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Irrigated agriculture in Egypt consumes about 80% of the Nile's water and almost all 

available conventional water resources have been exhausted. Throughout the last decade; municipal 

wastewater reuse has emerged as an important and viable means of supplementing dwindling water 

supplies in a large number of regions throughout the world.  

Therefore, the present study was conducted to investigate : 1) the effect of treated municipal 

wastewater (TMW)on the quantity and quality of the essential oil for five aromatic plants , 2) 

evaluation of TMW as a nutritional source for the tested plants and study its nutritional status , 3) 

content and distribution of minerals an plant parts of tested plants and 4) the possibility of using 

TMW for growing  fennel, peppermint, marjoram, geranium and chamomile plants to produce 

volatile oils in arid region.  

 

In the present work two field experiments were conducted during 2005 and 2006 in a sandy 

soil in western Giza (Abourwash district), Egypt to investigate the effect of using partially treated 

municipal sewage effluents or freshwater as control on the quantity and quality of the essential oil 

of five aromatic plants i.e., sweet marjoram (Majorana hortensis, L), peppermint (Mentha pipperita 

L.) , geranium ( Pelargonium graveolens, L.), fennel (Foeniculum vulgaris, L.) , and chamomile( 

Matricaria chamomilla, L.). Plant material used in this study consisted of seeds of fennel, uniform 

seedlings of chamomile and sweet marjoram, uniform stem cuttings of peppermint and terminal 

cuttings of geranium were kindly supplied from the Experimental Station of Pharm. Sci. Dept. at 

Giza, Egypt. Seeds, cuttings, or seedlings were planted in the field at the recommended sowing date 

for each plant specie, in hills 30 cm apart on rows 70 cm width. Each experimental unit area was 

21m
2
 (6 m long x 3.5 m width, included 5 ridges). Under TMW irrigation, plants grown without any 

supplementations of chemical fertilizers before and during the growth season, while under fresh 

water irrigation (control) the plants were fertilized with the recommended fertilizers rates of NPK 

for the five plant species. All agricultural practices needed for growing healthy plants in sandy soils 

were conducted as recommended. Wastewater and conventional water samples were collected on 

every watering and analyzed according to standard methods. Soil samples at (0 – 30 cm depths were 

taken from each plot after crop harvest an analyzed according to standard procedures. from the 

whole plot after harvest. At the second cut or before pluming, 5 plants were taken and divided to 

roots and herb and each part subjected to nutrient and heavy metal contents determination analyzed 

according to standard procedures. Oil content was determined by distilling a representative herb, 

heads or umbels sample per replication in Clevenger's apparatus. Each sample was separately 

subjected to hydro-distillation in order to determine the percentage of essential oil. The resulted 

essential oil from each treatment was dehydrated over anhydrous sodium sulfate, and then subjected 

to GLC analysis with Varian VISTA 6000 FID model. The separation was carried out with 2 m x 

1/8′′ stainless steel, 3 % OV-101 Column. The flow rate of the carrier gas (nitrogen) was 

maintained at 50 ml / min. The Column temperature was programmed from 80° to 200° C at the rate 

of 4° C / min. The injection port temperature was maintained at 180° C and detector at 240° C. The 

relative percentage of each compound was determined by Varian 4270 integrator. The identification 

of the essential oil constituents was accomplished by comparing retention times of the peaks with 

those of reference compounds run under identical conditions. More conformation was carried out by 

injection of the authentic samples with the oil samples. Data obtained (mean value of two growing 

seasons), were subjected to standard analysis of variance procedure. The values of L.S.D were 

calculated at 5 % level. 

Water and soil criteria: 
The use of treated municipal wastewater (TMW) for irrigation aromatic plants (geranium, 

peppermint, marjoram, chamomile and fennel) caused a slight increase of some parameters of soil 

(0-30 cm), where the pH was reduced from 8.3 to 7.9.  

Data also indicated that the concentrations of N, P, Fe, Zn, and Cu are much higher in the 

soil irrigated with TMW than those irrigated with freshwater (FW).  

 

Nutrient status of water irrigation types: 
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Concentration of almost nutrient elements tended to be higher in sewage effluents, where 

contained appreciable amounts about 28, 4 and 1.6 times more N, P and K, respectively and 

contained sufficient amounts of micro- nutrients amounted by 9.8, 4.4, 2.9 and 9.0 times higher 

amounts of Fe, Mn, Zn and Cu, respectively compared to, which was also reflected in the 

appreciable build-up of these nutrients in sewage-irrigated soils of this study area and in parts of 

tested plants. Contained sufficient amounts of micro- nutrients amounted by 9.8, 4.4, 2.9 and 9.0 

times higher amounts of Fe, Mn, Zn and Cu, respectively compared to freshwater. There were no 

appreciable variations between these two sources of irrigation water in respect of Cd, Ni and Pb.   

Distribution of Nutrient and heavy metals in plant parts: 

 The concentrations of plant nutrients and heavy metals in the plant parts of plants irrigated 

with FW are similar to those irrigated with TMW. In comparison between plant species, the data 

indicated that concentration of Ni, Cd and Pb were higher in roots of peppermint, geranium and 

fennel plants, respectively than other plant species. While roots of chamomile contain more Cu and 

Fe than other plant species. Concerning the concentration of minerals in herbage, the herb of 

peppermint contained more Ni, Mn, Fe and Pb, while chamomile contains more Fe in roots than 

other plants. It can be concluded that the uptake and accumulation of heavy metals in plant parts 

was varied according to element, plant specie and organ. 

Accumulation of heavy metal in aromatic plants: 

Fennel plants contained low concentration of Cd and Ni in comparison of other tested 

plants, while lead content was relatively high in the peppermint tissues. Concerning to the potential 

toxic elements (PTE) i.e. Cd, Ni and Pb accumulation, geranium plants accumulated higher Cd, Ni 

and Pb while fennel plants accumulated the lowest Cd. Meanwhile, in most cases, there was no 

significant variation in the potential toxic elements accumulation in tested plants due to irrigation 

type. 

Herbage yield: 

Plants grown under TMW irrigation produced the tallest plants, more number of branches, 

and more root weight and consequently gave the highest herb, umbels or flower heads per acre than 

those irrigated with fresh water and supplemented by chemical fertilizers. These results were true 

with the five crops, where yields/acre of  geranium, peppermint, marjoram, chamomile and fennel 

plants were exhibited an increase of 48.3, 18.8, 21.8, 11.9 and 10.9 % in comparison to those 

irrigated with fresh water, respectively. This increment may be attributed to the amount of mineral 

elements distributed by irrigation satisfied the tested aromatic plants nutrient requirements.  

 

Volatile oil yield: 

It is worth to note that the volatile oils percentages of aromatic plants under TMW were 

much higher than that of freshwater, however, plant responses to treated domestic sewage effluents 

application varied between species. Irrigation of geranium and fennel plants with wastewater caused 

a significant increment in the essential oils concentration by 10.9 and 15.7 %, but lowered it in 

peppermint and sweet marjoram plants by 4.6 and 13.7 %, respectively. The increment in oil % may 

be attributed to the sufficient amounts of macro- and micro- nutrients and hormones present in 

TMW. While, oil percentage of chamomile was unaffected by the water irrigation type. 

The oil yield of five plants was higher under wastewater irrigation and with geranium plants 

exceeded by 64.5% than that irrigated with fresh water. Plants irrigated with TMW without any 

supplementation of chemical fertilizers exhibited an increment of oil yield per unit area amounted 

by13.4 , 12.3 and 22.9 % for peppermint, chamomile and fennel plants relative to those irrigated 

with fresh water, respectively. This increment may be attributed to the heaviest herb or flower heads 

or seeds yield/acre produced by these plants and to the increase in the oil percentage of these plants 

under MWW irrigation. 

Quality of essential oil: 
Citronellol and geraniol were found to be the major compound in the two treatments with 

little slight difference, also isomenthone, geranyl butyrate, geranyl tiglate, β –pinene, myrcene and γ 

–terpinene as minor components had the same trend. The percentage of limonene, 1, 8-cineole, 
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linalool , carvone and eugenol were increased as affected by sewage water treatment, while 

citronyllyl formate was increased more than three times in plants irrigated with fresh water.  

 

Heavy metal  

 Cadmium, nickel and lead contents in the volatile oils of the 5 aromatic plants under study, 

were below the analytical detection limits hence no data were reported.  

 

Conclusion: No detectable amount of the potential toxic elements was recorded in the 

essential oils of the aromatic plants. From this stand point, treated municipal waste water can be 

used for growing aromatic plants in the arid area to produce volatile oils without causing any 

reduction in quantity and quality of volatile oils.  




