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Percentage Discrepancies Assessment Between Measured
and Calculated Behaviour of Percent Depth Dose
in External Beam Radiotherapy

Muhammad Isa***, Khalid Iqbal**>, Muhammad Jahanzeb Ashraf?, Muhammad Afzal®*
and Saeed Ahmad Buzdar?
“Department of Physics, The Islamia University, Bahawalpur, Pakistan
"Department of Radiation Oncology, Shaukat Khanum Cancer Hospital and
Research Center, Lahore, Pakistan

(received October 24, 2012; revised February 25, 2013; accepted April 19, 2013)

Abstract. The aim of this study was to calculate percentage discrepancies (PD) of the measured and
calculated percentage depth doses (PDDs) values. The 6 MV photon beam produced by the Varian linear
accelerator 2100 C/D was used in this study. PDDs, tissue maximum ratios (TMR) and phantom scatter
factor (Sp) were measured using the PTW 31006 ionisation chamber in water phantom. PD between PDD
values of the measured and calculated was ranging between 0.30% and 2.38%. Percentage discrepancies
were also found higher against 20 cm depth in water for (20x20) cm? field size. These discrepancies should
be taken into account, while delivering any medical dose in radiation therapy centers.

Keywords: percentage depth dose, percentage discrepancies, ionisation chamber

Introduction

Medical linear accelerators are playing important role
in radiation centres all over the world. Specific radiation
dose is applied to cancer patients for curative as well
as palliative treatment. However, for each case the
prescribed dose ought to be delivered accurately both
in quantity and quality. Over or under-dosage could be
harshly destructive to the patient or may lead to unwanted
outcomes. For accuracy concerns supercomputers have
been introduced in radiation therapy centres. These
computers exploit commercial programmes and algo-
rithms for the management of model dose distributions
within the irradiated part of the patient. In order to attain
precised output from these modern facilities, they have
to be fed with exact beam data measured from the
modern treatment machines. Hence, medical physicists
are more concerned about quality assurance of accelera-
tors and consistency of the radiation measurements.
These measurements are based on daily, monthly and
yearly procedures to assure accurate delivery of dose
to patient. International Associations and Agencies of
Physicists in Medicine (such as AAPM and IAEA)
produce updated publications of acceptable tolerance
for mechanical actions and radiation field output. These
publications are found to promise accomplishment of
immense accuracy of dose delivery to the right body
volume (IAEA, 2000; Peter et al., 1999).

*Author for correspondence; E-mail: isaiub@yahoo.com

59

Though, measurements of percentage depth dose (PDD)
could be exaggerated by factors, which are not commonly
taken into account. These contains movement of water
during PDD or beam profile measurements, predo-
minantly when measuring surface dose and physical
dimensions of the measuring apparatus such as the
ionisation chamber or TLD. Direct formulas can also
be sometime used to determine vital radiation quantities.
These formulas can be used when the other variable
quantities are known. Monte Carlo simulations could
be practical in calculating the amount of certain quanti-
ties such as PDD, beam profiles; flux and dose delivery
to definite position in the treatment room or within the
patient (Rogers, 2002; Ahnesjo and Aspradakis, 1999;
Bloch and Altschuler, 1995).

Percentage discrepancies may exist due to some pro-
perties of measuring devices or attributed to some issues
such as movement of water during measurements. It is
not understandable why such discrepancies subsist.
Exactness in manufacturing may also affects on accuracy
(Sameer, 2007). Percentage discrepancies (PD) have
been calculated between measured and calculated
PDDs at different field sizes and depths. The calculated
PDDs were worked out by using formula, with constant
SSD. Phantom scatter factor and tissue maximum ratios
(TMR) were measured and used in the formula to
evaluate the calculated PDDs values. The PD and PD
gradient values were computed between the calculated
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and measured PDDs for 6 MV energy. This work pro-
vides an alternative approach to radiation oncology
physicists about the necessity of quality assurance and
this ultimately improves the quality of the treatments.

Materials and Methods

Since the water behaviour is quite similar with human
body, therefore, beam profile and PDDs are usually
measured in water phantoms to resemble a patient after
introducing correction factors for temperature and
pressure. This study was carried out on a PTW scanning
water phantom (40%40) cm? with ionisation chamber
of active volume of 0.5 cm?. The ionisation chamber
was installed on the moveable sampling holder of the
phantom. Another chamber was fixed on the phantom
as a reference chamber. The Varian medical accelerator
2100 C/D having energy of 6 MV was used. The field
chamber was moved when the radiation was “ON” and
reference chamber was fixed. The output was read out
on the electrometer and then the ratio of both chambers’
reading was used to make the PDD or dose profile data.
The peak absorbed dose on the central axis occurs at
the end of build up region. By definition (Birgani and
Karbalaee, 2009) the PDD is:

where:

Dy = dose at depth; Dyax = depth of maximum dose.

Dosimetry studies show that the PDD initially increases
rapidly until the depth of the maximum dose is achieved.
Beyond this the dose decreases slowly with depth. This
study was confirmed by calculating the PDD using the
formula of Khan (2010).

Sp(ry)

f 0 2
P(d,i,f) :TMR(d,rd)(f%;) (L3100 o)

where:
TMR(d, ry) = measured tissue maximum ratio;

f+d f+t
f = SSD; tg=r.(—5—); N~ t(—F—); d = depth;
ry = field size at reference depth; t, = reference depth
at maximum dose; Sp(rs) = phantom scatter factor at
reference depth d; Sp(r) = phantom scatter factor at
reference depth at maximum dose.

TMR is used for high energy photon beams. PDDs, TMR
and Sp values were measured by fixing the reference
depth at 1.5 cm of ionisation chamber in water phantom.
Sp was found by small diameter chamber using measured

Muhammad Isa et al.

PDD data. Then these measured values of TMR, Sy and
PDDs were used in formula containing equation (2) to
calculate PDDs.

Results and Discussion

Table 1 reveals the Sp, TMR, PDDs values, which were
measured using the arrangement as show in Fig. 1.
These TMR, Sy, PDDs values were used in formula (2)
and new PDDs were calculated. Table 2 shows the
measured values and Table 3 shows the calculated values
at some selected depths in water. PD was found between
the measured and calculated PDDs.

Percentage discrepancies (PD) between PDD values

for measured and calculated values are shown in

Table 2 at same depth and field size. Taking PDD

measured values as a reference; PD values were calcu-

lated using the following formula (Sameer, 2007).
PDDCalculaled - PDDMeasured

D= % 100%
PDDMeasured

The uppermost PD value was found in Fig. 2 and by
Table 2 at (15x15) cm? field size, while the minute
value was observed at 1.5 cm depth for both the
(20%20) cm? and (25%25) cm? field sizes. Table 3 illus-
trates the maximum PD value in this study at 6MV was
2.38% at depth 20 cm with (15x15) cm? field size, while
minimum value (0.30%) with the same field size was
found at 1.5 cm near the water surface.

Figure 2 demonstrates the relationship between PD
values in Table 2 and field size at each selected depth
in water at 6 MV.

Figure 2 confirms the values of Table 2 i.e., the PD
values improve with depth in water and depreciate with
field size. PD gradient shows an increment or decrement
in values at each step during delivery of doses. A medical
physicist must know the change in dose at every step,
while delivering the accurate doses to patients. The
maximum PD gradient between these values can be
found as:

238-03

=0.1386 cm’!
15

This shows a 0.1386% increment in PD occurring from
every 1 cm from Dp.x to depth of 20 cm that correspond
to maximum PD gradient. Similarly, the minimum PD
gradient was found at field size of 20x20 cm? as
calculated by:

022-0.1
20

=0.006 cm™!
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Table 1. Measured values of TMR, Phantom scatter factor and others at certain depths and field sizes for 6 MV

1€ S1Z¢€ cp Tyg p( L4 Tto p(Lto alculate casure
(1) (d) PDD PDD
5%5 1.5 0.992  5.075 0.968  5.075  0.968  99.2 99.6
5 0.913  5.25 0.968  5.075 0.968  85.3 85.7
10 0.754 5.5 0.968  5.075 0.968  64.1 64.6
15 0.611  5.75 0.968  5.075 0.968  47.5 48
20 0.499 6 0.974  5.075 0.968 35.4 36
10x10 1.5 0.993  10.15 1 10.15 1 99.3 99.7
5 0.929  10.5 1 10.15 1 86.8 87.3
10 0.797 11 1.005 10.15 1 67.5 68
15 0.658  11.5 1.005 10.15 1 51.0 51.8
20 0.545 12 1.01 10.15 1 38.6 39.5
15%15 1.5 0.995  15.225 1.022 15.225 1.022  99.5 99.8
5 0.938  15.75  1.022 15.225 1.022  87.6 88.1
10 0.816 16.5 1.022 15.225 1.022  69.4 70
15 0.692 17.25  1.022 15.225 1.022  53.9 54.4
20 0.581 18 1.035 15.225 1.022  41.0 42
20%20 1.5 0.998  20.3 1.035  20.3 1.035  99.8 99.9
5 0.944 21 1.035  20.3 1.035  88.2 88.4
10 0.83 22 1.035  20.3 1.035  70.6 70.9
15 0.713 23 1.035  20.3 1.035  55.5 55.8
20 0.611 24 1.041 20.3 1.035  43.4 43.9
25%25 1.5 0.996  25.375 1.041 25.375 1.041  99.6 99.7
5 0.947  26.25  1.041 25.375 1.041  88.4 88.7
10 0.84 27.5 1.041 25375 1.041  71.5 71.7
15 0.731  28.75  1.043 25375 1.041  56.8 57.1
20 0.629 30 1.043  25.375 1.041  44.9 45.1

Fig. 1. Set-up of water phantom and ionisation
chamber.

Table 2. Calculated PD values between measured and
calculated values for 6MV photon beam

Depth in Field size (cmxcm)

water (cm) 5x5  10x10  15x15  20x20  25%25
1.5 0.40 0.40 0.30 0.10 0.10
5 0.11 0.57 0.56 0.22 0.27
10 0.77 0.73 0.85 0.42 0.27
15 1.04 15 0.91 0.53 0.52
20 1.66 2.2 2.38 1.13 0.44

Table 3 summarizes the conspicuous statistical values
for PD and PD gradient.

Error range between maximum and minimum PD was
2.28 and between PD gradient was 0.1326 by origion
Pro-7 software.
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Fig. 2. Variation of PD with depth in water at 6 MV.

Table 3. Statistical summary of PD and PD gradient
values

PD PD gradient (cm™)
Maximum 2.38 0.1386
Minimum 0.10 0.006
Mean 1.24 0.0723

Previously, Sameer (2007) reported for comparative
study of measurements. The PDD measurements were
done between two different medical linear accelerators
and the PD values were calculated. It was concluded
that these discrepancies should be considered, while,
delivering dose to the cancer patient.

Conclusion

Percentage discrepancies (PD) were found out between
measured and calculated values. PD describes how
much calculated values resemble to measured values.
For the same depth and field sizes, PDDs were found
minute different for both the measured and calculated
values at 6 MV. PD ranged between a maximum of
2.38 and minimum of 0.010 with mean value of 1.24
for 6 MV. It may depend on some factors such as
properties of measuring devices and movement of

Muhammad Isa et al.

water during measurements. PD gradients were also
calculated and found ranging between a maximum of
0.1386 cm! and a minimum of 0.006 cm™! with a mean
value of 0.0723 cm! for 6 MV.
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Abstract. The fluctuating dynamics of electron density is highly dependent on altitude from center of the
earth. The long distance communication via F layer is the best suited through refraction of radio wave
in the range of 3-30 MHz. In present study, the F» layer hourly data for 2006, recorded at SUPARCO
Islamabad Ionosphere Station (SIIS), located at latitude 33.75°N and longitude 72.87°E have been considered.
The recorded ordinary wave frequency has been utilised to compute relationship with variation in electron
concentration. The estimation of variability is determined for forecast and modeling purposes. The standard
techniques have been performed such as regression, stochastic analysis and parameter estimation using
data obtained from source. Predicting sky wave propagation at Pakistan ionospheric region has been

presented.

Keywords: ionosphere, ordinary wave frequency, total electron count, electron density, temporal variations

Introduction

Our atmosphere is divided into several regions: the
troposphere, the stratosphere and the ionosphere above
the sea-level. The ionosphere resembles an optical
device that reflects and refracts the radio waves. This
process depends on the degree of ionisation of the
ionosphere. This region is comprised of ionised structure
with varying electron-ion concentration highly dependent
upon solar radiation. It lies between altitudes of 70 to
600 km and participate in radio propagation. The
ionosphere tends to be stratified, rather than regular, in
its distribution. The existence of ionosphere as an
electronically conducting region had been postulated
in 1883 to explain the daily and seasonal variations in
the geomagnetic field in 1902, appropriately that
ionosphere contains free electrons and ions produced
by solar ionising radiation (Robert and Andrew, 2004).
The two reflecting layers in the ionosphere 90 to 110
Km called Heaviside layer (E region) and Appleton
layer is 240 Km (Harrison, 1958). The ionosphere
structure (C, D, E and F layers) characterised by level
of ionisation depends upon strength of ultraviolet (UV),
alpha and gama radiations from the sun and cosmic
rays. The ionisation is the greatest in summer and day

*Author for correspondence; E-mail: nazeer@pnec.nust.edu.pk
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time, least in the winter and night. The sunspot, a
standard index of solar activity has influence on the
radio flux density of ionosphere (Barclay, 2003). The
Appleton layer is about four times as strong a reflector
as the Heaviside layer owing to the stronger concen-
tration of electrons and ions (Harrison, 1958). It is this
layer, which makes possible propagation of short waves
round the world. In case of oblique-incidence ionospheric
soundings the signal can be propagated via single hop,
as is in present case or through successive reflections
of the waves from the earth-ionosphere waveguide walls
(Afanasiev et al., 2001).

The layer. All ionosphere layers vary in altitude and
density according to the solar cycles but these variations
do not always have the sense in the different layers.
The F layer extends 100 Km to 300 Km in night above
the earth‘s surface. The bifurcation of F layer into
F, and F, is observed by low noon value, evening
concentration of ionisation and slow electron disappea-
rance after sunset (Nazeer and Yousufzai, 2013). The
F, layer is located at an altitude 150 Km to 210 Km
and is called Chapman layer. This presents a regular
stratification at moderate latitudes. Its maximum electron
density (N, ) is given by equation (1), where R | is sunspot
number (Armal, 1974).
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N, =25%10" (1+ 0.0062 R ) ..oovvvorrerrrrrrn (1)

The altitude of the F, layer is at about 300 Kim, its behaviour
is different, since it exhibits seasonal anomaly from other
layers and well supported for long distance ionosphere
communication. The electron concentration varies between
20 * 10" e/m® during the day and 5 * 10" e/m’ during the
night. In fact the total electron concentration (TEC) in F,
layer is > F, layer due to (i) smaller electron loss and
(ii) variation in solar radiation (Dolukhanov, 1971).

Materials and Methods

Long distance propagation of electromagnetic waves
for frequencies less than 30 MHz is controlled by the
ionosphere. Martyn’s theory suggests its principal
characteristics (Armal, 1974). The ionosphere study
has been carried out using radio methods by ground
stations located at Islamabad, Pakistan. The mathematical
model strategy has been implemented to compute
electron concentration (N,) as a result of temporal and
seasonal variation in refractive index (u) for recorded
hourly ordinary wave frequencies of F, layer for 2006
using Digisond DG-256 equipment at Islamabad station.
To evaluate relationship between ionosphere parameters
statistical technique has been implemented to study
parametric variability using Statistica and Minitab tools.

Ordinary wave frequency. The critical frequency is the
limiting frequency at or below which a radio wave is
reflected by an ionosphere layer using oblique incidence.
The highest frequency returned to earth, when radiated
upward in the vertical direction. Its varying value is
dependent on electron-ion measurement round the clock.
For F, layer the ordinary wave frequency (f,) is related
to peak value of electron concentration (Henry and Owen,
1969) given in equation (2).

For the 244 samples recorded hourly for year 2006, the
maximum and minimum ordinary wave frequency are
9.49 MHz and 3.16 MHz, respectively. The reflection
and refraction from the F, layer is the major factor in
HF communications.

Electron density. The uv, a and y emission have a
greater ionising power, when the radiation frequency
is higher. The density of electrons in the ionosphere
varies as a function of geomagnetic latitude, diurnal
cycle, annual cycle, and sunspot cycle. The peak value
of electron density of F, layer is calculated with respect
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to measured ordinary critical frequency as given in the
expression, equation (3) postulated by Anderson and
Matsushita in 1974 (Robert and Andrew, 2004; Barclay,
2003).

N, (max) = 1.24*10*f * (MHz) e/cm” ............... (3)

The calculated electron density maximum value is
1.1167 * 10'? and minimum value is 1.2382* 10" e/m?,
respectively, with mean of 3.4274 * 10'! having standard
deviation of 1.2871 e/m>. King et al. (1964) calculated
refractive index and absorption coefficient of weakly
ionised air and showed that with the increase of ion
density, the refractive index decreases. The gradual
decrease in refractive index from layer to layer causes
the upward obliquely incident ray to gradually bend
away from the normal and ultimately return to the earth
after total refraction (Ghosh, 1998). The ionosphere is
weak plasma. Larmor (1924) suggested that plasma
possesses dielectric constant > unity. The established
relationship to compute value of refractive index of
ionosphere layers ignoring influence of magnetic field
is mentioned in equation (4) and (5).

2 .19 12 4
pu =1 [W] ........................................... “
N2
nmeso ...................................... 5)
fp =
where;

o, and o are plasma frequency and frequency of the
wave, mass of electron (m), with £, medium
characteristic constants (Ghosh, 1998). The total
refraction occurs when the collision frequency of the
ionosphere is less than the radio frequency and if the
electron density in the ionosphere is great enough.

In present study, the variation in the computed values
of refractive index is 0.94823 to 0.95226 with mean
0.95007 and a least standard deviation of 0.00059
offering bending of EM wave from F, layer at day
and night finally providing skip distance mean value
0f 4099.5 Km with standard deviation of 357.4 Km
and refraction of waves from layers of varying
altitude.

Exploratory data analytic approach. The exploratory
data analytic approach (EDAA) plays an important role
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in statistical analysis. EDA approach relies heavily on
graphical methods i.e., scheming of histogram for
representation of distribution with single quantitative
variable. The continuous envelope provides the
hypothetical limit of samples. In this particular study,
the sampling distribution of critical frequency and
electron concentration are presented in histogram plots
shown in Fig. 1-2. The distribution shows slight right

80+
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701 SD  0.8811
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N
]
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S
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w
o
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Histogram (with normal curve)

Fig. 1. Distribution of observed ordinary wave
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scenes with few outliers those can be minimised in the
later studies using robustness. The coefficient of variation
(C,), a normalised measure of dispersion of probability
distribution is defined as ratio of standard deviation to
the mean. From computed statistical data, C, = 0.17
and 0.37 for ordinary wave frequency and electron
concentration, respectively, show distribution with low
variance i.e., C <I. The corresponding signal-to-noise
ratio, inverse of C,, determined as 5.88 and 2.66. The
other important statistical values are presented in
Table 1.

Regression analytic strategy. According to Sir Francis
Galton worked quantifying the strength of relationship
to estimate or predict the known values of one variable
with other variable is given by Walpole ef al. (2012).
The bivariate analysis presented in scatter plot in
Fig. 3(a-b) displays positive correlation between
ordinary wave critical frequency and electron concen-
tration for linear and quadratic fit models of F* layer.
The linear regression depicts line having an intercept
equal - 4.05 * 10" with slope of 1.44 * 10" shows
fairly fits through our sample data consisting of 244
observations. The Pearson’s statistic, coefficient of
determination, R? = 0.9750, R? (adj) = 97.5 %, R? (pred)

frequency. =97.26 % and Durbin-Watson statistic of 1.27183. The
607 -
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Fig. 3(b). Scatter plot for ordinary wave frequency
and electron concentration.

linear fit regression model equation is mentioned in
equation (6).

=—405* 10"+ 144 * 10" £ oo (©6)

The quadratic model incorporating all the values suggest
the best fit with = 97.55 %. The quadratic fit regression
model equation is mentioned in equation (7).

N, =2.1847%10° - 8.763*10° £, + 1.24*10'° £ > .......(7)

These results show strong relationship i.e., changes in
ordinary wave critical frequency are in accordance and
relevant to real time astrophysics variations in ionosphere
(Allan and Richard, 1985).

Stochastic approach. The stochastic approach
suggesting correlation between adjacent points in time
is the best investigation in terms of dependence of the
present and the past values (Diebold, 1998). In this
study seasonal pattern with periodic behaviour of
variation in ordinary wave frequency and electron
concentration against time with the best data fit in case
of both linear and quadratic are shown in Fig. 4(a-b)
and 5(a-b), respectively. The time plots show variations
reflecting increase and decrease of data in the ionosphere
of F2 layer in day and F layer during night at Islamabad
ionosphere region.

The simplest exponential characterisation method is
single exponential smoothing (SES). This method, when
properly applied, reveals more clearly the underlying
trend, seasonal, cyclic components and non-stationarity
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Linear Trend Model
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Fig. 4(a). Time plot of ordinary wave frequency.

Quadratic Trend Model
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Fig. 4(b). Time plot of ordinary wave frequency.

present in time series plots are removed by differencing
the data or by fitting some type of trend curve. The
stochastic plots indicated in Fig. 4-5 exhibit rising trend
for electron concentration and ordinary wave frequency
under investigation. These plots witness a linear fit is
sufficient to remove the trend but the variance
(amplitude) is still varying with time. The single
smoothing forecasting expression is mentioned in
Equation (8). The forecast plots along with actual time
series and single exponential smoothed series for fitting
with linear trend curve for both parameters are shown
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Linear Trend Model
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Fig. 5(b). Time plot of electron concentration.

separately (Walpole et al., 2012) in Fig. 6-7. In our
case a 95% confidence interval will contain the true
value of the population parameter with probability
95%.

Foy=a Y, + (1= ) Fy oo (8)

O0<a<lfort>0

The single smoothing coefficient, o = 0.718347 and
0.824733 explain level of smoothing for mean percentage
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smoothing values.

error (MPE), mean absolute percentage error (MAPE)
witness degree of accuracy in quantitative forecast with
least residual with 95% prediction interval and how
responsive the model is to show fluctuation in the data.
This could be illustrated using ordinary wave critical
frequency and electron concentration (Makridakis ez al.,
1983). The summary of errors for both parameters is
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mentioned in the expressions inside the illustration.
Fo,=F+oc X -F)=F+a(e). ... 9)

The forecast values for ordinary wave frequency and
electron concentration are computed using Bootstrapping
technique, which estimates the distribution of an estimate
by generating a large number of samples with
replacement from the sample and re-computing the
estimate for each of them (Ricardo et al., 2006)
mentioned in model equation (10).

Fiy :O“Yorigin+(1 - F (10)
F,,s = (0.718347) (4.94) + (1 - 0.718347)(4.63078)
=4.853 MHz

F, 5= (0.824733) (3.022605 * 10'") + (1- 0.824733)
(2.80586 * 10'")
=2.987 * 10" e/m?

Table 2. Forecast values obtained from bootstrap
technique

Sample f N,

no MHz e/m’

245 4.853 2.987 * 10"
246 4915 3.018 * 10"
247 4.933 3.024 * 10"
248 4.933 3.025 * 10"
249 4.938 3.025 * 10"

Results and Discussion

In this study physical mechanism of electron-ion production
in the ionosphere have been discussed and quantified. The
changeability observed in electron concentration is due to
solar radiations received by the ionosphere. The presence
of vertically distributed layered ionosphere structure, its
temporal behaviour cause deviation in wave path and effect
on radio wave communication have been analysed and
values are predicted using boot strap smoothing approach.
The data demonstrate evidence of parameter’s fluctuating
dynamic over period of time and season at low latitude
ionosphere medium. To obtain results Digisound-256
hourly recorded data of ordinary wave frequency provided
to compute the other parameters. The techniques
implemented have been performed and the values of
parameters are determined. The data distribution and trends
have been found appropriate leading to the physical
interpretation of the process occurred in the ionosphere.
The forecast values have been obtained from the models

Syed Nazeer Alam and Muhammad Ayub Khan Yousufzai

developed for ionosphere region of Pakistan. These
parametric values are useful for public, government and
private sector organisations.
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Abstract. Fulvic acid, a water-soluble substance was extracted from Pakistani coal. Pure fulvic acid fraction
was recovered before the start of its decomposition. The mechanism forming the precipitates was based
on re-crystallisation of fulvic acid in water (2.45% yields). Fourier transform infra red (FT-IR) as well
uv-vis spectroscopic techniques were successfully employed to characterise and confirm the obtained
crystals as fulvic acid. It was observed that the spectral features obtained from FT-IR and uv-vis spectroscopy
were similar to those reported for fulvic acid fractions from other sources. Recovered pure fraction of
fulvic acid was characterised by the suggested simple techniques.

Keywords: lignite coal, extraction, purification, fulvic acid, characterisation

Introduction

Humic deposits are unusual remains in earth’s soil and
deposits (e.g., coal). They also came from that ancient
lush vegetation. These humic deposits never did turn
into oil or coal. They are quite rare and can be found
in various areas of the world. Some of these deposits
are exceedingly rich in a little known substance called
fulvic acid.

Fulvic acid is one of the nature’s most powerful organic
electrolytes that can balance and energise biological
properties it comes into contact with (Baker, 1973).
Like all common electrolytes, which are soluble in
water and capable of conducting electricity (Gamble
and Schnitzer, 1974), fulvic acid has also been proven
to be powerful organic electrolyte, serving to balance
cell life. If the individual cell is restored to its normal
chemical balance and thereby in turn its electrical
potential, could make possible to give life, where death
and disintegration would normally occur within plant
and animal cells (Laghari ef al., 2011). In test experi-
ments on animal cells, it has been observed that upon
withdrawing electrolyte potential cell got ruptured and
disintegrated into the surrounding fluid causing death.
However, reintroducing electrical potential resulted in
cell reconstructing and the cell became active and
healthy (Crile, 1926). Similarly, in human also, decrease

*Author for correspondence;
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in electric potential causes progressive weakness due
to unchecked haemorrhage, overwhelming emotional
stress, uncontrolled infections, unbalanced diet,
prolonged loss of sleep and surgical shock. Whereas,
balancing electric potential by an electrolyte like fulvic
acid may lead to overcome these problems and hence
it is convincingly proved that the physical well being
of plants, animals and human beings is determined by
proper electric potential that reduces to zero at death
(Senesi et al., 1989). Of all the electrolytes, fulvic acid
has the outstanding ability to accomplish the objective
of balancing electric potential in numerous ways and
appeals to be explored by cheaper available sources
with minimum efforts to extract. Keeping that in view,
present study was focused on the extraction, purification
and characterisation of neutraceutical grade fulvic acid
from lignite coal of Lakhra-Jamshoro, Pakistan.

Materials and Methods

All aqueous solutions were prepared with deionised
water that was passed through a Millipore Milli-Q Plus
water purification system. Sodium hydroxide, hydro-
chloric acid and phosphoric acid were purchased from
Merck Schuchardt OHG 85662 Hohenbrunn, Germany.

Extraction of fulvic acid. Coal was collected from
Lakhra coal reserves located near Jamshoro district of
Sindh province of Pakistan. Coal sample was ground
into powder and passed through sieves of 60 mesh size.
The fine powder of ideally identical size was added
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into a 250 mL vessel already containing 0.1 M sodium
hydroxide. The whole stuff was thoroughly mixed and
was kept for overnight. The mixture was filtered and
0.1 mL/M HCI was added to the filtrate and was kept
for overnight. Resulting solution was filtered again and
filtrate was neutralised with sodium hydroxide and
concentrated by gentle heating. The concentrated mixture
was kept at -4 °C and crystals formation started which
were either white or yellow in colour (2.45% yields).
Fine crystals were then subjected to characterise by
using spectroscopic analytical techniques.

Characterisation of fulvic acid. FTIR spectral
measurements. All infrared spectra were obtained using
a Thermo Nicolet Avatar 320 FTIR spectrometer
equipped with a removable diamond cell smart accessory,
retreated triglycine sulphate (DTGS) detector and KBr
optics, controlled by OMNIC software (Thermo Nicolet
Analytical Instruments, Madison, WI). All spectra were
collected by co-addition of 32 scans at a resolution of
4 cm™! in the range of 4000-650 em’. Remaining settings
were kept as sample gain, mirror velocity and aperture
8.0, 0.6329 and 100.0.

The spectrum of each standard or sample was in ratio
against a fresh background spectrum recorded from the
bare ATR crystal; prior to collection of each background
spectrum, the ATR crystal was carefully cleaned with
propanol to remove any residual contribution of the
previous sample, and remaining solvent was then
evaporated using a stream of nitrogen gas (Sherazi
et al., 2009ab).

Results and Discussion

Humic acid was extracted from humus by first mixing
the humus with a dilute alkali and then precipitating
the humic acid out of solution by acidifying the mixture
to a pH of 1 to 2. Fulvic acid, which is soluble at all
pH levels, remains in the acid solution. It is yellow to
brownish black in colour. Extraction of fulvic acid from
other sources like from soil is not feasible as the presence
of inorganic impurities decrease the net yield. Aquatic
humus, predominantly has high percentage of fulvic
acid and so is the preferred source for fulvic acid
extraction.

Considerably, higher quantity of fulvic acid from lignite
coal was extracted by the simple method therefore, it
may be used to optimise this source for fulvic acid.
Moreover, the purity of fulvic acid by suggested
extraction method is one stepped simple and cheaper
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than other methods to recover the neutraceutical grade
which can easily be brought to pharmaceutical grade.
Fig. 1.

A representative ATR-FTIR spectrum of fulvic acid
sample is shown in Fig. 2, which clearly shows the
characteristic bands of the expected functional groups
(Table 1). The exhibited broad band at 3393.7 em’,
which can be attributed to stretch of hydrogen bonded
O-H group. The ester and acid carbonyl (C=0) functional
groups show characteristic stretching bands at 1677.0
cm™', the bands were also observed in the region of
1620.6 cm™! (aromatic C=C double bond, H-bonded
C=0 of conjugated ketones). The bending vibrations
of C-O, C-N groups are observed at 1103.9 cm” due
to presence of polysaccharide or polysaccharide like
compounds (Mahesar et al., 2010; Khanna et al., 2008).

Fig. 1. Crystals of fulvic acid purified from coal.
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Fig. 2. ATR-FTIR spectrum of fulvic acid.
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Table 1. ATR-FTIR, frequencies, intensity and functional
group of fulvic acid sample

Frequency Intensity Assignment Notes

(cm™)
3393.7 0.177 O-H Alcohols and phenols
1677.0 0.0998 C=0O carboxylic acids
1620.6 0.142 Cc=C often weak
1103.9 0.266 C-O,C-N  Polysaccharide or
polysaccharide like
compounds
664.1 0.242 R-C-H Unsaturated
alkenes
and aromatics
441.4 0.297 C-Br, C-I  Often out of range of
instrumentation
587.4 0.317 -

The bands at 664.1 cm! is due to bending vibrations
of R-C-H groups of unsaturated alkenes and aromatics.
The bands at 587.4 and 441.4 belong to bending
vibrations of C-Br, C-1 and often out of range of
instrumentation. The FTIR spectra of fulvic acid
extracted from coal showed bands of hydrogen bonded
OH groups and conjugated C=C double bonds as well
as C-O stretching of polysaccharide or sugar like subs-
tances (Mahesar ef al., 2011; Duarte et al., 2003).
Though, it is a matter of fact that due to complex
structure, uv measurements of fulvic acid is not a
considerable data to obtain an idea about structure.
However, in some studies few measures have been
taken to make it useful. Same were followed in this
study and results complied with reported results. The
strong absorbance at short wavelength s below 250 nm
was attributed to the benzonoid bands of the
carboxyphenols (Baes and Bloom, 1990), was most
important evident to support characterisation of fulvic
acid obtained by the Lakhra lignite coal. A similar nature
of work was carried out by Saqib ef al. (2011) and
structural elucidation of humic acids was extracted from
Pakistani lignite using spectroscopic and thermal
degradative techniques

Conclusion

A simple approach for the extraction of fulvic acid from
coal has been suggested. It is an easy extraction technique
to obtain fulvic acid crystals from coal in pure form as
neutraceutical grade. Its characterisation through
analytical techniques mostly available in laboratories
is also an additional feature of method simplicity. It is
expected that the extraction method could be very
helpful to industries of functional foods searching for
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neutraceuticals through cheaper sources and easy
methods.
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Abstract. In the present study, twenty four commercial tea samples were assayed to determine their free
radical scavenging activity and polyphenolic contents based on the brewing/infusing period. Tea samples
were infused/brewed in 200 mL boiled water at 120 °C for 1, 2 and 5 min, respectively. The radical
scavenging activities of tea infusion/brewing were measured using 1,1-diphenyl-2-picrylhydrazyl radical
(DPPH) assay method. The results were ranged from 67.81-90.51% for black tea bags, 90.37-94.51%
for green tea bags, 24.66-92.25% for black tea powder, 16.08-93.06% for green tea powder and 32.90-
45.54% for Camomile herbal infusion. The results showed that 1 or 2 min black tea bags infusion
exhibited highest radical scavenging activity than 5 min infusion. Antioxidant activities of tea powders
were variable with the amount of tea powder. It was observed that antioxidant activity increased with
increasing boiling time for smaller amount of sample. In contrary, shorter boiling time was better for
larger amount of sample. The polyphenol contents of tea infusion were determined and the results were
expressed as milligram quercetin equivalent/200 mL of tea infusion. The polyphenol content was increased
with increased brewing period. In contrary, brewing for longer time rendered extract less antiradical
activity. This study suggests that infusing tea bag for 1 or 2 min is sufficient for getting infusion with
maximum radical scavenging activity and in case of tea powder, shorter boiling time is better for larger
amount of powder or small amount of powder should be boiled for minimum 5 min for rendering extract

with maximum radical scavenging activity.

Keywords: tea bag, tea powder, antioxidants, polyphenols, 1,1-diphenyl-2-picrylhydrazyl radical

Introduction

Tea is an infusion of the leaves of the Camellia sinensis
(Theaceae) plant. It is one of the most popular beverages
in the world and currently revealed that it can promote
health and helps to prevent a number of diseases (Arab
et al., 2009; Peters et al., 2001). Tea is rich in flavonoids
and other polyphenols known as catechins. The type
of flavonoids found in different types of tea will depend
on the level of processing the tea leaves. Depending on
the manufacturing process, teas are classified into three
major types, green tea non-fermented, oolong tea semi-
fermented and black tea-fermented (Gupta et al., 2008;
Zuo et al., 2002). During the oxidation process, enzymatic
activity allows for the catechins to be polymerised and
thus alter their structure. Typically, green tea leaves
undergo minimal oxidation hence, retaining the majority
of catechins. Black tea receives significant oxidation
under controlled temperatures and humidity and results
in the polymerisation of catechins into theaflavins and
thearubigins. Theaflavins possess benzotropolone rings
with dihydroxy or trihydroxy substitution systems which
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give the characteristics colour and taste of the black tea
(Menet et al., 2004). These catechins and their polymer
can protect against heart disease and cancer (Higdon
and Frei, 2003; Lambert and Yang, 2003; Vita, 2003;
Yang and Landau, 2000; Lin ef al., 1999; Buschman,
1998). Black tea extracts containing thearubigins, also
effectively protect against the paralytic actions of
botulinum neurotoxins (Satoh ef al., 2001). Recently,
reported green tea polyphenols exhibited beneficial
effect on pathological states related to oxidative stress
of the kidney (Yokozawa et al., 2012) and in oral health
(Narotzki et al., 2012). The beneficial effects of tea are
many, be ascribed to tea’s antioxidant activity for their
polyphenol contents. A number of studies reported that
tea contained a number of polysaccharides which also
exhibited good antioxidant activity (Wang et al., 2012;
Xiao et al., 2011). However, the structural criteria of
flavonoids for the potent free-radical scavengers are
the presence of ortho-hydroxylation on the B-ring, a
C,-C; double bond in C-ring and the presence of
3-hydroxyl groups (Nessa et al., 2004; Bors et al., 1997,
1990; Rice-Evans et al., 1996). Levels of flavonoids in
a tea brew will depend on many factors that include
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type of tea used or present in the tea bag as well as how
long the tea is left to infuse in the water etc., (Peterson
et al., 2004). Though, extensive work already done on
the antioxidant potential of tea products (Nkubana and
He, 2008; Su et al., 2007; Gramza et al., 2005; Cao
et al., 1996), but very little information is available to
study the free radical scavenging activity of tea infusion
based on the brewing period. Therefore, the main aim
of this research was to qualify the effectiveness of black,
green and herbal tea infusion as the free radical scaven-
gers based on the brewing period.
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Materials and Methods

Samples. A set of 24 processed commercial tea products
that includes: 8 black tea bag samples, 9 black tea
powder samples, 5 green tea bag samples, | green tea
powder sample and 1 herbal tea sample were purchased
from the supermarket of Dubai, UAE during the
September-October, 2011. The samples had been
manufactured in different commercial factories using
standard manufacturing conditions. The descriptions of
samples are shown in the Table 1.

!ro!uct !anu’acturer ! !rl gln!country

Black tea bags

Ahmed Tea London (English Tea No.1)
Red Label (Brooke Bond)

Lipton (Yellow Label Tea)

Lulu (Blender's special)

Packed in Sirlanka Ahmed Tea Limited
Packed in UAE by Unilever Gulf FZE
Packed in UAE by Unilever Gulf FZE
Packed in UAE by Unilever Gulf FZE

England (Sirlanka, India)
India

India , Sirlanka, Africa

Alokozay (Premium Tea) Packed in UAE by Alokozay Tea International  Sirlanka

Tetley London Packed in India for Tetley GB Ltd England

(Drawstring Pure Black Tea) TATA Tea Enterprise

Kanan devan (TATA Tea) Packed & Exported by TATA Tea Limited India

Premium (TATA Tea) Packed & Exported by TATA Tea Limited India
Black tea powder

Ahmed Tea London (English Tea No.1) ~ Packed in Sirlanka Ahmed Tea Limited India

Red Label (Brooke Bond) Packed in UAE by Unilever Gulf FZE -

Lipton (Yellow Label Tea)
Lulu (Blender's special)

Packed in UAE by Unilever Gulf FZE
Packed in UAE by Unilever Gulf FZE

India , Sirlanka, Africa
Srilanka

Alokozay (Premium Tea) Packed in UAE by Alokozay Tea International Ltd., India
Kanan Devan (TATA Tea) Packed & Exported by TATA Tea Limited India
Premium (TATA Tea) Packed & Exported by TATA Tea Limited India
Leone (Finest Indian Tea) Crown Oriental Food Ltd India
Wembley Mildx HAO U.K

Society Tea (From the house of
Hasmukhxai & Co)

Green tea bags
Twinings of London (Green Tea & mint)
Lipton (Clear Green)
Tetley (Drawsting Pure Green Tea)
Alokozay (Premium Tea) Green Tea
Tea International Ltd.,
Dilma (Special Green Tea
with natural Jasmine Petals)

Green tea powder
Packed R.Twining & Company Limited

Herbal tea product

Packed by Amerty privet Ltd -

Packed R.Twining & Company Limited -

Packed in UAE by Unilever Gulf FZE England
Packed in India for Tetley GB Ltd Sirlanka
Packed in UAE by Alokozay Sirlanka -

Packed in Sirlanka Dilmah Australia Pty Ltd UAE

Twining of London (Green Tea & mint) -

Camomile Herbal Infusion iSafai Hassani Tea & Herbs Factoi, UAE
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Chemicals. 1,1-Diphenyl-2-picrylhydrazyl (DPPH)
radical, quercetin, anhydrous sodium carbonate, Folin-
Ciocalteu reagent, L-ascorbic acid, 1,1-diphenyl-2-
picrylhydrazyl, and methanol (spectroscopic grade)
were purchased from Sigma Chemical Co. (USA).

Sample preparation. Tea infusions were prepared by
infusing and steeping without stirring. For tea infusion,
different tea bags were infused in 200 mL boiled distilled
water at 120 °C for 1, 2 and 5 min, respectively. The
tea brew were prepared for tea powder, where diffe-
rent amounts of tea powder were boiled in 200 mL at
120 °C in a thermostatic hot plate for 1 and 5 min,
respectively. The tea infusion and brew was filtered
through Whatman No. 1 filter paper, and brought at
room temperature (25 °C). The aqueous tea filtrates
were then immediately used for the determination of
solid contents (yield), total polyphenolic contents and
antioxidant activities.

Measurement of antioxidant activity. DPPH free
radical scavenging method. The antioxidant activity
of different aqueous tea extracts were evaluated using
a stable radical, 1,1-diphenyl-2-picrylhydrazyl in a
methanol solution according to the method of Nessa
et al. (2004). Briefly, 100 pL tea infusion solution was
placed in a cuvette and 3.9 mL of 0.1 mM methanolic
solution of DPPH radical was added. The solution was
incubated for 30 min at 25 °C in dark and the absorbance
was measured at A517 nm with a Shimadzu-1700 uv-vis
spectrophotometer. A blank sample (without tea infusion)
containing methanolic DPPH radical was measured
with the sample. All determinations were performed in
three replicates. The percent inhibition of DPPH radical
by the samples was calculated according to the formula,
as follows:

% inhibition = [(AC(O)*AA(t))/AC(O)] X 100

where:

Ac() 1s the absorbance of the control at t = 0 min and
A 1s the absorbance of the antioxidant at t = 30 min.

A dose response curve was plotted for few selected tea
products for studying hydrogen donating abilities of
tea extracts. In this study, absorbance measurement
commenced immediately. The decrease in absorbance
at A517 nm was determined continuously with data
capturing at 2 min intervals until absorbance stabi-
lised (£ 30 min). L-ascorbic acid was used as positive
control.
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Determination of total polyphenol content. Total
polyphenolic contents were determined by the Folin-
Ciocalteau method described by Scalbert ef al. (1989).
Folin Ciocalteu reagent was diluted (1:10) with distilled
water. Briefly, the 100 pL tea infusion/brewing solution
(three replicates) were mixed with 2 mL diluted Folin
Ciocalteu reagent and then 2 mL aqueous Na,COs (7.5%)).
The mixture was allowed to stand for 1.5 h and the
absorbance was measured at A 765 nm with a Shimadzu-
1700 uv-vis spectrophotometer. The standard curve
was prepared from 1-300 g/mL solutions of quercetin
in methanol: water (80:20, v/v). The regression equation
was y = 0.004x + 0.0166 with regression coefficient
(r) 0.999. Total polyphenol values were expressed
as milligram of quercetin equivalents per 200 mL of
tea infusion.

Results and Discussion

Antioxidant activity of tea product infusion. Anti-
oxidant activities of tea leaves infusion were determined
according to the DPPH radical scavenging method. The
DPPH radical has been widely used to test the free
radical scavenging ability of various natural products
(Sanchez-Moreno, 2002; Chen et al., 1999; Yamaguchi
et al., 1998). According to this method, a compound
with high antioxidant activity effectively binds with the
radical hence, prevent its propagation and the resultant
chain reaction. The results were expressed as mean +
standard deviation (SD). The data of 1, 2 and 5 min
infusion of tea bags were compared for each product
and were subjected to a one-way analysis of variance
(ANOVA). Tukey’s test (P<0.05) was performed to
determine the significance of the difference between
means.

Black tea bag products. Eight black tea bags and one
herbal sample were infused for 1, 2 and 5 min, respec-
tively. For 1 min infusion, Tetley and Kanan Devan
showed the highest free radical scavenging activity as
decreased in the order of: Tetley > Kanan Devan > Lulu
> Alkozay > Red Label > Lipton > Ahmed > Camomile.
In case of 2 min infusion, Lipton, Red Label and Kanan
Devan exhibited highest free radical scavenging activity
as decreased in the order of, Kanan Devan > Lipton >
Red Label > Lulu > Tetley > Ahmed > Alkozay > Tata
> Camomile. For 5 min infusion, Lipton, Red Label,
Kanan Devan and Ahmed showed equal and highest
free radical scavenging activity than other black tea
bag products as decreased in the following order: Lipton
> Red Label > Ahmed Kanan Devan > Alkozoay >
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Tetley > Lulu > Tata > Camomile. Overall, Lipton, Red
Label, Kanan Devan and Tetley showed the highest
free radical scavenging activity and Camomile was the
least free radical scavengers (Table 2). In comparison
between 1, 2 and 5 min tea infusion for each product,
overall 2 min tea infusion gave higher antioxidant
activity than 1 min. Tea infusion for 5 min gave lowest
antioxidant activity except Ahmed tea bag, which gave
higher antioxidant activity with increasing infusion
time (5 min > 2 min > 1 min) (Fig. 1). Amongst the
studied black tea bag products Tata tea bag showed
comparatively lower antioxidant activity than other
tea products and showed highest antioxidant activity
at 2 min infusion. But the mean differences were not
significantly different (P<0.05) for Lulu (1, 2 min),
Lipton (2, 5 min), Red Label (2, 5 min), Tetly (1, 2
min), Kanan (1, 2, 5 min), Ahmed (2, 5 min) and Alkozay
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(1, 5 min). Camomile, a herbal infusion showed lowest
antioxidant activity and was significantly, lower than
the other tea bag samples (Fig. 1). The antioxidant acti-
vity of tea infusion depends on many factors, one of
these factor is the amount of leaves present in a tea bag
(Peterson et al., 2004). All the studied black tea bags
contained tea leaves in the ranges of 2.03 to 2.68 g
except Camomile herbal tea which contained about
0.95 g leaves in a bag. It seems the lowest antioxidant
activity of Camomile was due to the lower amount of
leaves present in the tea bag. From the results it was
concluded that brewing the black tea bags for 1 to
2 min was sufficient to obtain higher antioxidant
activity.

Green tea bag products. Five tea bag samples were
infused for 1 and 5 min for determination of their free

Table 2. Free radical scavenging activity and total polyphenol concentration of tea infusion of different black tea

roducts V. wt. 0 rewing cavenging o olypheno m
tea leaves/bag period contents DPPH* products tea infusion
(2) (min) (mg/mL) (% £ SD) (mg + SD)
Lulu 2.04 1 2.01 88.64 £0.50 35.13+1.95
2 2.98 88.50 £ 0.77 73.14 £ 1.35
5 3.98 86.49 +£0.33 12425 +£2.55
Lipton 2.07 1 221 82.18 £0.66 30.51 +1.47
2 3.13 90 +0.55 49.82 £ 1.65
5 4.29 88.9+0.43 156.2 +£2.41
Tata 2.03 1 1.76 78.44 £0.11 59.84 +1.28
2 2.44 82.90 + 0.88 82.14+2.72
5 4.01 80.17 £ 0.67 122.25+£1.25
Red Label 2.07 1 24 84.77 £ 0.50 24.64 +1.99
2 3.78 89.94 + 0.66 66.49 +0.91
5 4.35 88.64 + 0.88 103.34 £ 1.25
Tetley 2.68 1 2.36 89.79 £ 0.99 75.22 +£0.95
2 3.69 88.79 £ 0.32 106.75 £ 1.14
5 4.43 87.06 + 0.58 209.47 +0.75
Kanan Devan 2.07 1 1.72 89.94 +0.34 46.37+1.16
2 2.39 90.51 £ 0.88 78.4+1.23
5 3.87 88.21 £0.95 121.25+1.35
Ahmed 2.06 1 1.74 67.81+0.54 2143+ 1.15
2 2.01 87.5+0.56 77.68 £1.12
5 3.66 88.6 +£0.37 133.52 £ 1.50
Alkozay 2.06 1 1.50 86.06 = 0.66 29.69 £ 1.77
2 241 85.63 £0.44 745+ 1.11
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radical scavenging capacity (Table 3). All products
exhibited in the ranges of 90.37-94.51% free radical
scavenging activity as long as it brewed. In comparison
between 1 min infusion of green tea bag samples, Tetley
tea bag showed highest antioxidant activity than other
studied samples as decreased in the order of: Tetley >
Dilma > Lipton > Alkozay > Twinings. For 5 min
infusion, the antioxidant activity decreased in the order
of: Lipton > Dilma > Alkozay > Tetley > Twinings (Fig. 1).
But the mean differences between 1, 2 and 5 min infusion
were not statistically significant (P > 0.05). It seemed
1 min infusion was enough to get maximum antioxidant
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activity and infusion for longer time did not significantly
increase or decrease the antioxidant activity. The detailed
analytical value for all studied tea bag herbal products
are tabulated in Table 2-3.

Black and green tea powder products. In this study,
9 black tea powders and one green tea powder samples
were analysed. Four different amounts (0.1 g, 0.5 g,
1.0 g and 2.0 g) of tea leaves powder for each product
were boiled for 1 min and 5 min separately (Fig. 2).
For 1 min infusion of all samples, the free radical
scavenging activity significantly (P > 0.05), increased
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Fig. 1. Free radical scavenging activity of different manufacturer’s tea bags (black, green and herbal)

samples measured using the DPPH assay. Results are mean = SD (n = 3).
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with increasing the amount of samples. For 5 min
infusion, free radical scavenging activity only increased
for 0.1 and 0.5 g samples but in contrary, decreased for
1.0 and 2.0 g samples with increasing boiling period
from 1 min to 5 min (Table 4-5). It seems shorter bre-
wing period was better for larger amount of powder, in
contrary, longer brewing period was necessary for
brewing smaller amount of tea powder for getting higher
antioxidant activity.
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For a few selected tea samples the rate of reaction with
the free radicals was also evaluated. In dose response
studies it was found that tea infusion scavenged the free
radicals very fast as it can be seen in Fig. 3-4 and
reached a steady state within 5 min. Camomile, a herbal
sample very slowly scavenged free radicals as compared
to Lipton tea samples (Fig. 3B). In comparison of green
tea with black tea bag samples, black tea scavenged
free radicals comparatively slowly than green tea bag

A. Tea powder products (brewed for 1 min)

100 7

Scavenging of free radicals (%)

Lipton  Society Kanan Tata Red Leone  Alkozay Ahmed Twinings
Devan Label
Blot1g [El05g [D10g BE20g

B. Tea powder product (brewed for 5 min)

100

Scavenging of free radicals (%)

Lipton Society Kanan Tata Red Leone  Alkozay Ahmed Twinings
Devan Label
kb o1g [do05g 109 HE20g

Fig. 2. Free radical scavenging activities of tea infusion prepared from different amount of tea powder
leaves vs. the scavenging of free radicals, measured using the DPPH assay. Results are mean
+ SD (n = 3). Samples were brewed for 1 min (A) and 5 min (B).
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Table 3. Free radical scavenging activity and total polyphenol concentration of tea infusion of different green tea

roducts v. wt. 0 rewing ol cavenging o olypheno m
tea leaves/bag contents period DPPH* products tea infusion
(2) (min) (mg/mL) (% £ SD) (mg + SD)

Dilma 2.11 1 1.82 93.11£0.32 41.49+1.05

2 2.99 93.32+0.73 86.45+0.95

5 3.53 93.32+£0.92 137.55+ 1.11
Tetley 2.16 1 1.43 94.07 £ 0.34 63.17 £ 0.96

2 3.11 92.46 £0.73 9523 +1.26

5 3.92 92.46 £ 0.63 165.50 + 1.84
Lipton 1.54 1 1.52 93.11+£0.25 64.65 + 0.60

2 3.04 94.51 £0.62 72.67 +0.60

5 3.68 94.51 £0.83 92.23 +1.63
Alkozay 1.95 1 1.90 92.68 +0.25 68.33 £2.45

2 3.16 92.89 +0.62 89.34 + 1.60

5 4.01 92.89+0.15 164.57 +0.73
Twinings 2.04 1 1.31 91.09 + 0.45 140.85 +2.62

2 2.97 90.94 +0.74 158.65 £2.62

5 3.65 90.37 +0.31 171.85+1.21
Camomile 0.95 1 0.99 32.90+0.73 62.17 +1.89

2 1.34 45.54+£0.92 61.46 +1.39

infusion, but after 5 min there were no significant
differences in their scavenging activities (Fig. 3A). In
dose-response studies of tea power (2.0 g) and tea bag
(2.04 g), infusion of tea bag scavenged free radicals
comparatively little faster than the powder leaves
infusion as it can be depicted from the Fig. 4. In dose-
response studies, L-ascorbic acid was used as a reference
standard and reacted with DPPH immediately and
reached a steady state within a minute (Nessa et al.,
2004). Its scavenging capability was rapid and depen-
dent on concentration/dose (Fig. 3B). In this study, all
the studied tea infusions also reacted rapidly with DPPH
radical and reached a steady state within 2 to 5 min. It
seemed tea infusion also acted as fast free radical
scavenger as ascorbic acid.

The total polyphenols content of tea bag and tea
powder products. Free radical scavenging activity of
tea extracts depends mainly on its polyphenolic content
(Gupta et al., 2008; Higdon and Frei, 2003; Yang and
Landau, 2000). Therefore, the polyphenolic contents
of all studied tea products were determined and the
results were expressed as milligram quercetin equivalent/
200 mL of tea infusion. The results are presented in

Table 2-5. In case of black and green tea bags, the
polyphenolic content increased with increasing bre-
wing time from 1 min to 5 min. In comparison amongst
1 min infusion of black tea bag samples, lowest
concentration was recorded in Ahmed tea bag (21.43
+ 1.15) and highest amount recorded in Tetly tea bag
(75.22 - 0.95). The overall results were decreased in
the order of: Tetly > Tata > Kanan Devan > Lulu >
Lipton > Alkozay > Red Label > Ahmed. In case of
2 min infusion, highest concentration was recorded in
Tetly tea bag (106.75 & 1.14) and the results decreased
in the order of: Tetly > Tata > Ahmed > Kanan Devan
> Alkozay > Lulu > Red Label > Lipton. For 5 min
infusion, the lowest amount recorded in Red Label
(103.34 = 1.25) and the results decreased in the order
of: Tetly > Lipton > Alkozay > Ahmed > Lulu > Tata
> Kanan Devan > Red Label. However, Tetley exhibited
highest polyphenolic content amongst the studied tea
bag samples, in contrary, the polyphenolic content of
Camomile (a herbal infusion) was not increased with
increasing infusion time and the values were in the
ranges of 61.24 mg to 63.2 mg. The polyphenolic
content of all studied black tea bag samples are tabu-
lated in Table 2.
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Fig. 3. Hydrogen donating abilities of Alkozay
tea bag products (A) Camomile, Lipton tea
bag products and Ascorbic acid (AA, 100
and 250 pg/mL) (B) on 1,1-diphenyl-2-
picrylhydrazyl (DPPH) radical.

For green tea bag samples, 5 min infusion exhibited
higher concentration of polyphenols than 1 min infu-
sion. Dilma tea bag showed lowest polyphenol content
(41.49 mg) for 1 min infusion and Twinings exhibited
highest content about 140.85 mg. For 5 min infusion,
again Twinings showed highest polyphenol content
(171.85 mg) and lowest amount recorded in Tetley
(63.17 mg). Though, polyphenol content of all tea bag
samples increased with increasing infusion time but in
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tea products (A) and Lulu tea products (B)
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radical.

contrary, DPPH radical scavenging activity was not
increased with increasing polyphenol content. Though
polyphenol content of Dilma was lower for 1 min infu-
sion than 5 min, but both infusions scavenged free
radicals effectively. Other studied green tea bag samples
also exhibited similar results, as it can be depicted
from Table 3. It seems that some other chemical com-
pounds such as tannin extracted at longer boiling time,
which might interfered the free radical scavenging
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ea product Wt. of tea Brewing period
(powder) powder (1 min) (5 min)
(2) Scavenging Polyphenol Scavenging of Polyphenol
of DPPH* mg/200 mL DPPH* mg/200 mL
(% + SD) tea infusion (% + SD) tea infusion
Lulu 0.1032 34.19+0.97 2.94+0.52 71.79 +£0.33 7.94 +1.05
0.5012 73.24 +0.87 26.26 +2.09 81.05+0.51 34.57+1.06
1.023 89.47 £ 0.56 58.06 = 1.59 83.33+0.45 83.03 +1.50
2.012 90.32 +0.57 86.2+1.42 85.75+0.73 155.83 +1.71
Lipton 0.1002 41.83+£0.89 0.29+0.16 76.43 +£0.38 4.06 +0.49
0.5015 88.33+1.22 23.34+2.00 89.04 £0.57 39.62+1.11
1.011 90.06 +0.99 58.16 £ 1.03 89.90 +0.59 104.90 + 1.41
2.015 90.86 +0.89 175.36 £ 1.87 86.35+0.91 116.99 + 1.56
Society 0.1012 37.87+0.78 5.15+0.06 63.08 £0.51 8.68 +£0.89
0.5011 83.49 +0.56 30.47+0.99 84.77 £ 0.69 48.43 +1.00
1.014 90.61 +0.45 77.79 +£0.63 89.06 +0.81 103.73 £ 1.62
2.005 91.21 +£0.55 107.03 £ 0.93 89.47+0.57 166.99 + 1.56
Kanan Devan 0.1000 33.24+0.64 8.73+0.76 86.36 £ 0.44 9.48 +£0.83
0.5024 88.31£0.16 20.79 £ 1.67 85.97 + 0.65 41.94 +1.27
1.024 90.61 + 0.65 46.51 +1.04 84.90 +£0.38 104.51 +1.03
2.055 91.71+ 0.54 89.53 £1.12 70.21 £0.49 14543 £1.02
Tata 0.1004 33.51+0.39 11.55+£1.08 53.13+£0.33 8.92 +£0.96
0.5025 90.61 £ 0.19 29.36 + 1.64 88.47+0.41 41.24 +1.50
1.014 91.18 £ 0.43 62.51+2.02 88.33£0.49 105.85+1.13
2.013 91.09 +0.81 185.36 + 1.87 89.36 £ 0.71 93.72+1.61
Red Label 0.1011 24.66 £ 0.22 2.38+1.30 53.95+0.36 14.5+0.93
0.5021 77.38 +£0.43 19.29 +1.84 79.8 +£0.48 43.81 +1.69
1.004 89.61 £0.35 40.52+£1.78 89.04 +0.39 93.29 +0.87
2.015 87.63 +0.73 170.75 +2.56 89.36 +0.71 101.58 +2.46

activity as it can be observed from the appearance of
tea infusion. The appearance of 1 min infused tea was
clear in colour and 5 min infused tea was cloudy and
turbidity appeared upon standing as it contained more
solids. The solid contents of tea infusion were higher
in 5 min infused/brewed tea than 1 min and the values
are tabulated in Table 2-3.

For black and green tea powder brew, when lower
amount of tea leaves powder (0.1 g) boiled for 1 min
produced infusion with lower polyphenol content, on
the other hand when same quantity (0.1 g) boiled for
5 min produced infusion having higher polyphenol
contents. Similarly, tea brew prepared with increasing
the quantity of tea leaves powder from 1.0 g to 2.0 g,
2.0 g of tea leaves powder produced infusion with higher
polyphenol contents than 1.0 g powder. From this study,

it was clear that the polyphenol contents of tea leaves
powder products increased with increasing infusion/
steeping time as well as with increasing the amount of
tea leaves powder (Fig. 5). Table 4-5 represents the
total polyphenol contents of all studied tea powder
samples.

Correlation between DPPH radical scavenging activity
of black tea leaves powder and their polyphenol content
by linear regression analysis was also evaluated and
correlation coefficients values were decreased for 1 min
infusion in the order of: Lulu (0.7883) > Ahmed (0.7755)
> Alkozay (0.7152) > Society (0.6543) > Leone (0.4599)
> Kanan Devan (0.4164) > Twinings (0.3365) > Lipton
(0.3365) > Red Label (0.3049) > Tata (0.2705); and for
5 min infusion in the order of: Red Label (0.8499) >
Lulu (0.7201) > Alkozay (0.6697) > Kanan Devan
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Fig. 5. Total polyphenol concentration of black tea and green tea leaves powder products boiled in

200 mL distilled water for 1 and 5 min. Results are mean = SD (n = 3).

Table 5. Free radical scavenging activity and total polyphenol concentration of infusion of tea leaves powder

amnple cone _AlkQqza Ahmed angd Wahalhaky

ea product Wt. of tea Brewing period
(powder) powder (1 min) (5 min)
(2) Scavenging Polyphenol Scavenging of Polyphenol
of DPPH* mg/200 mL DPPH* mg/200 mL
(% £ SD) tea infusion (% £ SD) tea infusion
Leone 0.1001 30.65+0.28 7.37 +£0.06 48.50 £ 0.63 5.47+0.89
0.5001 77.52+0.39 23.34+0.99 85.34+0.43 38.51 +1.85
1.008 89.61 +0.51 38.11 +1.63 89.04 + 0.55 86.73 +1.72
2.005 90.40 £ 0.53 101.75£1.93 89.59 +0.32 142.35+1.88
Alkozay 0.1018 41.28 £0.38 4.01 £0.59 64.58 £ 0.63 9.94 +0..86
0.5004 80.22 £ 0.45 24.42 +£1.02 86.91 £ 0.54 4535+£1.90
1.014 87.91 £ 0.44 76.79 £ 1.26 89.75 £ 0.44 102.4 +1.80
2.059 92.25+0.61 96.53 £ 1.01 88.67+£0.43 123.68 £2.12
Ahmed 0.1011 26.15+0.19 2.37+1.30 52.99+0.29 6.19 +£1.07
0.5010 68.27 £0.28 18.02+0.51 86.91+0.22 32.44 +£1.10
1.002 90.46 +0.99 39.30 + 1.66 89.61 +£0.45 88.04 £ 1.11
2.051 92.25+0.77 64.81 +1.53 89.0+0.42 192.03 £2.12
Twinings 0.1014 16.08 +£0.27 1.45+0.29 29.43 £ 0.39 4.89+091
(Green tea leaves 0.5004 88.05+0.31 15.85+1.51 87.9+0.49 28.14+1.18
powder) 1.011 86.91+0.19 31.5+1.07 91.03 £0.39 81.25+1.89
2.014 90.98 +0.20 91.7+235 93.06 + 0.33 138.36 £2.01
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(0.6605) > Society (0.649) > Tata (0.6232) > Leone
(0.578) > Twinings (0.4951) > Ahmed (0.3916). The
analytical data clearly showed that their relationship
were not linear (Table 6). However, in the present study,
it was observed that, free radical scavenging activity
of tea infusion determined by DPPH radical scavenging
method were not increased with increasing of their
polyohenol contents. Moreover, antioxidant activity
decreased with increasing brewing period for larger
amount of tea leaves powder inspite of their higher
concentration of polyphenolic content.

Table 6. Correlation coefficients between free radical
scavenging activity and polyphenol content of black
tea leaves powder samples

Tea leaves
powder products

Correlation coefficients (r)*
brewing period

1 (min) 5 (min)
Leone 0.4599 0.578
Alkozay 0.7152 0.6697
Ahmed 0.7755 0.3916
Lulu 0.7883 0.7201
Lipton 0.3365 0.4698
Society 0.6543 0.6490
Kanan Devan 0.4164 0.6605
Tata 0.2705 0.6232
Red Label 0.3049 0.8499
Twinning 0.3601 0.4951

*In the linear regression analysis, polyphenolic content was
regarded as X and % DPPH radical scavenging activity as Y.

Conclusion

Free radical scavenging activity depends on the amount
of tea leaves used and the brewing period. From this
study, it is clear that infusion of black or green tea bag
for 1 or 2 min is enough to get higher antioxidant
activity. Boiling of black tea powder products for
longer time loses its antioxidant properties as well as
decrease its health beneficial effect. Therefore, shorter
boiling time is better for large amount of powder or
small amount of powder should brew for minimum
5 min for getting higher antioxidant activity. However,
several methods need to employ to study the antioxidant
activity of tea infusion to find out the reason behind
decreased free radical scavenging activity with incre-
asing infusion time inspite of increasing polyphenol
content.

Fazilatun Nessa and Saced Ahmed Khan
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Abstract. The quality of wastewater was evaluated from Rohi Nullah, Lahore, Pakistan, for one year
(2008-2009) from those points where it is used for irrigation of crops on both sides of Nullah. The quality
of wastewater was evaluated for pollution load including pH, sulphide, phenol, methylene blue active
substances, chemical oxygen demand (COD), biochemical oxygen demand (BOD), irrigation quality
(electric conductivity, total dissolved solids, total suspended solids, sodium adsorption ratio, residual
sodium carbonate and chlorides) nutritional value (total nitrogen, total phosphorus and total potassium)
and for metal concentration. The metals analysed were cadmium, nickel, chromium, zinc, manganese,
cobalt and copper. With respect to pollution load BOD, COD and sulphide concentration was above the
National Environmental Quality Standard (NEQS) limit. Nitrogen and phosphorus were contained at levels
of concern in wastewater but the level of potassium was below crop requirements. The concentration of
nickel, chromium, manganese and copper was above the FAO standards, while the concentration of
cadmium, zinc and cobalt fell within FAO standards. Considering NEQS standards, the metals concentration
was within limits. Temporal variations were prominent in some parameters and mostly higher values were
observed in summer and lower in winter season. There was accumulation of heavy metals in soils receiving
wastewater for irrigation. The metal contents in soils follow the order Mn> Co> Zn> Cr > Ni > Cu > Cd.
It was observed that the concentration of all studied toxic metals in edible part of the vegetables was above
the critical level. Finally, it was concluded that the practice of using wastewater in irrigation for growing

vegetables and other crops is non-sustainable.

Keywords: wastewater, irrigation quality, COD, BOD, SAR, metal ions

Introduction

Wastewater consists of the effluent discharged from
household, industries, institutions and commercial
buildings. It contains organic matter, some food nutrients
and heavy metals. Growing crops with such water for
longer periods may lead to accumulation of these toxic
metals in soils and plants. The safe disposal of waste-
water is a severe problem faced by large metropolitan
areas like Karachi, Lahore etc., with limited space for
land based treatment and disposal. Wastewater is also
aresource and may increase the agricultural productivity
due to its nutrient contents and irrigation with wastewater
can lower the fertiliser requirements and also increase
crop yields (Quinn, 1979).

Under arid and semiarid conditions the use of wastewater
for irrigation is considered by far the best option because
this practice not only minimizes the environmental pollution
but also aids in expansion of irrigated agriculture. In our
conditions the two most important factors limiting soil

*Author for correspondence; E-mail: beefarzana@yahoo.com

86

productivity are water and organic matter, both substances
as well as plant nutrients are supplied if wastewater is used
on agricultural land. There are many studies indicating the
beneficial effects of wastewater nutrients on plant growth
( Kipnis et al., 1979; Overman, 1978; Day and Tucker,
1977; Day et al., 1975). However, there are some hazards
associated with the use of wastewater in irrigation. These
are trace heavy metals, soluble salts and other organic and
inorganic constituents that may be dangerous for plants
causing phytotoxicity. Repeated application of wastewater
can accumulate metals in soil and then ultimately be taken
up by plants (Antonious et al., 2011; Magdaleno ef al.,
2011; Bigdeli and Seilsepor, 2008; Bashir ef al., 2007,
Abdel-Saheb ef al., 1994; Wallace and Wallace, 1994).
Salinity however, is presumably the most important single
water quality factor which affects both soil and crop
production.

Quality of wastewater when used for broad irrigation
is of particular importance in our climatic conditions
where, extremes of temperature and low relative
humidity result in high rates of evaporation. It results
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in salt deposition from applied water which tends to
accumulate in the soil profile. Physical and mechanical
properties of the soil such as pH, cation exchange
capacity, dispersion of particles and soil structure are
very sensitive. Thus, when wastewater reuse is planned,
its composition and impact on receiving soils must be
taken into consideration. The present study was therefore,
designed to determine temporal variations on the
pollution load, irrigation quality, nutrient value and
metal concentration of wastewater. The other objective
was to study the impact of untreated wastewater irrigation
on soil and to evaluate the uptake of heavy metals by
vegetables and fodder under the effect of application
of wastewater.

Materials and Methods

Study area. Rohi Nullah, is the storm water drain in the
vicinity of Lahore. Industrial and domestic wastewater
dumping has turned it into a perennial drain. There are
approximately 120 industries of different nature situated
along this Nullah. The major are textile, food, electropla-
ting, paper, tanneries, and polymer production etc. Almost
all industries discharge their untreated effluent into it. In
addition domestic sewage of some parts of the city and
of other villages also enters into it.

There are agricultural lands on both sides of the Nullah
and the farmers of that area are pumping out the waste-
water and using it for irrigating their field for growing
vegetables and fodders.

Sampling procedures and analysis. The wastewater
samples from Rohi Nullah were periodically collected
on monthly bases for one year (2008-2009) from a site,
where, it is used directly for surface irrigation. The grab
method was used for sample collection. Each sample
consisted of four sub-samples, preserved accordingly
(APHA, 2005) and placed in 1 litre polyethylene
containers. Temperature, pH and electric conductivity
(EC) were measured in the field, while, other chemical
properties of wastewater were measured by using
standard methods (APHA, 2005). The concentration of
metals (Cd, Co, Cr, Cu, Mn, Ni and Zn) was determined
by AAS (Model Varian Spectr AA — 40).

Composite surface soil samples (0-15 cm) were collected
from two sites which were irrigated partially or com-
pletely with wastewater of Rohi Nullah. At site I,
6 agricultural fields were selected that had previously
been irrigated with tube-well water but currently are
under partial wastewater irrigation and considered as
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control soil (CS) because in that area there is no
agricultural field that is not irrigated by wastewater.
From site 11, 24 agricultural fields were randomly
selected that had been irrigated with Rohi Nullah
wastewater from 35 years or longer (WWS). From CS,
fodder (Zea mays) sample was collected, while, from
WWS vegetable samples (spinach, bitter gourd, chili
and gourd) were collected. The samples were placed in
labeled poly-ethylene bags and transported to the
laboratory. Soil samples were air-dried under shade,
ground and sieved through 2 mm sieve and stored in
plastic jar, for further analysis. Samples were analysed
for pH, EC, SAR and cation exchange capacity (CEC)
following methods described by US Salinity Staff
(Richards, 1954), texture by hydrometric method and
organic matter by Walky-Blake method of US Salinity
Lab Staff, (Richards, 1954). The soil was digested by
using method described by Tessier ef al. (1979) and
concentration of total metals were determined by AAS
(Model Varian, Spectr AA-40).

Vegetables viz. spinach (Spinacia oleracea), bitter gourd
(Momordica charantia), chili (Capsicum annum) and
gourd (Lagenaria vulgarius) from site WWS and maize
(Zea mays) were collected from site CS. The plant
materials was digested according to AOAC (2005)
methods and analysed for metals (Cd, Ni, Cr, Zn, Mn,
Co and Cu) by AAS (Model Varian Spectr AA—40).

Results and Discussion

Quality of wastewater. The quality of wastewater was
evaluated for pollution load, irrigation quality, nutritional
value and metal ion concentration and is described in
Table 1.

Pollution load of waster water. Temperature, pH,
sulphide, phenol, MBAS, COD, BOD, During the
study period, the temperature varied for different
sampling dates at sampling points. The average value
of temperature was 26.86+7.44 °C (Table 1) ranging
from lower values during winter and higher in the
summer (Fig. 1). The average value of pH was
7.81£0.29. According to National Environmental
Quality Standards (NEQS) as described by Pakistan
Environmental Protection Act (PEPA, 1997), the
permissible limits for temperature and pH are 40 °C
and 6-10, respectively. The analysed wastewater
has pH and temperature within NEQS limits.

The average concentration of sulphide was 8.12+2.33
mg/L. Sulphide is produced in wastewater naturally
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C uip d FTICTIO
(°0O) (mg/L) (mg/L) blue active oxygen oxygen
substances demand demand
(mg/L) (mg/L) (mg/L)
Average + SD 26.86 + 7.44 7.814+0.29 8.12+2.33  0.09+0.03 3.23+1.30 476.4+99.2 179.0+44.9
National Environmental 40 °C 6-10 1.0 0.1 10 150 80
Quality Standard
Parameter pH Electric Total Total Sodium Residual Chlorides
conductivity  dissolved suspended  adsorption sodium (mg/L)
(dS/m) solids solids ratio carbonate
(mgl)  (mglL)
Average + SD 7.81+0.29 1.147 £ 0.258 917+198 92.8+£20.6 5.44+0.76 2.19+0.58 4.08+0.95
FAO None <0.7 <450 <3 <1.25 <4
(degree of slight to 0.7-3.0 450-2000 3-9 1.25-2.5 4-10
restriction moderate 6.5-8.4
on use) severe - >3.0 >2000 >9 >2.5 >10
Parameter Cadmium Nickel Chromium  Zinc Manganese Cobalt Copper
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Average = SD 0.01+0.003 0.42+0.36 0.21+0.05  0.78+0.21 0.17+0.03 0.02+0.003 0.37+0.12
FAO standard (mg/L) 0.01 0.2 0.1 2.0 0.2 0.05 0.2
Parameter Total Total Total
nitrogen phosphorus potassium  — - - -

and also as a result of human activities and causes
offensive odours. Natural sources include non-specific
and anaerobic bacterial reduction of sulphates and
sulphur containing organic compounds. The permissible
limit is 1.0 mg/L and all samples had sulphide concen-
tration above the limit. Offensive odours can be harmful
in many ways such as (i) reduction in appetite for food
(ii) lowering in water consumption (iii) impaired respira-
tion, nausea and vomiting and (iv) cause for mental
perturbation.

Phenol is a by product in the biosynthesis of carbohydrates.
It is also present in wastewater of iron and steel industry,
organic chemical industry, photochemical and plastic
industry. The average concentration of phenol in
wastewater samples was 0.09+.03 mg/L and was within
NEQS limit of 0.1 mg/L.

Detergents are used in many industries and in everyday
life. They affect aquatic environments by causing
foaming, limiting oxygen production and causing
eutrophication. Anionic detergents are also called MBAS
(methylene blue active substances) due to their method
of detection in wastewater. In this study, the average
value was 3.23£1.30 mg/L. The NEQS limit for detergent
is 10 mg/L and all the samples fell within permissible

limits. This is due to the fact that the anionic detergents
used are biodegradable in the environment.

The concentration of organic matter could be measured
by BOD,, while COD is the measure of the total quantity
of oxygen required to oxidise all organic matter into
CO, and H,0. The average results of BOD; and COD
are presented in Table 1. Low BOD; is an indicator of
less polluted water, while high BOD; indicates polluted
water. When sewage is applied to the soil it tends to
affect status of oxygen in the soil in two ways, first
directly by which the oxygen in the soil pores is
consumed by microorganisms for the decomposition
of organic matter added through wastewater. Secondly
indirectly, the fine organic matter in sewage adversely
affects soil porosity. This gradually reduces the capacity
of the soil to exchange air and as a consequence of
which the oxygen status of the soil is lowered as
described by Mohan (1989). According to NEQS the
permissible limit for BOD, is 80 mg/L and for COD is
150 mg/L. In the studied samples the average concentra-
tion of BOD; and COD was 179.0+44.9 and 476.4+99.2
mg/L, respectively. The reason for high COD and BOD;
may be due to the presence of a large number of
industries that discharge their untreated effluents into
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the drain. The high values of COD and BODjy are in
agreement with other studies as described by literature
(Kamel and Nada, 2008; Rahmani, 2007).

Temporal variations in wastewater temperature, pH,
sulphide, phenol, MBAS, COD and BOD; are shown
in Fig.1. As expected lower values of temperature
observed in winter and high in summer. No temporal
variations were observed with respect to effluent pH
and MBAS. Sulphide concentration remained high
during winter and declined in summer which may be
due to high temperature and heavy rains during this
period. The dilution factor of monsoon rain was also
observed in case of COD and BOD because lower
values of COD and BOD were observed during summer
and higher in winter. The presence of phenol shows an
inconsistent patron during the whole year and did not
show any particular trend about its presence or absence.

Irrigation quality. pH, EC, TDS, TSS, SAR, RSC,
Chlorides. Traditionally, irrigation water is grouped
into various quality classes that provide a rough
indication of potential adverse affects on crop growth.
According to FAO guidelines as described by Pescod
(1992), the validity of irrigation water has three degrees
of severity (i) none (ii) slight to moderate and (iii) severe
as described in Table 1. Values shown are applicable
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Fig. 1. Temporal variations in pollution load of
wastewater at Rohi Nullah during 2008-
2009.
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under normal field conditions prevailing in most irrigated
areas in the arid and semiarid regions of the world.

As described by Richard (1954), the characteristics of
irrigation water that appear to be most important in
determining its quality are (1) total concentration of soluble
salts; (2) relative proportion of sodium to other cations
and (3) concentration of other elements that may be toxic
like heavy metals.

The average pH in studied wastewater samples was
7.81 that lies within normal range. Concentration of
total dissolved solids (TDS) and electric conductivity
(EC) are important characteristics of water that
determines its quality. The average values of EC and
TDS was 1.147 dS/m and 917.93 mg/L, respectively.
According to FAO guidelines these results fall in the
category, where degree of restriction on use is slight to
moderate.

At low concentrations chloride content of water for
surface irrigation should be in the range of 4-10 mg/L
and high concentration creates problem and is harmful
for crops. In wastewater of Rohi Nullah the average
concentration of chlorides was 4.06 mg/L that falls
within normal range of FAO standard .

The sodium adsorption ratio (SAR) is a useful index
for designing the sodium hazard of water used for
irrigation. The critical value for SAR is > 9.0. Above
this range there is danger of sodium hazard. The average
value of SAR was 5.44 that lies in the second category
of FAO i.c., restriction on use was slight to moderate.
With respect to residual sodium carbonate (RSC) the
values also lies within normal range.

Temporal variations in irrigation quality of wastewater
are presented in Fig. 2 and 3. With respect to EC, TDS
and TSS higher values were observed in winter and less
in summer, which may be due to heavy monsoon in
summer. The trend for SAR, RSC and chlorides is more
or less similar to EC over this period.

Nutrient values. Total nitrogen, Total phosphorus,
potassium. Wastewater contains nutrients in a variety of
chemical forms with seasonal variation in concentration.
The average concentrations of total nitrogen, total
phosphorus and potassium were 38.97, 8.96 and 27.25,
respectively, as described in Table 1. Total nitrogen in
water is formed by combination of ammonia nitrogen,
organic nitrogen, nitrate nitrogen and nitrite nitrogen.
Nitrogen and phosphorus were contained at levels of
concern in wastewater but the level of potassium was
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below crop requirement. Such findings are also available
in literature as reported by Feigin et al. (1991). Temporal
changes in wastewater nutrient values are shown in Fig.3.
The prominent variations were observed with respect to
total nitrogen and potassium i.e., higher values in winter
and lower in summer, while total phosphorus showed
not prominent variations.

Metal ions. The concentration of metal ions is presented
in Table 1. The concentrations of nickel, chromium,
manganese and copper were above the FAO standards,
while the concentration of cadmium, zinc and cobalt fell
within FAO standards. Considering NEQS standards,
the metals concentration was within limits. The high
concentration of nickel, chromium, manganese and copper
may be due to the effluents of leather industry, and other
cottage industry, but especially the electroplating industry
that discharges their untreated wastewater into drain.

The comparison of heavy metal concentration in untrea-
ted wastewater from the data of Pakistan and other
countries suggested that the values were higher than
the level observed by van der Hoek ez al. (2002) but in
comparison with Rai and Tripathi (2007) investigated
in industrial wastewater in Lotha village.

Gupta et al. (1986) has indicated that the concentration
of heavy metals in wastewater varied depending upon
the type of industry these effluents come from. They
reported that effluents from industries manufacturing
sewing machines, bicycles and their spare parts contained
higher concentration of pollutant elements compared
to those from textile, woolen, and dairy industries.

Temporal variations in metal ion concentration showed
(Fig.4) inconsistent information about the presence of
heavy metals in wastewater.

Impacts of wastewater irrigation on soil and crops.
The texture of the soils studied was silt loam and loam.
The average values of pH of WWS were slightly lower
as compared to soil of CS (Table 2). Production of organic

Spinach Bittergourd Chilli Gourd Maize
pH 7.75+0.22 7.86+0.33 7.86+0.22 7.92+0.09 8.30+0.33
Sodium adsorption ratio 10.53£1.06 10.67+1.14 10.58+1.38 11.81£1.32 8.38+0.73
Cation exchange capacity
(cmol/kg) 8.60+0.62 7.79+0.70 7.43+0.58 7.65+0.90 5.38+0.48
Organic matter (%) 1.10£0.21 1.06+0.21 1.06+0.13 1.13+£0.45 0.82+0.13

i ivi -+ + + +
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Fig. 4. Temporal variations in metal ion concentration
of wastewater at Rohi Nullah during 2008-
2009.

acids due to decomposition of organic matter may be the
cause of lowering the pH of the soils irrigated with
wastewater. The values of SAR, CEC, organic matter
and electric conductivity of WWS were higher as
compared to CS as described in Table 2. The increase in
EC, SAR at WWS could be attributed to the addition of
considerable quantities of dissolved salts through effluent.
The addition of organic matter from sewage waste water
rich in nutrients having high BOD resulted in increase
of organic matter. These findings are similar to those of
Murtaza et al. (2003) who observed below 15 the SAR
value of city effluents irrigated soils. The increase in
CEC in wastewater irrigated soils may be due to the
increase in clay contents due to wastewater irrigation.

Repeated application of effluents could accumulate
metals into soil because soil is an important sink for
heavy metals due to its high retention capacities (Nolan
et al., 2003). Transfer of heavy metals from water to
soil and subsequently uptake and accumulation in edible
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part of vegetative tissue from soil represent a direct
pathway for incorporation of heavy metals into human
food chain (Liang et al., 2011).

Cadmium. The concentration of total cadmium in
WWS and CS studied soils ranged from 4.2 to 12.7 and
1.20-2.30 (Table 3) with an average value of 9.35 and
1.72 mg/kg, respectively, while the permissible limit is
0.5 mg/kg (Rowell, 1994). Generally, above 0.5 mg/kg
for total cadmium in soil is considered evidence of soil
contamination. As compared with the soils of CS the
concentration of cadmium was very high in soils of
WWC, which may be due to long irrigation practice
with untreated wastewater that contain cadmium above
the critical level (Table 3).

The concentration of cadmium in edible part of
vegetables i.e., spinach (leaves), bitter gourd, chili, gourd
(fruit) at WWS site ranged from 0.78 to 2.30 with an
average value of 1.46 mg/kg (Fig. 5). While the
concentration of Cd in maize (maize of the said area is

160.00 \’
140.00
3 12000
(o))
E 100,00
s
= 80.00
o
S 6000
&)
§ 40.00
20.00 Maize
P N Bittergourd
0.00 N Spinach
i qurd

K chilli B Gourd [ Spinach El Bittergourd 3] Maize

Fig. 5. Metal ions concentration (mg/L) in vegetables
collected from wastewater irrigated fields.

!arameter WWS soil CS soil

(mg/kg) Max. Min. Average Max. Min. Average Permissible
Cadmium 12.7 4.2 9.3 2.30 1.20 1.72 0.5

Nickel 63.45 31.6 43.1 49.20 32.0 39.50 25.0
Chromium 76.0 43.2 61.7 48.80 28.50 37.62 200

Zinc 180 48.58 85.1 112.0 64.00 90.0 80
Managnese 476 230 347.7 319.0 150.0 2433 900

Cobalt 117.5 59.2 88.6 45.20 34.0 38.93 20
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used as fodder i.e., whole plant without roots) collected
from CS site ranged between 0.03-0.24 with average
value 0.11 mg/kg. The uptake of cadmium at conta-
minated site (WWS) was much greater than at CS. In
fruit of all the vegetables and spinach leaves (i.e., edible
parts), Cd was above the critical level of 0.01 mg/kg
(WHO, 1996). Boon and Soltanpour (1992) observed
maximum concentration of Cd in leaves of lettuce,
cabbage and broccoli. Jaffer and Saleem (1987) also
found higher Cd (>0.01) in radish, carrot, beans and
spinach collected from Punjab, KPK and Azad Kashmir
areas of Pakistan. Din ef al. (2001) also found Cd
concentration ranging from 0.10 to 1.58 ppm in various
vegetable samples collected from some industrial area
of Punjab.

Cadmium is one of the most toxic elements with reported
carcinogenic effects in humans. It accumulates mainly
in the kidney and liver. It induces cell injury and death
by interfering with calcium (Ca) regulation in biological
systems. It also causes bones to become brittle.

Nickel.Total nickel contents in soils ranged from 31.6
to 63.45 with average value of 43.1 mg/kg (Table 3).
All studied soils of WWS contained total nickel above
the permissible limit of 25 mg/kg (Rowell, 1994). Total
concentration of nickel in soils that are partially irrigated
with wastewater from few years ranged from 32.0-
49.20 (Table 3) with an average value of 39.50 mg/kg.

The concentration of Ni ranged from 5.86 to 36.45
mg/kg in all vegetables collected from WWS. Maximum
uptake (29.74 mg/kg) of Ni was by leaves (spinach),
while uptake by fruits was lower i.e., 7.28, 13.85 and
11.9 for chili, gourd, and bitter gourd, respectively
(Fig. 5). The average Ni concentration in maize from
CS was 9.73 mg/kg and was within permissible limits
of 10 mg/kg for food items by WHO (1996). The
concentration of Ni in chilli at WWS was within limit,
while for spinach, gourd and bitter gourd was above
the limit. Jaffar and Saleem (1987) found Ni concen-
tration < 1 mg/kg radish, onion, carrot, beans and spinach
samples collected from the Punjab, KPK and Kashmir
region of Pakistan. Sinha ef al. (2005) also found higher
concentrations of Ni in edible parts of vegetables that
received river water for irrigation.

Chromium. In this study, total concentration of
chromium ranged from 43.2 to 76.0 mg/kg with
average value of 61.7 mg/kg (Table 3) in soils of
WWS and ranged between 28.50-48.80 mg/kg with
average value of 37.62 mg/kg in soils at CS. The
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chromium concen-tration was below the hazardous
level of 200 mg/kg as reported by standard value by
Huamain et al. (1999).

The uptake of Cr was maximum (52.65 mg/kg) by
spinach leaves (Fig. 5) followed by bitter gourd with
an average value of 18.98 mg/kg, while the uptake was
very low by chilli and gourd at WWS. At CS the maize
had chromium concentrations ranged from 0.00 to 0.16
mg/kg with average value of 0.10 mg/kg. The spinach
and bitter gourd contained Cr above the permissible
limit of 1.3 mg/kg recommended for food by WHO
(1996). In general, leaves accumulated more Cr than
the respective fruits. These results are in agreement
with that of Din et al. (2001), who found 1.21-64.80
ppm of Cr in effluent irrigated vegetables.

Zinc. Zinc is a heavy metal of much interest since it is
a plant micronutrient as well as potential contaminant
in soils. Total zinc concentration (Table 3) in soils under
different vegetables (WWS) ranged from 48.58 to
180 mg/kg the permissible limit in soil is 80 mg/kg
(Rowell, 1994).

The concentration of Zn varied from 32.53 to 75.50
mg/kg in vegetables of WWS (Fig. 5). Maximum zinc
was observed (58.52 mg/kg) in spinach leaves. The
average uptake of zinc by maize collected from CS was
32.77. Zinc concentration in all samples studied from
both sites was above the permissible limit of 5.0 mg/kg
(WHO, 1996).

Manganese. Total manganese contents in soils under
investigation ranged from 230 to 476 and 150 to 319
with average value of 347.7 mg/kg (Table 3 ). All the
soils have Mn concentration within limits (400-900
mg/kg). The mean concentration (Fig. 5) of Mn in chilli,
gourd, spinach and bitter gourd collected from farmer
fields of WWS site was 144.22, 142.15, 133.98 and
98.62 mg/kg, respectively. The uptake of Mn in chili,
gourd and spinach was greater as compared to bitter
gourd. The mean concentration of Mn in maize from
CS was 34.45 mg/kg and varied from 18-48 mg/kg. In
all vegetables (edible portion) and fodder, Mn
concentration was above the critical level of 6.61 mg/kg
suggested by WHO (1996).

Cobalt. Total cobalt concentration (Table 3) in soils
studied ranged from 59.2 to 117.5 with an average value
of 88.63 mg/kg in soils of WWS and 34-45.20 with
average value of 38.93 mg/kg in studied soils of CS.
All the soils have cobalt concentration above the critical
level of 20.0 mg/kg.
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The Co concentration in vegetables (Fig. 5) and fodder
ranged from 19.60 to 54.20 with mean value of 35.05 and
25.86 to 35.0 with mean value of 30.2 mg/kg, respectively.
The uptake of cobalt by spinach was less as compared to
bitter gourd, chilli, gourd and maize.

Copper. Total copper concentration in WWS and CS
soils under investigation ranged from 12.7-48.5 mg/kg
(Table 3) with an average value of 32.40, and 15.20-
21.60 with average value of 18.20, respectively. All the
studied soil samples of WWS total Cu concentration
was found above 20.0 mg/kg, which is permissible limit
as reported by Rowell (1994). While, the concentrations
was within limit in partially irrigated soils of CS.

Copper concentrations (Fig.5) ranged from 5.87 to 29.10
mg/kg in vegetable samples. While, in maize Cu concen-
tration varied from 3.98 to 5.54 mg/kg. In chilli and
gourd the Cu concentration was within limit, while, the
spinach and bitter gourd contained Cu above the
permissible limit of the 10.0 mg/kg, recommended
byWHO (1996) for food items.

Conclusion

The metals presence in wastewater is contributed from
a number of sources, like electroplating, batteries,
pigments, metal coatings, plastics etc. The presence of
these industries at Rohi Nullah makes the possibility
of accumulation of metals in effluent irrigated soils.
Metals are non-degradable and when present in sufficient
quantities, pose the most serious environmental threat.
Many countries have legislation that prohibits the
cultivation of vegetables, with untreated wastewater
but allows other non edible crops like cotton and timber.
An example is Mexico, a country that make extensive
use of wastewater in agriculture.

In many countries including Pakistan, farmers consider
wastewater a valuable resource because of its high
productivity. The municipalities are aware of the value of
wastewater and sell it to farmers. The practice could be
good in areas where there is no industrialization but in the
case of big cities like Lahore, the environmental risks of
wastewater irrigation are prominent. These are the industries
that make effluent worst, so the industries should treat
their effluent before final disposal into drain.
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Abstract. In this study, noise level was measured during day time in 88 different locations of the Rawalpindi
city, Pakistan, which included roads, choaks, residential areas, educational institutions, hospitals, railway
stations,airport, bus stands, shopping plazas and markets. The noise measurements were performed with
a calibrated sound level meter. Study finds that overall minimum and maximum noise levels for the main
roads and choaks were 55.4 and 101.9 dB(A), for residential areas 38.80 and 91.0 dB(A), for educational
institutions 60.0 and 94.4 dB(A), for hospital 45.1 and 84.4 dB(A), for railway stations, airport, bus stands
59.2 and 102.5 dB(A) and for shopping plazas, markets 53.8 and 81.2 dB(A), respectively. The result of
the study revealed that the noise level surpassed the prescribed NEQS limits as well as WHO guideline
values for noise in specific environments in all areas under study, which can cause harmful effects on

human health, animals and the environment.

Keywords: noise pollution, sound level, environment

Introduction

Noise pollution can be defined as intrusive noise that
disrupts, distracts, or detracts from regular functioning.
Noise pollution is not new, but it has become more
problematic with the developments associated with
industrialisation and urbanisation. Between 1987 and
1997, community noise levels in the United States were
estimated to have increased by 11% and were predicted
to continue increasing at that rate or more (Staples,
1997). The response of the human ear to sound depends
both on the sound frequency (measured in Hertz, Hz)
and the sound pressure, measured in decibels (dB). A
normal ear in healthy young person can detect sounds
with frequencies from 20 Hz to 20,000 Hz. Noise
measurements are expressed by the term sound pressure
level (SPL), which is logarithmic ratio of the sound
pressure to a reference pressure and is expressed as a
dimensionless unit of power, the decibel (dB). The
reference level is 0.0002 microbars, the threshold of
human hearing.

Decibel Leq =10 log 10 L/L°
where:

Leq = equivalent noise level; L = sound intensity;
L° =reference level

Sound level becomes noise when it crosses the 70 dB
mark. Noise levels above 80 decibels produce dama-
ging effects to the ear. It can cause irreparable damage
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and lead to permanent hearing loss when noise level
is above 100 decibels for a considerable period of
time.

For measurement of noise emission a sound level
meter is used. A measure of the level of sound is called
the decibel. The zero of the decibel scale is the hearing
threshold. Sounds at 0-10 decibel are so quiet that they
are almost impossible to hear, while at the top end of
the scale, at around 150 decibel, it can damage eardrums.
(http://www.epa.vic.gov.au).

There are many sources of noise pollution such as
different machines used in industries, horns and whistles
of railway engines, switching and shunting operation
in rail yards, airoplanes etc., that have significant negative
impact on human health. Noise pollution is a significant
environmental problem in many rapidly urbanising
areas. This problem is not properly recognised despite
the fact that it is steadily growing in developing coun-
tries (Murthy et al., 2007). Traffic noise is the biggest
source of noise pollution, especially in urban areas. For
example an average noise level produced by vehicular
traffic on roads of Karachi city, Pakistan, is 90 dB (A)
(Khan et al., 2010). Noise level of 112.3 dB(A) was
observed in a study conducted in Tangail Municipal
area, Bangladesh. Noise levels in this study area
exceeded the recommended level by WHO at 34 out of
47 measuring points (Mia ef al., 2012). Noise-induced
hearing loss (NIHL) in humans is a major problem
stemming from noise pollution as well as heart-related,



96

respiratory, neurological and other physiological prob-
lems. Stress, high blood pressure, anger and frustration,
lower resistance to disease and infection, circulatory
problems, ulcers, asthma, colitis, headaches, gastro-
intestinal disorders, and many other physiological and
psychological problems have been linked directly to
noise. In addition, children have been shown to suffer
from slower language development and disruption of
learning as a result of noise.

A study carried out at ENT Department, Sir Ganga
Ram Hospital, Lahore, found that public transport
drivers are exposed to excess noise on roads in Lahore
and 65% of them had noise induced hearing loss
(NIHL). 25% had normal hearing threshold and 10%
had disabling hearing loss (Aslam et al., 2008). The
hearing ability of the inhabitants of Dhaka city,
Bangladesh, has reduced and they are suffering from
permanent deafness due to noise pollution (Alam
et al.,2001). In developed countries, as many as four
to five million people, i.e., 12-15% of all employed
people, are exposed to noise levels of 85 decibels or
more (WHO, 2001). More than five million children
in the United States, ages six to nineteen, suffer from
noise-induced hearing impairment (Havas, 2006). In
the exposure to noise impaired children’s reading
comprehension and caused a delay in reading skills
development (Clark and Stansfeld, 2005). In children
in noisier neighborhoods were shown to suffer from
increased stress and diminished motivation (Evans
etal.,2001).

In the present study, noise level was estimated in
Rawalpindi city, Pakistan. Rawalpindi is situated at
latitude 33.60 °N and longitude 73.04 °E, in the pro-
vince of Punjab. It is the fourth largest city in Pakistan
after Karachi, Lahore and Faisalabad. Rawalpindi city
is divided into two tehsils:

Potohar (southern Rawalpindi)
Rawal (northern Rawalpindi)

The population of Rawalpindi city is approximately
19, 91,656 (World Gazetteer, 2010). The city is home
to several industries and factories. The total area of the
city is approximately 108.08 square km (Wiki/World
Gazetteer). Murree road and Peshawar road are main
roads of the city. Murree road has been a hot spot for
various political and social events. Kashmir road, Haider
road, Bank road, Hospital road, Jinnah road, Said pur
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road, IJP road, Rawal road, Tipu road, Tench road,
Misrial road, Adiala road and Airport road are other
important roads of the city. Main bazaars and markets
of the city are Raja bazaar,Tench bazaar, Moti bazaar,
Kashmiri bazaar, Sarrafa bazaar, Saddar area, Com-
mercial market, Westridge market, Chah Sultan market
and Kamran market. Number of shopping plazas and
centers have been constructed on both sides of Murree
road.

Being twin city of Islamabad, the capital of Pakistan,
there is a rapid expansion in Rawalpindi city area. This
expansion is mostly unplanned. Most of the areas
particularly to the urban side are subjected to unaccept-
able noise conditions due to construction, manufacturing,
traffic and recreational activities. A comprehensive
national survey has not been conducted to assess the
level of noise pollution in big cities of Pakistan. Present
study was conducted to assess the noise level in the
Rawalpindi city as well as its main causes. It will
certainly help implementing agencies to understand the
severity of the noise pollution problem of the city and
take proper remedial measures.

Materials and Methods

In this study, sound level meter type 2240, Bruel &
Kjaer, Denmark was used to measure the noise level.
The microphone converts sound to an equivalent
electric signal, which is processed by the instrument.
Processing includes applying frequency and time
weightings to the signal as specified by international
standards, IEC 61672-1 to which this metre conforms.

Frequency weighting adjusts how the sound level
meter responds to different sound frequencies. This
is necessary because the human ear’s sensitivity to
sound varies according to the sound’s frequency. The
most common frequency weighting in use is A-
weighting, which adjusts a signal in a way that best
resembles the human ear’s response at medium-range
levels. It is the weighting required for nearly all envi-
ronmental and workplace noise measurements and
is specified in international and national standards
and guidelines. All of Type 2240’s measurement
parameters apply A-weighting, except for measure-
ment of peak levels, where the C frequency weighting
is applied.

Time weighting specifies, how the sound level metre
reacts to changes in sound pressure. It is an exponential



Noise Pollution in Rawalpindi, Pakistan

averaging of the fluctuating signal, providing an easy-
to-read value. Type 2240 applies the Fast, or F time
weighting, which is required weighting according to
the vast majority of international and national standards
and guidelines. Once the signal is processed through
the weighting filters, the resulting sound pressure
level is displayed in decibels (dB) on the instruments
display.

All the measurements were taken at different times
during day time (between 10 am to 3 pm) from August
to October, 2012. Noise level was noted ten times
at each point then averaged through summation of
all values divided by the number of observation. At
the time of collecting data of noise, values of frequent
peaks were measured. The minimum and maximum
levels of noise were recorded in each observation on
the basis of maximum and minimum peaks noted
during data recording. Standard deviation was cal-
culated from ten observations obtained from each
point.

Results and Discussion

In this study noise level was measured during day time
in 85 points in different areas of the Rawalpindi city,
Pakistan. The minimum, maximum and average noise
levels were measured in dB(A) and standard deviation
of all points is shown in Tables 1-6. Minimum and
maximum noise levels at monitoring areas are shown

in Fig. 1.
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The result of the study revealed that the noise level
surpassed the prescribed NEQS (Table 7) as well as
WHO guideline values (Table 8) in all areas under
study, which can cause harmful effects on human
health, animals and the environment. The study finds
that overall minimum and maximum noise levels for
main roads and choaks is 55.4 and 101.9 dB(A),
with mean values 61.6+4.8-83.7+5.88 dB(A), higher
than NEQS and WHO guideline value of 75(NEQS
Table 7) and 70 dB (WHO guidelines,Table 8), res-
pectively. Minimum and maximum noise level for
residential areas is 38.8 and 91.0 dB(A), with mean
values 47.745.2-78.2+4.9 dB(A). It is also on higher
side as compared to NEQS and WHO limits of
55 dB (NEQS Table 7, WHO guidelines Table 8) set
for outdoor living areas. At educational institutions
minimum and maximum noise level is 60.0 and
94.4 dB(A), with mean values 65.7+3.7-85.0+4.3
dB(A), respectively. It is about 11-35 dB high than
NEQS and WHO guideline value 50 dB(NEQS
Table 7 and WHO guidelines, Table 8) set for school
playground outdoor and silence zone. For hospitals
minimum and maximum noise levels observed are
45.1 and 84.4 dB(A), with mean values 52.6+4.0-
76.3+4.6 dB(A), which is on higher side as compared
to WHO guideline values of 30 dB (WHO guidelines,
Table 8) set for hospital, ward rooms, indoor as well
as NEQS for silence zone, which is 50 dB(NEQS
Table 7). It is an alarming sign for hospitals manage-
ment. For railway stations, airport, and bus stands
observed minimum and maximum noise level is
59.2 and 102.5 dB(A), with mean values 56.4+9.3-
80.2+2.4 dB(A), higher than WHO as well as NEQS
limits for traffic. For shopping plazas, markets
minimum and maximum noise level observed is
53.8 and 81.2 dB(A), with mean values 58.8+5.2-
78.7£1.5 dB(A), respectively. It is also higher than
WHO guideline value of 70 dB (WHO guidelines,
Table 8) set for industrial, commercial, shopping
arcas as well as NEQS limit of 65 dB (NEQS
Table 7) set for commercial areas.

Conclusion

The results of the study revealed that the noise level
surpassed the prescribed NEQS limits as well as WHO
guideline values of noise level for specific environ-
ments, in all areas under study in Rawlpindi city which



98 Younas Kalim et al.

Roads and choaks g 6 8 9 0 Max Min Mean SD
1JP Peshawar road 69.0 768 758 703 71.6 682 882 748 751 80.1 882 682 750 6.0
1JP Toll plaza 80.5 923 737 821 942 819 758 70.0 825 779 942 70.0 8l.1 7.6
1JP Carriage factory 81.3 809 729 865 89.7 780 822 832 808 702 89.7 702 806 5.8
1JP Pir wadhai more 80.0 894 760 84.1 101 712 77.1 76.0 80.0 89.0 101.0 71.2 824 88
1JP Pindora choak 84.8 755 78.1 89.7 981 82.0 699 744 81.1 90.1 981 699 824 8.5
Agha shahi avenue-9 724 706 751 720 76.6 782 692 666 781 71.0 782 66.6 73.0 39
Faizabad choak 70.1 69.1 662 690 713 682 826 709 752 685 826 662 71.1 4.7
6th road choak 677 69.0 68.1 69.1 660 651 869 689 756 7T1.6 869 651 708 64
Muslim town 70.2 66.8 682 752 659 788 80.1 70.0 657 800 80.1 657 72.1 59
sadiqabad choak

Chandni choak flyover 7777 664 64.0 633 628 694 619 689 1019 982 101.9 619 73.5 148
Sirvice road 693 678 722 674 684 699 670 719 619 668 722 619 683 29

dhoke kashmirian

Banni choak 723 719 686 689 698 76.1 738 740 726 702 761 686 718 24
Asghar maal choak 80.0 77.7 755 806 767 782 73.1 79.7 747 772 80.6 73.1 773 24
Pindora chungi choak 72.5 714 754 784 682 70.6 73.1 60.7 589 613 784 589 69.1 6.7
Siddiqui choak 771 740 68.1 695 69.0 71.0 727 70.6 697 683 77.1 681 71.0 29
Committee choak 77.5 765 80.0 925 795 81.1 783 841 788 761 925 761 804 4.8
PAF Auditorium choak 72.1 72 66.8 654 728 768 69.1 632 598 782 782 59.8 69.6 59
chaklala base

RDA/WASA 672 688 69.5 665 905 715 763 789 81.5 855 905 665 756 83

Liaqat bagh murree road

Moti mahal murree road 7377 75.6 75.0 948 87.6 90.1 826 80.5 835 894 948 737 833 72
Mareer hasan choak 689 855 725 835 774 708 695 680 700 922 922 680 758 85
Kachahri choak 729 689 705 719 68.6 715 902 89.0 800 735 902 686 757 8.0
Ammar choak 683 715 722 69.8 755 816 618 607 799 624 816 60.7 704 73
Ayub park 664 69.1 702 654 673 648 688 698 741 775 715 648 693 39
Main gate GT road

Chungi no.22 choak 864 81.6 809 756 &8l4 775 869 8.6 794 790 869 756 8l.1 3.6
Tench bhata 77.6 835 839 91.8 8I.1 841 822 805 768 956 956 768 837 59
dispensary road

Kalma choak 75.0 69.7 644 704 68.7 703 744 80.1 673 722 80.1 644 713 44

Dhoke syyedan

Fawara choak 829 774 754 717 846 793 800 879 90.1 709 90.1 709 80.0 6.5
raja bazaar

Dinghi khui raja bazaar 715 707 791 665 669 784 689 700 692 815 8L5 665 723 54
Bohar bazaar choak 832 805 741 793 748 756 819 802 786 88.6 886 741 797 4.4
F.G Boys school 852 844 736 691 744 704 760 69.7 784 788 852 69.1 760 5.7

Peshawar road

Chuhar choak 66.8 674 594 68.1 554 582 60.1 600 642 559 681 554 61.6 4.7
Peshawar road

Dhoke ratta bazaar 80.8 802 708 673 711 698 726 734 713 737 808 673 731 43



Noise Pollution in Rawalpindi, Pakistan

rea

ax

m

can

99

A-Block satellite town
B-Block satellite town
D-Block satellite town

Dhoke khabba

Chaklala village nazir abad
Residential area DHA-1
Hazarat abbas colony morghah
Lal kurti residential area
Markazi jamia mosque
Askari-11 residential area

PIA colony

Cantt view colony

Ilyaas colony misrial road
Officers colony main entrance
Railway scheme-7

Khayabane sir syyed area
Bangash colony residential area
Workshopi mohallah area

Eid gah sihaam residential area

71.9
58.6
78.1
56.4
48.5
50.1
61.5
59.6
71.9
53.1
55.6
543
50.0
554
66.9
56.4
64.5
58.2
43.5

64.4
59

74.4
58.2
57.9
58.4
51.2
584
78.2
522
56.2
50.7
56.5
54.2
65.5
54.3
70.1
56.7
45.6

67.5
62.1
73.6
60.1
60.1
54.2
524
64.2
75.2
49.5
50.8
50.9
53.7
57.1
70.4
55.6
68.1
62.2
53.2

66.4
61.4
753
52.8
66.7
56.5
50.2
59.2
80.2
55.9
48.4
43.1
48.2
52.6
66.4
64.2
65.8
552
52.1

72.2
54.6
76.6
56

71.6
493
60.9
66.5
73.4
57

454
429
49.6
48.7
67.3
66.1
64.1
49.8
48.2

68.0
55.8
69.0
62.2
72.9
61.2
66.3
67.4
75.2
59.2
53.6
53.1
542
47.9
80.7
53.6
63.9
50.3
38.8

65.7
62.5
70.0
65.1
54.0
55.6
68.8
55.8
76.0
68.1
58.8
59.2
58.6
56.4
71.9
67.4
66.2
56.9
55.2

71.5
50.8
68.2
67.8
63.2
529
56.7
52.6
91.0
71.8
52.1
53.2
53.5
57.2
64.5
58.3
68.3
60.1
50.1

67.4
56.3
69.1
58.7
55.0
60.2
544
60.1
78.3
61.3
51.5
54.1
51.8
58.6
63.1
60.0
64.3
61.4
42.4

74.3
64.2
67.3
64.6
52.3
54.6
57.3
68.3
76.5
65.4
50.6
51.2
524
49.5
63.8
55.1
63.7
61.0
47.5

77.9
64.2
78.1
67.8
72.9
61.2
68.8
68.3
91.0
71.8
58.8
59.2
58.6
58.6
80.7
67.4
70.1
62.2
55.2

64.4
50.8
67.3
52.8
48.5
493
50.2
52.6
73.4
49.5
45.4
42.9
48.2
47.9
63.1
53.6
63.7
49.8
38.8

69.5
58.5
72.2
60.2
60.2
55.3
58.0
61.2
78.2
59.4
52.3
51.3
52.9
53.8
68.1
59.1
65.9
57.2
47.7

43
4.2
3.9
4.7
8.3
4.0
6.3
5.2
4.9
7.3
39
5.0
32
39
52
5.1
22
4.4
5.2
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Govt.College for womens/town
Divisional public school

Asghar maal degree college
Army public school adiala road
Gordon college main gate
Gordon college inside

Army public school westridge-iii
F.G Boys school Peshawar road

Women college dhoke hassu

65.3
71.3
70.9
82.1
80.8
79.5
80.8
82.9
81.9

64.8
73.6
68.2
80.6
81.0
80.1
81.0
77.4
76.1

63.1
69.6
64.6
81.5
82.4
77.8
82.4
75.4
94.4

77.8
68.9
66.3
79.9
79.8
79.8
79.8
71.7
81.7

67.8
70.6
70.0
84.6
84.6
79.6
84.6
84.6
78.8

70.8
723
68.5
82.3
90.1
78.6
90.1
79.3
77.8

68.8
68.8
65.1
80.0
90.2
71.5
90.2
80.0
81.0

68.7
69.2
62.3
85.6
88.9
76.8
88.9
87.9
92.2

70.7
70.2
61.5
89.8
90.1
78.3
90.1
90.1
73.3

72.2
72.1
60.0
90.1
82.2
80.2
82.2
70.9
88.1

77.8
73.6
70.9
90.1
90.2
80.2
90.2
90.1
94.4

63.1
68.8
60.0
79.9
79.8
76.8
79.8
70.9
73.3

69.0
70.7
65.7
83.7
85.0
78.8
85.0
80.0
82.5

4.2
1.6
3.7
3.8
43
1.2
43
6.5
6.9

!Osplta ! ! ! ! ! ! ! ! !! !Lx !m !ean !|!

Central hospital main gate
Central hospital inside

Holy family hospital inside
Holy family hospital main gate
Fauji foundation hospital
AFIC,CMH

Military hospital

82.0
65.2
63.2
72.2
54.3
55.3
60.4

733
64.5
63.4
78.3
50.7
54.9
63.4

79.1
66.3
62.1
80.3
50.9
52.8
63.1

68.5
58.4
61.6
77.1
45.1
56.3
59.8

77.6
60.0
64.9
74.9
48.9
50.6
64.9

68.4
58.1
76.8
73.6
53.1
53.7
70.2

70.4
67.6
71.4
71.9
59.2
59.5
68.7

72.5
69.2
67.5
70.0
552
57.6
67.5

84.2
55.4
63.8
84.4
52.1
55.7
63.8

73.2
54.2
65.0
80.3
56.2
59.2
62.6

84.2
69.2
76.8
84.4
59.2
59.5
70.2

68.4
54.2
61.6
70.0
45.1
50.6
59.8

74.9
61.9
66.0
6.3

52.6
55.6
64.4

5.5
53
4.8
4.6
4.0
2.8
3.4
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Site 1 2 3 4 5 6 7 8 9 10 Max Min Mean SD
Pir Wadhai bus stand 82.6 804 822 853 684 803 728 741 759 68.1 853 68.1 77.0 6.1
Pir Wadhai bus stand 80.2 787 786 799 783 80.2 812 782 80.6 864 864 782 802 24
main entrance

Islamabad 592 674 72,6 707 719 740 69.1 772 101.2 102.5 102.5 59.2 76.6 14.1
International airport

Chaklala railway station 50.0 438 562 532 71.0 724 622 537 51.1 508 724 438 564 93
Sowan wagon stand 65.5 606 704 623 619 675 834 704 668 728 834 60.6 682 6.7
Rawalpindi 783 79.0 78.6 788 793 768 754 79.6 80.1 81.0 81.0 754 78.69 1.61
Railway station outside

Rawalpindi 77.6 764 738 723 759 763 777 774 765 757 777 723 7596 1.72
Railway station inside

Pir Wadhai bus stand 82.6 804 822 853 684 803 728 741 759 68.1 853 68.1 77.01 6.06

Food street cricket stadium
Shamas abad furniture market
Commercial market sat/town
Rahman abad choak market
National market satellite town
Chaklala market

Sadar kamran market

Bohar bazaar

Wesrtidge market

Westridge market post office

67.7
64.5
68.9
75.2
66.5
54.6
75.4
75.0
78.2
76.4
80.8

59.4
69.5
65.4
76.4

53.8
76.2
69.7
78.4
76.8
80.2

71.5
68.5
67.3
68.8
70.1
59.1
75.8
64.4
77.6
81.0
70.8

67.1
63.8
64.3
63.6
72.5
69.0
79.6
70.4
80.1
79.2
67.3

68.9
62.4
69.1
72.6
60

779
68.7
79.6
78.6
71.1

72.9
71.4
72.5
73.1
62.6
59.4
80.2
70.3
78.8
78.4
69.8

70.0
64.7
73.4
74.7
71.7
552
81.0
74.4
76.9
79.3

72.6

66.0
64.0
74.3
76.6
70.3
66.7
79.8
80.1
76.5
74.8
73.4

69.8
63.2
75.1
65.9
66.8
58.5
80.3
67.3
81.2
76.7
71.3

68.5
66.4
75.9
70.0
78.3
56.4
78.5
72.2
80.1
77.9
73.7

72.9
71.4
75.9
76.6

69.0
81.0
80.1
81.2
81.0
80.8

594
62.4
64.3
63.6
60.0
53.8
75.4
64.4
76.5
74.8
67.3

68.2
65.8
70.6
71.7
68.6
58.8
78.5
71.3
78.7
77.9
73.1

3.7
3.0
4.2
45
52
52
2.1
4.4
15
1.8
43

Table 7. National environmental quality standards

(NEQS) for noise effective from 1 July, 2012

Category of area/zone dB(A) Leg

Day time Night time
Residential area 55 45
Commercial area 65 55
Industrial area 75 65
Silence zone 50 45

The Gazette of Pakistan, extra, November 26, 2010 (Part-11),

SRO 1064(1)/2010.

can cause harmful effects on human health, animals

and the environment. Motor vehicular traffic using

pressure horns, musical systems and ill tuned engins

are the main source of noise pollution at main roads as

well as residential areas, main entrances of hospitals

and educational institutions situated near roads. The

problem of traffic noise created by these vehicles is a

significant source of noise pollution in areas near roads

and bus stands. Air conditioners, fans and generators

cause noise pollution to some extent in markets and

shopping plazas.
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Table 8. WHO guideline values for community noise
in specific environments, April 1999

Specific environment Leg Linax, fast
[dBA] [dBA]
Outdoor living area 55 -
Dwelling, indoors 35 45
Inside bedrooms 30 45
Outside bedrooms 45 60
School class rooms and 35 -
Pre-schools, indoors
Pre-school bedrooms, indoors 30 45
School, playground outdoor 55 -
Hospital, ward rooms, indoors 30 40
Industrial, commercial shopping 70 110
and traffic areas, indoors & outdoors
Ceremonies, festivals and 100 110
entertainment events
Public addresses, indoors and outdoors 85 110
Music through headphones/ earphones 85 110

During load shedding of electricity, mostly generators
are used to generate electricity. These are creating
too much noise in commercial areas. Excessive use
of loudspeakers and musical equipments in musical
centers is causing noise pollution in markets and
shopping plazas. Overcrowding of people is creating
noise in markets, schools, colleges, hospitals, bus
stands airports and railway stations. Unplanned
urbanisation has severly damaged the natural green
areas of the city. These all are contributing to noise
pollution, which can cause health problems to the
exposed population of the city. Present study will
certainly divert attention of the concerned imple-
menting authorities to understand the severity of the
noise pollution problem of the city and take proper
remedial measures.

Recommendations

e  To wear ear protection, while working in noisy
conditions is an effective way to manage
noise. Vehicles and factory machines need to
be maintained properly and checked from
time to time.

e Sound insulation at the top of the roof and
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addition of a layer of plasterboard or wood
to the dividing wall can provide a protection
from the noise.

e A comprehensive campaign should be laun-
ched to create public awareness about noise
pollution.

e  Effective solution for noise pollution is to plant
bushes and trees around the sound generating
sources. Planned housing schemes should be
allowed which must have green areas.

e Use of loudspeakers at public places, use of
pressure horns and sound systems in buses
and other transport vehicles should be banned
and strict laws should be imposed against
them.

e For overcoming the effects of noise pollution
latest active noise control (ANC) technologies
should be used such as white noise machine.
This device converts the unbearable noise into
pleasant sound.
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Abstract. In the present study, noise levels were monitored in twenty one different banks of the Cuttack,
the largest commercial city of the State Odisha, India, in the months of January to April, 2011 during two
specified times (10 a.m.-1 p.m. and 1-4 p.m.). Different noise descriptors such as L, , L, Ly, L., NPL
(noise pollution level), NC (noise climate) etc., were analysed to infer the extent of noise pollution in the
investigated commercial banks of Cuttack. The noise levels in different banks ranged from 51.1 to 90.5
dB and from 51.4 to 91.1 dB during 10 a.m.-1 p.m. and 1 -4 p.m., respectively. Similarly, Leq ranged from
71.5 to 82.1 and 67.4 to 72.2 dB and NPL ranged from 90.6 to 105.5 dB and 81.6 to 100.8 dB during 10
a.m.-1 p.m. and 1-4 p.m., respectively, which is more than permissible limit i.e., 50 dB (as prescribed in
USA). T-test was also computed for all the 21 banks to infer the existence and statistical significance of

the variations in noise levels.

Keywords: office noise, bank, noise distraction, noise descriptors, Cuttack

Introduction

Now-a-days, there were records of high level of dis
satisfaction due to noise incidence in different offices,
especially in commercial banks of India. Due to increase
in population, economic development and industrial
growth around Cuttack, there are many nationalised
and private banks in different parts of the city. Total
population of Cuttack is 2,618,708. Thus, the increase
in number of customers, increased transactions of
different industrial and business establishments of
Cuttack make the environment of bank noisy. It is
interesting to note that salary solely is disbursed in
different banks to the employees and pensioners of
government offices, universities, colleges, schools,
industries located at Cuttack. So, especially on last
working day of the month or during first week of the
month, huge crowd rush into the banks to collect their
salary. Unlike environmental noise in banks of foreign
countries, Indian banks having thousands of customers
are always noisy. The Indian banks are usually much
noisier than their counterparts in developed countries,
where less number of customers, central air-conditioning
and carpeted floors and their location away from main
roads reduce the noise to fairly low levels. The study
on environmental noise of different banks in major

* Author for correspondence;
E-mail: goswamishreerup@gmail.com
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cities of India in terms of standard noise indices were
not empirically assessed so far except preliminary
assessment of Goswami and Swain (2012a) in Balasore
and that of Kudesia and Tiwari (2007) in Rourkela. The
objective of the study was to assess the level of noise
exposure of 21 different banks (both private and
nationalised) of Cuttack, Odisha, India. As no agency
in India has so far recommended the acceptable limits
of noise levels in the offices especially that of banks,
therefore, noise levels of the banks in India were studied
and compared with the recommended noise levels of
bank in USA (50 dB) (Kudesia and Tiwari, 2007;
Rettinger, 1977).

Materials and Methods

Study site. Cuttack city, the commercial and judicial
caipital of Odisha, is located at 20 °16' North latitude
and 85°31' East Longitude (Fig. 1). Noise levels were
monitored in 21 commercial banks of Cuttack city
(Table 1).

Acoustic study. The present noise monitoring was
conducted with the help of sound level meter (Model
LUTREN, SL-4010). This light weight calibrated
instrument (wt = 460 g with batteries) is primarily
designed for community noise survey. Sound level
meter works on the principle of evaluation of sound
pressure on a linear or weighted scale. Thus, the noise
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°
New Delhi

Kolkata ®

Cuttack

Mumbai Bhubanesware

Fig. 1. Map of India showing location of Cuttack
city (study area).

levels were measured following standard procedure
during January to April, 2011, at selected banks around
Cuttack (Goswami and Swain, 2013; 2012b; 2011;
Swain and Goswami, 2013; Mohapatra and Goswami,
2012a; 2012b; Pradhan et al., 2012; Swain et al., 2012a;

Bijay Kumar Swain and Shreerup Goswami

2012b; Goswami, 2011; 2009; Goswami et al., 2011;
Krishna Murthy et al., 2007). 180 measurements were
made within three hour duration (i.e., at 1 min., interval)
during two specified times from 10 a.m. -1 p.m. and
1-4 p.m. in the common corridors of all twenty one
investigated banks. Sound level meter was kept in hand
at arm’s length at the chest level to minimise any error.
The noise levels of different banks in different time
intervals were predicted along with their equivalent
noise levels (Leg)- The value of L, in dB (A) unit was
calculated by using the formula given by Robinson,
(1971) i.e.:

Log=Lg+ (L,-Lyy)’ /56

For the present study, the different percentile noise
levels used were:

L,,: the level that were exceeded during 10% of
the measuring time in dB(A).

L,, : the level that were exceeded during 50% of
the measuring time in dB(A).

L,, : the level that were exceeded during 90% of
the measuring time in dB(A).

L., represents the equivalent energy sound level
of a steady state and invariable sound.

It includes both intensity and length of all sounds
occurring during a given period (Piccolo et al., 2005).

a.m.-1 p.m. p.m.-4 p.m.
Location Mean+ L, L, L, L, NC NPL Mean+ L, L, L9 L, NC NPL
SD SD
UCO Bank, College Square 70.0+9.0 80.1 72.4 56.7 82.1 23.4 1055 67.1£7.2 78.5 66.8 58.5 739 20 939
Central Bank of India, Mahatab Road 68.1£7.4 79.1 69.2 585 76.7 20.6 973 67.8+7.1 78.6 674 594 739 19.2 93.1
State Bank of India, Link Road 70.8£6.6 79.4 722 59.8 79.0 19.6 98.6 68.2+69 77.6 65.6 60.7 70.7 169 87.6
ING Vyasa Bank, Arunodaya Nagar 66.2+7.1 76.5 64.7 569 71.5 19.6 91.1 65.0£55 734 63.8 59.2 67.4 142 81.6
Union Bank of India, Choudhury Bazar ~ 70.6£6.4 78.6 714 61.6 76.5 17 935 69.0£6.8 784 704 58.8 77.2 19.6 96.8
IDBI Bank, College Square 68.5£7.7 79.6 70.1 58.6 77.9 21 989 66.8£6.5 758 654 582 709 17.6 88.5
Syndicate Bank, Bajrakabati Road 67.1£6.8 782 65.5 59.4 71.8 18.8 90.6 66.2+5.8 76.6 64.1 614 682 152 83.4
Bank of Baroda, Buxi Bazar 70.2£7.0 763 71.4 58.6 769 17.7 94.6 69.9+58 77.2 70.1 61.6 744 15.6 90
Bank of India, Ranihat 69.1£8.5 79.5 69.3 60.1 76.0 19.4 954 67.7£63 73.7 68.8 60.1 72.1 13.6 85.7
Canara Bank, Badambadi 69.848.4 81.4 685 604 763 21 973 66.0£7.6 745 672 573 724 172 89.6
Andhra Bank, Malgodown 70.248.3 81.2 699 60.6 77.4 20.6 98  68.1£6.8 782 685 60.7 739 17.5 914
Punjab National Bank, Buxi Bazar 68.2+6.7 79.2 67.4 60.8 73.4 184 91.8 66.8£7.2 783 64.7 572 72.6 21.1 93.7
Dena Bank, Naya Sarak 66.8+8.1 784 652 57.1 73.3 21.3 94.6 65.8+7.5 78.6 63.2 572 71.3 214 92.7
Oriental Bank of Commerce, Link Road 68.4+8.5 81.1 67.4 574 77.4 23.7 101.1 652472 76.8 64.5 569 71.5 199 914
Allahabad Bank, Cantonment Road 69.8+7.8 80.6 69.4 613 76 193 953 66.6£83 785 654 56.5 74.0 22 96
HDFC Bank, Bajrakabati Road 69.0£8.3 81.4 673 59.6 75.7 21.8 97.5 66.7484 784 654 573 733 21.1 944
Axis Bank, Badambadi 66.4£8.4 789 63.4 558 729 23.1 96 64575 784 62.1 572 70.1 212 913
Vijaya Bank, Buxi Bazar 68.7£7.5 80.7 67.4 60.5 74.6 20.2 948 65.6£8.1 782 643 573 72.1 209 93
Urban Co-operative Bank, College Square 68.919.9 82.1 64.5 584 74.5 23.7 982 67.589.0 82.1 65.1 573 76.0 24.8 100.8
ICICI Bank, Bajrakabati Road 67.249.4 803 63.4 558 74.1 245 98.6 65.6£9.0 8l.1 62.5 56.6 732 24.5 97.7

a 1 B K Rai akanhA 1 Q Q
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As L, is an insufficient descriptor of the annoyance
caused by fluctuating noise (Robinson, 1971), noise
pollution level (NPL) in dB (A) was calculated by using
the following formula:

NPL =L, +a (LLy)
where:
a = 1.0 (constant in the equation)

NPL takes into account the variations in the sound signal
and hence serves as better indicator of the pollution in
the environment for physiological and psychological
disturbance of the human system (Robinson, 1971).

Noise climate (NC) is the range over which the sound
levels were fluctuating in an interval of time and was
assessed using the following formula (Robinson,
1971):

NC=(L,,-L,,)
where:

L,, = the level exceeded for 10% of the time of
record (peak noise level); L,, = the level exceeded
for 90 % of the time of record, is very near to the
background noise level in the absence of any motor
vehicle traffic.
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Statistical analysis. The analysis of the measured noise
levels generally depicted that there were existence of
variations of noise with variables as the time of day. In
order to determine the existence and statistical
significance of the variations and trends, t-test was
assessed on the observed data of the two different time
intervals (Gupta, 2010).

Results and Discussion

Acoustic analysis. The noise data collected from different
banks displayed wide ranges of noise level varying in
two different specified times (10 a.m. -1 p.m. and
1-4 p.m.). The noise levels ranged from 51.1 to 91.1 dB
at the common corridor of 21 investigated banks
(Fig. 2). The minimum noise level was recorded at Punjab
National Bank, Buxi Bazar (51.1 dB), while maximum
noise was observed at Allahabad Bank, Cantonment
Road (91.1 dB). Similarly, the maximum mean noise
level was assessed at State Bank of India, Link Road
Branch (70.8 dB), while minimum was assessed at Axis
Bank, Badambadi Branch (64.5 dB).

Average peak noise level (L)) values of all 21 monitored
banks ranged from 76.3 to 82.1 dB and 73.4 to 82.1 dB
during 10 a.m.-1 p.m. and 1-4 p.m., respectively.
Similarly, Ly, (median value of sound level) and L,
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Fig. 2. Maximum and minimum noise level (dB) variations of different banks of cuttack city at two different
specified time intervals.
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(average background level) values of all 21 banks varied
from 63.4 to 72.4 dB and 55.8 to 61.6 dB; 62.1 to 70.4
dB and 56.5 to 61.6 dB during 10 a.m.-1 p.m. and
1-4 p.m., respectively. Accordingly, the calculated L,
(equivalent noise levels) values ranged from 71.5 to
82.1 dB and 67.4 to 77.2 dB during 10 a.m.-1 p.m. and
1 -4 p.m., respectively. All these values clearly showed
higher noise levels in banks of Cuttack city mostly
during 10 a.m.-1 p.m. NPL (noise pollution level) values
of all 21 monitored banks ranged from 90.6 to 105.5
dB and 81.6 to 100.8 dB during 10 a.m.-1 p.m. and
1-4 p.m., respectively (Table 1). Minimum NPL values
were more than 80 dB, which clearly revealed extent
of noise pollution in the banks. NC (Noise climate)
values ranged from 17 to 24.5 dB and 13.6 to 24.8 dB
during 10 a.m.-1 p.m., and 1 -4 p.m., respectively (Table
1). NC is otherwise known as the difference between
peak (L,,) and background (L,,) noise. The values of
NC simply demonstrated that although the noise levels
during any period of the day were generally constant
but the presence of single — event noise was sufficient
to affect the values of different noise percentile levels
and consequently NC. t-test was computed between
two different time intervals (10 a.m.-1 p.m. and 1- 4
p.m.). The observed value of t-test was 5.1. The tabulated
value of ‘t’ for 40 degree of freedom at 5% level of
significance for two tailed test was 2.021. Since, the
calculated value is more than the tabulated‘t’, so it is
significant. Thus, it was concluded with 95% confidence
that the noise levels at 10 a.m.-1 p.m. was more than
the noise levels at 1-4 p.m. The present study
demonstrated that peak levels of activity occur in the
banks in the forenoon i.e., during 10 a.m.-1 p.m. There
are fairly less noise during 1-4 p.m. Lastly, it is inferred
that even the minimum noise levels are beyond the
permissible limit (50 dB as prescribed in USA) in all
the cases (Table 2).

It was observed that main sources of noise in the
investigated commercial banks were generators, air
conditioners, fans, printers, computers, ventilation
systems, notes-counting machines, telephone ringing,
and chattering among the (bank) employees or the
customers. These sounds are classified into steady
(continuous hum from a ventilation system, fans, air
conditioner or a computer, server); intermittent (sound
that comes and goes such as a telephone ringing; printer,
notes counting machine, fax, copier); impact (sounds
of short duration such as the snap of a stapler or a
punching machine; impact on door push bar during

Bijay Kumar Swain and Shreerup Goswami

Table 2. Recommended acceptable noise levels in
unoccupied offices in USA (Kudesia and Tiwari, 2007)

Type of office Recommended
noise level
General office 50
Private office 45
Small conference room 45
High standard office 35
High standard conference room 35
Bank 50
Accounting office 50

opening/closing, walking on hard surfaces) and human
generated noise (human conversation and conversation
on the phone). Moreover, all the investigated commercial
banks are located in the heart of this city and along the
main road. Thus, the noise from road traffic was also
major contributor to the noisy bank. It was also noticed
that the problem of office noise is aggravated due to
multiple reflections of sound from concrete walls and
bare floors. It was also observed that one of the
imperative sources of noise pollution in the banks was
the portable electric generator and it is becoming more
and more common now-a-days due to frequent power
failures. Most of the employees experience annoyance,
and in turn disturbance in their work when the noise
level crosses 65 dB. It was evident that all the employees
of the banks might be experiencing some degree of
noise related annoyance.

Noise source generated from chattering among the (bank)
employees or the customers, indeed brought much
distraction as compared to all other generated noise within
the office environment since noise generated are audible
and can be understood (Passhier, 1993). Machine generated
intermittent noise, and impact noise in contrast is less
distractive as there is no content with it. Background noise,
would cause even less distraction, perhaps no distraction
as it assists in masking the noise around since it has no
uniformity. Although noise generated in the office in
general and in bank in particular bring no conclusive
evidence to physical health impact to the employees after
long hour exposure, but studies demonstrated that it brings
psychological distraction and annoyance to the employee,
which may reduces their productivity (NyunLing and
Cheung Chan, 2007; EPA, 1981).

It was also evident that bank employees were highly
annoyed by the noise and their work efficiency had
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been somehow affected. Moreover, they might be
suffered from headache, bad temper, hearing problem
and loss of concentration during their working hours
manifested by noise pollution (Goswami and Swain,
2012a; Jakovljevic et al., 2009; Bluhm ef al., 2004).
One of the most annoying aspects of noise is that it
interferes with speech. In the presence of background
noise (Ly) i.e., 55.8-61.6 dB as measured in the banks
of Cuttack, one has to raise the voice to carry out
conversation and this contributes to further noise
pollution. Maximum speech interference levels are
quoted in Table 3 (Kudesia and Tiwari, 2007). This
table demonstrates that if the noise level is 67dB (A)
—arather conservative value for Indian offices as evident
in the present study- one has to speak in a very loud
voice to talk to a person at one meter and has to shout
at two meters. For example, if the noise level is 73 dB
(L, during 10 a.m.-1 p.m. of all the investigated banks
crosses this limit); one has to shout to talk to a person
at one meter. According to (Kudesia and Tiwari, 2007)
maximum speech inference levels for normal voice is
55 dB from 1m; 49 dB from 2 m and 43 dB from 3 m;
while that of raised, very loud and shouting voices are
61, 67, and 73 dB from 1 m; 55, 61, 67 dB from 2 m
and 49, 55, 61 dB from 3 m, respectively (Table 3).
Thus, bank employees and customers have to speak in
a louder voice due to speech interference, which possibly
irritates them and reduces their working efficiency
(Kudesia and Tiwari, 2007).

Table 3. Maximum speech interference levels in dB
(A), which permit satisfactory hearing (after Kudesia
and Tiwari, 2007)

Maximum speech interference levels in dB (A)
Types of voice distance from speaker

Im 2m 3m
Normal voice 55 49 43
Raised voice 61 55 49
Very loud voice 67 61 55
Shouting 73 67 61

Conclusion

The present study demonstrates that the noise levels of
all the investigated banks are more than the permissible
limit (50 dB). Even minimum noise levels and the
background noise level (L,,) are more than this
recommended acceptable noise level of banks (50 dB).
So it is apparent that the employees of these banks are
experiencing noise related infuriation. Such noise
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pollution is steadily growing in the public offices of
developing countries like India. It is also observed that
investigated banks are commonly noisier during fore-
noon (10 a.m.-1 p.m.) than during afternoon (1-4 p.m.).
Moreover, it is pertinent to mention here that the
background noise and minimum noise levels are less
in private banks such as Axis Bank, Badambadi and
ICICI Bank, Bajrakabati road and the noise environment
is better in these banks than the investigated nationalised
banks of the city.

Since noise is a subjective feeling, the amount of noise
caused distraction produced depends up on psycho-
logical sensitivity of that individual and loudness of
that particular noise. Severe distraction may classify
as annoyance (NyunLing and Cheung Chan, 2007,
Evans and Johnson, 2000). Recent research suggests
acoustics can have a large impact on work efficiency,
performance and productivity. Even moderately noisy
offices might contribute significantly, to health
problems such as heart disease due to increased level
of a stress hormone (epinephrine) and musculoskeletal
problems (NyunLing and Cheung, 2007; Evans and
Johnson, 2000). Noise level of offices such as banks
has modest but adverse effects on physiological stress
and motivation. Thus, noise is probably the most
prevalent annoyance source in offices, and can
lead to increased stress for occupants (NyunLing
and Cheung, 2007; Evans and Johnson, 2000). Yet,
acoustics in most cases do not received the same level
of design consideration as thermal, ventilation and
lighting as well as other architectural and engineering
considerations (NyunLing and Cheung, 2007; Evans
and Johnson, 2000; Sundstrom et al., 1994). Therefore,
bank administrations should take some imperative
steps and regulatory measures to abate noise pollution
in the respective banks so that work efficiency can be
doubled with every perfection. The opening of new
markets, deregulations and developments in informa-
tion technology over the past few decades have led to
heightened competition and greater struggle for survival
among banking organiza-tions, encouraging them to
take a fresh look at the conventional ways of making
business. In order to remain competitive in this turbu-
lent scenario, they have to make bank-environment
conducive for customers.
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Abstract. Nanodevices and biomolecules have incredibly strong correspondence in terms of size and
physical properties. In this review, three major types of nanodevices, namely cantilevers, nanowires and
carbon nanotubes, have been discussed and how they have resulted in new sensor designs or helped push
the limits of detection in existing schemes. After brief overview of each type and the ways it could be
used in biosensing, recent research efforts are presented to emphasise the challenges and achievements

in that particular category.

Keywords: nanobiosensors, biosensors, nanodevices, cantilevers, nanowires, carbon nanotubes

Introduction

Detection and analysis of low concentrations of bio-
molecules for medical diagnostics, environmental
monitoring, and quality control of products have always
been of great interest and active topic of research due
to associated benefits. For instance, precise detection
of cancer biomarkers in blood allows timely diagnosis
and treatment of the disease or detection of airborne
pathogens can lead to early counter measures. However,
the isolation and detection of these biomolecules present
many challenges due to the fact that biomolecules are
part of complex environments, such as blood, urine, air
or water, and numerous other chemical and biochemical
agents. Another challenge is the nanometer size scale
of the biomolecules and need for same size devices to
interact with them. To meet these challenges the colla-
boration of various engineering and science disciplines
under the umbrella of nanotechnology and nanoscience
has brought together innovative methods and techniques
to design smaller and better devices known as nanobio-
sensors or simply biosensors-devices that can identify
and recognise biological molecules and their activities.
Blood, gas, glucose monitoring devices and pregnancy
test strips are a few examples of commercially available
biosensors, which not only benefit the patients but also
underscore the need and the potential for more sophis-
ticated systems even for DNA and protein detection
(Gruhl et al., 2013; Carrascosa et al., 2006; Murphy,
2006; Wang, 2006; Collings and Caruso, 1997).
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Generally, a biosensor has three major units, detector,
transducer and signal processor. The detector accom-
plishes target specific recognition to detect the bio-
chemical phenomenon (e.g., antibody-antigen binding),
the transducer (e.g., cantilever, nanowire) generates
measurable signals, and finally the processor unit (e.g.,
microcontroller or computer) filters, amplifies, and
displays the output signal. Nanotechnology has been
playing a vital role to better all these units (biosensors,
detectors and transducers) therefore, getting benefits of
devices based on these technologies. Utilising the
concepts from already advanced field of semiconductor
manufacturing, researchers have started producing
micro-electro-mechanical systems (MEMS) and nano-
electro-mechanical systems (NEMS) out of silicon well
as polymers, metals, carbon, and etc., (Staples et al.,
2006; Grayson et al., 2004; Moore and Syms, 1999).
These days, some MEMS and NEMS devices are com-
mercially available in the market (e.g., drug delivery
systems, micro-needles, stents), (Murphy, 2006; Staples
et al., 2006; Grayson et al., 2004) and some of them
readily outperform widely used conventional systems.
Their success attributes to short response time, mass
fabrication, and capacity to integrate with other lab-on-
chip devices and undoubtedly opens up possibilities of
cost effective and portable devices for detecting bio-
molecules (Dhayal et al., 2006; Ziegler, 2004; Arntz
etal.,2003).

A variety of biomolecular detection sensors based on
nanodevices have been reported in the last many years
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in the published literature. Similarly, numerous com-
prehensive review articles on various perspectives of
nanobiosensing have also been published (Gao ef al.,
2012; Yeom et al., 2011; Curreli et al., 2008; Erickson
et al.,2008; Nicu and Leichle, 2008; Cheng et al., 2006;
Patolsky et al., 2006; Wanekaya et al., 2006). Contrary
to usual reviews, main emphasis in this review was on
the detectors and transducers that are direct result of
nanotechnology, e.g., cantilevers, nanowires (NWs)
and carbon nanotubes (CNTs). Properties and usage of
these nanodevices have been discussed for particular
biomolecules, however, signal transduction, processing
and other aspects have been only mentioned if needed
to elaborate a certain technique. A brief description of
each device is followed by common sub-types of device
variants and methods to incorporate in a biosensor
design as detector and/or transducer. Then research
examples from literature have been discussed to highlight
the challenges and achievements in that particular
category.

Micro cantilevers. Micro cantilevers are diving-board
like structures that fall in the category of mechanical
detection of biomolecules. A typical schematic diagram
of the optical measurement setup, scanning electron
micrograph (SEM) of micro-fabricated cantilevers and
an illustration of molecular hybridisation and bending
of cantilevers are shown in Fig. 1. Generally, the canti-
levers are fabricated from silicon (Si), silicon oxide
(Si0,) and silicon nitride (SizN4) through state of the
art and standard semiconductor fabrication methods.
However, specific applications and signal transduction
methods may require coating of cantilevers with different
materials to increase affinity for certain probe molecules
or to provide shiny surface for laser reflection. Usually,
gold (Au) coatings are used because alkane chain with
thiol groups binds to gold and proteins adsorb on gold
surface (Raiteri ef al., 2001; Storri ef al., 1998).

Gold coated Si cantilevers arrays were used by Fritz
et al. (2000), as pioneering work in the field, to detect
mismatch of oligonucleotides. Later on, arrays of
individually functionalised cantilevers were employed
for label-free multiple DNA detection by McKendry
et al. (2002) as well. These works were reported more
than a decade ago and since then gold coating has
widely been adopted as preferred method of immobi-
lisation. Polymer based cantilevers for biosensing
applications have also been reported. Fluorocarbon
coated polymeric cantilevers have been shown to have
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Fig. 1. (A) Schematic diagram of laser deflection
setup used to measure transverse vibrations
of the mechanical oscillators. (B) SEM
micrograph of a section of a microfabricated
Si cantilever array. (C) Scheme showing
an example of hybridisation experiments
with cantilever functionalisation on one
side (Fritz et al., 2000).

some advantages over gold-coated silicon nitride
cantilevers such as stability for temperature and pH
changes (Calleja ef al., 2006). However, the fabrication
and immobilisation techniques for developing higher
sensitivity polymer cantilevers require further improve-
ments.

Cantilevers are mainly used to respond to stress or mass
changes on the surface of the free end. Stress change
results in deflection of the free end of the cantilever
(static mode), while mass change influences both vibra-
tion frequency (resonant mode) and deflection. In static
mode, the adsorption of molecules onto the surface
causes the cantilever to bend. The well-known Stoney’s
equation (Stoney, 1909) explains the relation between
the surface stress change and cantilever’s tip deflection:

(v v

Az=73
E t?

where:

Az = the cantilever’s tip deflection; v = Poisson’s ratio;
E = Young’s modulus; L = the length of the cantilever;
t = is the thickness of the cantilever; and Ac = change
in the surface stress (N/m). The Stoney’s equation could
be employed to estimate the tip deflection of simple
rectangular (Fig. 1) or complex (Fig. 3) cantilever
geometries.
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When the cantilever is loaded with additional mass,
resonant frequency decreases and the additional mass
can be calculated by:

N . o
e | 2 f2

where:

k = the spring constant; fo = the initial frequency;
fi = the resonant frequency after the mass loading. In
order to increase the sensitivity, external actuation
through piezoelectric devices may be used to create
vibrations at specific frequencies (Johnson et al., 2006;
Gupta et al., 2004).

Through optical and/or electrical methods, changes in
tip deflection and resonant frequency may be readily
detected and amplified for correlation (Johnson et al.,
2006; Sone et al., 2006; Wu et al., 2001; Fritz et al.,
2000; Ilic et al., 2000). However, laser based measure-
ments are considered superior to other methods due to
their higher sensitivity. Figure 1 shows a laser based
measurement setup (also called optical lever method)
wherein a laser beam, reflected from the surface of the
cantilever, is detected by split photo-detectors that can
measure the deflections with high accuracy (0.1 nm)
as reported by Fritz ez al. (2000).

Gupta et al. (2004) demonstrated detection of Listeria
innocua cells using micro-fabricated cantilevers in
resonant mode (Fig. 2). In this work, the cantilevers
were loaded with cells and frequency shifts were
observed on an optical measurement setup. It was
observed that 180 bacterial cells caused nearly 2 kHz
frequency shift. This work not only highlighted the
modes of operation of cantilevers for biosensing but
also served as seminal preliminary work for further
development. In the recent years, numerous biosensing
systems based on surface functionalised cantilevers-
through immobilising biomolecular probes-have been
reported for detection of various biological targets such
as glucose (Pei et al., 2004), bacterial cells Escherichia
coli (Gfeller et al., 2005), Bacillus subtilis spores
(Dhayal et al., 2006), Vaccinia virus particles (Johnson
et al., 2006), RNA (Zhang et al., 2006), and liposome-
protein interaction (Hyun et al., 2006).

Cantilevers with shape novelties. Even though standard
mechanical shape of a cantilever has one fixed and the
other free end (Fig. 1), various geometrical changes are
possible to meet the particular requirements of signal
transduction and surface biochemical reactions. In this
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Fig. 2. (A) SEM micrograph of Listeria innocua
cells on the cantilever surface. (B) Unloaded
and loaded resonant frequencies of the
cantilever (Gupta et al., 2004).

regard, fabrication of cantilevers for biosensor design
with integrated optical interferometric features has
been a hot topic of research for many years. Originally,
these cantilevers were developed for atomic force
microscopy (AFM), where cantilevers were used as
scanning probes (Onaran et al., 2006; Yaralioglu et al.,
1998; Manalis et al., 1996).

The first ever cantilever biosensor incorporating inter-
ferometry features was reported by Sulchek ez al. (2001).
In this work, the transducer, with interdigital fingers at
the end of the cantilever to form a diffraction grating,
was fabricated from Si;N4 and coated with 20 nm Au
by evaporation. During experiments, hydrophobic
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perfluorocarbon was applied to one arm (reference) to
prevent covalent binding between the cantilever surface
and thiol groups. Later, the thiol self-assembled mono-
layers (SAMs) on the other cantilever (sensor) were
observed with optical lever and interferometry methods.
It was found that interferometry method produced signal-
to-noise ratio (SNR) of 18, while optical lever method
resulted in SNR of 3.

The sensor shown in Fig. 3 (Savran ef al., 2004) was
designed to sense surface stress changes caused by the
adsorption of biomolecules onto the cantilever. In this
example, the molecules of interest were aptamers
[single-stranded DNA or RNA (ssDNA or ssRNA)
molecules that bind with high affinity and specificity
to proteins and peptides etc.] and ligands. Aptamer
molecules were immobilised on the gold-coated sensor
surface with a thiol linker. ssDNA was immobilised to
the reference cantilever in order to prevent nonspecific
binding of target molecules to the reference cantilever.
The L-shaped geometry of the sensor (Fig. 3A) allowed
each cantilever to be functionalised individually by
dipping one side (either sensor part or reference part)
into a micropipette. In the experiment, ligand-aptamer
binding created a surface stress change, which bent the
sensor cantilever, while the reference cantilever was
unaffected. The tip deflection of the cantilever was
measured by a laser beam based on interferometry.
Injection of 500 pM Taq DNA polymerase solution into
the chamber, including the cantilever, caused a dif-
ferential deflection of 32 nm, while injection of 75 nM
thrombin solution did not induce a measurable diffe-
rential deflection. These results proved that differential
deflection occurred as a result of specific binding.

Differential measurements with interferometry have
considerable advantages over single measurements in
terms of background noise. However, researchers who
do not use differential cantilevers employ other methods
to reduce noise. For instance, Fritz ef al. (2000) employed
one cantilever as a control and used optical lever measur-
ements twice to subtract background noise from the
biological signal. In another case, Alvarez and Tamayo
(2005) employed a scanning laser source for recording
measurements from cantilever arrays. Both of these
techniques required additional signal processing and
more complex measurement systems, when compared
with the interdigitated cantilevers.

Cantilever geometries are not necessarily modified for
sensitive measurements or noise reduction as mentioned
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Fig. 3. (A) Schematic layout of an interferometric
cantilever sensor. Both cantilevers (sensor
and reference) are supported by L-shaped
thick structures. Inset shows configuration
of the front view of Au coated and function-
alised sensor and reference cantilevers.
(B) The result of DNA polymerase ((J) and
trombin (O) injection (A) is the response
to Taqg DNA polymerase when both the
sensor and the reference are functionalized
with ssDNA (Savran ef al., 2004).

above. Fabrication of microfluidic channels on the top
surface of cantilevers (Fig. 4A) was introduced by Burg
et al. (2007) and Godin et al. (2007) and since then
numerous devices with embedded microfluidic channels
have been reported (Grover et al., 2011; Park et al.,
2010). Burg et al. (2007) produced a microfluidic
channel on the top surface of Si cantilever to weigh
cells, biomolecules or particles by delivering them to
the tip of cantilever through a continuous flow of fluid.
The device was reported to have lower resolution
(0.01 ng/cm?) compared to quartz crystal microbalance
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(QCM) and surface plasmon resonance (SPR). The
device was used for both bound and unbound masses
(Fig. 4B), however, the bound species paved way for
specific detection by way of immobilisation. Experi-
ments with particle position dependent signal measure-
ments were also conducted. In these cases, the peak
frequency shifts induced at the apex quantified the exact
mass excess of a particle (Fig. 4C).
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Fig. 4. (A) Schematic illustration of a cantilever
with buried microfluidic channel to allow
two mass measurement modes. (B) Fre-
quency shift for accumulated (due to
binding to the channel wall) particles
shows possibility of specific detection by
way of immobilised receptors. (C) Signal
dependence on the position of flowing
particle (inset 1-3) with the peak frequency
shift induced at the apex (Burg ez al., 2007).
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Cantilevers with magnetic nanoparticles. According
to equation 2, the sensitivity of measurements with
cantilevers depends upon frequency of vibration, which
in turn depends on the mass of particle. However, the
loaded particles (biomolecules, cells, viruses, etc.) do
not generally produce large frequency shifts e.g., a
frequency shift of only 2 kHz was observed by Gupta
et al. (2004). One of the methods to increase mass is
by using magnetic nanoparticles (or beads) with canti-
levers. For interaction with biomolecules, the surface
of these nanoparticles can be modified by attaching the
appropriate ligands such as antibodies, proteins or
oligonucleotides (Bryant et al., 2007).

Moreover, these particles are magnetic only under the
magnetic field, they could be easily separated from
complex environments by applying external magnetic
fields (Neuberger et al., 2005). A demonstration of the
employment of magnetic beads with cantilevers for
biosensor application is illustrated in Fig. 5 (Weizmann
etal., 2004).

The setup shown in Fig. 5 was used for ultra-sensitive
detection of viral (M13¢) DNA, single-base mismatch
in a nucleic acid, and telomerase (Weizmann ef al.,
2004). Si cantilevers were coated with Au and func-
tionalised with avidin and the deflection of cantilevers
was measured by laser beam reflection on a photodiode,
using an optical setup similar to Fig. 1A. Functionalised
magnetic beads were injected onto the cantilevers to
bind with avidin already present on the cantilever
surface. When a magnetic field was introduced by an
external magnet, the deflection of the cantilever was
observed and 7.1x10° M of M13¢ DNA was reported
as the minimum detectable concentration with this
method.

For the single-base mismatch (mutant gene) experiment
the same procedures were employed. Functionalised
magnetic beads (appropriately probed) hybridised with
normal genes resulted in cantilever deflection, whereas,
no signal change was observed in the presence of the
mutant gene. Similarly, for the telomerase experiment,
functionalised magnetic beads were introduced to HeLa
cancer cell extract in the presence of telomerase, nucleo-
tides, and biotinylated dUTPs (deoxyuridine triphos-
phate). When the magnetic beads coupled with biotin
label and telomere bound to the avidin-coated cantilevers,
the applied magnetic field caused deflection. A detection
limit of 100 cancer cells was reported.
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Fig. 5. (A) Schematic layout of magneto-mechanical analysis of biorecognition process on functionalised
cantilevers. (B) Magneto-mechanical deflection of the cantilever. At points marked as 'a' cantilever
is subjected to the external magnet, while at points marked as 'b' the external magnet is removed.

Adapted from Weizmann et al. (2004).

Another biosensor application of magnetic beads and
cantilevers for detection of endonuclease activity has
been presented by Weizmann et al. (2005). Gold-coated
cantilevers were functionalised with nucleic acids and
the magnetic beads were functionalised with comple-
mentary nucleic acids. The endonuclease activity was
tested by DNA cleavage and detected by cantilever
deflection when magnetic field was applied.

Furthermore, analysis of actuation setup for the two
systems in Weizmann et al. (2005) and Weizmann
et al. (2004), tells that sensitivity of cantilevers with
standard rectangular geometries could be increased by
magnetic beads, when a permanent magnet is placed
underneath to apply force to cantilevers. Weak magnetic
field intensity causes no deflection, whereas when the
magnet is moved towards the cantilever, stronger mag-
netic field intensity causes bigger deflections. However,
the noise in the output signal remained as a limiting
factor and these sensors only served as early stage
development in the area of force applied biological
Sensor.

Building upon findings of interferometric (Savran
et al., 2004) and magneto-mechanical (Weizmann
et al., 2005; Weizmann et al., 2004) cantilever devices,
recently Icoz et al. (2008) presented actuation of
interferometric cantilevers at low noise region using
magnetic beads as shown in Fig. 6. The control arm of

the differential cantilever was passivated with bovine
serum albumin (BSA) and sensing arm was probed with
biotin-BSA. The probe molecules were placed on the
cantilevers using nanojet dispensing system as an
alternative method to micro-pipetting (Bietsch et al.,
2004). Nanoject dispensing was reported to have allowed
only one side of the cantilever to interact with the bio-
molecules and only small amount of drops were needed
to functionalise the surface. The electromagnet was
controlled by a function generator so that the frequency
of excitation signal could be adjusted. In this way,
cantilevers were excited at low noise region allowing
a resolution of 0.065 A. Later, using this setup, 0.28 nM
concentration of streptavidin was detected (Icoz and
Savran, 2010). In this study, streptavidin from serum

was captured and separated by biotin-coated magnetic
beads.

Nanowires. Nanowires (NWs) are nanometer sized
structures with large aspect ratios. This small size and
large aspect ratio renders them very different physical
and electrical properties compared to bulk material from
which they are made e.g., very small conductivity due
to scattering from boundaries. NWs fabricated out of
Si and indium oxide (Ahn et al., 2012; Li et al., 2005;
Tang et al., 2005) are commonly used in biosensor
applications. Both, top-down (Ahn et al., 2010) and
bottom-up (Zheng et al., 2005) methods are employed
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Fig. 6. (A) Magnetic actuation and interferometric detection scheme. (B) Magnified image of the functionalised
cantilever device showing insignificant number of magnetic beads on the control arm and huge
numbers of the same bound to the sensing arm. (C) Cantilever actuation at 1103 Hz and resonant

frequency around 3000 Hz (Icoz et al., 2008).

for NW fabrications. Top- down methods, which utilise
lithography, deposition, and etching, randomly orient
the NWs and they need to be positioned and aligned on
the electrodes through different alignment techniques
(He et al., 2008). Bottom-up methods, which utilise
chemical vapour deposition (CVD), are better for func-
tionalisation before the alignment on the chip and hence
easier than functionalising multiplexed NWs already
placed on a chip. NWs which are lightly doped, have
short length and smaller diameter, show increased
sensitivity. However, in order to have smaller diameters
new fabrication techniques have to be developed (Stern
etal.,2008).

Mostly, NWs are used in biosensors as NW field effect
transistor (NW-FET) and their structure is similar to
conventional FETs, which includes drain, source,
semiconductor channel, and gate electrodes. NW forms
the semiconductor channel with a high surface area-
to-volume ratio. The binding of biomolecules to the

NW causes accumulation or depletion of charge carriers
both on the wire surface and inside the wire resulting
in detectable conductivity changes. Detection of anti-
bodies (Stern et al., 2007), ssDNA (Kim et al., 2007),
virus (Patolsky et al., 2004), proteins (Cui et al., 2001),
and electrical activities of neuron cells (Patolsky et al.,
2006) have been reported. A typical representation of
these FETs is given in Fig. 7.

Use of NWs is not limited to FET-based sensors, instead
they have been used in many other ways such as ampero-
metric (Lu et al., 2007), impedimetric, and potentiometric
(Zhang et al., 2009). However, for the sake of brevity,
NW-FET-based sensors have been discussed here. An
elaborative investigation of such electrochemical bio-
sensors has been done by Grieshaber ef al. (2008).

In case of NW-FETs, the effective magnitude of surface
charge highly depends on the ionic concentration and
ionic strength of the buffer solution. Tonic strength (I)
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Fig. 7. (A) Illustration of a nanowire FET bio-
sensors fabricated on Si substrate. NW
surface is functionalised with receptor
molecules to capture target molecule.
(B) SEM micrograph of the top view of
the fabricated biosensor showing Source,
Drain and Gate of FET (Ahn ez al., 2012).

of the buffer solution determines an important parameter,
the Debye length the length in which mobile charge
carriers screen out the external electric field, causing
small charge movement (Fig. 8), given by Maehashi
etal. (2007).

Debye length ~0.32(1)"% ......oovvoiiveeees (3)

In order to improve device performance against Debye
length limitation (equation 3), various probe molecules
have been investigated. Advancement in probe mole-
cules is linked with the advancement in the NW based
biosensors.

Nanowires and probe molecules. Functionalisation of
Si NW-FETs with aptamers (1-2 nm), oligonucleic acid
or peptide molecules that bind to a specific target
molecule, helps reduce the Debye length as compared
to antibodies (~10 nm) (Fig. 8). This strategy has been
used to detect thrombin (Kim et al., with ~330 pmol/L
sensitivity and to detect vascular endothelial growth

(A) Antibody (B)
S K 7"# Debye length Aptamer
i At N
Soug:e rain &

s
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Fig. 8. Illustration of Debye length in NW/CNT-
FET biosensor. (A) Functionalisation with
antibody results in size larger than Debye
length, while (B) aptamer functionalisation
produces size smaller than Debye length
and thus causes higher charge interaction
(Maehashi et al., 2007).
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factor (VEGF) with 100 pM sensitivity (Lee et al.,
2009). Sophisticated probe molecules can be designed
through protein engineering, leading to detection of
uncharged hormones (steroid, 19- noradrostendione)
with Si-FETs (Chang et al., 2009). The reported sensi-
tivity in this case is in fM range. Engineered antibody
mimic proteins (AMPs) have improved binding affinity
and recognition with sizes (typically 2-5 nm) smaller
than antibodies (Ishikawa et al., 2009). The application
of AMPs on indium oxide FETs was demonstrated to
detect SARS biomarker N-protein. When compared to
enzyme-linked immunosorbent assay (ELISA) which
takes hours, this method only takes 10 min to detect
SARS biomarker.

Immobilising peptide nucleic acid (PNA) on the nano-
wires does not cause significant charge formation on
the surface thus, yielding higher sensitivity. The hybri-
disation efficiency of PNA and micro RNA (miRNA)
have been shown to be higher than DNA and miRNA
(Zhang et al., 2009). In this study, PNA functionalised
Si FET sensor was able to detect 1 fM of miRNA. PNA
functionalised Au NWs were used to detect 100 fM of
mRNA (Fang and Kelley, 2009), while a previous study
reported PNA functionalised Si FET sensor to detect
10 fM of DNA (Gao et al., 2007). One method of cova-
lent binding of PNA molecules to SiO, NW has been
described by Cattani-Scholz ef al. (2008), which is an
alternative way to physisorption. Zhang et al. (2010)
recently reported a highly sensitive and rapid sensor
based on PNA-DNA hybridisation to detect reverse-
transcription-polymerase chain reaction (RT-PCR)
product of Dengue serotype 2 (DEN-2). As shown in
(Fig. 9), Si NW was functionalised with PNA and
resistance change of the sensor before and after hybri-
disation was measured. Compared to previously reported
long hybridisation time (about 16 h), this scheme worked
for as little as 30 min of hybridisation and showed
6% response change, which corresponds to detection
of 10 fM concentration of the RT-PCR product of
DEN-2. The assay is also reported as highly reprodu-
cible, with less than 15% relative standard deviation on
different chips.

NWs may also be functionalised with lipid bilayers
(Martinez et al., 2009). The lipid bilayers include various
types of ion channels, so these channels can act as
barrier and transport the specific ions through NW. In
this proof-of-concept work, lipid membrane with
1.4 nm pores formed by a-hemolysin polypeptide pro-
moted the ion transport. This kind of selectivity can
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Fig. 9. Schematic diagram of the RT-PCR product of DEN-2 hybridised to the PNA-functionalised Si NW
sensor. (B) SEM image of NW arrays and the corresponding contact lines. (C) TEM image of a single
NW embedded in SiO; after surface functionalization (Zhang ef al., 2010).

shield the NW surface from the other ions present in
the surrounding liquid.

Novel materials for nanowires. In order to reduce the
fabrication costs and overcome the limitations of NW
reproducibility, and non-specific binding of biomole-
cules, other materials such as polymers and hybrid
materials are also being investigated. Polymers draw
attention because of their electrical, magnetic and optical
properties. Electrochemically synthesised polypyrrole
(Ppy) - a conducting polymer-NW has been used to
make a chemiresistive biosensor to detect cancer marker,
CA 125, where 1 U/mL was reached as the limit of
detection (Bangar et al., 2009). Another work on con-
ducting polymer (pyrrolepropylic acid) FET resulted
in 50 nM detection limit for human serum albumin
(Tolani et al., 2009). Electrochemical detection of
oligonucleotides has been demonstrated by using poly-
aniline nanotubes with low nanomolar detection limit
(Zhang et al., 2007). In an electrochemical impedance
spectroscopy experiment, GaN NWs with diameter of
25-100 nm were fabricated with CVD process for the
detection of DNA (Chen et al., 2009). For a FET sensor,
poly-Si NWs with diameters of 80 nm were fabricated

applying a low-cost sidewall spacer technique, where
fM DNA detection limit was reported (Lin ef al., 2009).
Another material investigated for NW biosensor is
iridium oxide (IrO:) (Zhang et al., 2008). IrO; has been
reported to have advantages when used as a stimulating
and recording electrode and characterised NW has been
proposed for biosensing or neuron electrode.

A multi-segment NW-FET biosensor was introduced
for ssDNA detection (Wang and Ozkan, 2008). In this
study, NWs had a heterostructure of CdTe-Au-CdTe
with 230 nm diameters. Electrochemically deposited
CdTe and Au NWs had a p-type semiconductor beha-
viour. Au part of the NW was functionalised with thiol-
ssDNA and 1 uM of ssDNA detection was reported.
Even though the sensitivity is not at the desired level,
multisegment NWs have the advantage of selective
functionalisation. Thus, the non-specific binding of
probe molecules to electrode contacts and bulk material
can be avoided.

Instead of using single wire, using multiple wires can
be advantageous in some applications. For example,
detection of bacteria based on impedance measurements
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are reported by Wang et al. (2008), where TiO, NW
bundle (~1 mm length) was easily placed on electrodes
under optical microscopy. In another example, Si NWs
with 30 nm diameters and 100 pum length were fabricated
using a top-down approach. As it was mentioned earlier,
top-down approach leads to highly controlled orientation
of NWs. The orientation and size of the NWs allowed
detection of electrical activity of cardiac cells (Pui
et al., 2009).

Carbon nanotubes. Carbon nanotubes (CNTs) are very
thin (with diameter in nm), hollow cylindrical structures
made of carbon atoms. CNTs can be mainly classified
into single-wall carbon nanotubes (SWCNTs) or multi-
walled carbon nanotubes (MWCNTs) depending upon
the location of carbon atoms on the surface of nanotubes.
Figure 10 depicts three different types of SWCNTs
resulting from roll-up of graphene sheet and a MWCNT
made up of three shells of differing chirality (a property
of asymmetry). When CNTs are fabricated by CVD the
semiconducting properties are controlled during the
growth process. Generally, CNT biosensors consist of
either SWCNTs or a network of nanotubes (Claussen
et al., 2009). SWCNTs demonstrate ultra-high sensitivity
because of their size (~1 nm diameter). When using
CNTs in FETs they form the semiconductor channel
and interact with the analyte in a similar fashion as
nanowires (Fig. 7-8).

Armchair Py
Bk o

Fig. 10. (A) Three different types of SWCNTs
result from roll-up of graphene sheet.
Numbers in parentheses, m and n, are
positive integers called chiral indices.
These two numbers govern all physical
properties of SWNTs. (B) Structure of a
MWCNT made up of 3 shells of differing
chirality (Balasubramanian and Burghard,
2005).
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Proteins (Strehlitz et al., 2008; Kojima et al., 2005),
glucose (Besteman et al., 2003), DNA (Li et al., 2003)
and swine influenza virus HINT1 (Lee et al., 2011) are
among a few demonstrations of CNT-FETs in biosensing
applications. CNTs could also be designed as part
of capacitive biosensors e.g., SWCNT network formed
the one plate of the capacitor in a sensor designed for
the detection of prostate specific antigen (PSA) (Briman
etal.,2007). The CNT network was functionalised with
specific antibody against PSA. The charge alteration
was detected by measuring the capacitance change of
the circuit and a detection limit of 100 ng/mL was
reached in untreated calf blood serum, although in pre-
vious works with NWs (Li et al., 2005; Zheng ef al.,
2005) lower detection limits of PSA were reported.

Numerous valuable review articles have been written
on CNT-based sensors (Musameh ef al., 2012; Kerman,
2008; Allen et al., 2007; Gruner, 2006), therefore, in
this part, present discussion is confined to most recent
research and progress directed towards improvement
in sensing capabilities of CNT-FET biosensor only.

Though single molecule level detection schemes using
CNT-FETs have been demonstrated (Choi et al., 2012;
Sorgenfrei et al., 2011), problems such as sensor-to-
sensor variation, non-specific binding and charge noise
are among major issues associated with CNT-FET
biosensors. Recently, determination of extent and cause
of these problems has gotten attention of many resear-
chers. A dual-mode biosensor was reported by Oh
et al. (2010), wherein CNT-based metal semiconductor
FET (CNT-MESFET) structure was fabricated on a
quartz substrate (Fig. 11). The Au strip (middle of the
CNT channel) acted as the top gate of FET because of
the Schottky contact between the CNT and the Au strip.
DNA hybridisation occurring on the Au top gate can
be detected by simultaneously measuring the change
in the electrical conductance and the SPR. These two
techniques were chosen, in an expectation, for this dual-
mode biosensor to provide high sensitivity and reliability
in electrical and SPR measurements, respectively. The
authors report a shift in SPR reflectance minimum and
decrease in the Isp (current between source and drain),
upon hybridisation of DNA with the Au top gate. It was
further noticed that SPR measurements could be
reproduced independent of the sensor and thus could
be used to measure sensor-to-sensor variation of con-
ductance.
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Fig. 11. Layout of a dual-mode CNT-MESFET
biosensor. Adapted from Oh ef al. (2010).

To better understand the mechanism and origins of
charge noise in CNT-based FETs, a noise measurement
setup have been reported by Sharf ez al. (2012) to bring
to light new design considerations for nano-FETs that
are used to interface biological systems with electronics
(Fig. 12). The environment in contact with ultraclean
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CNT was systematically controlled to quantify the con-
tribution of noise from substrate interactions and surface
adsorbates. Prior to experiments, Raman spectroscopy
and transistor curves were used to quantify any lattice
defects in the CNTs or measurement hysteresis in
ambient conditions (Fig. 12C-12D). Identification of
single CNTs was done using scanning photocurrent
microscopy (inset of Fig. 12D). Initial experiment on
device-to-device variability revealed that suspended
CNT devices were considerably quieter than standard
CNT-FET sensors. Therefore, the suspended CNT bio-
sensor platform could be used to search for the noise
sources in traditional CNT-FET sensors. It was found
that the contact with substrates and adsorbates signi-
ficantly, increased the charge noise in CNT-FET bio-
sensors. For a 1 pm channel length, and a measurement
bandwidth of 0.1-100 Hz, the effective gate voltage
fluctuations were approximately 0.5 mV (pristine
suspended), 1.1 mV [with poly(L-lysine) or horse heart
cytochrome c], 1.8 mV (with substrate interactions),
and 2.3 mV (with substrate interactions and PR residue).
The authors speculated that the fluctuating protonation
state of chemical moieties near the CNT can account
for this noise.
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Fig. 12. (A) SEM image of a CNT bridging the gap between two platinum electrodes. (B) Schematic of
hanging CNT device. (C) Raman spectra from a hanging CNT grown by fast-heat CVD. (D) Transistor
curve of a hanging device in air under ambient conditions and no hysteresis. Photocurrent response
(coloured dots in the inset) is superposed on top of reflectance image (Sharf et al., 2012).
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Optimisation of the sensitivity of CNT-based biosensor
with biasing and surface charge is another very recent
research effort (Shoorideh and Chi On, 2012) that
focused on Debye screening. This work concluded that
sensitivity may also be affected by other charges present
in the vicinity of the analyte.

Conclusion

In this paper some emerging nanobiosensors namely
cantilevers, NWs and CNTs have been reviewed. In
general, advantages of these NEMS and MEMS
biosensors over today’s widely used procedures like
ELISA, QCM, electron microscopy, and fluorescence
staining assays, are short response time, mass fabrication,
multiplexing and capacity to integrate with other lab-
on-a-chip devices. They also offer the possibility of
cost-effective and portable devices for detecting
biomolecules. These systems have promising features,
however, there are some limitations which require more
research efforts.

Cantilevers have ultra-high sensitivity, however, they
have not been fully developed for clinical applications.
Noise and sample preparation issues need new app-
roaches. The highest sensitivities are achieved when
optical methods are used and optical methods need
precise alignment with extra components. Incorporating
cantilevers with magnetic nanoparticles and fabrication
of microfluidic channels inside the cantilever are two
different approaches to improve the cantilever operation.

NW biosensors have important features like label-free
detection, ultra-high sensitivity and possibility of inte-
gration with electronic devices. Additionally, NW sensors
do not need any optical components for the detection
of output signals leading to more compact biosensor
designs. New fabrication strategies and appropriate
functionalisation methods could result in promising
detection limits. As explained in the section 3, Debye
length is an important limiting factor, however, alter-
native and novel probing agents have been developed
to deal with this limitation.

CNTs are among highly investigated nanodevices
researched for biosensing applications. Quite a number
of recent research efforts have been directed towards
understanding of noise, sensor-to-sensor variation and
other problems. However, more research efforts and
development are needed to optimise and understand the
exact mechanism of CNT-based FET biosensors.
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Overall, the influence of nanotechnology based devices
on biosensors has been tremendous in the past decade
or so. Many new and incremental solutions, based upon
the work of other researchers, have been reported.
However, there is still a long way to go for wide-spread
availability and usage of these biosensors. Particularly,
this is because of the fact that most of the work is still
targeted towards new assays and improvements in the
existing solutions. Point-of-care or clinical setting
solutions are yet to come out of laboratory controlled
environments.
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