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Abstract- Ground water drawn for various purposes, which includes irrigation, consuming and industrial, is constantly at 

the upward thrust in regions wherein floor water are assets these days scarce due to erratic rainfall and climatic situations. 

Chloride and sulphate in ground water boom due to municipal and industrial waste dumped on the floor surface. Elevated 

concentration of chloride (Cl-) and sulphate     (SO4 -) in surface and floor water are not unusual in all international 

locations, and may serve as signs of floor water pollutants. We need to characterize the maximum generic herbal and 

anthropogenic sources of chloride and sulphate in floor water and explore techniques that could be used to discover their 

source. There is an urgent need for extra strong-waste control ability sites in many components of developing nations. 

Current design, operation, closure, and put up-closure activities for sanitary landfills do not assure sufficient public health 

and environmental protection of the groundwater sources close to a landfill. While inside the beyond, sanitary landfills 

have nearly without exception infected ground waters in the vicinity of a landfill. Due to scarcity of hand to many city 

localities, humans in no way mind having citizens nearby a landfill site. Significant modifications need to be made inside 

the method used for landfill of metropolitan stable wastes. Chloride and sulphate can be taken as important parameters in 

evaluation of ground water pleasant. 
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1. INTRODUCTION 

The impacts of leachate on groundwater and different water resources have attracted a number of interest global be- 

reason of its top notch environmental significance. Lea- chate migration from waste websites or landfills and the 

discharge of pollution from sediment (below certain conditions) pose a excessive threat to groundwater resource if now 

not effectively managed. Ground water is  getting  polluted due to diverse human activities which includes stable-waste 

land- fill websites arising out of municipal and business activities. While the temporal changes had been attributed to dilu- 

tion and concentration phenomena governed via climatic elements, the spatial variations inside the geochemical 

characteristics of groundwater regarded to be associated with pollu- tion due to effluents from the nearby industry (Pawar 

et al. L998) 

Chloride ion Cl-, sulphate ion SO4
-2, nitrate ion NO3, and carbonate ion CO3 -2 arise as anions in groundwater. Sulphate 

comes in water may be due to herbal assets as well as anthropogenic sources. Vinyl chloride concentrations from 

monitoring-wells suggest the extent of contamination of ground water from PVC-sludge wastes. Rain water and melted 

snow that infiltrated through contaminated soils and rock fractures flushed leachate into ground water aquifers. 
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2. IMPORTANCE OF CHLORIDE AND SULPHATE 

An huge amount of chlorides is added in  ground water receiving municipal waste, farm drainage, piggery wastes and 

sewage effluent. The sewage effluent to water resources is certain to growth the chloride attention in floor water. 

Chlorides are habitually found in water in the form of sodium chloride. These impart a salty taste to water. The taste may 

be objectionable to numerous consumers. It would factor in the direction of the opportunity of natural pollution of a water 

supply. Chlorides coupled with sodium convey to bear salty flavor, whilst its attention is greater than 250 mg/1.There isn't 

any recognized authentication that chlorides represent any human fitness hazard. For this cause, chlorides are normally 

limited to 250 mg/1 in supplies intended for public use (IS 14543:2004). In many regions of  the  world  in which  water  

elements  are  scarce, assets containing as a great deal as 2 000 mg/1 of chloride are used for home motive, once the 

human system be- comes followed to the water. It can also promote corrosion in concrete via extracting calcium within 

the shape of calcite. Magnesium chlorides in water generate hydrochloric acid after heating which is likewise distinctly 

corrosive and create troubles in boilers. 

The concentration of chloride ion inside the groundwater, soil  water,  and  river  water  near  landfills to  trace motion of 

infection in soil to see infiltrations of leachate plume from sanitary landfills into the ground. Chloride in groundwater is 

received by measuring soil water in soil cores (Mizumura 2003; Ikem et al. 2002). Groundwater protection schemes 

supported by way of specific investigations, offer hydro geological statistics for landfill site selection. They are used to 

discover regions where landfills have to generally be excluded and regions where they're less likely to pose a chance to 

groundwater. The groundwater protection responses mentioned here re- quire that new landfills ought to no longer usually 

be evolved on regionally essential aquifers. 

Developers of landfills should have regard to each the useful resource ability and the vulnerability of the below- lying and 

adjacent aquifers. The groundwater protection responses integrate both of these factors in a matrix which facilitates 

rational decisions at the acceptability or otherwise of a landfill from a hydro geological factor of view. The risk inside the 

direction of chloride and sulphate groundwater from a landfill of waste is specifically inspired through the character of 

waste, leachate composition, the quantity of leachate generated, the groundwater vulner- potential; the proximity of a 

groundwater source, the price of the groundwater resource, the landfill layout in addition to the landfill operation and 

management practices. In general, the pollutants danger is furthermost in supply safety regions and on locally imperative 

aquifers. The topsoil and subsoil, relying on their type, perme- capacity and thickness, play a essential role in stopping 

chloride and sulphate groundwater contamination and mitigating the effect of many capacity pollution. They act as a 

protective filtering layer over groundwater.Numerous studies were undertaken in a examine vicinity to decide the 

outcomes of sewage-sludge disposal on the floor and surface water satisfactory, to determine the fate of chloride and 

sulphate from sludge leachate. The end result of investigations screen that a massive supply of contamination exists inside 

the soils of the study area because of increased concentrations of chloride and sulphate because of stitch- age disposal 

(Tindall et al. 1994). 

As a result of the investigation of the site, a poten- tially massive supply of infection stays in the soils in each buried and 

ploughed disposal areas because of elevated concentrations of chloride and sulphate because of sew- age sludge 

application. There is a want for persistent tracking of ground water to evaluate the lengthy-time period effects of waste 

disposal on water nice and to offer a historical past and database for ascertaining environ- intellectual influences on floor 

and floor water satisfactory of capability future websites from sewage sludge disposal (Tin- dall et al. 1994). Guidance 

provided in these responses should be used to help inside the selection, layout and management of landfill web sites, and 

is based on the preventive precept. The concept of chance control need to be used in the selection-making manner for the 

selection of latest landfill websites. In addition, the tested saline water intrusion is every other source of sulphate and 

chloride contamination that takes place most effective in coastal areas (Panno et al. 2006). In- fluence of dyeing and 

bleaching industries improved the chloride stage of floor water and made it no longer suit for irrigation motive 

(Senthilnathan et al. 1999) 

James A. Tindall et al. (1994) studied the effects of sewage-sludge disposal at the lowry sewage-sludge- disposal vicinity 

Colorado, at the ground and surface water great and to decide the destiny of nitrate and chloride from sludge leachates. 

They additionally studied the capacity for added leaching from the disposal web page vicinity concentration of chloride 
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and nitrate which had been used as indicators to determine whether wells had been suffering from sewage- sludge 

leachate. These ions are very soluble, historical past concentrations are small, and that they were present in huge attention 

within the implemented sewage sludge. A relation- deliver of concentrations of mean chloride to mean nitrate for all of 

the wells within the land disposal of municipal sewage sludge turned into discovered. The end result of investigations at 

those rival indicators show that a potentially big supply of contamination stays inside the soils in each buried and 

ploughed disposal areas because of accelerated concentrations of nitrogen and foremost ions due to sewage sludge 

software. There may be a want for persistent monitoring of ground water to assess the long-term effects of dis- posal on 

water first-rate and to offer a history and database for ascertaining environmental impacts on the floor and floor water 

excellent. Panno et al. (2006) have characteristics and studied the recognized Na-Cl sources in ground water quantifica- 

tion of sulphate in water as a simple count number but, become aware of  the assets of sulphate can be intricate. To clear 

up ground water and floor water contamination troubles, it's miles first necessary to identify contamination resources. 

Numerous processes were used to discover a few assets of sulphate in herbal water. The cause of this research turned into 

to symbolize the natural background concentrations of sulphate-associated halides in meteoric and shallow floor water, 

the chemical composition of likely natural and anthropogenic resources of Na and Cl, to determine which geochemical 

and isotopic techniques would be the only for identifying the herbal and anthropogenic sources of chloride and sulphate 

contamination in floor water and floor water. Sulphate ions have been induced in hydrochlo- experience medium with 

barium chloride to shape barium sulphate crystals of a uniform size; light by means of the precipitate has been measured. 

The sulphate ion is one of the most crucial anions taking place in herbal waters. It is of importance in public water 

resources because of its cathartic effect upon humans when it's miles present in disproportionate amounts. For this 

purpose the secondary widespread for sulphate is 250 mg/L in waters intended for human consumption. Study on sulphate 

is essential in both public and industrial water elements due to the tendency of waters containing appreciable quantities to 

shape tough sca- les in boilers and heat exchangers. Sulphate is of considerable challenge because it's far not directly 

responsible for extreme problems frequently related to the coping with and remedy of wastewaters. These are odor and 

sewer- corrosion troubles resulting from the reduction of sulphate to hydrogen sulfide below anaerobic situations.BThe 

sulphate content material of natural water is an critical consideration in figuring out their suitability for public and 

commercial water substances. The quantity of sulphate in wastewater is a issue of situation in determining the magnitude 

of troubles that may get up from reduction of sulphate to hydrogen sulfide. In anaerobic digestion of sludge and business 

wastes, sulphate is reduced to hydrogen sulfide, which is developed with methane and carbon diox- ide. If fuel is to be 

used in gasoline engines, the hydrogen sulfide content need to now not exceed 750 ppm through extent. Knowl- fringe of 

the sulphate content material in the sludge or waste fed to digestion devices presents a means of estimating the hydro- gen 

sulfide content material of the gasoline produced. From this informa- tion, the designing engineer can determine whether 

scrubbing facilities can be needed to take away hydrogen sulfide and what length of the gadgets is required. In the 

engineering and operation of remedy processes, especially anaerobic ones, knowledge of sulphate content material can be 

of excellent importance. Sulphate-lowering micro organism usually competes out methanogens kinetically for organic 

carbon in anaerobic treatment of high- sulphate natural waste waters. Additionally, the sulfide produced may be 

poisonous to methanogens. Thus, sulphate will have a tremendously unfavourable effect on mathanogenic process. In a 

comparable way, high sulphate concentrations in groundwater can avoid the natural anaerobic biodegradation of 

chlorinated solvents such as trichloroethylene and tetrachloroethene. Many natural compounds incorporate sulphur as 

sulphate, sulfonate, or sulfide. During anaerobic treatment of such wastes, complete usage or dis- similation results in 

launch of organically-sure sulphur as a sulphate ion, however underneath anaerobic treatment, sulphur is normally 

released as sulfide. The concentration of resources of chloride and sulphate in ground water are summarized in a table. 

3. COLLECTION OF SAMPLES AND APPROACHES 

Groundwater samples are amassed quarterly in as month- lengthy composites in the course of unmarried months in 

winter, spring, summer time, and rainfall seasons. Groundwater samples have been accumulated from restricted sand and 

gravel aquifers. Water samples contaminated in the route of ordinary agricultural sports had been collected from tile 

drains. Groundwater samples presumed to be contaminated with street salt had been amassed from shallow wells placed 

within 10 to 20 m of salted roadways. Septic effluent samples have been accrued from the release factors of private septic 

structures. Groundwater sampling changed into performed from dry seasons, rainy seasons or month-to-month or 

fortnight bases. 

http://www.jetir.org/


© 2019 JETIR April 2019, Volume 6, Issue 4                                                          www.jetir.org  (ISSN-2349-5162) 

JETIR1904518 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 121 
 

The estimation of groundwater exceptional for character aquifers makes use of self-capacity logs for exclusive aquifers in 

a prime coastal sedimentary basin in south India. This in- volves establishing a dating among resistivity of formation 

water and equivalent formation water resistivity for the system after which the use of analytical scatter dia- grams among 

dissolved solids and numerous person anions. (Gangudhara et al. 1990, U.S.P.A. 2000). The groundwater best analysis 

the use of self-ability logs results acquired through those fashion analyses and scatter plots  for  a  multi-layered  coastal  

machine are  as compared with the chemical analyses of water samples and are found to be in close minimized 

uncertainties inside the as- sessment of quality Gangudhara et al. 1990). Groundwa- ter samples had been amassed from 

four wells at and near the Site (three monitoring wells and one residential nicely), to decide the concentrations of 

wastewater-affected “emerging contaminant” compounds (U.S.P.A. 2000). The landfill operations ceased on landfill 

Superfund web sites the carcinogen vinyl chloride monomer (VCM) has persisted within the web page ground water at 

concentrations in places more than a hundred ppb. These values are significantly above both drinking water standards 

(>MCL of 2 ppb) and lifelong extra most cancers threat from exposure considering that beginning (>zero.024 ppb). 

Sources for VCM are landfill wastes (PVC-sludge) and effluent from an on-site switch station. Persistence of VCM 

concentrations is the end result of leachate generation, typically from multi-source wastes inside the vadose quarter, with 

subsequent infiltration into the regional aquifer. Increases in VCM concentrations (new leachate generation) alternated 

with lower in VCM concentrations (infiltration without leachate) in a cyclic fashion, during this 20-12 month’s length 

(Jacobs et al. 2006). 

4. ENVIRONMENTAL FACTORS 

4.1 GROUNDWATER MONITORING – CAUTIONED TECHNIQUE 

Presented under is a precis of a counseled approach for establishing a groundwater monitoring software for landfills. 

(Fred Lee et al. 1991): 

 Conduct comprehensive, in-intensity investigations of the geology and hydrogeology of the landfill region with 

unique reference to attainable transport of contaminants from the landfill to home or other water supply aquifers. 

It is critical that a very good understanding of the flow paths and costs be evolved before the groundwater-

monitoring program is de- veloped. The traditional method of arbitrarily putting one well up gradient and 3 wells 

down gradient of the landfill should not be allowed. 

 Define the tracking targets, i.E. 95% detection of incipient infection of groundwater by means of leachate from 

any factor of leakage inside the landfill. 

 Three. Groundwater contaminated by leachate on the objectives of the tracking program thinking about both 

horizontal and vertical delivery of leachate- infected groundwater. 

 Determine the frequency of sampling by using assuming the time of traversing the area of Capture of the tracking 

wells primarily based on groundwater velocities in the vicinity of the wells. 

 Collect and set apart finances from disposal fees a good way to be needed to function and preserve (together with 

well substitute) the groundwater monitoring sys- tem forever. 

 Utilize people who are tremendously knowledgeable in groundwater monitoring records assessment associated 

with the particular form of landfill being monitored, i.e. municipal strong-waste landfill, to review the ground- 

water nice facts because it is collected. 
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Table-1 Sources of Chloride and Sulphate in Ground water 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sl. 

No 
Occurrence Reference 

Typical maximum 

concentration in ppm 

chloride sulphate 

1 Evaluation 
of hydro geochemical parameters with 

Spontaneous potential logs 

Radhakrishna T. 

Gangadhara rao, 1990 

199-Lab 

test 323-

Logs 

50-

Lab 

test 

165-

Logs 2 Municipal 
Solid-waste management: 
Long-term public health and 

environmental protection 

G. Fred Lee et al. 1991 2000 1000 

3 Human impact on regional 

groundwater composition through 

intervention in natural flow patterns 

and changes in land use 

P.P. Sehot et al. 1992 290 349 

4 Effects of land disposal of municipal 

sewage sludge on fate of 

nitrates in soil, streambed sediment, 

and water quality 

James A. Tindall et al. 1994 300 *ND 

5 Sugar-mill effluent at sonali, Mahastra, 

India 

Pawar et al. 1998 352 .0 62.40 

6 Dyeing and bleaching industries, 

Tirupur, India 

Senthilnatan and Azeez 

1999 

3545 *ND 

7 Amended record of decision Himco 

dump 
Elkhart, Indiana 

U.S. Environmental 

Protec- tion Agency,2002 

Vinyl 

Chloride 

0.7 J- 0.9 

J g/l 

154,000 
g/l 

8. Agriculture and pesticides Sharma et al. 2001 480 *ND 

9 Groundwater quality characteristics 

near two waste sites in Ibadan and 

Logos, Nigeria 

Ikem et al. 2002 300 40 

10 Chloride ion in groundwater near 

disposal of solid wastes in landfills 

Kazumasa Mizumura 2003 35 (River)  

11 Persistence of vinyl chloride in ground 

water at the wood lawn landfill 

superfund site, northeast- ern 

Maryland, USA, Environmental 

 

 

Alan M. Jacobs et al. 2006. 

 

250 ppb- 

VCM 

*ND 

12 precipitation, vadose zone water, 

uncontaminated and contaminated 

ground 
water, Midwestern United States 
(USA) 

Panno et al. 2006 

Precipitation septic effluent 

Animal waste 

Illions Landfill leachate Sea 

water 

0.3 
5620 
1980 
6170 
18,800 

*ND 
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A case study on Selected groundwater treatment and long-term monitoring on Himco Dump Site, USA  

The goal of the work was design and entire ground water research on Himco Dump Site (USA) to determine the 

contaminant awareness, fee and ex- tent of all detected contaminants. The research will consist of the vertical 

characterization of the contaminants to optimize the location of the extra lengthy- term monitoring wells inside the 

residential buffer quarter vicinity. One residential nicely to the east of the landfill referred to 1, 2-dichloropropane 

contamination barely above the standards. The Amendment calls for provision of a municipal water supply to the 

surrounding region. It is assumed that the 1976 closure of the landfill the 1992 landfill drum elimination, and the 2004 

enhancement of the present landfill cowl, coupled with the tracking requirements said Amendment are enough to cope 

with the infection. Establish a protracted-time period groundwater monitoring application to display the destiny 

groundwater situations from all of the monitoring wells related to the landfill such as the newly-established wells. The 

motive is to decide if the ground waters are not handed which trigger the want for connection to the municipal water 

would deliver past the buffer quarter. 

If at any time the groundwater monitoring pro- gram suggests the opportunity that contamination from the landfill is 

migrating beyond the presently recognized location, the ability need for additional opportunity water supplies could be 

evaluated and the correct response motion can be applied. Monitor all of the groundwater-monitoring wells associated 

with Him to dump for at the very least 10 years; quarterly tracking for the first two years. Samples are gathered from all 

of the groundwater-monitoring wells. Water exceptional parameters (human effective compounds) have been analyzed. 

Based on the effects, groundwater- tracking frequency may be decreased to semiannually for the subsequent three years. 

The monitoring outcomes can be evaluated to aid in predicting contaminant developments, and to assess seasonal 

consequences. At the time of the five-12 months review (Superfund requirement for all the Sites where waste stays on-

web site), the groundwater long-time period monitoring necessities can be reassessed to determine continued frequency 

and period at that time. At every five-yr evaluation, or earlier if vital, EPA in session will examine the subsequent 

standards to determine the need for greater or much less of remedial measures: 

1. Groundwater consequences accumulated in the course of the preceding monitoring length to determine 

developments in contaminant concentrations, if any. 

2. Effectiveness of the source control measures to pre- vent contaminant migration beyond the downgrading 

boundary. 

3. Potential for contaminants in the groundwater to meet or exceed overall performance well-known triggers level. 

Additional measures may be necessary if an evaluation of the above criteria indicates that concentrations within 

the groundwater have no longer decreased; and source manage measures do not meet the overall performance 

standards. Implement institutional controls with deed restrictions or utilize different institutional controls, which 

restrict any destiny groundwater use, and limit the installation of any new non-public groundwater wells inside 

the Site vicinity. 

5. REMEDIAL STRATEGIES 

Depending upon the volume and characteristics of a con- taminant, numerous techniques are to be had. The remedial 

strategies (Khan 2005) categorised as follows: 

 Physical methods – excavation, soil washing, soil vapor extraction, etc. 

 Thermal strategies – incineration, desorption, vitrifi- cation, and so forth. 

 Chemical remedy – chemical stabilization. 

 Bioremediation – in-situ biotreatment, ex-situ biot- reratment, ex-situ slurry biodegradation, root region 

remedy, and so on. 
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A. PHYSICAL TREATMENT 

I. EXCAVATION AND REMOVAL: 

This is a easy technique suitable in which quantity of soil to be dealt with is small. The contaminated soil is excavated and 

disposed far away from the web page on a secured landfill. Important consideration in this approach is the sort of soil, 

type of contaminant and area of the vicinity 

II. SOIL WASHING 

The soil can be washed in situ to cast off a contaminant. A leaching agent can be delivered to water and a strain gradient 

is maintained. Water for washing is authorized to go into the soil with the aid of constructing horizontal galleries or bore- 

holes. The leachate is then intercepted or pumped out for remedy. This technique is good for halogenated volatile 

organics with appropriate, soil permeability however isn't suitable for clays. in the exits technique the excavated soil is 

eliminated and washed in a field. The water may additionally enter from the top and collected at the lowest for its 

treatment before it is eventually disposed off. The washed soil can also then be replaced to its authentic role 

III. SOIL VAPOR EXTRACTION 

In this technique air drift is generated thru a well creat- ing a pressure gradient. The air eliminates unstable compo- nents 

from the vadoze zone. This technique is in particular accurate for halogenated, risky and fuel hydrocarbons. The strategies 

aren't appropriate if air permeability is low or when carbon content is excessive or temperature is low. 

B. THERMAL TREATMENT 

I. INCINERATION 

Thermal treatment is specifically suitable for remediation of contaminants within the vadoze quarter. The soil can be 

excavated and heated at a excessive temperature in the presence of oxygen, at approximately one thousand–1500 °C. The 

organics are destroyed and the volatile fraction is removed. How- ever, metals aren't contaminants which includes fuel 

hydro- carbons. Clay or rock fraction have to be removed from the soil earlier than making use of warmth. 

II. THERMAL DESORPTION 

In those strategies, the excavated soil is subjected to a low temperature and the volatiles are collected for a supercharge 

remedy at excessive temperatures, halogenated volatiles and hydrocarbons are destroyed. 

 

III. VITRIFICATION 

In this approach, warmth is applied to the tainted soil causing a soften which moves downward. It mobilizes the organics 

and destroys the volatiles. For in-situ verification, huge graphite electrodes are inserted in the soil in a grid sample (say 10 

m × 10 m grid). A high electric cur- hire is implemented ensuing inside the era of warmth which fuses the fabric. After 

the web site/soil is cooled, the final cloth is inert. The approach is ideal for an extended-term balance but consumes a big 

quantity of electricity 

C. CHEMICAL TREATMENT 

Chemical remedy can also be carried out in situ or ex situ. These are basically stabilization strategies that have been 

appreciably developed. The contaminated soil is mixed with a binding fabric to lessen mobility of contaminants.  Suitable 

binding substances  include  lime (for clays) cement (for sands) and thermoplastic binders. Thermoplastics binders are to 

be had in a selection of alternate names. Protection may be required for soils with a high content of oil, grease or 

surfactants. Stabilization techniques are suitable for sludges or slurries infected with inorganics. These are not very 

effective for clays or for soils with a high organics, sulphate or chloride con- tent. 
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6. SUGGESTED REMEDIES FOR STABLE-WASTE LANDFILL WEBSITE ONLINE: 

The following measures had been advocated for the safety of groundwater. Lining waste disposal and waterproofing the 

bottom of the lagoon (i.E. Effluent storage ponds) and the streambed to save you infiltration of the effluent. Treating the 

effluent to fulfill the standards established by way of neighborhood and global standards for liberating waste into the 

movement. First, if the regulatory groups desire to keep on with seeking to maintain solid wastes dry, then the landfill 

should be lined, capped, and maintained for as long as the wastes constitute a capacity for groundwater contamination in 

the sort of manner as to prevent one of these contaminations. It is anticipated that the period of required landfill upkeep 

sports could be forever on account that municipal strong wastes incorporate a ramification of rather toxic heavy metals, 

non-degradable organics and salts in order to be available to be leached from the waste exposure to moisture. 

7. CONCLUSION 

On the idea of chloride and sulphate analysis of ground- water it is feasible to establish that strong waste dumping site is a 

source is a supply of pollution of groundwater in the vicinity. In maximum of nations groundwater is the fundamental 

source of drinking-water deliver. The efforts are targeted on locating the groundwater reservoirs to satisfy consuming 

water desires and the excellent thing is often overlooked. The solid waste-dumping web site without environmental 

precautions might also cause serious fitness issues in the place. Many of those water-supply sources are undeserving for 

human consumption. Water-first-rate control is an issue that must take delivery of top priority. Well proprietors were 

educated on the implications of inadequate well safety from hurricane water/runoffs and sitting wells near waste web sites 

or septic tanks. The measures are to be location to assist curtails the disastrous results of leachate migrations into 

groundwater consist of laws on discharge and disposal of wastes especially commercial wastes; new and higher designed 

waste sites, The need for environmental education, adequate rules and right control of waste sites by means of the 

governmental organizations. Launching public-awareness packages and convincing the authorities to adopt groundwater 

protection measures. 
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