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Abstract - Lead is a soft, ductile, malleable and
naturally present in  earth’s crust. Lead is
highly toxic element affects living organism even
at lower concentration. Lead is used in many
industries and its disposable is very difficult.
Therefore, it may lead to various environmental
hazardous problems. World Health
Organization (WHO) and other organisation
specify the presence of lead in drinking water
not greater than 20 ppb. In the present work, a
simple, affordable and precise way to detect the
concentration of lead in water using Fibre Bragg
gratings (FBG) is presented. FBG are formed
using Phase mask technique and the cladding
part over the grating region is etched with 40%
Hydrofluoric acid (HF) solution. The sensor so
developed is sensitive enough to find the
presence of lead in water in the range 5-25 ppb.
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I INTRODUCTION

Lead poisoning seems to be one of the
major causes for critical health concern across
world. It has been treated as one of the most
harmful metal concern with public health
environment[1,2]. Pollution caused due to heavy
metals like mercury, arsenic, lead, copper, fluoride,
zinc, chromium and many more which leads to
major health issues in humans and animals[3,4]. It
enters in the living system through ingestion of
contamination in water and food materials[5-9]. As
lead is not present in drinking water unless it is
being contaminated during the transportation
through metal pipes, PVC pipes and even through
corrosion of plumbing material and solder, which
may contain lead. The quantity of lead in water
may even depends on the ages of pipes, duration of
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water present in such pipes, minerals present in
water, temperature and pH level of water[10,11].
Techniques reported various
measurements in connection with identifying the
presence of lead in water. The most common
method is utilising the atomic absorption
spectrometry technique and with this method most
accurate measurement can be recorded[12,13]. The
other methods reported are through Fluorescent
technique and using optical fibres [5,14,15].

1. THEORY AND WORKING PRINCIPLE
OF FBG SENSOR

Bragg gratings have great potential to
operate in wavelength of 1350/1550 nm in optical
communication system and such gratings are
fabricated by exposing them to UV source. FBG
are a sort of periodic variation in refractive index of
core in a single mode photosensitive optical fibre
[16].

Bragg wavelength

Fig.1. The transmitted / reflected spectra of
fiber grating.

The grating fabrication is carried out by
the phase mask technique[7]. When a broad band
source is connected to the one end of the FBG, we
observe a narrow band of spectrum is reflected
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back which is shown in Fig.1. This reflected
spectra seems to very sensitive towards external
perturbation [17,18]. Such FBG sensors are highly
sensitive lower concentration mainly ppb level in
liquid detection. This FBG is used as a chemical
sensor to find out the contaminants in drinking
water.

The present FBG is designed for
chemical sensing. The cladding section of the
grating region is to be etched, so that core
modes interaction takes place directly with
the surrounding environment
directly[6,13,14]. This enhances the matching
of effective refractive index of waveguide
mode with surrounding region. When such
etched region of grating is immersed in
external liquid, leads to shift in Bragg
wavelength (848) given by the following
relation[7].

81p=2A8ndn, I

Where, A is grating period, n
corresponds to variation of refractive index of
cladding and surrounding region and &mnp
corresponds to change in fraction of unperturbed
mode power, which enters in to the etched region.

1. EXPERIMENTAL PROCEDURE

The grating region is to be etched in such
a way that complete cladding region has to be taken
out. Initially broad band source is launched though
3 dB coupler in to the FBG and optical spectrum
analyser (OSA). The wet chemical etching of the
fiber cladding is carried out using 40 % HF placed
in a Teflon container. The etching process is very
closely monitored through the OSA. Around 55
minutes, a sudden shift in wavelength was observed
and grating region was removed from HF solution.
This clearly indicates the etching of cladding
region completely. This etched grating region is
now washed with distilled water and followed by
isopropyl alcohol solution. Now this etched FBG is
set ready for further experimental procedure. Fig.2.
shows the variation of spectra before after etching
process.
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Fig.2. Etching process with FBG

Etching of FBG at sensing region has been
carried out in order to make more sensitive for
surrounding environment. In  present report,
designed etched FBG is used to detect and
determine the lead contaminant in water at ppb
level.

The test solution for the Lead is prepared
by dissolving Lead nitrate salt in distilled water.
The stock solution is prepared and concentration
varying from 5 ppb to 25 ppb is prepared by
further diluting the stock solution. For each 10 ml
of test solution 0.4 ml reagents namely Ethanol,
Ammonia, Pottassium Cyanide,
hydroxylammonium chloride and Dithizone are
added in a sequence mentioned. Now this test
solution is mixed thoroughly. In the presence of
Pottassium Cyanide, lead (Il) ions interacts with
Dithizone to form lead Dithizonate to form a pink
colour solution.

The experimental setup to detect lead
ions in water at room temperature is shown in
Fig.3. The Broad Band Source of 17 mW (JDS-
UNIPHASE) of wavelength 1530-1600 nm is
launched through 3 dB coupler (2 x2) in to the
FBG. One of its output ends is connected to the
FBG and the other end is free. The FBG is
immersed in test solution containing different
concentration of lead solution. The reflected
spectrum is observed through Optical Spectrum
Analyzer (OSA) [ANRITSU] connected through
one of the free input end of 3 dB coupler.

Broadband source TRC
Freeend FBG

3dB coupler

Water sample

Container

Optical Spectrum Analyzer

Fig.3. Experimental setup for the detection of
lead in water

Standard test solutions of lead varying
from 5 ppb to 25 ppb are kept ready for
experimental work. Initially it is recorded with
lower concentration of 5 ppb and this test
solution is transferred in to groove made-up
Teflon container in which the etched grating
portion is placed. When broad band source is
launched in to FBG through 3 dB coupler, the
reflected spectra from FBG is recorded through
OSA. Further the process is continued for other
higher concentration of lead in an increasing
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order. During each reading the Teflon container
is cleaned thoroughly with isopropyl alcohol and
distilled water to avoid contamination. When test
solution is placed in Teflon container the
effective refractive index of FBG core mode
changes, and leads to shift in Bragg wavelength
(Ag). It shows that as the concentration of the
solution varies there is a change in Bragg
wavelength.
Iv. RESULTS AND DISCUSSION

The detection of lead in water using FBG is
carried out at room temperature. The readings were
taken from lower concentration of 5 ppb to 25 ppb
and corresponding changes of wavelength, intensity
and concentration were tabulated. Firstly the
variation of intensity with concentration of lead is
shown in Fig 4 (a) & (b).
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Fig.4. (a) intensity Vs wavelength spectrum (b)
Normalized spectrum for various concentrations of
samples.
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It is clearly evident from the graph that as
lead concentration goes on increasing the intensity
and wavelength shifts are clearly distinguishable.
When intensity versus wavelength variation is
plotted the variation of 2.4617 dBm/nm is observed
as shown in Fig.5.
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Fig.5. Linear fit of intensity Vs Wavelength for
lead detection

The wvariation of wavelength against
concentration of lead is shown in Fig.6. and the
high sensitivity was observed of 0.00276 nm/ppb.
As FBG based sensor is wavelength dependent and
is quite sensitive one. Thus, the sensor shows a
very high sensitivity in detection of presence of
lead in water using FBG.
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Fig.6. Linear fit of wavelength Vs concentration
for lead detection

Similarly the graph of Intensity versus
concentration was plotted as shown in Fig. 7 and
the sensitivity is 6.7841 dBm/ppb. Thus our
sensor so developed is sensitive enough in
detecting the presence of lead in water within the
permissible standard level given by various
authorities[19].
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It reveals that as increase in the sample
concentration Bragg shift occurs with increase in
intensity of the signals and sensitivity — 6.7841
dBm/ppb at lower concentration. It confirms that
designed sensor is highly sensitive at lower
concentration in detecting the chemical species.

V. CONCLUSION

The variation shift in Bragg wavelength is
observed as the concentration goes on increasing. It
shows a red shift in wavelength as the intensity
decreases. The high sensitivity observed is 0.00276
nm/ppb. The above all results reveal that the FBG
chemical sensor is one of the sensitive and
desirable components in detection of lead in water.
In FBG Bragg wavelength is the characteristic
parameter involved in building such sensors. The
measurement techniques are not affected with
perturbations such as variation in input power and
thus capable enough in absolute measurement of
the measurand. The detection limits are far better
than other methods reported. Thus FBG chemical
sensor proves to be a potential tool in measuring
the heavy metal like lead (I1) present in water. Our
detection level is very high within the range of
limitations set by WHO and other agencies. The
sensor so developed is quite affordable, simple in
design and reproducible.
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