The effect of storage location on collected rainwater quality 
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Abstract

Water quality in stored rainwater changes during storage for various reasons and it is necessary to investigate these variations in order to use it safely. In this paper, an attempt is made to examine the effect of the location of storage reservoirs on rainwater quality. The experiment was, however, carried out using groundwater instead of rainwater due to a lack of rainfall during the period of the experiment. Water that was stored in the containers located both indoors and outdoors was analyzed for ammonia nitrogen, nitrite nitrogen, nitrate nitrogen, turbidity, color, coliform bacteria and bacteria periodically for about three months from the beginning of August to the end of October. The results obtained show that variations in water quality were little different between the water stored indoors and outdoors, but the appearance of water was quite different.

Introduction

Rainwater is a valuable water resource. In Japan, however, although direct utilization of rainwater such as rainwater storage in the home and the office has been gradually popularized, it is not yet widespread in Japan (SHASEJ 1997). It is expected that its installation will bring a huge benefit, for example, a reducing urban water demand and the provision of drinking water in emergencies such as earthquake disaster, etc. 

Generally speaking, rainwater quality is acceptable except for the initial rainfall (Yasutake et. al. 1992). However, it was reported that stored rainwater changes in water quality during the storage due to various reasons (Nagado et al. 1992). In order to utilize the stored rainwater safely from health side, it is necessary for the stored rainwater to satisfy a certain water quality standard.

This paper aims to clarify the effect of storage location on variations in the water quality of stored rainwater. However, due to lack of rainwater for storage this year, the experiment was carried out using groundwater that was pumped up and sprinkled onto the roof of a greenhouse instead of using natural rainwater. The experiment was carried out during about three months from the beginning of August to the end of October and the quality of the water stored in the containers was measured periodically. 

The results obtained from the experiment show little variation in water quality between the water stored indoors and outdoors, although the appearance of water was quite different.

Methodology

Water Collecting and Storage

In this experiment, an attempt was made to examine the effect of the location of the storage containers on variations in water quality. A condition was that no water be added to the stored water during storage. Therefore, it was necessary that the container be filled up with rainwater in the single event of rainfall. However, we did not have a sufficient amount of rainfall for the experiment, so the experiment was carried out using groundwater that was pumped up from a well and sprinkled instead of using rainwater. Groundwater was collected from a greenhouse, which had a roof with an area of 80 m3 and equipped with a gutter. The runoff was stored in polyethylene containers with the volume of 0.3 m3. Figure 1 shows the greenhouse and the gutter. 
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Photo 1 Greenhouse and gutter

Sprinkled water was collected in a bucket with the volume of 0.02 m3 and transferred to the containers. Its intensity was about 5 mm/h estimated as a typical rainfall intensity. The collected water was stored in two containers. One container was placed indoors out of the direct sunlight. It was rather dim without artificial lighting and it had sunlight through a dark glass window. The other was placed outdoors and exposed to the direct sunlight from sunrise until about 3pm. when the place became shaded by the building. Figures 2 and 3 show two containers, respectively.

It did not rain for about one month after the gutter was fitted. During this period airborne debris (e.g., soil particles, bird droppings and insect carcasses) accumulated in the gutter and on the greenhouse roof. Water was not stored for half an hour after the beginning of sprinkling so that the debris could be flushed away and not be contained in stored water. However, not all airborne debris was flushed away from the appearance of water collected in the bucket.

Water Quality Parameters and Methods for Analysis

Water was analyzed for ammonia nitrogen, nitrite nitrogen, nitrate nitrogen, turbidity, color, Coliform bacteria and bacteria. Ammonia nitrogen, nitrite nitrogen and nitrate nitrogen were measured in mg/L using the HACH model DR/700 colorimeter and HACH method (Salicylate method, Diazotization method and Cadimium reduction method, respectively). The limits of detection of ammonia nitrogen, nitrite nitrogen and nitrate nitrogen were 0.024 mg/L, 0.0038 mg/L and 0.024 mg/L, respectively. Turbidity and color were measured in JIS unit(°) using KYORITSU model WA-PT-4 turbidity/color comparator set, where JIS is the Japanese Industrial Standard. Turbidity was measured in increments of 0.5°, 1°, 2° and 3°. Color was measured in increments of 1°, 2° and 3°. Coliform bacteria and bacteria were tested using test paper that could indicate only their presence.
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Photo 2 Container indoors
Photo 3 Container outdoors
All water quality parameters were measured from August 2 to August 8 daily and from August 15 to October 30 weekly. All sets of water quality were carried out at about 1 P.M. Water pumped from the well was analyzed for the same parameters to compare with water for storage before the experiment. Rainwater, enough for a water test, was collected and analyzed.
Results and discussion

The results obtained from these measurements are shown in Table 1. Water without sprinkling did not contain airborne debris. Ammonia nitrogen in it was below the limit of detection. It was also below the limit of detection on the first day of storing. Ammonia nitrogen indoors increased from 0.03 mg/L to 0.10 mg/L. Ammonia nitrogen outdoors increased to 0.08 mg/L on day 1 and decreased to 0.04 mg/L next day. After that, it increased to 0.07 mg/L on day 6. The presumed source of ammonia nitrogen was from bacteria associated with bird droppings and insect carcasses collected together with the water.

Nitrite nitrogen in water stored indoors was all below the limit for detection both initially and during storage. Nitrite nitrogen stored outdoors was below the limit of detection to day 6. It increased from 0.042 mg/L on day 13 to 0.55 mg/L on day 27 and after that decreased to below the limit of detection on day 83.

Nitrate nitrogen in water indoors varied between 1.8 mg/L and 2.7 mg/L repeating an increase and a decrease until day 20. After that, it decreased. Nitrate nitrogen levels in the outdoor storage was almost constant during the first week and then, decreased. Table 1 Results of Measurements of Water Quality 

Color in both indoor and outdoor storage containers were all below 2° during storage. Turbidity in both indoors and outdoors was all below 0.5 ° except the first day of storing.

Coliform bacteria and bacteria were detected in all cases. The cause was due to the bird droppings in the gutter and on the roof of the greenhouse that was not flushed away and was collected together with water, since these were not initially detected in the pumped water.

Stored water after storage was shown in Figs. 4 and 5. There was quite a difference between them. Particles accumulated on the bottom of both containers. A membrane on the water surface and the particles attached inside were only detected in the container kept outdoors. The water itself was very clear in both containers.
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Photo 4 Appearance of water stored                        Photo 5 Appearance of water stored

indoors                                                                      outdoors 

The measurement results obtained from the experiment show that there was little difference in the water quality whether stored indoors or outdoors. Therefore water quality was little affected but the appearance was affected by the location of the storage container.

Japanese water quality standard for each constitution is as follows:

1. Nitrite nitrogen and nitrate nitrogen are less than 10 mg/L in total.

2. Turbidity was less than 5°.

3. Color is less than 2°.

4. The number of colonies formed from sample water of 1 ml by bacteria is less than 100.

5. Coliform bacteria are never detected.

The experiment was carried out using water that was pumped up from the well instead of rainwater. The measurement results of water test for rainwater were obtained. The results are as follows:

1. Rainwater ammonia nitrogen was 0.42 mg/L. 

2. Rainwater nitrate nitrogen was below the limit of detection. 

3. The other was no difference between them.

From the above results, the stored water could satisfy the standard for nitrite nitrogen, nitrate nitrogen, turbidity, and color in both indoors and outdoors. Since ammonia nitrogen is indicator of faecal contamination, there seems to be a problem in utilization of stored water for drinking. Coliform bacteria were also detected during storage and the stored water could not satisfy the standard.

Conclusion

The results obtained from the experiment are as follows:

1. There was little difference in the variations of water quality between water stored indoors or outdoors. The water quality was hardly affected by the location of the storage container. 

2. There was quite a difference between water stored indoors and outdoors. The appearance was affected by the location of the storage container.
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