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Abstract: Water is a vital element for the development and 

maintenance of life on our planet, for which it is necessary to 

preserve and ensure the continual persistence of water, not only to 

provide man with a sufficient quantity for these needs but to 

assure him an ir upright quality of this water. The main objective 

of this work is to evaluate the physicochemical quality of the water 

of the Temara water and the comparison of this quality with 

Moroccan and international standards. Physico-chemical 

analyzes showed true variations in the different parameters 

studied, related to the impact of agricultural activities. The 

physicochemical characterization of the samples revealed a 

pH close to neutrality and relatively high salt contents. The 

chloride content was between 14.20 and 958.5 mg / l. For nitrate 

and nitrite load varies and 0.5 mg/L and 5.7 mg / L. These 

parameters of pollution were relatively high , compared to the 

average concentrations usually met for Moroccan drinking .The 

results obtained clearly exceed the standards of WHO (World 

Health Organization). Effluents therefore constitute 

a health risk. In conclusion, the pretreatment of these waters is 

strongly recommended. 

 

Keywords: Groundwater - Water pollution - 
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I. INTRODUCTION 

Water is a renewable resource as evidenced by the 

well-known cycle of water   : evaporation, condensation, 

precipitation and runoff, then new evaporation and repetition 

of the cycle1. From this perspective, the quantities of water 

should not be depleted. However, we realize today that 

drinking water is not inexhaustible. The acceleration of 

population growth is leading to a vertiginous increase in 

water needs. In addition, they produce more and more waste 

(agricultural, industrial) that contribute to polluting the water 

in ways that are irreversible, especially in the absence of a 

water purification system, as is the case in several developing 

regions. It is therefore because water stocks are disappearing 

that the issue of water becomes problematic, it is mainly 
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because the polluting activities of humans, in the absence of 

sanitation networks, poison the water. water and that the 

resource is unequally distributed geographically. All living 

organisms contain water. In humans, water is the main 

component of the body. The body of an adult contains up to 

70% water. Blood, for its part, contains 82% water, while 

some fruits, vegetables and marine animals are made up to 

95% 2. Of course, the water needs are very large since it 

contributes to the proper functioning of the body by 

facilitating the circulation of blood and breathing, 

transporting nutrients to the cells and promoting the 

elimination of waste and toxins. Water is therefore essential 

for all living organisms. Drinking water, exempt from 

pathogenic germs (bacteria, viruses) and parasitic organisms, 

does not cause any health risks according to the World Health 

Organization (WHO). Its potability characteristics meet 

standards established either at national or international level. 

Medium and method of study 

 

This study was conducted on 20 wells distributed at the sheet 

of Temara is located is a Moroccan urban commune, capital 

of the prefecture of Skhirat - Temara, in the region 

of r s alé- kénitralampshade. The samples were taken over 

four periods during the year 2017-2018. The analyzes were 

carried out at the ORNVAG laboratory , Kenitra . 

We will, at first, to characterize the physico-chemical water 

quality of 20 wells with a discussion in relation to the 

standards and previous studies. In a second step, we will 

study an explanatory analysis by a statistical study based on a 

Principal Component Analysis (PCA). 

II. RESULTS AND DISCUSSION 

The results are presented in Table 1 : 

Table 1 : Basic statistics of physicochemical parameters for 

well waters in Témara 
    Nitrites Iron Nitrates Free 

chlorine 

Total 

chlori

ne 

Summer 

MOY 0.04 0.06 1.26 0.03 0.04 

MIN 0.00 0.00 0.00 0.00 0.00 

MAX 0.60 0.36 4.70 0.08 0.12 

AND 0.13 0.09 1.20 0.02 0.03 

fall 

MOY 0.00 0.04 1.06 0.01 0.02 

MIN 0.00 0.00 0.00 0.00 0.00 

MAX 0.01 0.31 4.00 0.08 0.08 

AND 0.00 0.07 1.18 0.02 0.02 

Winter MOY 0.01 0.08 1.93 0.08 0.07 
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MIN 0.00 0.00 0.30 0.00 0.00 

MAX 0.05 0.62 5.70 0.53 0.57 

AND 0.01 0.14 1.30 0.15 0.12 

Spring 

MOY 0.03 0.11 1.70 0.05 0.08 

MIN 0.00 0.01 0.50 0.00 0.01 

MAX 0.40 0.72 3.10 0.13 0.68 

AND 0.09 0.16 0.75 0.03 0.15 

    Hardness chloride

s 

pH salinity T° 

(°C) 

Summer 

MOY 75.92 256.04 7.50 0.61 19.5 

MIN 29,5 142.00 6.75 0.00 16.4 

MAX 120.50 692.25 8.33 3.50 26.5 

AND 26.42 126.42 0.39 0.80 2.2 

fall 

MOY 74,9 229.63 6.58 0.58 18.0 

MIN 21 67,45 5.90 0.00 13.1 

MAX 146.00 919.45 6.90 3.10 21.2 

AND 33,79 179.32 0.25 0.69 2.2 

Winter 

MOY 54.43 110.58 7.21 0.64 13.4 

MIN 18 14.20 6.40 0.10 8.5 

MAX 121.00 958.50 7.72 2.90 16.0 

AND 26.75 210.61 0.31 0.70 1.8 

Spring 

MOY 72.35 127.82 7.39 0.50 16.8 

MIN 24 31.95 6.50 0.10 13.4 

MAX 222.50 812.95 8.10 2.70 24.0 

AND 58.16 176.42 0.50 0.62 4.2 

1- Temperature 

The temperature of the water is an important factor in the 

biological production makes it affects pr es s physical and 

chemical opriétés in particular its density, viscosity, 

solubility of its gas (in particular that of oxygen) and speed of 

chemical and biochemical reactions3-5. 

In Témara, values fluctuated between 26.5 ° C recorded in 

well 10 in summer and 8.5°C recorded at well 7 during 

winter. Summer experienced the highest temperatures 

ranging from 17.1 to 26.5°C while winter experienced the 

lowest temperatures (8.5 and 16.5°C). Spring recorded 

temperatures between 13 and 21.2°C while in the fall the 

temperatures oscillated between 14 and 24 °C. 

2- Hydrogen Potential (pH) 

At the Temara level, pH varied during this study from 8.3 at 

well 11 in summer to 5.9 at well 5 in fall. Autumn waters are 

all slightly acidic (mean pH = 6.58) (which may be due to 

rainfall during this period). Summer and winter are the times 

when the pHs are slightly basic; the respective average pH 

values are 7.49 and 7.38. These results are similar to those 

found at the level of the water table of M'nassra in Morocco 

Bricha (2007)6 

3 - Total hardness 

The total hardness of a water is produced by the calcium and 

magnesium salts it contains. The carbonate hardness that 

corresponds to the carbonates and bicarbonates content of Ca 

and Mg and while the non-carbonated hardness produced by 

the other salts. Hardness is measured by the hydrotimetric 

titre expressed in ° F (French degree); 1 °F corresponds to 10 

mg of calcium carbonate in 1 liter of water.It results mainly 

from the contact of the groundwater with the rock formations: 

The calcium derives from the attack of the CO 2 dissolved by 

the limestone rocks (dolomies) or from the dissolution in the 

form of sulphate in the gypsum. The hardness of natural 

water depends on the geological structure of soils crossed. It 

expresses the sum of calcium and dissolved magnesium 

reported in equivalent amounts of calcium carbonates; It is 

expressed as degree f English ° F corresponding to 4 mg / l 

Ca 2+ or 2.43 mg/L Mg 2+ or 10 mg/liter CaCO3
 - . 

In this study, the hardness in Temara varied between 222.5 

°F at well 20 and 21° at well 18. The spring 

period experienced low values. The variation in hardness 

from one well to another could be related to the lithological 

nature of the geological formation of the groundwater. I n 

fact, the calcareous soil gives calcium hardness in 

these waters, are often Karst limestone features and soil 

allow rapid infiltration of rainwater allowing them 

pro tection runoff and their evaporation. They reappear in the 

vicinity of feet of the limestone massif in the form of large 

springs. These results remain broadly comparable to those 

found by Belghiti et al.7,  el markhi et al.8, Burkholder et 

al.9, and others authors  reported lower 

values10-11. According to European standards, the hardness 

should be between 15 and 30 °F12. Indeed a hard water 

(higher than 20 ° F) with a pH> 7, would favor the hooking 

and the scaling of the pipes and consequently the constitution 

of the biofilm13, This is the case with most of our results. 

However, very hard water even at 180°F would have no 

effect on the health of poultry14, it would even be beneficial 

for mineralization of bones15.   

However, Damron in 2008 reports that a calcium hardness of 

over 100 ° F has no effect on chickens, which is the case with 

our waters, while a magnesium hardness of over 100 ° F 

would result in swollen hocks and shortened shin bone is the 

case of all wells studied given the calcareous nature of 

soils. However, these problems were not observed in the 

farms studied. 

4 - Nitrates and nitrites 

They are widespread in the environment, and are found in 

most food products, in the atmosphere and in much of the 

water16. Nitrates are produced during the final stage of 

decomposition of organic matter, nitrites are produced in the 

intermediate stage and rapidly convert to nitrates17. 

In Témara, the values found range from 0.5 mg/L to 5.7 mg/L 

for nitrates (Table 1). These values are minimal compared to 

the threshold advocated by the European standards which is 

50 mg /L.As for nitrites, they varied between 0 and 0.6 

mg/L. Wells 6 and 9 showed values that exceed the nitrites 

standards (0.1 mg/L), this could be due to fertilization since 

these sites contain fruit trees (peach and olive trees). In fact, 

nitrates and nitrites indicate contamination by fertilizers or 

human or animal waste. 

They are toxic in all poultry species18 could lead to a decrease 

in performance by methemoglobin effect19, and can lead to 

high mortality in young people20  Levallois 

and Phaneuf and laying and laying hens in spawning21-22 and 

even a decline in sexual performance in the male23. 

 

5 - Chloride  

The chlorine in the water is in the form of chloride ion, its 

presence is linked with a percentage of 90% to the presence 

of Sodium; chlorides depend on the geological formation of 

the aquiferregions24. 

The results recorded in this study varied between 958.50 

mg/L, at well 18 and 14.20 mg/L at wells 2 and 12 at 

the Témara level. The summer and fall periods averaged 256 

and 229 mg/L respectively, while the winter and spring 

periods averaged 110 and 127 mg/L, respectively. Outside 

well 18, the chloride values are less than 400 mg in all other 

wells (threshold recommended for drinking water for human 

consumption in Morocco11. 
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The European standards for poultry set this threshold at 200 

mg / L, which shows that 60% of the wells studied exceed the 

standards. 

Waters rich in chloride are laxative and 

corrosive25-28. Belghiti in 201325 recorded values of 70 to 872 

mg/L, Abdemoutalib reported values of 5.8 to 312 mg/L, 

however Oueslati reported very high values in Tunisia (up to 

1666 mg/L), Akchour and Coulibaly reported higher values 

(above 2000 mg/L especially in the coastal areas of 

Casablanca and Agadir); in France the values recorded 

by Balloy are between 30 and 159 mg/L. 

 

6 - Salinity 

R represented mainly by sodium. The results observed on 

the Témara region o nt oscillated between 0 and 

3.5 ppt. Well18 showed values above 2.5 ppt over the four 

periods. The averages of the four periods are respectively 

0.61; 0.64; 0.58 and 0.50 ppt. Wells 9, 15 and 19 have values 

greater than 1 ppt² (value recommended by European 

standards). 

 

7- Iron 

It is an abundant element in rock, it is the fourth most 

common element in the earth's crust and so widely present 

in groundwater24. The results observed in Témara vary 

between 0 and 0.72 mg/L of iron. The averages of the four 

periods were 0.06; 0.04; 0.07 and 0.11 mg/L, only the well 12 

recorded values higher than 0.3 mg / L, the values of the well 

11 are slightly important (0.15 to 0.28 mg/L).  

  

8- Free chlorine and total chlorine 

In the Temara aquifer, the recorded levels of free and total 

chlorine are normal and hardly exceed 0.5 mg/L outside 

wells 10th t in winter and in summer well 9   ; all other 

values are less than 0.1 mg / L. 

The wells in our study are well below these values and 

therefore can be used for safe drinking water vaccination. 

 

Explanatory analysis   

1-statistical analysis 

One-dimensional statistical analysis methods are applied to 

statistically characterize the studied variable of each 

chemical element during sampling campaigns.  We interestin 

especially to calculate some standard statistical parameters: 

average, minimum, maximum, variance, standard deviation 

and coefficient of variation. 

 The comparison of the different parameters, their means, 

standard deviations, maximum values, variances and the 

coefficients of variation for the sampling set during our study 

allowed, through the analysis of the variation, to detect 

differences more or less significant. 

 

2-Analysis of matrices of correlations 

 

The correlations between the physicochemical elements 

studied give information on the strength of the associations 

between them. The correlation matrices of the 10 parameters 

measured during our study are presented in Table 2. 

 

Table 2: Matrix of correlations of physicochemical 

parameters in Témara 
  

nitrit

es Iron 

nitrat

es 

Free 

chlor

ine 

Total 

chlor

ine 

Hard

ness 

chlor

ides pH 

Salin

ity 

Tem

perat

ure 

nitrites 1                   

Iron -0.16 1                 

nitrates 0.03 -0.61 1               

Free 

chlorine 0.03 0.01 -0.12 1 

  

          

Total 

chlorine -0.03 -0.05 -0.1 0.94 1           

Hardness -0.09 -0.4 0.39 -0.01 -0.01 1         

chlorides 0.09 0.12 -0.1 0.31 0.33 -0.25 1       

pH -0.18 0.77 -0.77 0.14 0.1 -0.55 0.29 1     

Salinity 0.2 -0.77 0.77 -0.1 -0.08 0.52 -0.12 -0.98 1   

Temperatu

re -0.15 0.25 -0.35 0.29 0.23 -0.07 0.01 0.39 -0.38 1 

 

pH, hardness and nitrates are positively correlated ; they are 

negatively correlated with salinity and iron. These are 

positively correlated. 

Free chlorine and total chlorine are very significantly 

correlated. 

 

3- Principal Component Analysis (PCA) 

 

We realized u statistical study by principal component 

analysis for all quantitative variables studied (10 variables) 

on 80 water samples, to explain the evolution of different 

parameters analyzed. 

Each water sample from a sampling campaign constitutes a 

statistical unit and 

the 10 physico-chemical parameters (temperature, pH, 

hardness, nitrates, nitrites, chlorides, salinity, iron, free 

chlorine and total chlorine) studied are the variables that 

characterize these statistical units. Statistical processing of 

the data is done through the use of the Statistica software, on 

20 stations during the 4 campaigns. 

First, we performed a spatial analysis of physicochemical 

parameters. The first two axes of the PCA (46.34% of the 

total information) of the physicochemical data are used to 

describe the correlations between the variables which are 

related to the spatio-temporal structure. 

Table 3: Contribution of the first two axes to the total 

variance. 

  Own value Variabilit

y 

Cumulative 

% 

F1 2.525662 25.25662 25.2566 

F2 2.108188 21.08188 46.3385 

The first axis (25.26%) takes into account total chlorine and 

iron. This could be interpreted as a concentration gradient 

of iron and total chlorine from right to left. The well 12 and 

to a lesser degree the well 4, 5, 11 and 13 contain more iron 

and total chlorine. PH, temperature, salinity and chlorides are 

inversely correlated s iron and total chlorine and are leading 

into the well 18 and dan s a lesser extent the well 15 and the 

well 17 axis. This reflects a gradient Mineralis ation from 

right to left.The second axis (F2 with 21.08%) shows a 

gradient of pollution (nitrates and nitrites), the 

wells 6, 8 and 9 are the most polluted it is in an agricultural 

region , the least polluted are the wells of Aguelmouss1 10, 

16 and 19.  

While the wells 2, 10, 16, 19 and 20 have presented hard 

water with a temperature and free chlorine higher. These 

results corroborate found in forward-looking analysis. 
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III. CONCLUSION 

The results of innovativ a ts of physical-chemical analyzes of 

groundwater in the study area showed concentrations above 

the standard and which are a consequence of the geological 

nature and human activity. The evolution of the 

physicochemical parameters of the studied waters showed a 

significant spatio-temporal variation, the tablecloth 

of temara knows important salinity levels . These two 

parameters are explained exclusively by the geological nature 

of the two regions. 

ACKNOWLEDGMENT 

WE THANKS GO TO ALL THOSE WHO HAVE ACTIVELY 

CONTRIBUE TO CONDUCT THIS STUDY 

REFERENCES 

1. Habets, F., Ducrocq, V., & Noilhan, J. (2005). Prévisions 

hydrologiques et échelles spatiales : l’exemple des modèles 
opérationnels de Météo-France. Comptes Rendus Geoscience, 

337(1-2), 181–192.doi:10.1016/j.crte.2004.08.009  

2. BOULAL M. (2002). Recherches phréatobiologiques dans le Souss et 
les régions voisines du Maroc occidental : Qualité de l’eau, 

Biodiversité, Écologie et Biogéographie Historique des espèces 
stygobies. Thèse de doctorat d’État, Université Cadi Ayyad, Fac. Sci. 

Semlalia, Marrakech, 443p. 

3. Akchour. Physicochemical quality of drinking water and the solubility 
of certain drugs used in poultry. Veterinary doctoral thesis IAV Hassan 

II. Rabat (Morocco), 2003, p. 173. 
4. L.G Bellucci, M. Frignani, D. Paolucci , M. Ravanelli. 

The distribution of heavy metals in sediments of the Venice Lagoon: 

the role of the industrial area. Science of the total Environment, 2002, 
295 (1-3), 35-49. 

5. D. Bengoumi, R. EL Moustaine , A. Chahlaoui. Variation of 
groundwater quality in poultry farming using cluster and multivariate 

factor analysis: a case study from middle atlas area, 

Morocco. International Journal of Biosciences (IJB), 2014,  3 (11), 1-8. 

6. S. Bricha , 2007. Study of the physicochemical and bacteriological 

quality of the water table M ' nasra (Morocco). Africa Science 
Review, 2007, 3 (3), 391-404.  

7. D. Belghiti, A. Chahlaoui, D. Bengoumi, R. EL Moustaine. Effect of 

climatic and anthropic conditions on the variation of the water quality 
of certain wells in rural areas, the case of the water table of the 

Meknes plateau (Morocco). Science Lib Editions Mersenne. 2013, 5, 
2111-4706. 

8. Mina Elmarkhi, Sanae Sadek, Khadija Elkharrim, Fatima Benelharkati, 

and Driss Belghyti, The impact of leachate on well water (city dump of 
Kenitra, Morocco). International Journal of Innovation and Applied 

Studies ISSN 2028-9324 Vol. 8 No. 2 Sep. 2014, pp. 705-716 © 2014 
Innovative Space of Scientific Research Journals 

http://www.ijias.issr-journals.org/. 

9. J. Burkholde, D. Anderson, W. Cochlan, W. Dennison, Q. Dortch , C. 
Gobler , C. Heil, E. Humphries,  A. Lewitus, R. Magnien , H. 

Marshall , K. Sellner , D. Stockwell , D. Stoecker , M. Suddleson. 
Eutrophication and harmful algal blooms: 

a scientific consensus. Harmful Algae. 2007, 8, 3-13. 

10. A. Carter and R. E. Snee.  Drinking water quality for poultry. PS and T 
Guide No. 42, Poultry Science Extension, North Carolina State 

University, Raleigh, NC. 1987  
11. D. Chapman , V. Kimstach. Selection of water quality variables. water 

quality assessments: a guide to the use of biota, sediments and water in 

environment monitoring, Chapman edition, 2nd ed. E & FN Spon , 
London , 1996, pp.59-126. 

12. J. Chen, D. Belnave. The impact of drinking water Containing sodium 

chloride is performance and eggshell quality of a modern, colored 
layer strain. 2001 Poultry Science Association 

Inc. Oxford Journals , Science and Mathematics Poultry Science. 
2001, 80 (1). 91-94. 

13. Coulibal, Water quality and use of veterinary drugs in poultry 

farming. Veterinary doctoral thesis IAV Hassan II. Rabat. Morocco, 
2000, pp. 91. 

14. A. Czarnowski, B. Musielak.  Observations on toxicity of nitrates and 
nitrites for broiler fowl. Medycina waterynaryjna , 1973, 29 (10), p : 

617-619. 

15. Fulbert  and Alexandre. Water: a global approach to catchment at the 
watering place. Inter professional Meetings of Avian 

Pathology. Rennes June 2008, 12, 83 

16. HCEFLCD. is the national entity responsible for developing 

and implementing government policy on sustainable forest resource 

development. 2006,  
17. E. Humbert, P. Pommier. L'eau, La qualité de l'eau en aviculture. 

Revue du Syndicat National des Vétérinaires Inspecteurs du Ministère 
de l`Agriculture français, 1988, (100 à103): 369-374. 

18. Itavi (AVIculture Technical Institute, 2006. Factors influencing the 

bacteriological quality of water in turkey farming, 2006 study 
19. E.H. Jaster, I. D. Schuh, T.N. Wegner. Physiological effects of saline 

drinking water on high producing dairy cows. Journal of 
Dairy Science. 1978, 61(1),  66-71. 

20. 20-P. Levallois, D.  Phaneuf.  Utilities and limitations of 

microbiological indicators of drinking water quality. In Indoor Air and 
Drinking Water, under the direction of Pierre Lajoie and Patrick 

Levallois, Presses de l'Université Laval, 1994, pp. 179-193. 
21. E. Lichtenberg, L.K. Shapiro. Agriculture and nitrate concentrations in 

Maryland wells community water system wells.  Journal of 

Environmental Quality Abstract 1997, 26 ( 1), 145-153. 
22. Levallois P., Phaneuf D., 1994, La contamination de l’eau potable par 

les nitrates : analyse des risques à la santé. Rev. Can. santé publique, 

85, 192-196. 

23. 23- A. A. Olkowski. The quality of livestock watering water   ; Field 

Guide for Cattle, Horses, Poultry and Pigs. Andrew 
A. Olkowski, Ph.D., DVM, MSc, B.Sc. (Biochemistry), University of 

Saskatchewan, CANADA, ISBN 978-1-100-12443-8, Cat. No .: 
A22-483 / 2009 E , First Edition: May 2009 . 

24. 24- Aissata Boubakar Hassane. AQUIFERES SUPERFICIELS ET 

PROFONDS ET POLLUTION URBAINE EN AFRIQUE : Cas de la 
communauté urbaine de Niamey (NIGER). Hydrologie. Université 

Abdou Moumouni, 2010. Français. 
25. 25- D. Belghiti, A. Chahlaoui, D. Bengoumi, R. EL Moustaine. Study 

of the physico quality, chemical and bacteriological groundwater of 

the plio- quaternary aquifer in the region of Meknes 
(Morocco). Larhyss Journal,  2013, 14, 21-36. 

26. 26- D. Venne  biosecurity   : water quality and importance 
of  biofilm control on chick performance. 

Bulletin  Académie Vétérinaire France. 2009, 162 (3), 23-26. 

27. 27- M. Virgilio, N. Baroncini, C. Trombini, M. 
Abbiati. Relationships between sediments and tissue contamination 

and allozymic patterns in Hediste diversicolor (Polychaeta 
Nereididae) in the Pialassa lagoons (north Adriatic Sea). Oceanogica 

Acta , 2003,  26 (1), 85-92. 

28. 28- T.S. Whiting, L.D. Andrews, L. Stamps. Effects of sodium 
bicarbonate and potassium chloride drinking water supplementation. 

Performance and exterior carcass quality of broilers grown under 
thermoneutral or cyclic heat-stress conditions. Poultry  Science, 

1991, 70, 53-59. 

AUTHORS PROFILE 

Hamdan Abderrahim:Ibn Tofail Faculty of Science, Laboratory of 

Agro-physiology, Biotechnology, Environment and Quality, Kenitra, 

Morocco. 
Chaouch Abdelaziz: Ibn Tofail Faculty of Science, Laboratory of 

Agro-physiology, Biotechnology, Environment and Quality, Kenitra, 
Morocco. 

Maria Mouden Botanical and Plant Protection Laboratory, Department of 

Biology, Kenitra, Morocco. 

 

 

http://www.ijitee.org/
http://www.ijias.issr-journals.org/
https://translate.google.com/translate?hl=fr&prev=_t&sl=fr&tl=en&u=http://services.oxfordjournals.org/cgi/tslogin%3Furl%3Dhttp%253A%252F%252Fwww.oxfordjournals.org
https://translate.google.com/translate?hl=fr&prev=_t&sl=fr&tl=en&u=http://www.oxfordjournals.org/subject/mathematics/
https://translate.google.com/translate?hl=fr&prev=_t&sl=fr&tl=en&u=http://ps.oxfordjournals.org/
https://translate.google.com/translate?hl=fr&prev=_t&sl=fr&tl=en&u=http://ps.oxfordjournals.org/
http://ps.oxfordjournals.org/content/80/1.toc
https://translate.google.com/translate?hl=fr&prev=_t&sl=fr&tl=en&u=http://www.sciencedirect.com/science/article/pii/S0022030278835528
https://translate.google.com/translate?hl=fr&prev=_t&sl=fr&tl=en&u=http://www.sciencedirect.com/science/article/pii/S0022030278835528
https://translate.google.com/translate?hl=fr&prev=_t&sl=fr&tl=en&u=http://www.sciencedirect.com/science/journal/00220302/61/1
https://translate.google.com/translate?hl=fr&prev=_t&sl=fr&tl=en&u=http://ps.oxfordjournals.org/search%3Fauthor1%3DT.%2BS.%2BWHITING%26sortspec%3Ddate%26submit%3DSubmit
https://translate.google.com/translate?hl=fr&prev=_t&sl=fr&tl=en&u=http://ps.oxfordjournals.org/search%3Fauthor1%3DL.%2BD.%2BANDREWS%26sortspec%3Ddate%26submit%3DSubmit
https://translate.google.com/translate?hl=fr&prev=_t&sl=fr&tl=en&u=http://ps.oxfordjournals.org/search%3Fauthor1%3DL.%2BSTAMPS%26sortspec%3Ddate%26submit%3DSubmit
https://translate.google.com/translate?hl=fr&prev=_t&sl=fr&tl=en&u=http://ps.oxfordjournals.org/
https://translate.google.com/translate?hl=fr&prev=_t&sl=fr&tl=en&u=http://ps.oxfordjournals.org/

