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Abstract

This paper addresses the reuse of treated municipal wastewater and its effect on soil and plants. The research
study showed that reuse of treated municipal waste water in irrigation provided plants with sufficient levels of
nutrients, such as Nitrogen (N), Phosphorus (P) and Potassium (K), and other micro-nutrients. Research results
indicated that using treated municipal waste water in crop irrigation saved 45% and 94% in the cost of the
fertilization programs for wheat and alfalfa, respectively. Additionally, wheat yield increased by 11% and alfalfa
production improved by 23%. Overall profit for wheat and alfalfa were 14% and 28%, respectively, higher than
the control. The concentration of heavy metals such as Copper (Cu), Lead (Pb) and Cobalt (Co) in plant tissue
was low compared to established standards; these heavy metal concentrations are well below hazardous levels.
This study showed that treated municipal waste water can be used safely for irrigation of a selected group of
crops. It enriched the soil in minerals, increased plant nutrient uptake, promoted crop yield, and improved the
overall profit
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Introduction

Use of waste water as a supplemental source of irrigation is inevitable for increased agricultural production
in many arid and semi-arid regions where irrigation supplies are insufficient to meet crop water needs. Al-
Shanghiti and Shammas (1985) found that irrigation with waste water reduced soil salinity and met some
crop nutrient requirements. Research showed that use of some waste waters for irrigation increased trace
metals in soils and plants, especially Zn levels in soils (Johnson ef al. 1982, Abdou and El-Nennah, 1980,
El-Mashhady and El-Nennah, 1982, Crites, 1984). The information on the use of treated municipal waste
water for agriculture in Saudi Arabia is limited with regards to its optimum use to minimize pollution prob-
lems. This experiment was conducted to determine the effect of irrigation with treated municipal waste water
on crop yield, plant composition and soil properties with special emphasis on accumulation of trace metals.

Methods and materials
The soil for the experiment was silty-clay (Sand 39%, Silt 39%, Clay 22%).

Tablel. Physico-chemical properties of soils.
Parameters Soil — 1*  Soil — 1?°

pH 7.7-81 7.6-7.8
EC at 25°C 09— 33 20-4.7
Ca”meg?L" 1.9-20.2 8.1-204

Mg " 1.9-119 8.0-16.1
Na®" " 43-11.9 53-246
K+ " 03-09 08-14
SO " 23-34.0 6.0-50.1
cr 1.7-3.1 24-40
HCO; 13-23 09-1.4
P mg/kg 21-97 1.2-8.1

COs;—-eq % 37— 45 32-39

Sand* % 27-53 39 -6l

Silt % 29 — 47 25-37

Clay % 18— 26 14 - 24

* Soil irrigated with Treated Municipal Waste Water (TMWW).
® Soil irrigated with Fresh Water (FW).

* Soil Texture Class = Silty-clay.
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Two sources of irrigation water, namely Treated Municipal Waste Water (TMWW) from Riyadh
Sewage Treatment Plant and Fresh Water (FW) were used. Water samples were collected on a
monthly basis for analysis to monitor any change in chemical composition.

Table 2. Mean chemical composition of irrigation waters.

Parameters TMWW FW
pH 7.26 7.80
EC dS/M 1.61 0.70
COD mg/L 89 -
NH; -N" 20.7 -
PO4-P" 7.0 -
K" 15.1 2.9
Ca ™? 128 61
Mg 2 28 23
Na*? 140 45
SO4™2 6.8 3.89
HCO;5 " 32 1.1
Cl " 4.8 1.9
Fe ug/L 0.24 -
Zn " 0.11 -
Mn " 0.04 -
Cu " 0.01 -
Pb " 0.002 -
Ni " 0.003 -
Cd " 0.0004 -
Cr " 0.003 -
Co " 0.002 -

TMWW = Treated Municipal Waste Water.
FW = Fresh Water

Wheat and Alfalfa were grown as test crops. A composite soil samples were taken from 0-10, 10-20,
20-40, 40-70, 70-100 and 100-140 cm depth of soil at the beginning and after each cropping season.
Plant samples of wheat were collected at flag leaf stage each year for analysis. Similarly, twenty
branches were randomly collected from freshly cut alfalfa.

Results and discussion

Chemical composition of crops

Wheat

The mean concentrations for elements for the two waters were N 3.11% (TMWW) and 2.91% (FW), P
4.25 mg/g (TMWW) and 3.45 mg/g (FW), K 4.10% (TMWW) and 3.75% (FW), Fe 145 mg/kg
(TMWW) and 133 mg/kg (FW), Zn 35.5 mg/kg (TMWW) and 26.5 mg/kg (FW) and Mn 102 mg/kg
(TMWW) and 98 mg/kg (FW). The Fe and Zn contents of plants were significantly higher for TMWW
plots than FW treatment plots at 5% level of significance. The difference in the element contents of
the remaining elements was not significant between TMWW and FW irrigated plots in spite of the
fact that crop received the same amount of fertilizer in both irrigation treatments.

Alfalfa

The mean concentrations of elements were N 4.10% (TMWW) and 4.20% (FW), P 3.75 mg/g
(TMWW) and 3.35 mg/g (FW), K 3.60% (TMWW) and 3.50% (FW), Fe 359 mg/kg (TMWW) and
325 mg/kg (FW), Zn 27.0 mg/kg (TMWW) and 25.5 mg/kg(FW) and Mn 50 mg/kg (TMWW) and 44.5
mg/kg (FW). There was no significant difference in mineral composition of alfalfa irrigated with
different irrigation treatments except Fe which was significantly higher in TMWW than FW irrigated
plots. The results showed that irrigation with TMWW did not affect the chemical composition of the
alfalfa crop as compared to FW irrigated plots. This might be due to the nitrogen fixing properties of
alfalfa masking the effect of nutrients in TMWW treatments. Also fertilizer application might have
overshadowed the beneficial effects of nutrients present in treated waste water.
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Toxic metals

Wheat

The mean concentrations of toxic metals were for Cu 2.9 mg/kg (TMWW) and 2.4 mg/kg (FW), Pb 1.5
mg/kg (FW) and 2.3 mg./kg (TMWW), Ni 0.8 mg/kg (TMWW) and 0.5 mg/kg (FW), and Co 0.5 mg kg
t (TMWW) and 0.5 mg/kg (FW). Toxic metal concentrations showed increasing trend under TMWW
irrigation but the difference in the toxic mineral composition of wheat irrigated with TMWW and FW
waters was not significant.

Alfalfa

The mean concentrations of toxic metals were for Cu 2.1 mg/kg (FW) and 2.9 mg/kg (TMWW), Pb 3.3
mg/kg (FW) and 3.3 mg/kg (TMWW), Ni 0.6 mg/kg= (FW) and 0.7 mg/kg (TMWW), and Co 2.6
mg/kg (TMWW) and 2.3 mg kg (FW). The concentration of all the toxic metals in alfalfa was almost
identical for TMWW and FW irrigated plots. In general, the concentration of toxic metals showed
increasing trends in TMWW treatment relative to FW but the difference was not significant at 5%
level of significance. The results were similar to those of Johnson et al. (1982), Abdou and EI-Nennah
(1980), El-Mashhady and EINennah (1982) who observed increased contents of trace metals in plants
irrigated with waste waters.

Soil properties

Soil salinity

The soil salinity increased with depth and ranged from 2.0 to 6.5 dS/min S1, 2.0 t0 3.9 dS m - 'in S2
and 2.6 to 4.1 dS/m in S3 in FW irrigated plots. Soil salinity did not show significant changes with
time and ranged between 1.8 to 4.9 dS/m in S1, 2.9 to 4.0 dS/min S2 and 2.6 to 3.5 dS/min S3 in
TMWW irrigated plots. Soil salinity did not increase to harmful limits with FW and TMWW
irrigation (USDA 1954). Al-Shanghiti and Shammas (1985) reported similar results and found a
decrease in soil salinity with waste water irrigation

Chemical composition of soils

Nitrogen (N)

The weighted mean N contents of soils were 36.1 mg/kg and 68.5 mg/kg in FW and TMWW irrigated
plots respectively. The N contents of soils were significantly low in FW than TMWW irrigated plots

(LSDg. 50 = 20.2). This showed that N present in TMWW increased the N concentration of soils above
the levels in the soil receiving FW water and the same amount of pre-plant inorganic fertilizer.

Phosphorus (P)

The weighted mean values of available P in soils were 19.7 mg/g and 24.9 mg/g in FW and TMWW
irrigated plots, respectively. The difference in P contents of soils between FW and TMWW treatments was
not significant at 5% level of significance (LSDy 5 = 19.6). The results showed that P contents for
TMWW did not increase the P contents of soils significantly when compared to FW treatment.

Potassium (K)

The weighted mean values of water soluble K in soils were 40.9 mg/kg and 47.4 mg/kg in FW and
TMWW irrigated plots, respectively. The difference in K contents between FW and TMWW treatments
was not significant at 5% level of significance (LSDgs) = 20.4). The slightly higher contents of soil in
TMWW treatment than FW treatment could be attributed to higher levels of K in TMWW.

Iron (Fe)

The weighted mean values of Fe were 2.27, 2.23 and 3.53 mg/kgin S/, S2 and S3- respectively under
FW irrigation. The Fe contents of soils increased significantly with time (LSDg s = 0.53). Similarly, the
mean values of Fe were 2.27, 2.27 and 3.70 mg kg™ " in Ap. 89, Nov. 89 and June 1990, respectively
under TMWW irrigation. The Fe contents of soils were significantly higher in the last year than the
previous two years (LSDy.¢s = 0.73).

Zinc (Zn)

The weighted mean values of Zn were 2.23 mg/kgin S1, 1.27 mg/kgin S2 and 1.73 mg/kgin S3 in FW
irrigated plots. The Zn contents decreased with time and were significantly lower in the second year as
compared to the first year. The difference in Zn contents of soils was not significant between the first
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and the last year (LSDg ¢s= 0.76). Overall, the Zn contents were slightly higher in TMWW than FW
irrigated plots. This could be attributed to low levels of Zn in FW as compared to TMWW treatment.
The weighted mean values of Zn in soils were 2.60 mg/kgin S1, 2.30 mg/kgin S2 and 1.97 mg/kg in
S3 in the TMWW irrigated plots. The Zn contents showed decreasing trend with time but the difference
was not significant at the 5% level of significance. Although, the TMWW contained appreciably higher
amount of Zn than FW the effect on Zn status of soil was not significant.

Copper (Cu)

The weighted mean values of Cu in soils were 0.47 mg/kg in S1, 0.40 mg/kg in S2 and 0.53 mg/kg in
S3 in FW irrigated plots. There was no significant difference in Cu contents of soil with time at 5%
level of significance. The weighted mean values of Cu in soil were 0.47 mg/kg in S1, 0.30 mg/kg in S2
and 0.67 mg/kg in S3 in TMWW irrigated plots. The Cu contents of soil increased significantly in the
last year as compared to the first year. The Cu contents were significantly lower in the second year
than in the first year and the last year (LSDg s = 0.12). The results showed that Cu present in TMWW
increased the Cu content of soil.

Conclusion

Nutrients present in treated waste water increased dry matter and grain yield appreciably as compared
to yields obtained using fresh water irrigation. Irrigation with TMWW did not influence the chemical
composition of soil and plants to hazardous limits. Hence irrigation with TMWW is safe and is a
potential source of supplemental irrigation not only to meet growing crop water needs but also for
increased agricultural production.
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