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1. Summary

The Chimehuín River is used by the local inhabitants and tourism for human consumption, irrigation, recreation and sport fishing. This usage is bound to increase, generating greater pressure on this resource.

For these reasons this report considers the following questions:  Is the water quality altered in an anthropic environment if compared with the river?  If the river flow decreased would the water quality be affected for: a) wildlife, b) human consumption, c) irrigation, and d) recreation?

During a period of two years, weekly measurements were carried out, using GLOBE hydrology protocols. The sampling points were: a) the river, b) water taps, and c) two irrigation canals.

The water quality deteriorates in the canals. Through employing Fisher Tests, very significant differences were detected (p <0,01) between the canals and the river in: temperature, pH, oxygen and alkalinity.

If the river flow decreased, the water quality would be similar to that of the canals: a) The temperature increases changing to the temperate range, altering the diversity of organisms; b) The pH increases, becoming alkaline and affecting small organisms.  In greenhouses, growth of some plants can be altered; c) Oxygen level decreases, affecting salmon and some spineless species; d) Alkalinity is low, and is unable to stabilize pH in case of acidification.

2. Hypothesis 

In our country contamination problems in bodies of water exist linked to population growth. There is an increase in the use of these bodies of water to supply water to households and to increase the agricultural production by means of irrigation, as well as other uses.

The population of Junín de los Andes has grown a lot in recent years. Its water supply comes from the Chimehuín river, which also provides water for aquaculture and agricultural production as well as for small industry. Our school
 draws water from the river for human and animal consumption, and also for irrigation of vegetable gardens, hothouses and pastures (Fig.1).

The Chimehuín river is also used for recreation by swimmers and sport fishermen (for salmon)
. Sport fishing is an important revenue source; in the 1995/96 season it generated 129 dollars per river kilometer
.

The school is in the Northwest of Patagonia, in a steppe area. The climate is cold with great daily and seasonal temperature variation. The rains are concentrated in winter, with dry summers in which the river flow decreases.

The waters of the river are melted ice and come from lake Huechulafquen(Fig.2). The maximum flow is in September or October, and the minimum in March or April
, although they may vary according to the year.

If demographic growth as well as tourism increases, the water quality could be altered by the end of the summer. In order to see whether these changes take place the following questions have been asked:

Is water quality altered in anthropic environments compared with the river? If the river flow decreased due to excessive usage, would water quality be affected for: a) wildlife, b) human consumption, c) irrigation and d) recreation?

3. Method of Investigation
In this investigation we used GLOBE Hydrology protocols that specify the methodology to carry out measurements of pH, temperature, alkalinity, conductivity, oxygen dissolved in water and nitrates (Fig.4).

The measurements of pH, temperature and conductivity were carried out with the portable JENCO model 6350 instrument. The alkalinity was analyzed with a HANNA model HI 3811 kit, the dissolved oxygen with a HANNA model HI 3810 kit and the nitrates with a HANNA model HI 3874 kit.

The samples were taken weekly for two years (except during school vacation: June-August
). All the sampling sites are on school grounds (Fig.3). Point 1 corresponds to the Chimehuín River, point 2
 to a tap and points 3 and 4 are open sky canals (approximately 700 and 800 meters long). In point 2 the water is used to water a vegetable garden, in point 3 to water vegetable gardens and hothouses, and in point 4 to water pasture and for consumption by farm animals. The analyses are carried out immediately after the sampling.

The GLOBE protocols were useful for monitoring and comparing the water quality of a natural atmosphere with anthropic environments. They provide reliable results due to their scientific strength, and can be compared with measurements from other GLOBE schools.

4. Summary of Data
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Figure 1. Air photo of the school property.
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Figure 2. Map and satellite image of the area.
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Figure 3. Sampling sites.
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Figure 4. Sampling, analysis and measurement registration.

Table 1. Mean and standard deviation of the measurements.

	Site
	Temperature(ºC)
	pH
	Nitrates(mg/l)1

	
	Means
	N
	Std.Dev.
	Means
	N
	Std.Dev.
	Means
	N
	Std.Dev.

	Point 1
	14,83421
	38
	3,598519
	7,774194
	31
	0,409852
	10,00000
	38
	0,00

	Point 2
	14,36053
	38
	3,719673
	7,764516
	31
	0,366559
	10,00000
	21
	0,00

	Point 3
	16,93824
	34
	3,429640
	8,080323
	31
	0,577503
	10,00000
	21
	0,00

	Point 4
	17,78235
	34
	3,526735
	8,069677
	31
	0,495597
	10,00000
	21
	0,00

	All Grps
	15,90208
	144
	3,813859
	7,922177
	124
	0,488430
	10,00000
	101
	0,00


1 The nitrate kit does not detect values smaller than 10 mg/l.

Table 1. (continuation) Mean and standard deviation of the measurements.

	Site
	Oxygen(mg/l)
	Conductivity (microSiemens/cm)
	Alkalinity(mg/l)

	
	Means
	N
	Std.Dev.
	Means
	N
	Std.Dev.
	Means
	N
	Std.Dev.

	Point 1
	8,955556
	36
	1,148028
	24,36364
	11
	2,61812
	25,43243
	37
	6,74759

	Point 2
	7,833333
	18
	1,528167
	24,90909
	11
	3,01511
	27,95714
	35
	6,16247

	Point 3
	7,473684
	19
	1,183142
	39,62500
	12
	32,19057
	34,66667
	36
	17,09135

	Point 4
	7,447368
	19
	1,374922
	40,40909
	11
	32,53215
	37,38889
	36
	15,94504

	All Grps
	8,118478
	92
	1,438095
	32,48889
	45
	23,74138
	31,34375
	144
	13,34330


Points 1 and 2 have a similar behaviour in the value of the mean and dispersion in all the variables; on the contrary, points 3 and 4 have similar means between each other and a larger dispersion than points 1 and 2 in conductivity and alkalinity.

Hypothesis H0: The data does not have a normal distribution.

Table 2. Normality Test.

	
	N
	max D
	Kolmogorov-Smirnov

p

	Temperature(ºC)
	144
	0,077552
	p < 0,05*

	pH
	124
	0,159303
	p < 0,01**

	Oxygen(mg/l)
	92
	0,095378
	p < 0,05*

	Conductivity

(microSiemens/cm)
	45
	0,380638
	p < 0,01**

	Alkalinity(mg/l)
	144
	0,190832
	p < 0,01**


*Significant p<0,05

**Very Significant p<0,01
The normality test is significant for all the variables, therefore we reject H0.

Table 3. Analysis of variance.

	
	SS

Effect
	df

Effect
	MS

Effect
	SS

Error
	df

Error
	MS

Error
	F
	p

	Temperature(ºC)
	290,343
	3
	96,781
	1789,67
	140
	12,7833
	7,570885
	0,000099**

	pH
	2,899
	3
	0,966
	26,44
	120
	0,2204
	4,385393
	0,005758**

	Oxygen(mg/l)
	43,145
	3
	14,382
	145,05
	88
	1,6483
	8,725087
	0,000040**

	Conductivity

(microSiemens/cm)
	2659,318
	3
	886,439
	22141,43
	41
	540,0348
	1,641449
	0,194638

	Alkalinity(mg/l)
	3407,412
	3
	1135,804
	22052,82
	140
	157,5202
	7,210531
	0,000155**


**Very Significant p<0,01

Test F is significant for all the variables, except for conductivity.

Hypothesis H0: The means of temperature, pH, oxygen and alkalinity are equal in all the points.

Table 4. Fisher Test for temperature.

	
	Point{1}

M=14,834
	Point{2}

M=14,361
	Point{3}

M=16,938
	Point{4}

M=17,782

	Point{1}
	
	0,564537
	0,013838**
	0,000640**

	Point{2}
	0,564537
	
	0,002703**
	0,000083**

	Point{3}
	0,013838**
	0,002703**
	
	0,332018

	Point{4}
	0,000640**
	0,000083**
	0,332018
	


**Very Significant p<0,01
There are not significant temperature differences between points 1 and 2, or between points 3 and 4. However, the differences are very significant between these two groups; therefore, we reject H0.
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Figure 5. Levels of tolerance of temperature for aquatic wildlife
.
Table 5. Water quality for aquatic wildlife

	Temperature Changes  (ºC)
	Quality

	0–2
	Excellent

	2,2–5
	Good

	5,1–9,9
	Fair

	More than 10
	Poor


Table 6. Water quality for human consumption as a drink.

	PARAMETER
	UNITS
	WHO

	Argentina
	USA
	European Union
	Germany

	Year  
	
	1995
	1994
	1998
	1991
	1990

	Origin  
	
	Value guide
	Alimentary code
	NP DWR
	-
	LF 66

	Nitrate  
	"
	50
	45
	10
	50
	50

	Temperature  
	°C
	-
	-
	-
	25
	25

	Conductivity  
	mS/cm
	-
	-
	-
	400
	2000

	PH  
	Units
	-
	8,5
	8,5
	8,5
	9,5

	Alkalinity   
	"
	-
	-
	-
	-
	-


Source: CEPIS

Table 7. Influences of the irrigation water temperature in the nitrogen cycle in agricultural soils.

	Factor
	Effect on nitrogen cycle

	Temperature
	Higher temperatures (in the range of 20-30°C) increase the rate of most biochemical processes, especially mineralization and denitrification.


Source: FAO

Table 8. Fisher Test for pH.

	
	Point{1}

M=7,7742
	Point{2}

M=7,7645
	Point{3}

M=8,0803
	Point{4}

M=8,0697

	Point{1}
	
	0,935449
	0,011474**
	0,014598**

	Point{2}
	0,935449
	
	0,009170**
	0,011731**

	Point{3}
	0,011474**
	0,009170**
	
	0,929010

	Point{4}
	0,014598**
	0,011731**
	0,929010
	


**Very Significant p<0,01
There are not significant pH differences between points 1 and 2, or between points 3 and 4. But the differences are very significant between these two groups, therefore we reject H0.
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Figure 6. pH of common substances and lethal limits for aquatic organisms.

Source: EPA

Table 9. Chilean standard for waters.

	Parameter
	Watering
	Recreational use

	pH
	5,5-9,0
	6,5-8,3


Source: INN

Table 10.Water quality standard for watering in hothouses.

	Quality
	Conductivity

microSiemens/cm
	pH

	Excellent
	25
	6,5

	Good
	25-75
	6,5-6,8

	Permissible
	75-200
	6,8-7,0

	Doubtful
	200-300
	7,0-8,0

	Unsuitable
	>300
	>8,0


Source: Texas Poinsettia

Table 11. Fisher Test for oxygen.

	
	Point{1}

M=8,9556
	Point{2}

M=7,8333
	Point{3}

M=7,4737
	Point{4}

M=7,4474

	Point{1}
	
	0,003230**
	0,000102**
	0,000079**

	Point{2}
	0,003230**
	
	0,396712
	0,363224

	Point{3}
	0,000102**
	0,396712
	
	0,949769

	Point{4}
	0,000079**
	0,363224
	0,949769
	


**Very Significant p<0,01
Among points 2, 3 and 4 there are no differences.  However, there are very significant differences in the oxygen dissolved in the water between point 1 and the rest of the points. Therefore, we reject H0.

Table 12. Effects of oxygen decrease in aquatic organisms

	Deterioration of the production of:
	Disolved Oxygen(mg/l)

	Salmonid
	Embryo and larval stages

	
	None
	11

	
	Slight
	9

	
	Moderate
	8

	
	Severe
	7

	
	Limit of massive mortalities
	6

	
	Other life stages

	
	None
	8

	
	Slight
	6

	
	Moderate
	5

	
	Severe
	4

	
	Limit of massive mortalities
	3

	Other fish
	Embryo and larval stages

	
	None
	6,5

	
	Slight
	5,5

	
	Moderate
	5

	
	Severe
	4,5

	
	Limit of massive mortalities
	4

	
	Other life stages
	

	
	None
	6

	
	Slight
	5

	
	Moderate
	4

	
	Severe
	3,5

	
	Limit of massive mortalities
	3

	Invertebrates
	
	

	
	None
	8

	
	Moderate
	5

	
	Limit of massive mortalities
	4


Source: EPA

Table 13. Fisher Test for alkalinity.

	
	Point{1}

M=25,432
	Point{2}

M=27,957
	Point{3}

M=34,667
	Point{4}

M=37,389

	Point{1}
	
	0,395048
	0,002043**
	0,000078**

	Point{2}
	0,395048
	
	0,025875*
	0,001898**

	Point{3}
	0,002043**
	0,025875*
	
	0,359041

	Point{4}
	0,000078**
	0,001898**
	0,359041
	


*Significant p<0,05
**Very Significant p<0,01
There are no significant alkalinity differences between points 1 and 2, or between points 3 and 4. But the differences are significant between these two groups. Therefore we reject H0.

5. Analysis

Statistical software was used to analyze the data. It performs the following calculations:

a)Descriptive statistic: to know the values of the means and the dispersion of each variable for each sampling point.

For the nitrogen variable a more sensitive method of chemical analysis should be used, which  allows us to detect smaller values than 10 mg/l.

Mean=(xi)/n

Standard deviation=[(xi-x-bar)2/n-1]1/2
b)Normality Test: to know if the data is normal.

Kolmogorov-Smirnov Test =
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c)Analysis of variance: Allows us to detect an added component due to the effects of each variable by means of the F-test. If the global F-test of the variance analysis is significant, the Fisher Test can be applied.

The F-test was not significant for conductivity. It needs a larger number of measurements to corroborate the wide data dispersion in points 3 and 4.

dfeffect=s-1

dferror=n-s

SSTotal=
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d)Mean comparison Test: to determine significant differences among the point means.

Fisher Test = 
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e) Formula References:

xi=Sums of sample measurements.

x-bar=it is the sample mean.

n= sample size.

D=Maximum absolute difference
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Yij=Effect

Y1.,Y2.,Y3.,Y4.=Means of each sampling point

r=repetitions
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=General mean

SSTotal=total square sum 

SSeffect=  Square effect  sum 

SSerror= Square error sum

CF= Correction factor

MSeffect= Square mean of the effect.

MSerror= Square mean of the error

t=critical value of the Student distribution

ni y nj=sizes of the groups to be compared.

6. Conclusions
The Fisher Test allows us to differentiate significantly two groups (except in the case of oxygen); one group encompassing points 1 and 2 and the other containing points 3 and 4.

Temperature: the values include the temperate and the cold range in all the sampling sites (Fig.5). The organisms of this river fall in the cold temperature range, and tables 1 and 5 reflect a good water quality at all four points. However, it is at the limit of this category in the canals, possibly generating changes in the diversity of organisms. No standards are established for drinking water.

In the case of water for irrigation, the temperatures are below the values that affect the cycle of nitrogen in the soil (Table 7).

pH: The values of all points are within a good range for wildlife (Fig.6). In the canals some days the maximum limit of 8,2 is surpassed, which affects small aquatic organisms.

In the irrigation water, registered values are inside the permissible range (Table 9), but for hothouse irrigation these values are high; they fall in the category of doubtful to unsuitable water.  Should this condition persist, it can alter the growth of some plants (Table 10).

pH values for recreational use are within the admitted range (Table 9). The registered values for drinking water are low with regard to the international water quality standards (Table 6).

Dissolved oxygen: The values of the river water are suitable for aquatic organisms, but in the remainder of the points the levels diminish, presenting difficulties in respiration for salmon eggs and larvae and other invertebrates (Table 12). Point 2, pipe water, has values smaller than 10 mg/l; therefore, there is no risk of causing corrosion.  

In drinking water and water for recreation there are no established standards.

Alkalinity: Alkalinity values of 100-200 mg/l
 can stabilize pH in the event of water acidification. Very low values of alkalinity were registered in all the points, therefore the water would be able to stabilize pH.

Conductivity: The values show a lot of dispersion in the canals. Irrigation water in hothouses is located in the quality of good to permissible the days in which it increases (Table 10).

In general the data indicates that water quality in the irrigation canals (points 3 and 4) is different from the Chimehuín river (point 1). These differences were detected in temperature, pH, oxygen dissolved in water and alkalinity. In the case of oxygen, significant differences were presented in point 2 (that is extracted from a tap) with regard to point 1. This is due to the fact that oxygen level descends in pipe water. In general, deterioration in the water quality is detected in anthropic environments compared with their source: the Chimehuín river.

It is possible to think about the hypothesis that, in case the Chimehuín river flow decreased, the water quality would be affected in a manner similar to the effects observed in the irrigation canals.

7. Discussion:

The Chimehuín river is an important resource both locally and regionally for the different uses of its waters. The school is located on the riverbank, and its waters are used there for human consumption
, farm animals
, watering
 and farm product industrialization. For these reasons monitoring the water quality in the school is important.

This is a two-year-old monitoring project, but its continuity is necessary to have a larger number of measurements, which will allow us to analyze relationships between annual and seasonal variables and tendencies. The current conclusions would be therefore strengthened, and this should allow the school to establish better water management.

The data of this investigation are applicable to the school’s agricultural production as well as small nearby farms developed by students’ and alumni’s families, with the purpose of establishing sustainable agriculture-ecosystems.  

The variation of pH, becoming alkaline in the summer, had an important impact. Sometimes it is in the doubtful or unsuitable category for hothouse irrigation, which affects the development of some plants. A larger number of measurements would be needed to prove the hypothesis of the relationship temperature-pH.
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