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Abstract

BACKGROUND: Development of water recycle tech-
nologies is important for human health and sustainable 
agriculture. However, few studies have been conducted to 
examine the purification methods or the water quality of 
reclaimed wastewater in Korea.
METHODS AND RESULTS: In this study, the different 
wastewaters including reclaimed wastewater and waste 
nutrient solution (NS) were evaluated. The changes of water 
quality in reclaimed wastewater and NS were determined 
using ultraviolet (UV) treatment and sand filtration with 
charcoal. Our results showed that one of the most critical 
limitations of reusing wastewater was the presence of 
harmful pathogens that possibly cause human health risks.
CONCLUSION(s): This study suggests that the application 
of UV treatment or combined with sand filtration on 
reclaimed wastewater and waste NS effectively removes 
the total coliform bacteria below the harmful or acceptable 
level. For future studies, a long-term field monitoring after 
applying reclaimed wastewater or NS is needed.

Key Words: Coliform bacterium, Nutrient solution, 
Reclaimed wastewater, Sand filtration, Ultraviolet (UV)

Introduction

The shortage of available water for existing living 
organisms received the great attention since a long 
time ago. Regarding to current population in the world, 
total amount of available water may be sufficient, but 
water resources are regionally concentrated (Pimentel 
et al., 1999). Because of uneven distribution of water 
resources, nearly 80 countries or more than 40% of 
the world’s population are suffering the water shortage 
(Bennett, 2000). A number of articles have recently been 
published related to water shortage and they have 
proposed approaches to conserve the available water 
via the reuse of reclaimed wastewater for agricultural 
purposes (Kang et al., 2007 Choi et al., 2011).

Recently, the reuse of wastewater has been suggested 
as one of the suitable alternatives for meeting water 
demands, especially in a field of agriculture (Cooper, 
1991). The reclaimed wastewater can also be used in 
industry, recreation, gardening or other purposes. 
According to a research report from Scott et al. (2001), 
the reclaimed wastewater is being reused as various 
applications over 50 countries. However, the wastewater 
applications must require public safety primarily with 
considerations of reliable wastewater treatments and 
proper management.

Hydroponic culture is a way to produce crops 
without soils. With proper approaches, it can improve 
crop yield and prevent the transmission of pests by 
optimizing the surrounding environment. In Korea, 
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the total area of hydroponic cultures dramatically 
increased from 23 ha in 1993 to 1,107 ha (800 ha for 
vegetables and 307 ha for flowers) in 2008 because of 
its advantages (Present Conditions of Hydroponic 
Culture from Rural Development Administration, 2008). 
On the other hand, the drained water from an open 
hydroponic system is categorized as industrial waste-
water according to the Water Quality Conservation 
Act of Korea and the levels of total N (T-N) and P 
(T-P) in the drained water are restricted at 60 and 8 
mg/L, respectively (Water Conservation Act from the 
Korean Ministry of Environment, 1999). The development 
of technologies for reusing drained water from an 
open hydroponic system may provide an opportunity 
to reduce the amount of wastewater or waste nutrient 
solution (NS), and increase water availability. For ex-
ample, approximately 57 to 67% of N in NS may be 
removed by plant uptake and the rest of N would be 
discharged (Uronen, 1995); therefore, recycling nutrients 
such as NO3

－ and PO4
－ are available for crop growth 

without any cost. Sonneveld and Welles (1984) also 
reported that reuse of drain water from hydroponic 
system produces the economic value for reducing 
fertilizer cost and secondary environmental pollution, 
and increasing crop yield. Similarly, wastewater from 
concentrated animal feeding operations (CAFOs) might 
be useful as essential fertilizers for soil quality and 
plant growth (Bradford et al., 2008).

In Korea, the mean annual precipitation is 1,274 
mm which is approximately 1.3 times greater than the 
world's average of 973 mm. However, the maintenance 
of a reliable water supply is still insufficient when an 
exceed amount of rainfall comes due to substantial 
seasonal and geographical variations. A rapid growth 
of population and their high demand per capita for 
water are also problematic in Korea regarding to the 
limited water resources (Jang et al., 2008). In 2006, the 
Korean government built 344 municipal wastewater 
treatment plants. However, only 6.8% of the total waste-
water effluent (18,178,677 ton/d) has been reused for 
recreation, cleaning, industry and agriculture (Guidebook 
of Wastewater Reuse from the Korean Ministry of 
Environment, 2007). 

Despite this respect the negligence of pathogens in 
reclaimed wastewater, such as coliform bacterium, 
severely threats human health. Many practices such 
as sedimentation, activated sludge and filtration are 
employed to eliminate detrimental factors from waste-
water however, these conventional treatments are not 
sufficient to meet the quality for reuse (Lazarova et 

al., 1999). Specifically, the disinfection of wastewater 
by chlorination was commonly used but it has serious 
toxic effects on living organisms (Liberti et al., 2002). 
The applications of ultraviolet (UV), filtration or ultra-
filtration can be alternatives for disinfecting waste water 
(Liberti et al., 2002; Caretti and Lubello, 2003).

In this study, different sources of wastewater 
including reclaimed wastewater and waste NS were 
evaluated if they are suitable for agricultural irrigation. 
The effectiveness of UV and sand filtration as post- 
treatments on wastewater quality and seed germination 
were also determined.

Materials and Methods

Collection of wastewater

Reclaimed wastewater and NS were obtained from 
Chuncheon municipal wastewater treatment plant, 
Chuncheon, Gangwon Province, Korea. Basically, the 
wastewater was effluent released from the activated 
sludge process at Chuncheon municipal wastewater 
treatment plant. This plant uses the standard activated 
sludge model, four-stage biological nutrient removal 
(BNR) protocol, and UV disinfection, and has a capacity 
of 150,000 ton/d.

The waste NS drained from open hydroponic systems 
was collected from 4 sites, denoted as NS-1, -2, -3, 
and -4, containing several commercial farms and an 
experimental farm at the Gangwondo Agricultural 
Research and Extension Services. Specifically, the waste 
NSs collected from NS-1 and NS-2 sites were produced 
from the hydroponic farms for paprika (Capsicum annuum 
L.) cultivation using perlite and rockwool as inorganic 
media. The waste NSs collected from NS-3 and NS-4 
sites were produced from the hydroponic farms for 
tomato (Lycopersicon esculentum) cultivation using rock-
wool and cocopeat, respectively.

Sand filtration

The waste NS collected from open hydroponic 
systems had a high value of EC and indicated brown 
in color. After sand filtration with charcoal, the value 
of EC in waste NS was decreased and its color was 
brighten. The column filled with sand (0.1 to 0.5-mm 
grain diameters) has 5-cm diameter and 27-cm high, 
including 3 cm of charcoal between sand layers. The 
maximum capacity of column was 360 mL/h and the 
feed-flow rate was maintained at 590 cm3. The sand- 
filtrated water samples were collected for bioassay.
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Table 1. Elemental concentrations in the reclaimed wastewater and waste nutrient solution

Water 
sources Al As B Cd Cr6＋ Co Cu Pb Li Mn Hg Ni Se Zn CN

Criteria (＜) 5 0.05 0.75 0.01 0.05 0.05 0.2 0.1 2.5 0.2 0.001 0.2 0.02 2 0

NS-1 ND† ND 0.5 ND ND ND 0.0 ND ND 0.2 ND ND ND 0.1 ND

NS-2 ND ND 1.7 ND ND ND 0.1 ND ND 0.3 ND ND ND 0.1 ND

NS-3 ND ND ND ND ND ND ND ND ND 0.0 ND ND ND 1.6 ND

NS-4 ND ND ND ND ND ND ND ND ND ND ND ND ND 0.9 ND

Wastewater ND ND ND ND ND ND 0.0 ND ND 0.0 ND ND ND 0.0 ND
†not detected

Physicochemical properties of wastewater

To evaluate the quality of wastewater, physico-
chemical analysis was conducted according to the 
standard methods of the Korean Ministry of Environment 
(Korean Standard Methods for Water Quality from 
the Korean Ministry of Environment, 2000). The values 
of pH, electrical conductivity (EC), dissolved oxygen 
(DO), biological oxygen demand (BOD), and trace 
elements were determined. Additionally, the densities 
of total and fecal coliforms were tested by the streak 
plate method (as also known as most probable number 
[MPN] test) and the membrane filter method described 
by the American Public Health Association (1998).

Bioassay

A bioassay was conducted using lettuce (Lactuca 
sativa L.) to determine the effects of reclaimed water 
on seed germination and seedling growth. Lettuce seeds 
were surficial sterilized by immersion in a solution of 
sodium hypochlorite (1% active chlorine) with 0.01% 
Tween 20 for 15 min. The sterilized seeds were placed 
on filter paper in Petri dish and then applied wastewater 
and each waste NS for determination of viability, along 
with distilled water as a control. Each Petri dish was 
incubated at 26℃ in the dark. Germination rate was 
measured daily. The lengths of hypocotyl and radicle 
were also measured after 4 days culture.

Statistical analysis

Data were evaluated using analysis of variance 
(ANOVA) with the Turkey’s least significant difference 
(LSD). The statistical analysis system (SAS) program 
was employed for statistical analysis (SAS, 2002).

Results and Discussion

Quality for reclaimed wastewater and waste nutrient 

solution

Table 2. Criteria for effluent from municipal wastewater 
treatment plants in Korea (Source from the Korean Ministry 
of Environment, 2007)

BOD
(mg/L)

COD
(mg/L)

SS
(mg/L)

T-N
(mg/L)

T-P
(mg/L)

Total coliform
(100 mL)

＜10 ＜40 ＜10 ＜20 ＜2 ＜1,000

The chemical properties of wastewater and NS are 
shown in Table 1. The concentrations of trace elements 
and heavy metals were generally higher in the waste 
NS compared to the reclaimed wastewater. This could 
be explained that the waste NS was used as a supple-
ment in the open hydroponic cultures. The heavy metal 
contents of the reclaimed wastewater and waste NS 
were lower than detectable levels with exception of B 
and Mn contents. The detected trace elements of B 
and Mn are necessary as essential nutrients for plant 
growth. Cho et al. (2006) showed that supply of mixed 
domestic wastewater and groundwater contains several 
trace elements for stimulating growth of spinach and 
Chinese cabbage plants and reducing fertilizer usage 
by 25 to 50%. Kang et al. (2007) also found that the 
reuse of wastewater in rice cultivation promises a 
higher yield than the use of groundwater as irrigation. 
Additionally, the concentrations ofheavy metals such 
as Cu, As, Cd, Zn, Hg, and Pb in brown rice grain 
and soils in the field were satisfied with the Korean 
official safety criteria.

The water quality criteria for effluent from the 
municipal wastewater treatment plants in Korea are 
described in Table 2. The concentration of Escherichia 
coli contamination is set at below 1,000 MPN (most 
probable number) per 100 mL that is satisfied with 
the World Health Organization (WHO) criterion. The 
WHO guidelines recommend that the wastewater from 
pilot plants can be used for fruit trees irrigation, but 
this type of irrigation water should be avoided 2 weeks 
prior to harvest (Report of a WHO Scientific Group from 
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Table 3. Selected water quality parameters of the reclaimed wastewater and waste nutrient solution

Water sources pH BOD
(mg/L)

DO
(mg/L)

Color
(Pt-Co unit)

Total coliforms
(100 mL)

Criteria† 5.8-8.5 ＜8 ＞2 ＜20 ＜200

NS-1 6.7  6 7.9 5 282

NS-2 6.3 10 8.0 15 1,200

NS-3 7.0  6 7.9 60 1,033

NS-4 7.3 13 9.0 15 20

Wastewater 6.8 4.9 7.0 10 783
†the Korean Ministry of Environment (2007)

Table 4. Total and fecal coliform densities for each sample of effluent water as determined using different methods

Water sources Streak plate
(/mL)

MPN
(MPN/100 mL)

Membrane filter
(CFU/100 mL)

Fecal coliform
(CFU/100 mL)

NS-1 4,700 500 282 0

NS-2 73,000 11,000 1,200 2

NS-3 18,000 5,000 1,033 0

NS-4 190 30 20 0

Wastewater 3,900 1,733 783 0

WHO, 1989). 
The biological and disinfection treatments are required 

for irrigation to satisfy the levels of BOD at ＜8 mg/L 
and color at ＜20 Pt-Co unit, and to maintain the level 
of total coliforms at less than 200 MPN per 100 mL 
(Table 3). With respect to the organic matter concent-
ration, BOD value of waste NS was higher than water 
quality guidelines for agricultural irrigation. The total 
coliform concentration was acceptable for direct discharge 
into the river, but it was higher than the level allowing 
for use in agricultural irrigation.

According to Salgot et al. (2002), different filtration 
and disinfection processes significantly reduce the 
chemical oxygen demand (COD), BOD, and fecal 
coliforms. They also found that the combination of UV 
and ozone was more effective for disinfection of waste-
water than other treatments. The efficient alternatives 
including settling, filtration, UV radiation including 
ultrafiltration (UF) eliminated almost 100% of the 
coliform bacteria. However, COD removal rate was 
much higher when ultrafiltration uses in comparison 
with the other processes (Illueca-Muñoz et al., 2008). 
Ahn et al. (2005) reported that sand filter pretreatment 
can remove water turbidity and improve the performance 
of UV irradiation. The results showed that the remaining 
coliform bacteria were effectively eliminated by UV 
irradiation. Furthermore, the addition of H2O2 led to 
significant improvement in the color and the removal 

rate of dissolved organic matter.
Total and fecal coliform densities in effluents are 

presented in Table 4. Similar results of the total and 
fecal coliform densities were obtained with different 
methods. Technically, in Korea, the membrane filter 
method is recommended to determine the density of 
total coliforms in water (Korean Standard Methods for 
Water Quality from the Korean Ministry of Environment, 
2000). Our results showed that the concentrations of 
bacteria in all effluents were higher than the level 
allowing in the reuse quality of effluents for agricultural 
irrigation, except for NS-4. Because the effluent of NS-4 
was collected from a farm that tomatoes were grown 
using organic media, the effluent contained a relatively 
high concentration of organic matter. The fecal coliform 
bacteria were not detected in the effluents of the three 
facilities where the waste NS used, except for NS-2.

Occasionally, the microflora in drained water plays 
an important role in the suppression of plant diseases 
(Postma et al., 2000 Minuto et al., 2007). It prevents 
the degradation of surrounding environments for human 
health. Illueca-Muñoz et al. (2008) suggested that the 
use of UV or ultrafiltration can be effective to eliminate 
~100% of the total coliforms from wastewater and 
enables the microflora. Further study is required to 
determine if active methods (H2O2, ozone, UV) can 
achieve this or if a passive method that eliminates 
specific pathogens is available (Buck et al., 2002).
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Table 5. Germination ratio of lettuce plants after application of different types of the treated wastewater

Parameters Control Wastewater NS NS-F-1 NS-F-2

EC (dS/m) 0.2 0.4 2.1 1.3 0.7

Germination ratio (%) 100a† 100a 93.3b 96.7a 98.3a
†same letters in the same row are not different at a 0.05 significance level

Table 6. Seedling growth of lettuce plants after application of different types of the treated wastewater

Parameters Control Wastewater NS NS-F-1 NS-F-2

Hypocotyl (cm) 1.4d† 1.8c 2.2a 2.1ab 2.0b

Radicle (cm) 2.9a 3.0a 2.4b 2.4b 3.0a

Sum (cm) 4.4b 4.9a 4.6b 4.5b 4.9a
†same letters in the same row are notdifferent at a 0.05 significance level

Fig. 1. Removal of color by filtration of the nutrient 
solution through the sand filtration system (DW: distilled 
water; NS: waste nutrient solution; NS-F-1: one filtration 
cycle of nutrient solution).

Sand filtration 

Waste NS indicated an EC of 2.1 dS/m and brown 
in color because it contains a lot of nutrients. The 
application of sand filtration makes them remarkably 
clean (Fig. 1). In addition, the values of EC of filtrated 
solution were significantly reduced to 1.3 and 0.7 dS/m 
after one (NS-F-1) and two (NS-F-2) filtration cycles, 
respectively (Table 5). This result suggested that the 
charcoal in the sand column was absorbed a lot of 
nutrients in waste NS. Meyer et al. (1992) insisted that 
the use of barbecue charcoal increases the color removal 
efficiency by 67%. Kang et al. (2007) also reported that 
wastewater can be safely used for crop irrigation after 
passing through a sand filter. In our study, the appli-
cation of sand filter effectively removed suspended 
solids (SS) before the disinfection of wastewater and 
this was similar to the findings in a study by Salgot 
et al. (2002).

Bioassay

The germination rate of lettuce with reclaimed waste-
water and waste NS is shown in Fig. 2 and Table 5. 
No difference in the germination rates of lettuce seeds 
after 4 days of culture was found among all tested 
wastewater and waste NS except for NS indicating 

Fig. 2. Germination rates of lettuce following the 
application of wastewater and waste nutrient solution. 
Abbreviations of NS-F-1 and 2 denote one and two 
filtration cycles of waste nutrient solution (NS), respectively. 
Vertical bars indicate the standard error of the mean.

lower germination rate than other effluents. These results 
agree with a study of Kang et al. (2007) that there is 
no deleterious impact on the growth and yield of rice 
when the reclaimed wastewater irrigates.

The radicle growth was promoted by using effluents 
from the treated wastewater and NS with filtration 
twice (Table 6). The hypocotyl growth was also increased 
significantly with irrigation of the treated wastewater 
and NS with filtration twice compared to the control. 
Germination of lettuce seeds with waste NS might be 
reduced due to a relatively high EC in wastewater. 
According to Kang et al. (1996), an increase in EC lead 
to a reduction in the germination and growth of lettuce, 
and the germination rate of seedlings treated with NS 
having an EC of 2 dS/m was 86.7%. Park et al. (1999) 
supported their results and found that the optimum 
EC range for the growth and photosynthesis of lettuce 
was 1.2 to 1.6 dS/m.

Conclusions

Reusing municipal wastewater may be one of effective 
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ways to satisfy the future water demand and to over-
come seasonal or local drought problem. The wastewater 
drained from hydroponic cultures can be is a suitable 
source for irrigation water. On the other hand, the 
treated municipal wastewater contains significant amounts 
of nutrients that possibly provide recycling essential 
nutrients to plants and reduce mineral fertilizers that 
need to be applied. In our study, the heavy metal 
contents of the reclaimed wastewater and waste NS were 
lower than detectable levels, except for B and Mn. The 
application of UV significantly reduced the pathogens 
of reclaimed wastewater and the sand filtration reduced 
EC of reclaimed wastewater after one and two filtration 
cycles because of nutrients adsorption on charcoal in 
the sand column. In addition, no difference in the 
germination rates of lettuce seeds after 4 days of culture 
was found among all tested wastewater and waste NS 
except for NS indicating lower germination rate than 
other effluents. This study suggests that waste NS and 
reclaimed wastewater can be used for agricultural irri-
gation after proper treatments such as UV and sand 
filtration. Additional field study is needed to evaluate 
safety of reclaimed wastewater use.
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