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A b s tra c t
Laser-induced breakdown spectroscopy (LIBS) has been applied to the analysis of 

heavy metals in liquid samples. A new approach was presented to improve the detection 
limit and minimize the sample m atrix effects, in which dried wood pellets absorbed the 
given amounts of Cr standard solutions and then were baked because they have stronger 
and rapid absorption properties for liquid samples as well as simple elemental composi
tions. In this work, we have taken a typical heavy metal Cr element as an example, and 
investigated the spectral feasibility of Cr solutions and dried wood pellets before and af
ter absorbing Cr solutions a t the same experimental conditions, respectively. The results 
were demonstrated to successfully produce a superior analytical response for heavy metal 
elements by using wood pellet as sample matrix according to obtained LOD of 0.07 ppm 
for Cr element in solutions.

K eyw ords: LIBS, Limit of detection, Cr element 

1 . In tro d u c tio n
Laser-induced breakdown spectroscopy (LIBS), as a rapid, inexpensive, and useful 

analytical tool for the analysis of elemental composition of materials in solid, liquid and 
gaseous state, has been extensively studied in recent decades [1-3]. This technique is 
based on the analysis of the emission spectral lines of the elements present in the sample 
by focusing high laser power on the sample [4], and have some advantages of no sample 
preparation, multielemental, and its capability of remote and in situ analysis of material 
in any phase over other analytical techniques [5-10]. In past years, most of LIBS studies 
mainly focused on the solid samples since tha t uniform surface, greater sensitivity and 
repeatability can be provided. However, the investigations in liquid samples were less than 
those in solid samples due to the following several problems of affecting the analytical
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performance of LIBS, such as splashing, surface ripples, extinction of em itted intensity 
and a shorter plasma life-time [11-14].

To minimize the problems mentioned above, in recent years some LIBS experiments of 
liquid-to-solid m atrix conversion have been employed in the determination of detection 
limits by constructing the calibration curves of the line peak intensity versus the corre
sponding concentration for the elements under study. Typical examples are as follows. 
Caceres et a l . [15] reported on a quick-freeze method for the quantitative analysis of trace 
metal ions in liquidvS applying this technique, the results show th a t the detection limits 
of Na and Al elements can be up to a few ppm in Na and Al water solutions over the 
0.01-1% concentration range. Pace et al. [16] made the investigations on converting liquid 
solutions into dried solid pellets of calcium hydroxide by mixing with CaO because of its 
simple chemical composition with relatively few lines. Detection limits of Cr, Pb, Cd and 
Zn elements were in the range of 1-120 ppm. Wu et al. [17] reported the studies on the 
determination of metal elements in solutions with filter paper and analyzed the effects of 
soaking time to detection limits of As and Na elements.

In this work, we choose a kind of wood as an analysis m atrix based on the idea of 
liquid-to-solid matrix conversion since th a t wood can be easily crushed into powder and 
pressed into pellets after baking, and those pellets have stronger and rapid absorption 
properties for liquid samples. We investigated the spectral feasibility of Cr solutions and 
dried wood pellets before and after absorbing liquid solutions at the same experimental 
conditions in order to identify their elemental compositions and the variation of intensity 
and signal-to-background ratio (S/B) of emission lines. Calibration curves were drawn 
employing wood pellets soaking with Cr solutions of known concentration in order to 
evaluate the sensitivity of the method and determine the detection limits. The aim of this 
investigation is to find a simple detection method suitable for quantitative measurements 
of heavy metal elements in liquid samples. In addition, the investigations of optimum 
experimental conditions for such m atrix were also included in this study.

2. E x p e r im e n ta l

Schematic diagrams of the LIBS systems used for a static liquid and a solid target were 
shown in F i g .1 (a) and (b), respectively. A Nd:YAG laser with a fundamental wavelength 
of 1064 nm, pulse width of 8 ns, repetition frequency of 10 Hz, was focused on the sample 
surface by means of a 40 cm focal length lens and employed to generate the plasma, the 
pulse energy could be adjusted successively. Plasma emission was collected through a 
quartz lens with focal length of 10 cm which used to form a 1:1 image of the plasma onto
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Figure 1 : Experimental setups used for LIBS measurements using two different configu
rations. (a) the arrangement used for static liquid sample, (b) the arrangement used for 
solid sample.

the entrance slit of a Cerny-Turner type of spectrometer (Shamrock SR-500i, diffraction 
grating of 1200 groves/mm). The spectrometer was equipped with charge-coupled device 
detector (iStar-DH734-18F-03, Andor technology) preceded by an image intensifier. A 
digital delay generator (DG535, Stanford Research system) was used to synchronize the 
laser and detector and control the delay time between plasma ignition and detector. The 
plasma spectra were acquired by averaging 50 spectra. In order to obtain the intensities of 
lines in the same relative scale, the spectra response of intensity is calibrated by deterium 
and tungsten halogen lamps (Aracight-D-CAL 1205001).

In this study, Cr was chosen as an analytical element because it is one of typical heavy 
mental, and there are many previous works tha t can be provided better comparison with 
other matrix. Here, five standard solutions with Cr concentrations of 100, 5 0 0 ,1000, 
2000, 3000 ppm were prepared by dissolving the given amounts of potassium bichromate 
{K 2C r2〇 7 , 99.9% purity) in the deionized water. For direct analysis, liquid solutions were 
placed into a cup of 2 cm diameter and 6 cm height with a laser entrance hole of 15 mm 
diameter on the top and a collection hole of 10 mm diameter on the side in order to avoid 
the sputtering of liquids. A kind of wood, poplar planted in the Northwest Territories in 
China, was chosen as a m atrix of transforming liquid samples into solid samples, which 
were crushed into powder and pressed to pellets of 20 mm diam eter and 4 mm thick by a 
hydraulic machine oil press under a pressure of 20 M Pa during 3 min. and then adsorbing 
5 ml standard solutions. After baking two hours in an over at 60 °C solid pellets were 
obtained.

3. R e su lts  a n d  d iscu ssio n
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Figure 2: Typical LIBS spectrum  of wood pellet with wavelength 210-690 nm recorded 
a t delay time of 1000 ns, gate tim e of 2000 ns and laser pulse energy of 80 m j.

The strong resonance Cr I line at 425.43 nm and Cr II line a t 283.56 nm were selected 
as a suitable analytical line for direct elemental analysis in samples. Since the number 
density of the species of Cr in plasma is low due to their low concentration in the samples, 
self absorption effect may be neglected within the experimental uncertainty. Therefore, 
these lines are good candidates for detection limits due to its strength compared with 
other emission lines.

In order to examine whether dried wood pellets are suitable for sample matrix or not, 
we must investigate their elemental composition. LIBS spectra for all of them had been 
measured at laser energy of 80 m J/pulse and identified in the spectral range of 210-690 
nm. As a example, a typical LIBS spectrum  was shown in Fig. 2. The spectral lines 
were identified by using the NIST atomic spectral database [18]. It is identified tha t the 
emission lines are atomic or single ionized lines of C, Mg, Na and Ca elements, some 
strong lines for each element were also labeled. It is evident th a t there are no emission 
lines of Cr element for all of pellets.

Furthermore, a comparison of LIBS spectra of 3000 ppm Cr solution and dried wood 
pellet after absorbing it in the range 424-437 nm were shown in Fig. 3, respectively. The 
corresponding strong emission lines are also identified and labeled. It can be seen from two 
figures th a t the line intensities in the LIBS spectra of dried wood pellet after absorbing 
solution is found to be much higher than th a t of Cr solution of same concentrations using
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Figure 3: A comparison of LIBS spectra in the range 424 - 437 nm  from 3000 ppm Cr 
solution and dried wood pellets absorbed 3000 ppm Cr solution, respectively.

the same parameters of laser beam. It is obviously seen th a t the and O II lines 
originated from H 2 〇  in Cr solution have been disappeared in the dried wood pellet after 
absorbing. The signal-to-background ratio (S/B) of Cr have been greatly enhanced.

To determine the optimum experimental conditions a  series of temporal- and spatial- 
resolved experiments were performed. Fig. 4 shows the variation of intensity and signal- 
to-background ratio (S/B) of emission line Cr I 425.43 nm with the delay time at the 
different spatial distances. Here, the gate w idth was fixed to 500 ns. It can be seen from 
this figure th a t the optimum signal-to-background ratio of Cr element in wood pellets was 
from 1000 to 3000 ns a t the spatial distance of 2.2 mm. T hat is, the signal acquired with 
a  distance of 2.2 mm and a delay time of 1000 ns were sufficient to suppress background 
signals from continuum plasma radiation, and a gate width of 2000 ns was chosen to 
guarantee well visible emission.

To investigate the detection capacity a t the m atrix of wood pellets, the calibration 
curves of Cr element were obtained by drawing the line peak intensity against their rela
tive concentrations. Based on the calibration curves, the analytical performance of LIBS 
technique was evaluated for the detection of Cr in samples. Detection limits were cal
culated in the low concentration region. It is determined by means of the expression 
L O D = 3 |. where a  is the relative standard deviation of the background, and S is the 
sensitivity given by the slope of the corresponding calibration curve [6,8,19].

Fig. 5 shows the calibration curves of the strong resonance Cr I line at 425.43 nm and Cr

(a) solution

(b) pellet with solution after drying
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Figure 5: Calibration curves for Cr I 425.43 nm and Cr II 283.56 nm in dried wood pellets 
absorbed standard solutions.

Figure 4: Variation of intensity and S/B  of emission line Cr I 425.43 rim with the delay 
time at the different spatial distance.
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Figure 6: Calibration curves for Cr I 425.43 nm in wood pellets with three different focal 
lengths.

T able  1 . C om parison  of d e tec tio n  lim its (ppm ) in th e  d ifferent focal leng th  lens and  th o se  rep o rte d  in 
th e  lite ra tu re .

Focal length 
(cm)

R 1 RSD% L O D s(ppm )
present work other works

5 0.9723 6.41% 0.07 0.4l8l，0.1阿 ，O . l W
10 0.9935 6.79% 0.15 1.2【16丨，39[2〇 l
15 0.9795 10.16% 0.13 30【21丨,1_1(221

II line a t 283.56 nm, respectively. In this figure each da ta  point represents the mean value 
of 50 individual measurements, and the error bars show the calculated standard deviation, 
which represent the variation in our measurements. Calibration curves of the elements in 
the wood pellets m atrix have well linear fitting within the experimental uncertainty. The 
LODs for Cr were found to be 0.15 and 0.17 ppm for atomic line 425.43 and ionized line 
283.56 nm, respectively.

In order to investigate the effects of focal length to LODs, similar optimum procedures 
for changing the lens of 5 and 15 cm focal length have also been performed. Fig. 6 shows 
the calibration curves of Cr I line a t 425.43 nm  with three different focal lengths. The 
obtained LOD values, the mean relative standard deviation RSD% and the correlation 
coefficients K2 were listed in Table 1 . The correlation coefficients R 2 indicate good lin
earity. And we can find th a t these detection limits are better than those reported in the
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other literature [8,9,13,16,20-22].

4. C o n clu sio n
In conclusion, LIBS technique has been applied for the analysis of heavy metal 

element in liquid samples by taking Cr standard solutions as examples, which based on 
the idea of transforming the elements dissolved in liquids into the elements distributed 
inside dried wood pellets. It is advantageous th a t dried wood pellets obviously improved 
the detection limit of heavy element in liquid by minimizing the water matrix. The LOD 
value of 0.07 ppm for Cr in solutions has been obtained. The results were demonstrated 
to successfully produce a superior analytical response for heavy metal elements by using 
wood pellet as sample matrix.
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