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Pollution Assessment of the Ebute Meta Creek Impacted by Domestic Sewage
Lagos, Nigeria
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Abstract: The ecological and economic significance of creeks is of global importance to coastal areas. These advantages
have been underutilized in many developing countries resulting in considerable pollution of its water ways. This study
investigates the degree of pollution of the Ebute Meta creek system Lagos, southwestern Nigeria. Surface water, ground
water, soil, sediment and plant samples were collected between the months of May and July 2011. Average surface water
DO (2.39±1.45 mg/L), BOD (167±53 mg/L), COD (329±106 mg/L), NO3

- (28.3±3.67 mg/L), NH3 (22.3±4.8 mg/L) and
(Pb 0.23±0.02 mg/L) levels indicated gross organic and metal pollution. Ground water similarly, showed elevated levels
of BOD (12.9±0.7 mg/L), nitrate (36.1±5.35 mg/L) and ammonia (13.7±2.6 mg/L). Metal levels in surface water and
sediment was strongly correlated (r=0.89). Topsoil and vegetation samples around the vicinity of the creek did not show
any significant level of contamination. There was no significant differences (p=0.05) in surface and ground water quality
among the sampling points. The creek water was classified as heavily polluted. This could affect the aquatic flora and
fauna of the creek ecosystem. Remediation measures should be employed to clean up the water way system and the
environment. 
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INTRODUCTION

The contamination of inland water ways are globally
known to impacts negatively on the environment. This
inland water ways includes lagoons, rivers and creeks,
and are prominent hydrological features along the West
African coast. One such water ways which has found
prominent in the coastal cities of Nigeria are the creeks
(Tubonimi et al., 2010; Saliu and Ekpo, 2006). Creeks are
valuable part of the aquatic ecosystem serving as feeder-
rivers, providing flood control, storm water drainage and
habitat to wildlife. Additionally, they are important for
inland water transportation, exploitation and exploration
of some mineral resources including sand. However, with
the increasing urbanization and industrialization along the
coastal areas, the creeks are fast becoming the ultimate
sinks for domestic sewage and industrial effluent. There
has also been a systematic loss of creeks to overuse,
pollution, diversion or filling. Several studies in recent
times have shown increased level of pollution along this
important water ways (Lawson, 2011; Ayoola and Kuton,
2009; Onyema, 2009; Nubi et al., 2008; Saliu and Ekpo,
2006; Adeniyi and Oyediji, 2001). The impacts and
degree of pollution are as such as requiring remediation.

The creeks in the coastal city of Lagos, southwestern
Nigeria, apart from their more ecological and economic
significance, serves as sink for the disposal of an
increasing array of waste types. A succinct example of

creek as sinks includes the Five Cowrie, Kuramo,
Badagri, Lighthouse, Abegede and the Ebute Meta creek.
The Ebute Meta creek is one of the major creek systems
in Lagos. The creek forms part of an intricate shallow
system of water ways interconnecting the Lagos Island
and mainland. The creek receives on a daily bases
complex mixture of industrial waste and has served as the
ultimate sink for the disposal of domestic sewage since
the latter part of the 19th century. The proliferation of
urban settlements and slums around the creek has also
meant increased human pressure, and the resultant
deterioration of the water way. Some observed effects in
the creek and its environs associated with the introduction
of pollutants includes aesthetic nuisance of sludge
accumulation, offensive odour, microbial contamination,
increasing organic load, increased turbidity, reduced
dissolved oxygen, alteration of bottom condition, re-
suspension of sediments and loss of biodiversity due to
decimation of biota. This paper assesses the degree of
pollution of the Ebute Meta creek system and its
surrounding vicinity with the aim of generation data for
environmental monitoring and regulatory enforcement of
action plan for pollution abatement.

MATERIALS AND METHODS

Description of study creek: The Ebute Meta creek is a
major drainage system connecting the Lagos lagoon and
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Fig. 1: Study area showing sampling points

surrounding settlements of the Ebute Meta, Ijora and the
industrial areas of Iganmu. The creek is a navigational
channel located west of the Lagos Lagoon (latitude 6.47N
and longitude 3.38E) with average stream velocity of 1.91
m/sec (Fig. 1). Industrial facilities, urban settlements,
slums and important government edifice are located in
close proximity to the creek. One of the national
monuments located within its vicinity is the National Art
Theatre. A number of open wells for ground water supply
to the residents of slums are located close to the creek.
The basin area is less than 12 km2. The surrounding land
mass is about 20% cultivated with agricultural crops such
as cassava, guava and bitter leaf, and 80% natural
vegetation. The population density around the creek
landscape is about 4383 people/km2. 

Sampling: Five sampling locations were each identified
for surface water, ground water, soil and sediment
collection. Vegetation samples were collected along the
bank of the creek from four sampling locations. At each
of these locations, three samples were collected randomly
between the months of April and June 2011. Surface
water and sediment was collected from the creek. Ground
water samples were obtained from shallow wells few
meters from the creek. Soil and plant samples were
collected on the open land space around the creek.
Control soil samples were obtained from residential areas

located about 3km from the creek and not affected by
human activities. Total numbers of samples obtained
were: surface water-15, sediment-15, ground water-15 and
soil-18 and plant-12, respectively. Surface water and
ground water samples were collected using clean cups
into plastic sample containers which had been previously
washed, rinsed and dried. Soil, sediment, plant samples
were collected and stored in a polythene bag. All sample
containers were properly labelled to indicate sample code
and collection points. Standard methods were used for
sample preservation.

Analysis of samples: Surface water and ground water
were analysed for pH (electrometric method), alkalinity
(acid-base titrimetry), chloride (mercuric nitrate
colorimetric method), total hardness, calcium and
magnesium (EDTA titrimetry), total dissolved solids and
total solids (gravimetric method), dissolved oxygen
(Winkler titrimetric method), biochemical oxygen demand
(dilution winkler method), chemical oxygen demand
(reflux oxidation and titrimetric method), nitrate
(phenoldisulphonic acid colorimetric method), phosphate
(phosphomolybdate colorimetric method), sulphate
(turbidimetric method), ammonia (nessler’s colorimetric
method) and metal, Pb, Cd, Cr, Cu, Co and Ni (atomic
absorption spectrophotometry) as detailed in the standard
procedures of the Society for Analytical Chemistry (1973)
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Table 1: Average surface water quality characteristics 
Parameter SW-1 SW-2 SW-3 SW-4 SW-5 Mean±S.D
pH 6.31 6.32 6.36 6.35 6.21 6.31±0.06
Alkalinity (mgCaCO3/L) 241 168 211 232 198 210±29
Total hardness (mgCaCO3/L) 331 840 1343 759 469 748±392
Calcium (mg/L) 93.1 61.1 100 179 39.8 94.7±53.3
Magnesium (mg/L) 23.9 167 266 75.3 89.7 124±94
Total dissolved solids (mg/L) 763 1210 1850 1360 835 1200±440
Total solids (mg/L) 1310 1866 2360 1765 1943 1850±380
Dissolved oxygen (mg/L) ND 4.32 3.14 0.84 2.56 2.39±1.45
Biochemical oxygen demand (mg/L) 230 165 120 210 110 167±53
Chemical oxygen demand (mg/L) 425 322 233 450 218 329±106
Phosphate (mg/L) 0.93 1.20 0.93 0.78 0.91 0.95±0.15
Sulphate (mg/L) 42.7 41.7 32.5 36.8 33.7 37.5±4.59
Nitrate (mg/L) 31.3 31.9 26.5 28.9 22.9 28.3±3.67
Ammonia (mg/L) 26.9 24.9 17.8 25.5 16.3 22.3±4.87
Cadmium (mg/L) 0.003 0.003 0.001 0.003 0.001 0.002±0.001
Chromium (mg/L) 0.02 0.01 0.01 0.02 0.02 0.02±0.006
Cobalt (mg/L) 0.04 0.01 0.11 0.02 0.03 0.05±0.04
Copper (mg/L) 0.005 0.03 0.04 0.70 0.23 0.2±0.3
Nickel (mg/L) 0.05 0.1 0.09 0.06 0.07 0.08±0.02
Lead (mg/L) 0.23 0.25 0.21 0.25 0.21 0.23±0.02

and the APHA-AWWA-WPCF (1985) manuals. The soil,
sediments and plant were air-dried in a clean room in the
laboratory, ground and sieved through a 2 mm mesh. Soil
and sediment pH was determined by the electrometric
method in a 1:1 water mixture (IITA, 2001). The
Bouyoucos (1951) hydrometer method was used for
measuring mechanical property (sand, clay and silt), while
the Walkley and Black (1934) method was used to
determine organic matter content. For metal analysis
about 5.0 g of dried soil and sediment was extracted with
50.0 mL of 2M HNO3 in a covered glass bottle placed in
a boiling water bath for 2 hrs, and then filtered for metal
analysis. This extraction method has been established to
yield the ecologically significant fraction of the metal
content (Andersson, 1976). 5.0 g of plant was ash at
5500C in a muffle furnace for 3 hrs (IITA, 2001). The
filtrates were analysed for lead, cadmium, chromium,
cobalt, copper and nickel using an atomic absorption
spectrophotometer (Buck Scientific, model 200A).
Commercial BDH stock standards were used for the
instrument calibration. A recovery study of the extraction
procedure was carried out by spiking portions of five
previously analyzed soil and sediment samples with
standards of lead, chromium, copper, cobalt and nickel.
These were then dried, homogenized and passed through
the extraction and analytical steps. The mean percentage
recoveries were: Ni - 84.2±13.6%, Cr - 98.5±9.4%, Cu -
98.76±6.3%, Pb - 98.5±8.2% and Co  - 92.1±6.8%. 

RESULTS AND DISCUSSION

Surface water characterization: Table 1 shows the
average surface water quality characteristics. The pH
values were between 6.21 and 6.36 with a mean value of
6.31±0.06. Dissolution of bicarbonates and the associated

buffering effect of the sea water intrusion may account for
this value. Similar, pH values have been reported for the
adjoining  Lagos  lagoon  (Oyema et al., 2003; Nwankwo
et al., 2008). The alkalinity value of 210±29 mgCaCO3/L
is mostly associated with the pH, hardness and dissolved
solids. This value shows the ability of the creek to support
algal growth (water fertility). Total hardness of the creek
varied between 331-1343 mgCaCO3/L with average
calcium of 94.7±53.3 mg/L and magnesium 124±94 mg/L
levels. Depending on the interaction of other factors (such
as pH and alkalinity), water with hardness above
approximately 200 mg/L may cause scale deposition in
the treatment works, distribution system and pipework
and tanks within buildings. It will also result in excessive
soap consumption and subsequent “scum” formation. On
heating, hard waters form deposits of carbonated scale
(WHO, 2008). Total dissolved solid and total solid was
significantly high for all sampling points, with averages
of 1200±440 mg/L and 1850±380 mg/L, respectively. 

These suggest the high levels of dissolved minerals
(chloride, sodium and potassium) and toxic pollutants
(nitrate, phosphate and metals). The high TDS may be
attributed partly to the turbulence occasioned by dredging
activities and organic waste disposal (domestic sewage).
Another possible important factor is the tidal related
factor of waves and currents which agitates the bottom
sediment. The palatability of water with a TDS level of
less than 600 mg/L is generally considered to be good;
drinking-water becomes significantly and increasingly
unpalatable at TDS levels greater than about 1000 mg/L
(WHO 2008). The creek is classified as a fresh water, in
respect to Ela (2007) classification of water by the amount
of TDS: fresh water <1500 mg/L, brackish water 1500-
5000 mg/L and saline water >5000 mg/L. The TDS
reported in this study was similar to that obtained around
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the Lagos lagoon and Apese lagoon (Onyema, 2009) but
much lower than the brackish water of Amadi creek
(Tubonimi et al., 2010). The high organic load of the
creek is reflected in the low dissolved oxygen (2.39±1.45
mg/L) content and high biochemical oxygen demand
(167±53 mg/L) of the water body. These may account for
the aesthetic nuisance, offensive odour, microbial
contamination and loss of biodiversity due to decimation
of biota of the water body. The dissolved oxygen content
of water is largely influenced by the source, raw water
temperature, treatment and chemical or biological
processes taking place in the distribution system.
Depletion of dissolved oxygen in water supplies can
encourage the microbial reduction of nitrate to nitrite and
sulphate to sulphide. Similar levels of BOD (>50 mg/L)
and DO (<5.0 mg/L) were reported for in Ogbe creek
(Saliu and Ekpo, 2006), Lagos lagoon (Ayoola and Kuton,
2009; Onyema, 2009) and mangrove swamps of Lagos
(Lawson, 2011). Chemical oxygen demand was relatively
high for the creek. With the exception of phosphate and
sulphate, average nitrate and ammonia levels was high
suggesting organic pollution and nutrient enrichment of
the creek. In addition to favourable environmental
conditions, this nutrient enrichment may enhance the
growth of aquatic sea weeds. Ammonia in the
environment originates from metabolic, agricultural and
industrial processes. Natural levels in groundwater and
surface water are usually below 0.2 mg/L. Anaerobic
groundwater may contain up to 3.0 mg/L. Ammonia in
water is an indicator of possible bacterial, sewage and
animal waste pollution. According to (Pratti et al., 1971)
(Table 6), the creek with average DO, BOD, COD and
NH3 levels of 2.39±1.45, 167±53, 329±106 and 22.3±4.8
mg/L respectively, may be classified as heavily polluted.
The heavy metals, with the exception of lead (0.23±0.02
mg/L) were generally low for this study. Analysis of
variance (p=0.05) showed no significant differences in the
surface water quality characteristics among the five
sampling points. The surface water quality was compared
with values for different water quality standards (Table 3).
Average pH value was about the range of recommended
water quality standards. Hardness, TDS, DO, BOD, NH3,
Ni and Pb values did not meet any of the water quality
standards which confirm the pollution status of the water
body. The nitrate levels in the water were just slightly
above (FMENV, 1993) limit for drinking water quality. 

Ground water characterization: The average ground
water quality characteristics are shown in Table 2. The
ground water pH values were slightly acidic. Subsurface
waters are capably of chemical activity because they
contain various dissolved gases. The presence of weak
acids such as carbonic acid, may account for this low pH.
Hardness and TDS in this study was lower than 200-900

and 1720-1854 mg/L reported in ground water around the
area (Ayolabi et al., 2010). The high biochemical oxygen
demand (12.9±0.57 mg/L), chemical oxygen demand
(224±10 mg/L), nitrate (36.1±5.35 mg/L) and ammonia
(13.7±2.6 mg/L) indicates possible infiltration of organic
pollutant into the shallow ground water table. The area is
geologically composed of sandy, sandy clay and clayey
sand deposits. The Oligocene to Recent is the major
aquifers in the study area (Jones and Hockey, 1964). The
high levels of BOD, COD and nitrate shows that the
aquifer is unconfined, which could results in the
infiltration of contaminated water into the weak protective
capacity of the overlying layers (Bolzer, 1988). Other
physicochemical parameters were not significant in the
ground water. Average metal levels were similarly not
significant. Analysis of variance showed no significant
difference in the ground water quality amount the
sampling points. From Table 3, dissolved oxygen,
biochemical oxygen demand and nitrate levels were found
to exceed (FMENV, 1993) drinking water regulatory
limits. Other ground water quality characteristics and
metals were within (WHO, 2008; FMENV, 1993;
USEPA, 1999) limits for drinking water, except the pH.

Soil, sediment and plant characterization: The average
pH values of the soil (5.76±0.41) and sediment
(5.11±0.31) was generally slightly acidic (Table 4). The
presence of organic acids and carbonic acids resulting
from decaying organic waste and vegetations might be
responsible for the low pH values (Pidgeon and Cain,
1987). Since soils are affected by the change in redox
potential which occur in moist tropical soils (pH range of
5-7), the pH obtained in this soil and sediment indicates
oxidizing conditions. Metals are most mobile and
bioavailable under these acidic conditions. Soils and
sediments was coarse-grain (clayey sand) with high
percentage sand characterized by tropical coastal water
fronts. The high percentage clay, silt and organic matter
of the creek indicated the presence of high load of
decayed organics. The organic matter in soil was much
lower than sediment, which points to low vegetation
cover. The soil organic matter was much lower than
4.37±3.89 % previously reported for in soils within the
area (Adeniyi and Oyediji, 2001). The soil and bottom
sediment was observed to have higher Pb levels compared
to other metals, with Cd being the least. These high Pb
level in sediment was strongly related with high Pb level
in the surface water. Sediment transport and dredging
activities could be responsible for the general lower levels
of metals observed in this study compared with that
reported for in the other coastal waters (Nubi et al., 2008;
Olatunji and Abimbola, 2010; Uaboi-Egbenni et al.,
2010).   Metal  levels  in  soils  were  about  the  levels in
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Table 2: Average ground water quality 
Parameter GW-1 GW-2 GW-3 GW-4 GW-5 Mean±S.D
pH 5.02 5.12 5.12 5.38 5.30 6.08±0.29
Alkalinity (mgCaCO3/L) 135 143 155 133 136 141±9
Total hardness (mgCaCO3/L) 119 77.7 134 89.8 102 105±23
Calcium (mg/L) 39.0 27.1 45.5 31.5 35.8 35.8±7.0
Magnesium (mg/L) 5.2 2.46 4.95 2.68 3.11 3.69±1.31
Total dissolved solids (mg/L) 279 277 282 294 293 285±8
Total solids (mg/L) 363 355 368 389 389 372±15.7
Dissolved oxygen (mg/L) 1.52 3.79 2.95 4.2 4.7 3.43±1.25
Biochemical oxygen demand (mg/L) 13.0 12.6 12.7 12.2 14.0 12.9±0.7
Chemical oxygen demand (mg/L) 228 227 225 208 232 224±10
Phosphate (mg/L) ND ND 0.02 0.01 0.05 0.02±0.02
Sulphate (mg/L) 49.8 55.6 44.3 37 38.5 45±7.81
Nitrate (mg/L) 39.5 43.3 35.2 29.6 33.2 36.1±5.35
Ammonia (mg/L) 15.7 16.04 13.3 10.9 12.7 13.7±2.6
Cadmium (mg/L) ND ND ND ND ND ND
Chromium (mg/L) ND ND ND ND ND ND
Cobalt (mg/L) ND ND ND ND ND ND
Copper (mg/L) 0.062 0.049 0.045 0.047 0.277 0.096±0.1
Nickel (mg/L) ND ND ND ND ND ND
Lead (mg/L) ND ND ND ND ND ND

Table 3: Average characteristics of surface and ground water compared with standards
Parameter Surface water Ground water FMINEVa FMINEVb USEPA WHO
pH 6.31±0.06 6.08±0.29 6.0-9.0 6.5-8.5 6.5-8.5 6.5-9.5
Alkalinity (mgCaCo3/L) 210±29 141±9 - - - -
Total hardness (mgCaCo3/L) 748±392 105±23 - 200 - 500
Calcium (mg/L) 124±94 35.8±7.0 - - -
Magnesium (mg/L) 94.7±53.3 3.69±1.31 - - - -
TDS (mg/L) 1204±439 285±8 - 500 500 <1200
TS (mg/L) 1848±377 372±16 - - - -
DO (mg/L) 2.39±1.45 3.43±1.25 6.8 7.5 - -
COD (mg/L) 329±107 224±9 - - - -
BOD (mg/L) 167±53 12.9±0.7 4.0 0 - -
Phosphate (mg/L) 0.95±0.15 0.02±0.02 - <5 - -
Sulphate (mg/L) 37.5±4.60 45±8 - 500 250 500
Nitrate (mg/L) 28.3±3.67 36.1±5.4 - 10 10 50
Ammonia (mg/L) 22.3±4.87 13.7±2.6 2.2 <1.0 - <1.5
Lead (mg/L) 0.23±0.02 ND 0.0017 0.05 0.015 0.01
Cadmium (mg/L) 0.002±0.001 ND 0.0002-0.0018 0.01 0.005 0.003
Chromium (mg/L) 0.02±0.01 ND 0.02-2.0 0.05 0.1 0.05
Cobalt (mg/L) 0.05±0.04 ND - - - -
Copper (mg/L) 0.2±0.3 0.1±0.1 0.002-0.004 0.1 1.3 2.0
Nickel (mg/L) 0.08±0.02 ND 0.025-0.15 0.05 - 0.07
a: water quality standard for aquatic life (permissible limit standard); b: Drinking water quality

Table 4: Average sediment and soil characteristics
Sediment Soil
----------------------------------------------- ------------------------------------------

Parameters Range Average Range Average Control* 
pH 4.76-5.46 5.11±0.31 5.27-6.13 5.76±0.41 -
% Sand 80.4-94.4 88±6 58.4-96.4 81.2±15.9 -
% clay 3.60-8.20 5.68±2.31 2.20-26.2 11.8±10.1 -
% Silt 2.0-11.4 6.32±3.98 1.40-15.4 7±6 -
% Organic matter 2.02-11.3 7.02±2.33 0.78-2.68 1.92±0.43 -
Lead (mg/kg) 16.8-138 54.4±52.8 2.50-17.3 11±7 12.6±2.4
Cadmium (mg/kg) 0.04-1.03 0.5±0.46 0.15-0.40 0.27±0.09 0.22±0.21
Chromium (mg/kg) 5.90-34.8 7.33±2.14 2.20-14.3 5.1±5.2 6.01±0.03
Cobalt (mg/kg) 1.62-5.63 3.44±1.60 0.43-1.43 0.91±0.41 1.52±0.16
Copper (mg/kg) 6.95-222 86±101 1.78-4.65 3.57±1.18 3.86±1.11
Nickel (mg/kg) 0.70-16.5 2.89±0.12 0.23-2.55 0.83±1.01 1.42±0.07
*: control for soil
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Table 5: Average characteristics of plants
Plant species Pb Cd Cr Co Cu Ni
Cassava tuber (Manihot esculentus) 0.5 0.15 ND 0.6 12.6 ND
Guava fruit (Psidium guajava) 2.7 0.18 ND 0.35 17.8 ND
Guinea grass (Panicum maximum) 2 0.15 ND 0.68 5.68 ND
Bitter leaf (Vernonia amygdalina) 2.7 0.35 ND 0.63 17.8 ND
Average 1.98±1.04 0.21±0.09 ND 0.56±0.15 13.5±5.7 ND

Table 6: Some parameters (indicative of gross organic pollution) used in the classification of surface water quality (Pratti et al., 1971)
Parameter Class I Class II Class III Class IV Class V
pH 6.5-8.0 6.0-8.4 5.0-9.0 3.9-10.1 3.9-10.1
DO (mg/L) 7.8 6.2 4.6 1.8 1.8
BOD (m/L) 1.5 3.0 6.0 12.0 12.0
NH3 (mg/L) 0.1 0.3 0.9 2.7 2.7
COD (mg/L) 10 20 40 80 80
Suspended solids (mg/L) 20 40 100 278 78
N.B. Class I: Excellent quality; Class II: Acceptable quality; Class III: Slightly polluted; Class IV: Polluted; Class V: Heavily polluted

control samples and comparable with previous studies
within the Lagos mainland area (Elias and Gbedegesin,
2011) and Abegede creek (Adeniyi and Oyediji, 2001).
Analysis of variance (p = 0.05) showed no significant
differences in pH, % sand, % Clay, % silt, % organic
matter, Pb, Cd, Cu, Cr, Co and Ni among the sampling
points for soil and bottom sediment. Sediment
characteristics are known to reflect, to a very large extent
the surface water quality. The six metals analyzed for
showed significant positive correlations (r = 0.89) for
surface water and sediment. The accumulation of metals
and the oxidizing condition in the bed sediment could
serve as a secondary source of pollution to the overlying
water column. Average Pb and Cu levels in sediment were
below the Australian and New Zealand Environment and
Conservation Council (ANZECC, 1992) limit of Pb (50-
220 mg/kg) and Cu (65-270 mg/kg) for aquatic ecosystem
protection. Similarly levels of metals in the sediment
samples were found to be much lower than Cr (400-919
mg/kg), Ni (389-1200 mg/kg), Co (100-333 mg/kg), and
Pb (50-97 mg/kg) in bottom sediments in the Gulf of
Iskenderun, Turkey (Ergin et al., 1998) impacted by
effluent waste water. Heavy metal levels were generally
not significant in the four plant species analyzed in this
study (Table 5). These low levels could be related to the
low metal levels in soil within the area.

CONCLUSION

The study revealed heavy contamination of the Ebute
Meta Creek with gross organics. The discharge of
domestic sewage into the creek system was observed to be
responsible for the water contamination. Aquatic
organisms and fishes found in the creek may contain bio-
accumulated levels of pollutants which may be lethal and
harmful. Ground water similarly, showed slight
contamination with organics. Topsoil and vegetation
showed no contamination. There is a need for remediation
measures to prevent both environmental and health related
problem and subsequently to reduce present levels of
contaminants to within safe limits. This measure should

include implementation of measures to discourage sewage
disposal into the creek and regular monitoring of surface
water and ground water to comply with regulatory
standards. 
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