
 
TThhiirrdd  IInntteerrnnaattiioonnaall  CCoonnffeerreennccee  oonn  

RRaaddiiaattiioonn  SScciieenncceess  aanndd  AApppplliiccaattiioonnss 
12 – 16 November 2012/ Hurghada, Egypt 

 

Response of Peppermint (Mentha piperita L) Grown on 
Different Sources of Waste Water 
Kotb E. A1., A.A.A Moursy1 and M.F.A Noby 2 
Atomic Energy Authority, N R C, Abou-Zaabl, 13759, Egypt. 
1 - Soils & Water Dept. Res., 2 – Plant, Res.Dept. 

ABSTRACT 

Due to the contamination risk for waste water and sewage effluent on 
environment and food chain and for avoiding this effect with safety use for 
these water sources, it can be used in the cultivation of oil and aromatic crops 
for production fixed and volatile oils that use in many industries like soaps, 
cosmetics and perfumes, biofuels. This study was carried out at Agricultural 
Department for Soils and Water Research, Nuclear Research Centre, Atomic 
Energy Authority, Egypt. A field experiments was conducted in a sandy soil to 
investigate the influence of ceramic waste water (CWW), sewage effluent 
treatment (SE) and fresh water (FW) (control) on the growth and volatile oil of 
peppermint plant. The plants were irrigated with the different sources of water 
without mineral fertilizers addition. Heavy metals accumulation in plant organs 
and the nutritional status of plants were recorded. Results indicated that CWW 
followed by SE contain obvious amount of nutrients sufficiently for growing the 
tested crop and the plants had higher growth and herb yield than that irrigated 
with FW gradually. Irrigation of peppermint plant with different wastewater 
caused a significant increment in the volatile oil concentration. Uptake and 
accumulation of heavy metals in plant parts was varied. No detectable amount 
of the potential toxic elements was recorded in the essential oils of the 
peppermint tested as aromatic plant. From this standpoint, treated municipal 
waste water can be used for growing aromatic plants in the arid area without 
any fertilizers addition to produce volatile oils without causing any 
contamination for food chain or reduction in herb quantity.  
Keywords, Ceramic waste water / Sandy soil / Sewage Effluent / 

Peppermint / Pollution. 
 

INTRODUCTION 

The use of non conventional water resources and reuse of waste water 
as a result of shortage of conventional water sources was review as an important 
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field. Heavy metal pollution of agricultural soils is one of the most severe 
ecological problems on a world scale. It was discovered that some plants can 
grow in polluted areas without contamination of the end product. Oily Plants 
such as peppermint (Mentha piperita L.) are considered one of the plants that 
can grow on pollution area. Peppermint, Fam Labiateae,  has an aroma 
described as strong, refreshing, minty, slightly creamy, and very herbaceous 
with some of the most desirable flavor. Peppermint response to heavy metal 
pollution was established. Peppermint was commercially produced for its 
volatile oil, dry leaves used in herbal teas, and as fresh culinary herbs. Volatile 
oil from peppermint is widely used in the production of chewing gum, 
toothpaste, mouthwashes, confectionaries, pharmaceuticals and aromatherapy 
products. Valcho and Niels (1996), on Mentha piperita L. (cv Tundza and 
Clone No 1) and Mentha arvensis var piperascens Malinv. (cv Mentolna-14), 
found that heavy metal pollution of soil decreased the yields of fresh herbage by 
9–16% and the yield of essential oil by up to 14% but did not negatively affect 
the essential oil content and its quality. Oils obtained from pollution areas have 
not been contaminated with heavy metals. Also, they found a positive 
correlation between Pb concentration in leaves and in essential oil. In addition, 
heavy metal concentration in the plant parts was found to be in order: for Cd 
roots > leaves > rhizomes > stems; Pb roots = leaves > rhizomes = stems; Cu 
roots > rhizomes = stems = leaves; Mn roots > leaves > stems = rhizomes; Zn 
leaves > roots > stems = rhizomes.  Peppermint and cornmint could be 
successfully grown in highly heavy metal polluted areas without contamination 
of the end product (essential oils). Despite of the yield reduction (up to 14%), 
due to heavy metal contamination, mint still remained a very profitable crop and 
it could be used as substitute for the other highly contaminated crops. Valtcho 
and Phil (2003) studied the effect of high Cu compost on basil and Swiss chard 
productivity, and the accumulation of As, Ca, Fe, Hg, K, Mg, Na, Cd, Co, Cr, 
Cu, Mn, Mo, Ni, Pb, S and Se in growth medium and plant tissue. The Cu 
content of the compost was over 1200 mg/kg, much higher than Canadian 
standards for type B compost quality. The treatments consisted of control soil 
(0% compost), and 20, 40 and 60% (by volume) of high Cu compost added to 
soil. All compost application treatments (20, 40 and 60%) resulted in increased 
dry matter yields in Swiss chard and basil. Addition of high Cu compost 
influenced basil plant development. Plants from the 20 and 40% treatments had 
higher numbers of buds and flowers. There were no differences between the 
control and 60% compost treatments with respect to flower initiation. Addition 
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of 20, 40 and 60% compost to the soil resulted in increased exchangeable 
fractions of Cu, but not of Mn and Zn. Compost additions resulted in increase in 
the HNO3 extractable, iron- and manganese-oxide-bound (FeMnOX) and in 
organic-matter fractions of Cu, Mn and Zn in soils. Compost application 
increased soil pH and EC, soil HNO3 extractable Ca, K, Mg, P, Na, B and Pb, 
but did not alter soil HNO3 extractable Cd, Co, Cr, Mo, Ni, Se. Increased rates 
of compost application decreased tissue Ca in basil, tissue Na in both plants, 
increased tissue K, Mg in both plants, but, did not alter tissue P, Co, Cr, Mo, Ni 
of either plants, and B in basil. Tissue As, Hg, Pb, and Se from all treatments 
were under the detection limits of VGA-AAS (for As, Hg, Se) and ICP (for Pb). 
Compost additions altered basil oil chemical composition. Copper in the 
essential oil of basil was below 0.25 mg/l. In conclusion, the addition of high 
rates of relatively immature high Cu compost may not always increase Cu 
concentration in plants and in plant oils. Cala et al., 2005) studied the effects of 
organic waste compost on Rosmarinus officinalis grown in pots containing 
degraded soil. Dried biosolid compost and municipal solid waste were mixed 
with soil at doses of 0, 20 or 40 Mg ha−1. The macronutrient, micronutrient and 
heavy metal contents of the harvested aerial parts of the plant were analyzed to 
determine nutritional status and heavy metal accumulation. All the biowaste 
treatments increased soil fertility and biomass production of the plants. Plants 
grown on amended soils showed a general improvement in their macro- and 
micronutrient status, yet their heavy metal (Pb, Cr and Ni) contents did not 
increase significantly. The concentration of heavy metals found in the leaves 
would not significantly increase their transfer from the soil to humans via the 
food chain. Finally, biowaste composts can be safely applied to degraded soils 
without the risk of adverse environmental effects. Valtcho et. al., (2006) stated 
that peppermint, basil, and dill can be grown in soils enriched with Cd, Pb, and 
Cu medium without risk for metal transfer into the oils, and without significant 
alteration of essential oil composition that may impair marketability. Their 
results support the use of aromatic plants as alternative crops for Cd, Pb, and Cu 
enriched soils. Bagdat and EID (2007) found from their researches that 
medicinal and aromatic plants like (mint, lavander, thyme, pot marigold, 
hollyhock, garden sorrel, black nightshade sp. etc) can be more resistant to some 
heavy metals and other pollutants than other crops. Khalifa et al., (2011) stated 
that to avoid any contamination risk of edible crops it could use the treated 
municipal wastewater for growing industrial crops such as aromatic plants to 
produce volatile oils for manufacturing soaps, cosmetics and perfumes, etc. 
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Results indicated that the treated municipal waste water contain obvious amount 
of nutrients sufficiently for growing the tested crops (geranium, peppermint, 
fennel, marjoram, and chamomile plants) and the plants had higher herb yield 
than that irrigated with fresh water. They found that irrigation of geranium and 
fennel plants with wastewater caused a significant increment in the essential oils 
concentration, but lowered it in peppermint and sweet marjoram plants. Uptake 
and accumulation of heavy metals in plant parts was varied. No detectable 
amount of the potential toxic elements was recorded in the essential oils of the 
tested aromatic plants.  

MATERIALS AND METHODS 
A field experiment was carried out at Soils & Water Research 

Department, Nuclear Research Center, Atomic Energy Authority at Inshas 
during 2011 in a sandy soil which contained (coarse sand 64.1%, fine sand 
26.4%, Silt 2.7%, Clay 6.8%). to investigate the effect of using sewage 
effluents, Ceramic waste water comparing with fresh water (control) on the 
vegetative growth and essential oil content as well as nutritional status of 
peppermint (Mentha pipperita L). Plant materials used in this study consisted of 
uniform stem cuttings of peppermint was kindly supplied from the cuttings was 
planted in the field at the recommended date in hills 30 cm apart on rows 70 cm 
width. Each experimental unit area was 21m2 (6 m long x 3.5 m width, included 
5 ridges). Under wastewater irrigation, plants grown without any 
supplementations of chemical fertilizers. All agricultural practices needed for 
growing healthy plants in sandy soils were conducted as recommended. 
Ceramic wastewater was collected from ceramic factory in Abou-Zaabl and 
sewage effluent was collected from Elgabal El Asfar area and analyzed 
according to standard methods (Eaton et al., 1995). Soil samples at (0 – 30 cm) 
depths were taken from each plot after crop harvest and analyzed for pH, EC, N, 
P, K, Ca, Mg, Na, Fe, Mn, Zn, Cu, Cd, and Pb according to standard procedures 
(Sparks, 1996). The crops was flood irrigated when the soil water deficit in the 
root zone. The plant herbage was harvested by cutting at 6 month age and plant 
growth characters (plant height, fresh weight, dry weight / plant were recorded. 
Total yield/feddan for the tested plants were taken from the whole plot after 
harvest. Plants were taken and divided to roots and herb and each part subjected 
to nutrient and heavy metal contents determination. The concentrations of the 
extracted pigments were calculated from the absorbance values at 664 nm, 648 
nm, and 470 nm using equations described by Lichtenthaler (1987), where:  

Chlorophyll a   c = 12.25A664 nm - 2.79A648 nm,  
Chlorophyll b   c = 21.50A648 nm - 5.10A664 nm,  
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Carotenoids     c = (1000A470nm - 1.82 chl ac - 85.02 chl bc) / 198, 
A = absorbance, 
A = absorbance, 
c = pigment concentration (/~g/mL of extract). 

RESULTS AND DISCUSSION 

Soil and Water properties: 

The sandy soil texture allows the greatest rates of water percolation, but 
the least adsorption and saving action (Emonogor & Ramolemana, 2004). Table 
(1) shows the physical and chemical properties of the three sources of irrigation 
water that use for irrigation aromatic plants. Rattan et al.,(2005) indicated that 
sewage effluents contained much higher amount of P, K, S, Zn, Cu, Fe, Mn and 
Ni compared to groundwater. While, there was no significant variation in Pb 
and Cd concentrations in these two sources of irrigation water and metal content 
were within the permissible limits for its use as irrigation water. 
Table (1): Some physical and chemical characteristics of experimental water 

Analysis Fresh water Ceramic wastewater Sewage effluent 

EC (dS/m) 0.46 2.85 1.46 

pH 7.5 6.8 7.25 

Organic matter (%)  - 3.5 3.4 

mg O /L 

BOD - 289 190  

COD - 706 370  

mg/L 

SO4
-- 96.0  450 288 

CO3
-- - 7 66 

HCO3
- 74.0 450 402.6 

Cl- 113.2  680 424.8  

NO3 136.4  435 527  

NH4 - - 45  

P 0.618  18.5 169.9  

K+ 13.6  17.2 70.2  

Na+ 48.09  715 335.8  

Ca++ 25.13  45 64  

Mg++ 13.32  24.5 77.76  

Fe 12.83  21.6 210.2  

Cu 1.27  11.7 69.85  

Mn 2.74  8.5 10.98  

Zn - 6.4 53.31  

Pb 6.15  10.2 124.3  
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Vegetative growth 

Results presented in Table (2) indicated that plants grown under 
ceramic wastewater and sewage effluent irrigation produced the tallest plants 
and more shoot and root weights and consequently gave the highest herb yield 
per plant than those irrigated with fresh water. Ceramic wastewater gave the 
highest values and significant effect then Sewage effluent comparing with the 
control. The increase in concentration of nutrients in Ceramic wastewater and 
Sewage effluent caused an increase in photosynthesis processes, which can be 
observed in the increase of dry weight of plant biomass. These increments may 
be attributed to the amount of mineral elements distributed by irrigation 
satisfied the tested aromatic plant nutrient requirements (Lopez et al., 2006), 
improved growth characters i.e. plant height and shoot and root weights (Table 
2). Similar increments of crops yield under irrigation with ceramic wastewater 
and sewage effluent irrigation were recorded by Saber et al., (2002) with cereal 
and winter oil crops, Hussein et al., (2004) with summer oil crops and Lopez et 
al., (2006) with olive trees. 

Table (2): The effect of different sources of irrigation water on plant length (cm), 
fresh and dry weights (g/plant) of peppermint plants.  

Plant length (cm) 
Fresh water Ceramic 

wastewater 
Sewage effluent L.S.D at 5% 

     Irrigation     
           Source 

length 30.3  140  86.6  15.51 
Shoot weight (g.) 

       Irrigation     
           source 

Weight  
Fresh water 

Ceramic 
wastewater 

Sewage effluent L.S.D at 5% 

Fresh weight 3.98  39.83  32.67  6.215 
Dry weight 1.43  17.90  15.33  2.173 

Root weight (g.) 
       Irrigation     
           source 

Weight 
Fresh water 

Ceramic 
wastewater 

Sewage effluent L.S.D at 5% 

Fresh weight 1.50  4.94 5.27  0.287 
Dry weight 0.49  1.62  1.45  0.124 

Pigments: 

Chlorophyll content 

Data in Table (3) show that chlorophyll (a & b) content in the leaves of 
peppermint plants was influenced by the waste water. Ceramic wastewater 
increased chlorophyll (a & b) contents but total chlorophyll was decreased. 
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With sewage effluent, there were significant decrement in leaf chlorophyll 
contents (a, b & and total chlorophyll) comparing with the control.  

Carotenoids content. 

As shown in Table (3) carotenoids content in leaves of peppermint 
plants were increased by Ceramic wastewater. Whereas, with Sewage effluent 
irrigation there was a significant decrement comparing with the control. 

Oil yield:  
Volatile oil percentage in leaves of peppermint was clearly affected by 

the treatments. Data in Table (3) show that volatile oil content significantly 
increased by the ceramic wastewater and sewage effluent comparing with fresh 
water. The increment in oil % may be attributed to the sufficient amounts of 
macro- and micro-nutrients and hormones present in ceramic wastewater and 
Sewage effluent. The increase in concentration of nutrients in ceramic 
wastewater and sewage effluent caused an increase in volatile oils production.  
Table (3): The effect of different sources of irrigation water on chlorophyll and 

carotenoids contents and volatile oil percentage of peppermint plants.  

 
Fresh water 

Ceramic 
wastewater 

Sewage 
effluent 

L.S.D at 5% 

Chlorophyll A (mg/g 
f.wt.)                                   

1.59  1.71  1.03  0.143 

Chlorophyll B (mg/g 
f.wt.)                                   

1.29  1.47  0.82  0.143 

Chl a/ Chl b 1.23 1.16 1.27 N.S 
Total chlorophyll. 3.77  3.70  2.34  0.657 
Carotenoids (mg/g f.wt.)                                   0.79  0.86  0.63  0.072 
Oil percentage       % 1.18  2.60  2.61  0.036 

Distribution of nutrient and heavy metals in plant parts 

Results in Table (4) indicated that the concentrations of macro-nutrients 
(N, K, Ca, Na, Mg) and heavy metals (Cd and Pb) in leaves and stem were 
higher than in roots of peppermint plants. Similar finding was reported by 
Yargholi et al., (2008). The ceramic wastewater was better than sewage 
effluents and the two types of water were better than the fresh water. Whereas, 
with Phosphorus the sewage effluent gave the best value. The same Table 
indicated that the concentrations of micro-nutrients (Fe, Mg, Cu and Zn) in 
leaves and stem were higher than in roots. The treatment of sewage effluents 
gave the best values the ceramic wastewater treatment and the lowest values 



M.F.A Noby, et al., J. Rad. Res. Appl. Sci., Vol. 5, No. 2(2012) 254 

were with fresh water. It can be concluded that the uptake and accumulation of 
heavy metals and plant nutrients in plant parts was varied according to element, 
and organ. Barman et al., (2000),Tawfik (2008) and Qingling et al., (2009) 
came to the same conclusion. It is worthy to stated that the concentration of 
minerals in plant parts of peppermint plant were within the range of element 
concentrations in medicinal plants according to Sheded et al., (2006) and below 
the permissible critical levels (WHO, 1989) respectively.  

Table (4): Plant nutrients and heavy metals contents in peppermint plants 
irrigated with fresh water, ceramic wastewater and treated sewage 
effluents. 

Root Stem Leaves 

E
le

m
en

ts
 

Fr
es

h 
w

at
er

 

C
er

am
ic

 
w

as
te

w
at

er
 

Se
w

ag
e 

ef
flu

en
t 

L
.S

.D
 a

t 5
%

 

Fr
es

h 
w

at
er

 

C
er

am
ic

 
w

as
te

w
at

er
 

Se
w

ag
e 

ef
flu

en
t 

L
.S

.D
 a

t 5
%

 

Fr
es

h 
w

at
er

 

C
er

am
ic

 
w

as
te

w
at

er
 

Se
w

ag
e 

ef
flu

en
t 

L
.S

.D
 a

t 5
%

 

% 
N 0.49  0.73  0.70  0.072 2.19 2.33 2.30 0.072 2.32 2.45 2.37 0.101 

P 0.19 0.21 0.23 0.024    0.23 0.26 0.29 0.051    0.25 0.33 0.35 0.036    

K 1.15 1.78 1.68 0.081 2.12 2.98 2.91 0.143 1.54 2.80 2.54 0.143 

Ca 0.24 0.39 0.29 0.072 0.43 0.63 0.58 0.101 0.38 0.58 0.52 0.101 

Na 0.31 0.55 0.38 0.101 0.22 0.48 0.22 0.051 0.18 0.42 0.21 0.036 

Mg 0.46 0.48 0.44 0.072 0.46 0.52 0.49 0.036 0.51 0.57 0.54 0.072 

ppm 
Fe 340 361.7 373.3 21.70 331.7 340 350 N.S 315 325 327.5 N.S 

Mn 22.33 36.00 66.33 4.207 35.33 44.67 69.00 3.337 47.67 50.50 75.33 1.511 

Cu 14.23 15.21 17.30 0.665 9.33 10.53 11.73 1.734 7.8 8.5 9.73 0.932 

Zn 19.17 25.67 44.67 3.584 20.83 31.33 47.67 3.778 34.67 36.33 50.67 4.406 

Pb 1.47 1.72 1.95 0.190 1.73 1.85 2.52 0.101 2.15 2.38 2.83 0.143 

Cd 0.60 0.65 0.76 0.143 0.69 0.72 0.78 0.072 0.73 0.78 0.83 0.022 

CONCLUSION 

The peppermint grown under ceramic wastewater and treated municipal 
wastewater irrigation has an aroma described as strong, refreshing, minty, 
slightly creamy, and very herbaceous with some of the most desirable flavor 
notes among peppermint oils. The aroma and taste sensory attributes of each oil 
were evaluated. It was conclusively reported in these peppermint oils. 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 
and ceramic wastewater can be used for growing aromatic plants in the arid area 
without mineral fertilizers addition to produce volatile oils without causing any 
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reduction in quantity and quality of volatile oils. Though the study confirms that 
the domestic sewage and ceramic wastewater can effectively increase water 
resource for irrigation but there is a need for continuous monitoring of the 
concentrations of potentially toxic elements in soil, plants and ground water. 
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  المؤتمر الدولي الثالثالمؤتمر الدولي الثالث

  طبیقاتھاطبیقاتھاللعلوم اإلشعاعیة وتللعلوم اإلشعاعیة وت
   مصر- الغردقة – ٢٠١٢ نوفمبر ١٦ – ١٢

 
  ةستجابه نبات النعناع النامى للمصادر المختلفة من المياه العادمإ

  ٢ محمود فوزى على نوبى – أحمد عبد المنعم مرسى –١عزت عبد المحسن قطب
   .الذریة الطاقة ھیئھ – النوویة مركز البحوث –١ شعبھ تطبیقات النظائر المشعھ– قسم بحوث األراضى والمیاه – ١

  .الذریة الطاقة ھیئھ – النوویة مركز البحوث – شعبھ تطبیقات النظائر المشعھ – النباتیة قسم البحوث – ٢

  
السلسلة الغذائیة فأنھ یمكن  والبیئة تلوث على  لبعض الصناعاتالسائلةنظرا لتأثیر المخلفات 

 الصرفالصرف الصناعي ھذه المصادر المائیة الناتجة من  الستخدام باإلضافةھذا التلوث  تفادي
 والتى تدخل فى عدید من والثابتةالمحاصیل التي تستخدم في أنتاج الزیوت الطیارة   في زراعة الصحي

جریت أ. العطور وأنواع الوقود الحیويومستحضرات التجمیل و الصابون تصنیعالصناعات مثل 
قد و .  مصر– الذریة الطاقة ھیئھ – النوویة مركز البحوث –بقسم بحوث األراضى والمیاه  الدراسة

 میاه الصرف الصحي ،میاه صرف تصنیع السیرامیك لدراسة تأثیر تربة رملیة اقیمت التجارب في
المیاه  مصادر نم النباتات رویت . النعناع لنباتات الزیت العطريالنمو و على العذبةالمیاه و المعالجة
 وكذلك  للنباتالمختلفة األجزاء في المعادن الثقیلة تراكم وتمت دراسة .إضافة أى أسمدة   دونالمختلفة

میاه صرف تصنیع ل   ایجابیاتأثیرا ھناك   النتائج إلى أن أشارتقد و .العناصر الغذائیةمحتوى النبات من 
 من الواضح ان كل المیاه وكان.  على التوالىالعذبةالمیاه  میاه الصرف الصحي ثم تلیھا السیرامیك

 انوجد  .النعناع نباتات لتغذیھ وتنمیھتكفي  الغذائیةمن العناصر   تحتوي على كمیةالمستخدمةالعادمھ 
 لتصنیع السائلةالمخلفات  ب للوزن الطازج والجاف للعشب عند الريوإنتاجیةمستوى للنمو  أعلى

اما كمیھ الزیت العطري   .العذبة یلیھما المیاه   المعالج بمیاه الصرف الصحي الري وأعقبھ السیرامیك
 الناتجة أعلى من كمیھ الزیت  قد كانتالمعالج ف المروى بمیاه الصرف الصحي النعناع نبات من الناتجة

للعناصر النباتات  امتصاص تباین وقد . لتصنیع السیرامیكالسائلةالمخلفات  بمن نبات النعناع المروى
المیاه  تراكیب كال المصدرین من الختالف تبعا المختلفةأجزاء النبات  المعادن الثقیلة في وتراكم الغذائیة
 لذا فإنھ یمكن استخدامالزیت العطري الناتج  المحتملة في  الثقیلةللعناصر كشف لم یسجل أي و  .العادمھ

دون  وأسمدة  إضافة دون القاحلة ي المناطقفمثل ھذه النباتات  لزراعة البلدیة من النفایات المیاه المعالجة
  .الغذائیة والسلسلةبالبیئة  ضرر أن تسبب أي

  


