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Municipal wastewater is an important alternative 
source of water for irrigation. However, apart from 
plant nutrients, it may contain various potentially 
toxic elements and organic matters with highly 
harmful effects on human and animal health. Mu-
nicipal wastewater contains relatively high amounts 
of sodium, which can be accumulated in the soil 
during irrigation with this wastewater and display 
toxic effects on the plants. If this wastewater is 
not disinfected or treated in stabilisation ponds, 
it is highly contaminated with microorganisms. 
Therefore, the utilisation of municipal wastewa-
ter for the irrigation of crops is associated with 
a number of risks. Very serious risks are those of 
crop yields reduction, crops quality deterioration, 

crops contamination with pathogens and intestinal 
helminths. It is, however, possible to achieve high 
yields of crops without deterioration of their quality 
by using treated wastewater for the irrigation of 
crops under controlled conditions. This is evident 
from a number of papers – e. g. Shende – ex Mara 
and Cairncross (1989), Jimenez (2005), Stehlík 
(1966, 1980), Esmailiyan et al. (2008), Najafi et 
al. (2003), Munir and Ayadi (2005).

Excessive contents of heavy metals in crops ir-
rigated with wastewater have not been reported. 
This is explained by a relatively good binding of 
heavy metals in the soil. Higher absorption of 
some risk elements by various crops irrigated with 
municipal wastewater can, however, be observed 
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Table 1. Average values of parameters of physicochemical and microbiological properties of municipal wastewater 
and control water used in the experiments 

Sort of irrigation water Primary-treated 
wastewater

Secondary-
treated  

wastewater
Local well Public water 

supply

Number of collected and analysed samples 33 16 5 5

pH 7.56 7.43 7.53 7.41

Conductivity (μS/cm) 1 402 1 063 1 146 664

TSS (mg/l) 234 < 1 < 1 0.2

TDS (mg/l) 737 701 885 482

CODCr (mg/l) 258 42 13 15

Ammonium-N (mg/l) 62.7 2.9 0.07 0.09

Nitrite-N (mg/l) 0.04 0.10 0.012 0.0062

Nitrate-N (mg/l) 1.8 < 1.3 22.7 1.6

Organic-N (mg/l) 6.1 2.0 1.6 1.4

Total P (mg/l) 18.6 5.6 0.20 0.51

K (mg/l) 21 19 7.3 3.1

Mg (mg/l) 14 15 9.2 11.8

Ca (mg/l) 121 112 193 115

Na (mg/l) 75 90 26 8

Mn (mg/l) 49 < 0.20 < 0.20 1

Fe (mg/l) 0.16 0.22 0.11 < 0.10

Hg (μg/l) 0.20 < 0.10 < 0.10 0.06

Cd (μg/l) 0.61 0.25 < 0.20 < 0.20

Pb (μg/l) 4.3 1.4 2 1

As (μg/l) 1.6 1.0 1 < 1.0

Cr (μg/l) 2.9 0.9 < 1 2.97

Ni (μg/l) 8.2 2.6 6 7

Cu (μg/l) 14.6 1.7 24 14

Zn (μg/l) 260 14 98 137

V (μg/l) 3.4 1.3 1.3 2.9

Co (μg/l) 5.3 < 5.0 < 5.0 2.0

Coliforms (CFU/ml) 1 504 063 32 694 12.2 < 0.01

Thermotolerant coliforms (CFU/ml) 275 156 1 968 0.5 < 0.01

Clostridium perfringens (CFU/ml) 2 735 20 0.2 < 0.01

Enterococci (CFU/ml) 35 844 810 3.5 < 0.01

Coliphages (PFU/ml) 494 6 0.4 0

Intestinal nematodes not detected not detected not detected not detected

TSS – Total suspended solids, TDS – Total dissolved solids, CODCr – Chemical oxygen demand using potassium dichromate, 
CFU – colony-forming units, PFU – plaque-forming units
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(Feizi 2001; Panoras et al. 2003; Jimenez 2005; 
Wang et al. 2007). Bacterial contamination of 
crops irrigated with municipal wastewater was 
not detected if the wastewater had been treated in 
stabilisation ponds or disinfected, and if subsurface 
drip irrigation had been used (Vaz da Costa et 
al. 1996; Najafi et al. 2003; Panoras et al. 2003; 
Al-Lahham et al. 2003; Aiello et al. 2007). The 
experiments the results of which are reported 
here were aimed at assessing the possibility of 
using municipal wastewater from modern water 
treatment plants in the Czech Republic for the 
irrigation of agricultural crops.

MATErIAls And METhods

The effect of municipal wastewater on the yield 
and quality of crops was investigated by precise 
growth pot and lysimetric experiments. Wastewater 
from the treatment plant of the Mělník town was 
used. This wastewater treatment plant operates on 
the basis of primary and secondary treatments, with 
a previous anaerobic section for biological elimina-
tion of phosphorus complemented with chemical 
precipitation of phosphorus and subsequent cir-
culation biological activation with simultaneous 
denitrification and partial aerobic stabilisation of 
the sludge. Wastewater entering the plant consists 
of ca 62% sewage and 38% industrial wastewaters. 
In 2005, secondary-treated wastewater and in 2006 
and 2007 only primary-treated wastewater were 
used in the experiments. The characteristics of 
these two kinds of wastewater are given in Table 1. 
The pot experiments lasted one year, i.e., every 
year the pots were filled with new soil. To fill the 
5-liter pots, we used topsoil from the experimental 
area of the Research Institute for Soil and Water 
Conservation, v.v.i. (RISWC) in the Mělník town. 
The pots were placed in an open vegetation hall 
with the roof of a PVC foil. The lysimetric experi-
ments were conducted in zero-tension circular 
lysimeters of 1.28 m diameter and 0.8 m height 
from the bottom. The bottom of the lysimeter was 
covered by geo-textile, overlaid with 0.05 m river 
sand with 0.5–1 mm grain size, then with 0.4 m 
subsoil and 0.3 m topsoil – the same that was used 
in the pot experiments. According to the classifica-
tion WRB (2006), the soil used in the experiments 
was Haplic Chernozem. The characteristics of the 
soil used in the experiments are given in Table 2. 
According to Novák’s classification scale (Klika 

et al. 1954), the topsoil was medium-heavy, loamy-
sandy. Its pH was neutral, humus content was 
medium, calcium content was high and, according 
to the evaluation criteria for the nutrient contents 
(Trávník et al. 1999), phosphorus content was 
very high. Its potassium content was high and that 
of magnesium was adequate. In all the years of the 
study, the pots were seeded with lettuce salad, rad-
ishes, and carrots. In the lysimetric experiments, 
early potatoes were used in 2005 and 2007 and 
sugar beet in 2006. Soil moisture in the lysimeters 
was measured at 0–0.3 m and 0.3–0.6 m depths 
by the TDR method, using CS 616 sensors from 
Campbell Scientific, Inc. (http://www.campbellsci.
com/soilvol.html). The soil moisture was recorded 
continually by dataloggers Modulog 2031 of the 
company Environmental Measuring Systems Brno, 
Czech Republic (http://www.emsbrno.cz). The 
irrigation rates were calculated so that the water 
content in soil should be filled up to 80% of the 
field capacity (20% was reserved for the retention 
of pertinent rain water in soil) to minimise the risk 
of washing out nitrates and another matters from 
the soil. In each experiment a control treatment 
was carried out using the irrigation with well 
water from a local well in 2005, and with water 
from the public water supply in 2006 and 2007. 
The characteristics of these two kinds of water are 
shown in Table 1. The irrigation amounts of the 

Table 2. Properties of the soil used in the experiments

Depth soil profile (m) 0–0.3 0.3–0.6

Soil particles (%)

< 0.001 mm 10.8 10.3

< 0.01 mm 20.1 15.7

0.01–0.05 mm 11.8 10.2

0.05–0.25 mm 33.4 38.7

0.25–2 mm 34.7 35.5

Exchangeable pH 7.16 7.40

Carbonates (%) 1.2 0.3

C oxidable (%) 1.67 0.47

N total (%) 0.16 0.06

Available nutri-
ents - Mehlich III 
(mg/kg)

P 503 194

K 333 141

Mg 106 57

Ca 4 553 2 319

Na in H2O extract (mg/kg) 5.5 6.1
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wastewater and control water used for the irriga-
tion of individual vegetables and crops are given 
in Table 3. The irrigation amounts of wastewater 
were given by the irrigation needs in the terms 
of the collection of samples for analysis, because 
only analysed water was used for irrigation. Con-
sidering the methodology of microbial analyses, 
the samples of wastewater were collected just on 
Mondays or Tuesdays. The irrigation amounts of 
wastewater in the lysimeters were also dependent 
on the irrigation rates determined by the water 
balance in the soil.

The treatment using wastewater irrigation and 
the control treatment were done in triplicates. The 
vegetables in the pots and the crops in the lysim-
eters were irrigated to the ground and sprinkled 
after irrigation with the applied water. After the 
crop harvest, the yield of the crops was determined 
by weighing the consumable parts and collecting 
samples for analysis. The analyses of wastewater, 
control water, soil, vegetables, and crops were 
done according to the standard operation proce-
dures in the laboratories of the following organisa-
tions: RISWC (physical and chemical soil analyses, 
chemical analyses of crops), T. G. Masaryk Water 

Research Institute, v.v.i. (microbiological water 
analyses), National Health Institute sited in the 
Prague city (parasitological water analyses), and 
National Health Institute sited in the Kolín town 
(microbiological examination of the crops). All 
these laboratories are accredited by the Czech Ac-
creditation Institute, o.p.s., according to the stand-
ard ČSN EN ISO/IEC 17 025 (2005). The methods 
of soil analyses: soil particles – ISO 11277 (1998), 
exchangeable pH – ISO 10390 (2005), carbonates 
– ISO 10693 (1995), C oxidable – ISO 14235 (1998), 
total N – ISO 11261 (1995), available P, K, Mg, 
Ca – Mehlich III (see Trávník et al. 1999), Na in 
water extract – 10 minute water extraction and 
determination by AAS method. The characteristics 
of the water quality were determined using these 
methods: pH – ČSN ISO 10523 (1995), conduc-
tivity – ČSN ISO 27 888 (1996), total dissolved 
solids – ČSN 757346 (1998), total suspended solids 
– gravimetric method after evaporating, chemical 
oxygen demand using potassium dichromate – TNV 
757520 (2002), ammonium ions – ČSN ISO 7150-2 
(1994), nitrites and nitrates – ČSN EN ISO 13395 
(1997), organic nitrogen – ČSN EN 25663 (1994), 
total phosphorus – ČSN EN ISO 15681 (2005), 

Table 3. Irrigation amounts of control water (CW) and wastewater (WW) 

Crop Treatment Irrigation water
Irrigation amount (mm)

2005 2006 2007

Lettuce salad

control CW 160 200 180

experimental

CW 100 140 120

WW 60 60 60

Total 160 200 180

Radish

control CW 180 210 190

experimental

CW 130 130 120

WW 60 50 70

Total 190 180 190

Carrot

control CW 830 470 720

experimental

CW 560 330 680

WW 130 270 300

Total 690 600 980

Early potatoes 
2005 and 2007 
Sugar beet 2006

control CW 178 483 220

experimental

CW 124 339 43

WW 87 249 227

Total 211 587 270
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K – ČSN ISO 9964-2 (1995), Mg and Ca – ČSN 
ISO 7980 (1994), Na – ČSN ISO 9964-1 (1995), 
Mn – ČSN 830530-28, Fe – ČSN 830530-27, Hg 
– ČSN 75 7440 (2009) – analyzer AMA 254, Cd 
– ČSN EN ISO 5961 (1995), As – ČSN ISO 11969 
(1997) – hydride technique, Cr – ČSN EN 1233 
(1997) – ETA-AAS, Pb, Ni, Cu, Zn, and Co – ČSN 
ISO 8288 (1994) – AAS – ETA, V – AAS – ETA, 
coliforms – TNV 757837 (2003), thermotolerant 
coliforms – TNV 757835 (1999), Clostridium per-
fringens – Council Directive 98/83/EC (1998) and 
Decree No. 252/2004 Coll. (2004) in the sense of 
change 178/2005 Coll., enterococci – ČSN EN ISO 
7899-2 (1993), coliphages – ČSN EN ISO 10705-2  
(2002). The methods used for the analyses of veg-
etables and crops: dry matter – ČSN 467092-3 
(1998), nitrates – flow analyzer Skalar, Na – ČSN 
467092-15 (1998), Hg – analyzer AMA 254, As 
– hydride technique, Cd, Pb, Cr, Ni and Cu – AAS 
– ETA, Mn and Zn – FAAS, thermotolerant colif-
orms – TNV 757835 (1999), Salmonella – ČSN EN 
ISO 6579 (2003), dry mater of potatoes – ČSN 46 
7092-3 (1998), reducing sugars – ČSN 46 7092-22 
(1998), starch – according to Ewers, sugar content 
– using polarimetry, content of K and Na in beet 

bulbs – by flame photometry, alfa-aminonitrogen 
– by photometric technique.

The differences between the control treatment 
and the treatment using wastewater irrigation 
were assessed using the unifactorial analysis of 
variance (ANOVA).

rEsulTs And dIsCussIon

Effect of municipal wastewater on yields

Secondary-treated municipal wastewater used for 
the experiments in 2005 was poor in nutrients – the 
average content of total nitrogen was ca 5 mg/l,  
total phosphorus 5.6 mg/l, potassium 19 mg/l 
and magnesium 15 mg/l (Table 1). Low contents 
of nutrients, however, particularly nitrogen and 
phosphorus, in the secondary-treated wastewater 
can be expected in the case of all modern, properly 
designed and operated wastewater treatment plants 
because the removal of nitrogen and phosphorus 
compounds from wastewater is one of their main 
goals. The secondary-treated wastewater had low 
contents of elements and compounds with potential 

Table 4. Statistical evaluation of crop yields in the experiments using municipal wastewater at the 0.05 significance 
level (α)

Wastewater  
treatment Crop

Average yield (t/ha)1

α calculated Evaluation  
of differencescontrol water  

irrigation
wastewater  
irrigation 

Secondary (2005)

lettuce salad 49.0 46.8 0.4304 NS

radishs 30.9 29.3 0.6071 NS

carrots 85.4 83.1 0.5800 NS

early potatoes 74.4 70.6 0.6398 NS

Primary (2006)

cettuce salad 27.7 32.8 0.0122 *

radishs 12.1 22.0 0.0008 ***

carrots 77.1 133.1 1.50E-08 ***

sugar beet 98.8 104.2 0.2714 NS

Primary (2007)

lettuce salad 43.0 55.1 3.31E-05 ***

radishs 19.7 22.3 0.1204 NS

carrots 60.4 128.4 2.10E-06 ***

early potatoes 45.8 60.1 0.014 *

1from three replicates, yield per 1 ha recalculated from the yield per area of the growth container (0.0314 m2) or lysimeter 
(1.27 m2), NS – non-significant at P = 0.05, *significant at P = 0.05, **significant at P = 0.01, ***significant at P = 0.001
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phytotoxic effects (Table 1), even much lower than 
given for the limits for long-term-use of reclaimed 
waters for irrigation as recommended by US EPA 
(2004), and the limits permitted by the standard 
ČSN 75 7143 (1991) for irrigation water of class I 
quality, i.e. suitable for irrigation. Compared with 
the control treatment, i.e. irrigation with control 
water, the wastewater did not have any statistically 
significant effects on the yields of vegetables and 
early potatoes (Table 4). Somewhat higher yields 
of vegetables and early potatoes in the control 
treatment as compared with the wastewater-ir-
rigated treatment (Figure 1) can be explained by 
the significantly higher nitrogen content in the 
control water from the local well (Table 1) and 
therefore its higher doses (Table 8).

Primary-treated wastewater contained on aver-
age ca 14fold amount of total nitrogen (70.6 mg/l, 

89% in ammonia form), 3fold that of total phos-
phorus (18.6 mg/l), and roughly the same amounts 
of potassium and magnesium as the secondary-
treated wastewater. The main plant nutrient in 
this wastewater was therefore nitrogen, as a rule. 
Its content varied between the values given in the 
literature (e.g. Huibers & van Lier 2005). The 
irrigation with primary – treated wastewater led 
to high amounts of nitrogen applied to carrots, 
sugar beet, and potatoes, i.e. plants with long 
vegetation periods and therefore high irrigation 
amounts of wastewater (Table 8). The fertilising 
effect of this wastewater was demonstrated with 
all vegetables and crops used for the experiments. 
The increased yield of the marketed parts of the 
crops as compared with the control treatment was, 
except for the experiments with radishes in 2007 
and sugar beet in 2006, statistically significant at 
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the 0.05 significance level (Table 4). In 2007, rad-
ishes displayed a particularly high increase in the 
weight of the leaves. The small differences between 
the sugar beet yield obtained on irrigation with 
primary-treated wastewater and that obtained 
on the control treatment were not very probably 
caused by phytotoxic effects of potentially harm-
ful elements contained in the wastewater, because 
their contents were lower than the limits for the 
utilisation of regenerated waters for irrigation 
recommended by US EPA (2004) and those permit-
ted by standard ČSN 75 7143 (1991) for irrigation 
water of class I quality. A negative effect of sodium 
on the soil or its phytotoxic effects are not prob-
able because sugar beet is one of the crops with 
a high resistance to sodium – much higher than 
that of the vegetables used in the pot experiments 
(see ČSN 75 7143 1991; Ayers & Westcot 1989). 
Nitrogen applied with the wastewater probably 
displayed a very weak effect in the experiment. 
Since the amounts of nitrogen leached from the 
soil in the control treatment and in the treat-
ment using wastewater irrigation were the same 
(45 kg/ha, 99.7% in nitrate form), it is evident that 
sugar beet was not able to utilise fully the nitrogen 
applied by waste water. The content of nitrate 
nitrogen in the soil irrigated with wastewater was 
twice that in the soil on the control treatment 
(11.2 and 5.2 mg/kg, respectively). Phosphorus ap-
plied with the wastewater (ca 47 kg/ha) displayed 
rather a weak effect because the soil used in the 
experiments abounded in it. Before seeding sugar 
beet, its total content in the leach Mehlich III was 
460 mg/kg, while “a very high content” in arable 

land according to the content-evaluating criteria 
(Trávník et al. 1999) means an amount exceed-
ing 185 mg/kg. The primary-treated wastewater 
had a slightly negative effect on the technologi-
cal quality of sugar beet, but because of a higher 
yield of bulbs, the yields of refined sugar in the 
control treatment and that in the treatment using 
the irrigation with wastewater were practically the 
same (Table 5). The detected positive effect of the 
primary-treated wastewater on the crop yields is in 
agreement with the data in the literature (Shende 
– ex Mara & Cairncross 1989; Jimenez 2005; 
Stehlík 1966, 1980, and others).

The major problem in assessing the effect of 
primary-treated and secondary-treated waste-
waters on the crop yields seems to be the rela-
tively high sodium content. Its average contents 
in the primary and secondary-treated wastewaters 
were 75 mg/l and 90 mg/l, respectively (Table 1). 
A long-term use of these wastewaters for irriga-
tion could therefore result, in poorer fertility of 
the soil and thus in lower crop yields, namely in 
heavier soils without natural or artificial ground-
water runoff. According to the limit values of the 
total content of dissolved compounds and electric 
conductivity given by FAO (1985) and Ayers and 
Westcot (1989), the use of primary-treated and 
secondary-treated wastewaters for irrigation re-
quires slight to moderate limitations due to the 
negative effects on the soil. According to sodium 
adsorption ratio (SAR = c(Na)/[c(Ca)+c(Mg)]1/2, 
where Na, Ca, and Mg are the concentrations 
of these elements in mmol/l), however, the pri-
mary-treated as well as the secondary-treated 

Table 5. Technological quality of sugar beet and potatoes 

Crop Parameter Control water 
 irrigation

Wastewater  
irrigation 

Evaluation of differences  
at the α = 0.05 level

α calculated Significance  
of differences

Sugar beet

sugar content (%) 16.9 16.3 0.129 *

potassium (mmol/100 g) 3.83 4.22 0.054 *

sodium (mmol/100 g) 0.41 0.85 0.008 **

alfa-aminonitrogen (mmol/100 g) 0.83 1.26 0.185 *

yield of refined sugar (t/ha) 14.9 14.7 0.622 *

Early  
potatoes

reducing sugars (%) 0.3 0.3 0.976 *

starch (%) 14.7 14.5 0.866 *

Evaluation of differences see Table 4
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wastewater used in the experiments deserves a 
positive evaluation because their SAR were 1.7 and  
2.1, respectively, which are lower than 3, the maxi-
mum permissible value for unlimited use of water 
for surface irrigation, considering sodium toxicity 
for the plants. 

Effect of municipal wastewater  
on the crop quality 

The compositions of the primary and second-
ary-treated municipal wastewaters used in the 
experiments (Table 1) show that the most im-
portant potential threat of irrigation with these 
waters to the crop quality is their microbial con-
tamination. According to the criteria delineated 
in the standard ČSN 75 7143 (1991), even the 
secondary-treated wastewater is of degree III 
quality, i.e. unsuitable for irrigation. Its utilisa-

tion for irrigation is possible only after a treat-
ment ensuring degree I quality, i.e. suitable for 
irrigation. Additionally, this wastewater does not 
fulfill the quality requirements for the unlimited 
and even limited uses for irrigation as defined in 
the second version of WHO guidelines (1989). 
Extensive literature data on microbial contami-
nation of municipal wastewater show that the 
quality of wastewater used in our experiments did 
not substantially differ from these data, except 
for the parasitic contamination parameters. No 
sample collected from the wastewater contained 
germs of intestinal nematodes in the infectious 
phase. Contamination of crops with intestinal 
nematodes was therefore not assessed in our 
experiments.

The irrigation with the secondary-treated waste-
water (Table 1) did not result in a statistically 
significant increase in nitrates content or in other 
potentially harmful element contents assayed in 

Table 6. Results of crop analyses from experiments using secondary-treated municipal wastewater

Crop Lettuce salad Radish Carrot Potatoes

Irrigation water CW WW CW WW CW WW CW WW

Dry matter (%) 10.99 11.13 12.36 13.02 11.78 12.05 16.96 17.28

Nitrates (mg/kg) 43 13 92 35 < 25 24 374 304

Na (g/kg) 1.10 1.14 1.30 **2.80 1.22 **1.8 0.06 0.07

Hg (mg/kg) 0.025 0.026 0.035 0.032 0.007 0.007 0.005 < 0.005

Cd (mg/kg) 0.56 0.55 0.26 0.25 0.19 0.19 0.07 0.07

Pb (mg/kg) 0.74 0.69 1.90 1.33 0.26 0.13 < 0.10 < 0.10

As (mg/kg) 0.40 0.40 0.49 0.50 0.12 0.15 0.05 0.06

Cr (mg/kg) 2.37 2.54 3.45 2.44 0.25 0.14 0.17 0.14

Ni (mg/kg) 1.31 1.47 2.51 1.99 0.29 < 0.20 0.23 < 0.20

Cu (mg/kg) 2.99 2.96 3.44 3.16 1.73 1.62 4.75 4.08

Mn (mg/kg) 27.6 29.8 22.9 21.3 5.0 5.1 5.4 5.1

Zn (mg/kg) 31.4 29.6 50.4 53.1 11.0 10.4 18.7 16.7

TC (CFU/g 100%  
of dry matter) < 10 11 < 10 < 10 < 10 < 10 < 10 < 10

TC (CFU/100 g  
of original mass) 110 126 < 124 < 130 < 118 < 121 < 170 < 173

Salmonella (CFU/g 100%  
of dry matter) N N N N N N N N

CW – control water, WW – wastewater, TC – thermotolerant coliforms, CFU – colony-forming units, N – negative; 
evaluation of differences see Table 4; unmarked differences between the control and the wastewater-irrigation treatment 
are not statistically significant 
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Table 7. Results of crop analyses from experiments using primary-treated municipal wastewater 

Crop Lettuce Radish Carrot Sugar beet

2006

Irrigation water CW WW CW WW CW WW CW WW

Dry matter (%) 11.36 12.94 11.16 10.28 11.22 10.11 22.58 21.44

Nitrates (mg/kg) < 100 < 100 < 100 < 100 5 5 101 389

Na (g/kg) 0.61 ***1.31 0.77 **1.63 0.96 ***4.62 0.14 * 0.71

Hg (mg/kg) 0.025 0.019 0.035 0.022 0.008 0.007 < 0.005 < 0.005

Cd (mg/kg) 0.35 0.33 0.26 0.23 0.14 0.16 0.06 0.06

Pb (mg/kg) 1.39 0.78 2.06 1.14 0.25 0.15 0.14 0.23

As (mg/kg) 0.40 0.30 0.53 0.52 0.10 0.08 <0.05 < 0.05

Cr (mg/kg) 14.34 8.56 5.37 4.13 0.65 0.57 0.50 0.23

Ni (mg/kg) 8.42 4.35 9.20 7.85 0.39 0.33 0.23 < 0.20

Cu (mg/kg) 4.33 4.63 7.19 4.30 2.31 3.05 2.55 2.20

Mn (mg/kg) 27.3 22.8 13.1 9.3 4.1 4.5 3.4 5.1

Zn (mg/kg) 23.8 26.9 32.6 26.8 21.7 19.3 16.8 20.4
TC (CFU/g 100%  
of dry matter) < 10 33 < 10 < 10 < 10 12 < 10 15

TC (CFU/100 g  
of original mass) < 114 427 < 112 < 103 < 112 121 < 226 322

Salmonella (CFU/g 100% 
 of dry matter) N N N N N N N N

Crop Lettuce Radish Carrot Potatoes

2007

Irrigation water CW WW CW WW CW WW CW WW

Dry matter (%) 6.97 5.88 8.58 9.23 11.46 11.24 20.11 19.98

Nitrates (mg/kg) 595 *3505 255 *1424 67 70 832 684

Na (g/kg) 684 ***1218 704 ***1477 99 ***463 69 **120

Hg (mg/kg) 0.018 0.108 0.02 0.01 0.027 0.018 0.002 0.002

Cd (mg/kg) 0.68 0.55 0.24 0.24 0.14 0.16 0.07 0.07

Pb (mg/kg) 0.63 0.26 0.96 0.54 1.68 1.24 0.15 0.14

As (mg/kg) 0.18 0.13 0.19 0.16 0.30 0.27 0.02 0.02

Cr (mg/kg) 1.61 1.12 1.11 1.17 1.23 1.41 0.52 0.83

Ni (mg/kg) 1.75 0.74 1.90 0.81 0.28 0.22 0.31 0.20

Cu (mg/kg) 3.21 3.85 2.34 1.95 3.26 2.40 2.64 3.06

Mn (mg/kg) 23.0 18.9 8.0 8.1 10.2 7.4 5.4 5.8

Zn (mg/kg) 35.7 36.9 28.4 29.8 19.6 17.7 20.4 20.7
TC (CFU/g 100%  
of dry matter) 17 *183 < 10 377 < 10 27 77 320

TC (CFU/100 g  
of original mass) < 117 **1047 < 86 3 474 < 115 303 1 522 6 489

Salmonella (CFU/g 100% 
of dry matter) N N N N N N N N

Glossary see Table 6
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the consumable parts of the vegetables and po-
tato tubers (Table 6). The only exception was a 
significant increase in sodium content in radish 
bulbs and carrot roots. Among the monitored 
microbiological parameters, at the time of harvest 
only the contamination of wastewater-irrigated 
lettuce salad with thermotolerant coliforms was 
higher than the contamination of control water-
irrigated lettuce salad, but the difference was not 
statistically significant. Contamination of the 
crops by pathogenic bacteria of the Salmonella 
species was not found. The irrigation with pri-
mary-treated wastewater (characteristics see in 

Table 1) led to a statistically significant increase 
of sodium content in the consumable parts of 
vegetables, sugar beet bulbs, and potato tubers 
in both years, and of nitrate content in lettuce 
salad and radishes and thermotolerant coliforms 
content on lettuce salad in 2007 (Table 7). Sugar 
beet irrigated with wastewater only displayed a 
poorer technological quality (Table 5). Besides 
higher amounts of sodium, its bulbs also contained 
higher amounts of potassium and alfa-aminoni-
trogen, causing a lower extraction of sugar. The 
increased yield of bulbs obtained after irrigation 
with wastewater, however, led to the same yield 

Table 8. Amounts of organic and inorganic nitrogen applied to the crops by irrigation 

Year Crop Treatment
Amount of applied nitrogen in kg/ha 

control water wastewater total difference  
to the control

2005

lettuce salad
control 48.7 0 48.7

–12.3
experimental 34.1 2.3 36.4

radish
control 51.2 0 51.2

–17.2
experimental 31.7 2.3 34

carrot
control 114.5 0 114.5

–30.1
experimental 80.4 4.0 84.4

early potatoes
control 53.0 0 53

–18.5
experimental 29.9 4.6 34.5

2006

lettuce salad
control 4.6 0 4.6

+25.1
experimental 2.9 26.82 29.72

radish
control 5.2 0 5.2

+17.2
experimental 3.8 18.55 22.35

carrot
control 24.0 0 24

+182.7
experimental 16.2 190.5 206.7

sugar beet
control 13.8 0 13.8

+157.3
experimental 9.7 161.4 171.1

2007

lettuce salad
control 5.8 0 5.8

+43.3
experimental 3.9 45.2 49.1

radish
control 6.1 0 6.1

+52.0
experimental 3.9 54.2 58.1

carrot
control 23.2 0 23.2

+210.7
experimental 21.9 212.0 233.9

early potatoes
control 5.2 0 5.2

+118.8
experimental 1.4 122.6 124
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of refined sugar in the wastewater treatment as 
in the control treatment. Microbial contamina-
tion of all vegetables and crops with wastewater 
was higher in 2007 than in 2006. There are large 
differences in the numbers of thermotolerant 
coliforms between the control treatment using 
irrigation with water from the public water supply 
and the treatment using irrigation with waste-
water. The statistically non-significant difference 
between these treatments was caused by a high 
variability of the values measured in the individual 
replicates of these treatments. The number of 
thermotolerant coliforms on the crops irrigated 
only with primary-treated municipal wastewater 
was higher on lettuce salad, radishes, and pota-
toes than allowed by ICMSF (Blumenthal et 
al. 2000) for foodstuffs consumed in raw state. 
The contamination of the crops by pathogenic 
bacteria of the Salmonella species was not found, 
similarly as on irrigation with secondary-treated 
wastewater.

Excessive contents of heavy metals in the crops 
irrigated with municipal wastewater were not 
observed in the experiments and had not been 
reported in the available literature.

ConClusIons

The results of the experiments have confirmed 
a potential high bacterial contamination of the 
crops irrigated with municipal wastewater, but 
have not revealed their contamination with patho-
gens. The water used in the experiments did not 
present a risk of contamination of the crops with 
intestinal nematodes, because their germs in in-
fectious stage have not been found in the samples 
of wastewater. From the microbiological point of 
view, the higher quality of municipal wastewater 
in the Czech Republic, as compared particularly 
to the developing countries where this wastewater 
is mainly used for irrigation, is caused namely by 
better health conditions of the population. How-
ever, a certain risk exists of the contamination of 
the population by infectious diseases and parasites 
through the consumption of crops irrigated with 
only secondary-treated municipal wastewater. To 
use this water for irrigation, the guidelines must 
be observed given in the standard ČSN 75 7143 
(1991) and particularly WHO guidelines (1989, 
2006).
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