetry using sodium thiosulfate is introduced [2]. The method is based on the production of manganic hydroxide and the liberation of iodine. Although Winkler's method is simple, the skillful technique is required and also, the procedure is not rapid.
Absorptiometry based on the reaction of DO with the leuco-base of Methylene Blue to give a soluble blue oxidation product has been proposed for the low oxygen concentration [3] and in addition, the procedure was introduced to the continuous automatic analysis system using Technicon AutoAnalyzer [4]. These methods proposed by Goodfellow et al. were sensitive and the calibration graphs were linear in the range of 50 – 100 μg /l. However, the analytical time was 5 – 10 min for a single determination and also, iron(III) and copper(II) gave strong interference on the DO determination. 

A simple visual method using Methylene Blue and glucose has been proposed for the in-site determination of DO in environmental waters by Okumura et al. The method was simple, however, the sensitivity and reproducibility was not satisfactory [5].
On the other hand, FI method based on iodometry for both the automatic determination of DO by Winkler's method and the analysis of COD by dichromate method was proposed [6]. The sensitivity of the method was good, however, the procedure with calibration curve was not suitable because of long term sensitivity changes in the electrochemical detector. And also, a spectrophotometric flow-through sensor using Methylene Blue has been developed for the flow injection analysis of DO in well and tap waters [7]. The method showed the lower relative
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standard deviation and higher sample frequency (18 – 22/h). Its linear calibration range was 0.9 – 5.5 mg/l. Although the flow system has advantages on rapidity and reproducibility, the system needed a special flow cell of inner volume(ca.40μl) placed with the exchanger. Also, the room-temperature phosphorescence optical sensor has been developed for the determination of low levels of DO (LOD, <0.01 mg/l) [8], however, sol-gel immobilized technique was required and the precision was not good.

Except for the flow injection methods reported by Novic et al., Valcarcel et al., and Costa-Fernandez et al., there are few reports on the DO determination with flow injection analysis.
We found that 2-thionaphthol in 1,2-dichloroethane, which had strong fluorescence, reacted with iodine to form the disulfide compounds and the fluorescence intensity decreased in proportion to the iodine concentration.

This paper describes a rapid, reproducible and sensitive method for the determination of DO coupled with Winkler's method and flow injection analysis.
2. Experimental

2.1. Reagents

2.1.1. For the Winkler's method

All reagents used for the Winkler's method were prepared according to the reference [2].

2.1.2. For fluorescence method
1×10–2 mol/l 2-thionaphthol solution: 0.16 g of 2-thionaphthol (Kanto Chemicals, Tokyo) was dissolved into 100 ml of 1,2-dichloroethan (Katayama Chemical Industries, Osaka). The stock solution was stable for 1 month in a refrigerator. After appropriate dilution, the reagent solution was used for the batchwise and/or flow methods.

5×10–2 mol/l potassium iodide solution: 5.0 g of potassium iodide (Katayama) was dissolved into 25 ml of distilled water and 3.17 g of iodine (Katayama) was added into the potassium iodide solution. After mixing, the solution was diluted to 250 ml with distilled water. The concentration was determined by titrimetry with 0.1 mol/l sodium thiosulfate standard solution.

Phosphate buffer solution: 0.3 mol/l sodium dihydrogen 


Fig. 1  Schematic diagram of the flow system. CS: carrier solution (distilled water), RS: reagent solution (2.0×10–5 mol/l 2-thionaphthol), P: pump (flow rate, 0.30 ml/min), S: sample (200μl), EC: extraction coil (250 cm × 0.5 mm i.d.), BPC: back pressure coil, NV: needle valves, D: spectrofluorimetric detector, R: recorder, and PS: phase separator.

Table 3  Determination of dissolved oxygen in river, pond and sea water


Sample
Dissolved oxygen found / mg O/l



Proposed method
Batchwise method


River


1
8.80±0.11a
9.01±0.25


2
8.23±0.15
8.40±0.24


3
9.51±0.12
9.54±0.27


4
10.38±0.08
10.57±0.30


5
9.32±0.21
9.42±0.27

Pond


6
6.87±0.03
6.56±0.19


7
9.14±0.22
9.24±0.26

Sea


8
8.37±0.02
8.58±0.24


9
8.01±0.03
8.03±0.23


10
5.86±0.06
5.88±0.17


11
5.21±0.02
5.23±0.15


12
5.35±0.05
5.28±0.15


a. Standard deviation for three determinations.

the other hand, 100 – 200 mg/l Fe3+ interfered in the Winkler's method, however, it could be masked by adding 5 mol/l KI.

3.2.5 Calibration graph

The calibration graph was linear from 2×10–6 to 1.2×10–5 mol/l iodine. The correlation coefficient was 0.999 and the relative standard deviation (n=8) was below 1% for 6×10–6 mol/l iodine. The detection limit, calculated as three times the standard deviation of the blank was 4.9×10–7 mol/l. Therefore, the detection limit of DO was 0.008 mg O/l. The sample frequency using this system was 18/h. The proposed detection system for DO was very sensitive compared other methods [7,8].

4. Application to the environmental waters
The proposed FI method was applied to the determination of DO in surface river, pond and sea waters. The DO in river waters collected according 2.2.2 was fixed by Winkler's method to avoid the coming and going of oxygen and was determined carefully using both the batchwise, FI and Winkler's methods. When the original sample was injected, the concentration of the liberated iodine was too high. The original sample was diluted in the ratio 1:60. The results are shown in Table 2. For the river water, t-test was done among three methods. For example, the experimental texp value between the proposed and Winkler's methods was calculated to be 0.78. At the 95% confidence level, t has a value of 2.57 for 5 degrees of freedom. As a result, the concentrations of DO obtained by the two methods can be reliable. On the other hand, t values between Winkler's and batchwise methods and/or the batchwise and proposed methods were 0.44 and 0.11, indicating similar accuracy and precision. Table 3 shows the results obtained by the proposed FI and batchwise methods. As can be seen, the results by the proposed method are consistent with those by the batchwise one. The DO concentrations in the several river waters exceeded a saturated concentration. It is assumed that the higher values relate to the depth of sampling point. In future, we would like to apply the method to a vertical distribution of DO.

5. Conclusion

The proposed FI method offers interesting assets such as rapidity, simplicity, reproducibility, low cost and flexibility and is useful for the DO determination in environmental waters because of requirement of periodical measurement. Since the method is excellent on sensitivity, it is available to the use in a wide range of measuring DO in environments. 
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