Chapter S

CONCLUSION

This chapter contains the conclusions of our research work findings.

5.1 Soil Quality

A comprehensive analytical and statistical analysis of distribution of various soil quality
parameters in both inside and outside the tea gardens of Darrang district, Assam has
been presented. An important question which must be addressed, when we are
concerned with the potential environmental impact of particular soil components, is how
we relate the results of our analytical procedures to the environmental context in which
we find the soil (Bavinck ef al., 1988). Due to the availability of information, the focus
of this study has been with respect to the chemical analysis of soils, and the presentation
and interpretation of the results of soil chemical analysis. As there is no universal soil
test capable of assessing the ability of the soil to store and gradually release nutrients,
the sufficiency, or otherwise, ’of each nutrient will need to be assessed individually. Soil
quality involves placing a value upon soil in relation to a specific function or purpose.

In this study, bulk density as indicator of compaction and potential for leaching,
productivity, and erosivity, soil organic matter for defining soil fertility and stability, pH
for defining biological and chemical activity thresholds, electrical conductivity, SO,
Cl" as indicator of total concentration of soluble salts, Available N, P, and K as

productivity and environment quality indicators, Ca, Mg, Fe, Zn, Mn, Pb, Cu to assess
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the metal loads are studied separately for getting an overall picture of the soil quality in
the area. Physical and chemical properties of soil are measured during the study for
ensuring that soil function is maintained, not only for the current land use, but also for
potential future uses. Different metals like Fe, Mn, Zn, Cu, Pb, etc.in the soil are found
to be high as prescribed by different standards. The intensive and particularly overuse of
fertilizers and pesticides were the major causes of the accumulation and contamination
of heavy metal elements in the agricultural lands in the region of investigation. Hence,
judicious use of fertilizers and pesticides may be one of the best preventive measures in
maintaining soil quality.

In the range of soils examined during the study, those under the tea gardens,
usually have lower pH as compared to the nearby paddy fields. Extreme acidification of
soils in the study area results in poorly structured or hard-setting top soils, reduction in
the availability of nutrients (calcium, mag}xesium and phosphorus) and also increase in
toxic levels of aluminium, manganese, iron and sulphur. With a slight inclination of pH
towards higher side outside the tea gardens, the availability of soil nutrients like
nitrogen, phosphorous, calcium and magnesium also increases. Soil carbon level is
found to be marginally high in the area as compared to the other attributes. The analysis
of the soil samples of paddy fields around the plantation area of tea gardens of Darrang
district reveal that the soil health is not in accordance with the fertility rating chart given
by ICAR (2005).

We have also calculated the confidence limit for each soil quality parameter
within which the unknown value of the parameter is expected to lie. In the following
Table 5.1 the mean soil quality parameters of the study area are compared with their
critical limits as per chemical ranking chart. Correlations among the studied parameters
are presented in Tables 5.2 1(a) and I(b). Pearson’s correlation coefficient measures the

closeness of the relationship between chosen independent and dependent variables.
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Since the directions of association of the measured variables are unknown in advance,
two tailed test of significance was carried out and presented in Tables 5.2 1(a) and I(b). It
is observed that some of the soil quality parameters correlation is significant at the 0.01
and 0.05 level.

The quality of soils in the tea garden belt of Darrang district, Assam has declined
significantly due to excessive use of agro-chemicals and poor management practices.
The long-term exploitation of soil under the tea gardens in Darrang district, Assam has
led to impoverishment of soil fertility and stabilization of yields, despite increasing
application of external inputs such as fertilizers and pesticides. Statistical observations
show all the parameters exhibit an asymmetric distribution with a long tail either on the
right or left side of the mean in the study area. Wide data range, high standard deviation,

differences between mean, mode and median, significant skewness and kurtosis value

indicate that the distribution of the studied parameters in the study area is widely off

normal. Thus, the inherent fertility of soils in and around the tea gardens of Darrang
district, Assam is low because of either low or high nutrient status in soils. Soil nutrient
imbalance is the key issue that needs to be taken up in the area. This study reinforced the
extensive nature of degradation of soil in the area under study. It is, therefore, important
that we value and conserve our soils so that they will continue to be useful in the future.
Globally, and regionally, there is an urgency to develop guidelines for protection and

monitoring of the quality of soil and land resources.
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Table 5.1: Soil quality parameters with rating

Soil Quality Inside Outside Rating
sl. No. | t
’ ,rarameters Mean Mean Low Medium High
. . <6.0 6.0-8.5 >9.0
1 Soil pH (Units) 4.67 513 'Acidic Normal Alkaline
Electrical Conductance < 1000 1000-2000
(umhos/cm) 'Normal Critical
2 1
403 709 <400 400-800 8101200
Normal Fairly safe Critical
3 (%) Carbon 1.087 1,703 <05 0.50.75 5075 |
4 Available Phosphorous 51.90 61.94 <25 25-62 >62
(Kg/acre) ’ ) , 34 34-68 >68
Kg/ha
Available Potassium 272-690
5 (Ke/acre) 101.79 100.17 2n >690
6 Avaﬂ@;:g“’ge“ 571.43 441.67 1<280 280-560 >560
<3.0
7 Tron (mg/L) 748.84 884.63 ? oke) <5.0 >50 |
Manganese <2.00
8 P 119.98 169.43 : i) <1.0 >1.0 ]
9. Pb(mg/kg) 19.75 23.34 |
{
10 | Sulphate-Sulphur (mg/kg) 9.739 12.092 *0-10 10-15 15-20 |
Calcium <45
11 (meq/100 zm) 1.73 1.94 -
Magnesium :
12 (meq/100 gm) 0.41 0.45 - - -
13 Zinc (mg/kg) 50.33 29.79 4<0.3 0.32.3 >2.3
14 Bulk density (g/cm3) 1.097 1.027 - - -
15. Cupper(mg/kg) 20.97 17.22 - - -

"1CAR, 2005, Hand Book of Agriculture, 31 Edition, Indian Council of Agricultural Research, New

Delhi, P. 71

2 In: Soil Analysis Hand Book of Reference Methods, Soil and Plant Analysis Council, CRC Press,

2004.

3Takkar, P.N. (1988) Sulphur states of Indian soils pp S 1/2-1 to 31. In TSI-FAI Sulphur in Indian

Agriculture, Sulphur Institute, Washington D.C. and FAI, New Delhi.
‘Baruah, T.C.C & Borthakur, H.P, 1997, In: A Text Book of Soil Chemical Analysis, Vikash

Publishing, New Delhi.
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5.2 Water Quality

A comprehensive analytical and statistical analysis of distribution of pH, EC, CI', SO,%,
exchangeable Ca and Mg, Na, K, Zn, Pb, Cd, Mn, Cu, As & Fe. in drinking water of tea
garden belt of Darrang district, Assam has been presented in this study. The water sources,
selected for this study, have been in use for a long time for meeting drinking water needs
and other domestic purposes. No detailed analysis of the water quality of these sources with
respect to the presently investigated parafneters had been undertaken before. The focus of
the study is on the tea garden belt rather than urban areas, due to the particular difficulties
associated with applying mitigation measures in scattered tea garden communities. The
present study has shown that naturally occurring phosphate, arsenic and iron in water
sources are more widespread in the study area than is generally recognized and that, with
continuous testing, more contaminated aquifers are bound to be identified. The observed
variations in quality of water samples in the study area suggest that the area is sensitive to
contamination as excessive rainfall or over-irrigation can cause downward movement of
water through the soil profile. Chemicals which do not bind strongly to soil particles can be
carried with the downward moving water and eventually can be leached to the groundwater

thereby polluting the water sources.

The supply of pure and safe water is inadequate in the study area and was almost
non-existent in the rural areas of Darrang district, Assam. People use water for drinking
mostly from tubewells, dugwells, rainwells and ponds. Good source of drinking water is
essential for good health. Although some people have their own water supply systems, they

are not completely safe with respect to all water quality parameters. In our study area, it is
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found that tube well, ring well and dugwell are the main source of drinking water of the
households. Some of the dug-wells from where people use to drink are unprotected. It was
also found that some households drink water from river. The concentration of phosphate,
iron, cadmium and lead in the water sources of the area is beyond the national and
international permissible limits for drinking water. Though this study was not originally
designed to address the issue of metal mobilisation in the sources of waters in the tea
garden area of Darrang district, present o!;servations can be used to comment qualitatively
on their mobilisation in the groundwaters of the area. Contamination of drinking-water with
iron, cadmium and lead further illustrates the difficulties of community-based interventions.
It may be seen from our results that most of the tubewell water samples of the study area

were found unsafe with regard to the studied parameters.

Statistical observations show all the parameters under investigation exhibit an
asymmetric distribution with a long asymmetric tail either on the right or left of the median.
The width of the third quartile was consistently found to be more than the second quartile
for each parameter. Differences among mean, mode and median, significant skewness and
kurtosis value indicate that the distribution of various water quality parameters in the study

area is widely off normal. Sporadic occurrence of all the water quality parameters has been

observed in the area. Reliability analysis with reference to Pearson's correlation coefficient
shows that some of the water quality parameters are negatively correlated and hence is
significant at the 0.05 level. t-test and ANOVA analysis also suggests that some water
quality parameters in the area is significant. The chemical water quality parameters along
with Guideline Chart and the correlation among the studied parameters are summarized in

Tables 5.3, 5.4, 5.5 II(a), I(b), II(a), ITI(b) and 5.6 IV(a), IV(b), V(a), V(b) given below.
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Thus, the inherent quality of drinking waters in the study area is low and not
encouraging due to unsymmetrical distribution of various water quality parameters. As a
result scarcity as well as chemical contamination of water affects a large number of people.
Moreover, outbreak of waterborne diseases such as dysentery, jaundice, skin diseases etc.
are very common among the people of the study area. Malaria is another common disease
which affects the people in the tea garden belt. The problem accentuated much by the
absence of proper medical facilities to fight the menace of unsafe and contaminated water.
If the people continue to use contaminated water, many will lose their health or die within a
few decades. Those who will survive are in danger of carrying genetic and other diseases to
the future generation. Unfortunately, the people in Darrang district are still unaware of
water contamination and its hazardous effects. The efforts are much less than needed to
mitigate the crisis. Hence, the immediate involvement of the research community is needed
to combat the slow-onset disaster and save the poor people. For a rural and backward
district like Darrang of Assam where the majority of the people live below the poverty line,
the provision of safe drinking water is one of the prior conditions for overall social
development. As water-borne epidemics and health hazards in the aquatic environment are
mainly due to improper management of water resources, so proper management of water
resources in the area is the need of the hour. Follow-up monitoring and education are
integral to sustaining the impact of the first intervention and to safeguarding the
population’s health. The role of the health sector for supplying better quality water among
the public to maximize health gains should be advocated in the area. A key component of
this role is the regular surveillance of water supplies in order to assess progress with
meeting targets consistent with stated public health goals and to identify priority areas for

intervention.



Table 5.3: Analytical data of water inside tea garden with rating chart

]
(%)
N

Mean Values

International Standards

S1
No. Parameters Pre Post v European
Monsoon | Monsoeon WHO LS.1 USPHS Stangard
1. Turbidity(N.T.U) 0.585 0.971 SNTU 5 -
2 pH (Units) 6.67 6.81 6.5-8.5 6.5-8.5 6.0-8.5 5.0-9.0
Electrical conductanc
3 (mmhos/cm) 1.78 1.64 ) 0.75 0.3 04
4 TS (mg/L) 548 196 - - - -
5 TSS (mg/L) 32 8 - - 5.0 -
6 TDS (mg/L) 550 260 1000 500 500 500
7 DO (mg/L) 4.93 4.54 -
8 Alkalinity (mg/L) 42.44 47.54 - - - -
9 Hardness (mg/L) 27.86 32.36 250 - 250 -
10 Ca (mg/L) 8.87 9.83 100 75 100 100
11 Mg (mg/L) 2.04 1.43 150 30 30 -
12 Fe (mg/L) 1.15 0.81 0.3 1.0 0.3 -
13 Chloride (mg/L) 35.60 45.37 250 250 250 200
14 Sulphate (mg/L) 3.45 6.50 250 150 250 250
15 Nitrate (mg/L) 0.73 0.68 50 45 10 -
16 | Phosphate (mg/L) 0.53 0.52 - 0.1
17 Flouride 0.69 0.54 1.5 mg/l 1.0 1.5 1.0
18 Lead (mg/L) 0.124 0.09710.01 0.05 0.015 0.1
19 Cadmium (mg/L) 0.120 0.109 0.003 0.003 0.01
20 Copper(mg/L) 0.068 0.068| 2.00 2.00 2.00
21 | Manganese (mg/L) 0.031 0.024 0.05 0.05 0.05
22 Arsenic (ppb) 2.729 1.526 50 10 50 50
23 Zinc (mg/L) 0.243 0.197 5.0 5.0
24 Na (mg/L) 22.5 28.8 200 200
25 K(mg/L) 4.1 5.1 - -




Table 5.4: Analytical data of water outside tea garden with rating chart

Parameters

Mean Values

International Standards

- Pre Post European
Mo | wno LS.I | USPHS Smgar p
Turbidity(N.T.U) 0.621 1.235 5 5 -
pH (Units) 6.46 6.51 6.5-8.5 6.5-8.5 6.0-8.5 5.0-9.0
Ele“;“nj:}fgs‘;‘c‘l‘;;m’“ 169 64 - 0.75 0.3 0.4
TS (mg/L) 548 196 - - - -
TSS (mg/L) 32 8 - - 5.0 -
TDS (mg/L) 550 260 1000 500 500 500
DO (mg/L) 5.38 4.85 - -
Alkalinity (mg/L) 45.75 57.30 - - - -
Hardness (mg/L) 33.21 36.86 250 - 250 -
) Ca (mg/L) 11.89 14.18 100 75 100 100
Mg (mg/L) 2.61 231 150 30 30 -
2 Fe (mg/L) 1.28 1.59 03 1.0 0.3 -
3 Chloride (mg/L) 23.33 31.54 250 250 250 200
1 Sulphate (mg/1) 7.87 10.21 250 150 250 250
) Nitrate (mg/L.) 0.52 0.44 50 45 10 -
5 Phosphate (mg/L) 0.46 0.34 - - 0.1
7 Flouride(mg/L) 0.61 0.49 1.5 mg/l 1.0 1.5 1.0
3 Lead (mg/L) 0.169 0.121 0.01 0.05 0.015 0.1
9 Cadmium (mg/L) 0.132 0.102 0.003 - 0.003 0.01
J Copper(mg/L) 0.064 0.033 2.00 2.00 2.00
1 Manganese (mg/L) 1.213 1.097 0.05 - 0.05 0.05
2 Axsenic (ppb) 3.056 1.879 50 50 50 50
3 Zinc (mg/L) 0.554 0.443 5.0 - 5.0
4 Na (mg/L) 24.5 30.9 200 - 200
5 K(mg/L) 39 6.8 - - -
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The key recommendations of this study are to take a more strategic approach to the
soil and water quality indicators in the study area at project, regional and national levels.
This includes the targeted integration of studied parameters as a risk factor in water supply
and irrigation investments undertaken in the area, rather than treating it as a special issue to
be dealt with by special authorities or agencies. This study outlines that academia is needed
to make soil and water related research more strategic and effective at a regional level.
From the study, it is also recommended that a series of permanent sampling sites be
established to determine long-term trends in soil quality, sites be monitored at least on a
four-yearly basis so that trends can assessed for reporting on State of the Environment in
the area. The feasibility of larger scale monitoring of soil quality using satellite imaging
should be investigated. It is hoped that in bringing together and analyzing the past
experience of such research, this study will contribute to the development of a more
strategic and operational response to the soil and water quality issues so that concerted
strategies can be made at the planning level to keep the contamination of soil and water at
the minimum. As is evident from the correlation tables since most of the soil and water
quality parameters are significantly correlated, so further studies are needed to assess the
relationship between levels of these parameters with health risks. Assessing the scale of the
problem (now and over time) involves field testing, laboratory testing, and monitoring;
identifying appropriate mitigation strategies involves technological, economic, and socio-
cultural analysis of possible responses; and implementation involves awareness raising and
direct action by governments, donors, NGOs, and other stakeholders at local, national, and
regional levels. Sustainability in the long run remains a major challenge. Finally, we need
to apprehend that we are heading towards a catastrophe with no way of turning back. We
should overcome this inevitable catastrophic syndrome by developing suitable management
and conservation practices. The present study, however, fulfilled the limited purpose of
strengthening database which may be helpful in formulating strategy for future protection

of soil and water in the area.



