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ABSTRACT

Levels of pollutants in urban stormwater runoff are closely related to various types of land use because human
activity is different according to land use. This study assesses the impacts of land use on stormwater quality.
Stormwater samples were collected from five different land use types; residential, commercial, recreational, heavy
traffic and industrial, around Guwabhati city, Assam (India). Each of the collected samples was analysed to measure
important water quality parameters such as suspended solids (SS), total residual chlorine, oil and grease, nitrate-
nitrogen (NOs-N) and phosphate (PO,*). The analysis shows that the spatial variation in the distribution of
pollutants in stormwater was highly influenced by the land use type. In industrial and commercial land use, the
pollutants exceeded the guideline values as per Indian National Standards. Overall, the industrial land use site
produces the worst quality stormwater. The study also provides recommendations for improvement and management
of storm water quality in the city.

Keywords: Stormwater, land use, Guwahati city, water quaptllutants.

INTRODUCTION

Urban expansion transforms the local natural emvitent as it replaces the existing land use patt&hanges
associated with urbanization in a catchment duntotype of activity will have a direct impact oatb the quantity
as well as quality characteristics of the wateriremment. Modification of land use associated witlvanisation
includes removal of vegetation, expansion of imfmars areas and modifications of drainage channblshwesult
in changes to the characteristics of the surfaneffilnydrograph [1] with increased runoff volumedameak flows.
Impervious surfaces reduce rainwater infiltrationd ancrease stormwater runoff which results in tbd@uction of
ground water storage due to decreased rate ofngeha

Urban form also plays an important role in storntexauality by influencing pollutant generation,ildeup and
wash off [2]. Concentrations of pollutants from ambstormwater runoff are closely related to variyes of land
use because human activity is different accordintand use [1]. Urban areas have been classifieddriterature
into main roads (including parking lots and airppriroofs, residential areas, commercial areasjsimil areas,
parks and lawns, and open, undeveloped areas,fallhith generate stormwater of different quality igéh
transports different pollutants. Researchers hawvieletl them into six specific groups such as So(slsspended
solids,SS), Heavy metals (Cu, Zn, Cd, Pb, Ni anj] Biodegradable organic matter (B@Bnd COD), Organic
micropollutants (PAHs, PCBs, MTBEs etc.), Pathogemicroorganisms (total coliforms & E. coli) and tNants
[3]. As urban stormwater is comprised of many imdinal flow components draining various areas, th&" at the
outlet depends on the characteristics of thosesaplutant wash-off potentials and the featuies frequency,
intensity, duration and pattern) of the specifin @vent [4]. In summary, deterioration of watealifly, degradation
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of stream habitats, and increase in flesh floodtlaeemost common impacts of urbanisation. Sevartdicas have
reported alternate methods for treatment of paluteoff water and reuse of stormwater [5,6,7,8].

The present study aims to identify different pahts of stormwater assess the impacts of land nst#oomwater
quality and developing recommendations and guidslior stormwater management.

MATERIALS AND METHODS

Study area

This ﬁtudy was carried out in Guwahati city, Assémdja, located approximately along®2@ N latitude and 9219
E longitude. The city covers an area of 216 kmonsisting of mainly commercial and residentiadaar, and some
amount of industrial area. The population of Guwiahas increased from 809,895 in 2001 to 963,4280ih1 with
an increase in population density from 3736 pergmrssg. km. to 4445 persons per sq. km. respégti9g The
climate of the city for most part of the year ig hod wet, with a dry winter and a rainy seasomfepril to mid
October. The mean annual rainfall is nearly 160 cm.

Guwahati being the gateway of North East regiomrigergoing rapid urbanisation and the urban pojoulat
increasing day by day. The problem of stormwaitgtution is becoming worse because of populaticowgh,
which results in increased impermeable surfaces. @ithe most horrible problems in the city is thek of proper
drainage and sewerage system. The drains are opérty constructed and maintained. Some of thenliaked
with the waste water outlets of the residentiataibly small drains. In most part of the city, thgortant roads are
lined by inadequate open surface drains and in rpéages there are no drains at all. During theyragmson, most
parts of the city remain submerged under waterthus, the surface water of the city gets pollutgdstormwater.
Throughout the city, no proper planning has be#&moduced in residential, commercial, industrialbleiand semi-
public areas and due to this, the water environménhe city is severely affected. Occurrencesanfdslide and
flesh flood are more common in the area due to apgr construction work and tree-felling. Besidessth there are
no facilities for groundwater recharge, rainwatarvesting and have no channel characterisatiorugivaut the
city. Currently, there are no stormwater qualityn@gement procedures in place.

BASE MAP OF THE STUDY AREA
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Fig-1: Location map of the study area

Sampling and analysis
The value of any laboratory analysis and test dépempon the method of sampling. Correct collectain
stormwater samples is therefore essential to l=tatdnalyse the stormwater quality in the laboyafacilities.

Sampling sites were selected on the basis of soding land use and land cover in five land use gonamely,
Industrial, Commercial, Recreational, Residentia &leavy Traffic zones. Grab samples of runoff waanually
collected from the downstream direction of the roawbff in the designated sampling sites in thepeetive zones
during the rainfall event. Each sample was testithiv24 h of collection and all testing was contutaccording
to the test methods specified in APHA, Standardhdéds for the Examination of Water and Wastewaté.[1
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Samples collected at each study location were aedlyor pH,Total Suspended dids (TSS),Total Residual
Chlorine (TRC), Oil & Grease (O&GNitrate-Nitrogen (NO3-N), and Phosphate (P)0

RESULTS AND DISSCUSSION

From Table 1, it can be observed that the pollutamicentrations vary considerably with land useepatwhich
indicates that pollution distribution in the stomater is highly influenced by the surrounding lars® typeFor all
the five land uses, excephosphate (P,*) all other parameter values in stormwater runofpldigs high standar
deviation which indicates a high variability of stovater quality fronthe same urbaland use. This confirms tt
highly variable nature of buildp not only with land use but also due to site Bjgetharacteristic.

Table 1. Mean and standard deviation of pollutant ancentrations in each specified land use site of @ahati city

Land use _ _ Parameter
pH TRC (ppm) | Oil & Grease (ppm) | NO3—N (ppm) | PO4Z- (ppm) TSS (ppm)
Residential Mean SD| 7.400.4Q 2.58 2.38 9.20 3.03 11.43 4.27| 0.18 0.0 1671.33 1120.13
Commercial Mean SD| 6.760.13 8.61 9.70 10.12 3.87 11.12 6.51 0.13 0.01 5118.60 2059.30
Industrial Mean SD| 7.120.19 6.00 3.67 10.65 5.80 15.30 6.49 0.31 0.0 8365.00 530.33
Heavy Traffic | Mean SD| 7.430.57 12.0511.91 11.6 3.84 2.57 3.93 0.12 0.0 3763.38 905.84
Surface water | Mean SD| 7.590.73 3.64 2.49 135 1.16 4.65 6.91 0.15 0.0! 987.00 987.07

*TRC= Total Residual Chlorine

Commercial land use shows relatively higher stashdeviation of pollutants and thwsiriable nature of stormwat
runoff than the other four land us The results display higheroncentration of Nis-N in the industrial zone
followed by residential and commercial zoNitrate nitrogen (N@N) levels also excer Indian National Standards
in some of the land use locatio$he plausible source of M-N can be domestic effluent, sege/sludge disposal,
pet wasteuse of fertilizer in gardening and small agricudtLin the residential zone, nitrogen based comme
fertilizers, decay of vegetabldauiits residueand animal mattein the commercial zone arindustrial discharges,
nitrogen containing raw materials and industriabgesse, refuge dump leachates,  in the industrial zone.
Nitrification is the major source of nitrate in thavironment. Nitrates can be readily converteditigtes inside the
body and the nitritesan give rise to the carcinogenic nitrosaminesnkdnig water that gets contaminated w
nitrates can prove fatal especially to infants,dose in their intestinal tract, nitrates are redutcenitrites whict
may cause methemoglobinemia (blue baby rome). It is also linked to digestive tract cancérgauses algae
bloom resulting in eutrophication in surface w [11].
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Fig-2: Variation of pollutants in different land use

Total Residual Chlorine (TRC) is found highestresidentialarea and then in commercial, industrial theavy
traffic area respectivelySources of residual chlorine in storm water are igipal drinking water,chemical
treatment facilities, food and paper industries Residual Chlorine in surface water is aly toxic to many
aguatic species at concentrations below 1mg/l. éghconcentration of Oil and Grease (O&G) is founc
commercial area source of which @utomobile crankcase oil and automobile exhaugicodates Concentrations
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of O&G are found within permissible limit prescribdy Indian National Standards. Highest concemmatf
Phosphate (P£) and Total Suspended Solids (TSS) are found instithl area. TSS values also exceed Indian
National Standards which may be due to the introdnof rock and soil fragments, dirt and debriscalying plant
and animal matter, industrial wastes, and sewage feim street, commercial, residential and indaktarea.
Industrial land uses have the dirtiest appearingrstvater quality. This is due to recording thehagt amounts of
suspended solids in the industrial land use congp&oethe other land uses. Industrial land use iooatalso
recorded highest concentration of nitrate-nitroged phosphate over all the sampling locations.

CONCLUSION

To assess the impacts of land use on stormwatditygsimrmwater samples were collected from fivéfedient land
use types; residential, commercial, recreation@hviy traffic and industrial, around Guwahati ciygsam (India).
Each of the collected samples was analysed to meeasportant water quality parameters such as swgabsolids
(SS), total residual chlorine, oil and grease,atétmitrogen (N@N) and phosphate (R®). Results of the study
show that pollutant distribution in the storm waterhighly dependent on the surrounding land uge tgnd
pollutant build-up characteristics vary even witktie same land use pattern, confirming the highlyable nature
of build-up not only with land use but also duesti® specific characteristics. Pollutants like atiér nitrogen (N@
N) and Total suspended solids (TSS) are exceedtiegrtidian National Standards. Residential, comrakiand
industrial areas contribute to N® in the storm water. Industrial land use hastigdty maximum build-up of
pollutants than the other four land uses. The tesflthe study demonstrate that industrial lang sises have the
worst storm water quality.

General recommendation from this study is to im@etrStormwater Best Management Practices (BMP) ssch
incorporation of pollutant traps at selected lamasi having high contamination levels of stormwatech that the
pollutants can be separated for safe disposal. @osgtion basin can improve quality of storm watgegng into it
by implementing BMPs such as wet detention basin fionds and lakes), infiltration basin, filteigt and natural
and constructed wetlands, etc. Wet detention beemremove water soluble pollutants, about 90%uspended
solids, 80% of metals and 40% of BOD loads throtlghnatural sedimentation process. Infiltrationitgdanted
with hardy vegetation collects stormwater and usasiral sedimentation to remove pollutants. Fi#tgips also
uses natural sedimentation to filter pollutants.tifels are a common measure used to filter runudf ienprove
downstream water quality.

One other preventive measure that can be underiakéat stormwater runoff from industrial land w&®uld not
enter natural waterways as the study demonstraggdinidustrial land use sites had the worst storr@mguality.

This can be done by implementing “bio retentioraafavhich are land devoted to using either soplants to filter

runoff from developed sites. These areas can ribtwaentrol hydrology through infiltration and evagpanspiration.
Stormwater flows into the area, ponds on the serfa gradually seeps into the soil bed. The &ttevater may be
allowed to process naturally through sedimentabormay be collected into an underground drainaga and

redirected to the storm drain system.
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