lron Measurement in Wastewater Outfall by Laser-Induced Breakdown Spectroscopy
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Abstract LIBS Detection Systems Principal Component and Linear lron Concentration Measurements

In this study, laser-induced breakdown spectroscopy (LIBS), In | Discriminant Analyses :
conjunction with principal component analysis (PCA) and F— __ Predicted Fe (ppm)
linear discriminant analysis (LDA), was used to determine iron ) ! 1.5M . Samples | Univariate | Multivariate | ICP-MS
content in coal ash runoff. Wastewater was collected over a | o : el s color S0 34 32 28.60
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- - | = * 52 ® 52
built on top of a coal ash base and was analyzed using a g s . on S2 21 24 23.05
traditional LIBS benchtop system and custom LIBS probe. S - ;s S3 20 21 23.06
Spectra obtained from the test samples were compared to iron ] e - on S4 21 21 24.41
containing standards to identify the prominent iron emission 0 5% o s o o 58 S5 29 25 24.40
lines as characteristic signatures. The strong atomic emission 5 oy M . on S6 28 26 24.35
lines of 1ron at Fe | 371.9 nm and Fe | 373 nm were identified oM o  2M  am S7 31 24 25.93
with the help of these standard samples, which demonstrated ) D v Principal Component 1 Linear Discriminant 1 S8 25 27 24.86
the significant presence of iron in the collected wastewater - PD: Photo Diode 7R . . SO 32 32 28.59
. . | poembuy  REERRERRRNEES - 5 T (a) Scatter plot of first two principal components
samples. Machine learning tools, PCA and LDA were used to F'be”,”fga{"_"—”mp ——— DCW: Dichroi Miro | (b) Scatter plot of first two linear discriminants S10 28 26 24.70
classify the liquid samples by collection day. For quantitative PQSW-Tc;PassiveE nelative diff o1 SR and 1CP-MS <1506- 1CP-MS and univariat
: : : : 0-switched microchip _ _ elative difference: -R an - 0; -MS and univariate
study, partial least square regression (PLS-R) calibration curves | (A)LIBS Bench top set ug < PCA and LDA were combined to see clustering of the analysis <20%.
were developed using the d_ata collec?ted from the _refe_rence et (b)L1BS Probe design eleven water samples. — _ _
samfles tand wereI useqrto estllmatte 1t:’1e Iron concen;ra;trllon In t:1te (c)LIBS Probe % PCA is an unsupervised machine learning method to Variation of lron Content with Local Rainfall
WasTEWaLCT Samples. 10 Evallale the actUlacty of the TESUIL reduce the dimensionality of large data sets, and it | -
obtained, they were compared with inductively coupled plasma- .. : === 3 Days Average Rainfall
maximizes the variance of the data. It transforms a large mmm Rainfall
mass spectrometry (ICP-MS) measurements, and the results set of variables into a smaller one, thus preserving most o A Fe®RM F
were found comparable with relative difference below 15%. _ _ L P J - &
: _ of the information held by original data. 2 03 28 ¢
Detection of Spectral Lines < LDA is a supervised classification technique, and its = L E
Laser Induced Breakdown Spectroscopy goal is to project the features provided in higher £ oz-
. . . . . _ dimensional space onto a lower-dimensional space. = -24G
<« LIBS 1s an atomic emission spectroscopy-based analytical Experimental Parameters . . . . 01- &
technique to obtain qualitative and quantitative elemental Benchtop | LIBS Probe *» While PCA maximizes the variance of the data, LDA / 22
information of the materials. set up maximizes the distance between the groups of the data. 0o — .
% High-energy laser pulse creates a micro plasma plume on the Laser energy | 15-30 mJ 4m) ** LDA computes the directions called linear discriminants S 3 % % 8 8 3 % % B B B
sample by ablating a very small amount of material. Gate degaﬁ 15 s 100-400 ns representing the axes, which maximizes the separation e Date
. : : : : . . Gate widt 5-10 us 0.5-3 us - . . , , ,
2 The -ab|ated material dissociates into excited ionic and atomic Wavelength 355—38(51nm 360_390“nm between mUItlple classes. Ad_ecrease IN Iron cqnte_nt Was ObSGI’V?d Wlth the rainfall, which
SpecIes. < Since the intensity values at different wavelengths are IS likely due to the dilution of water with rainwater.
% The excited atoms/ions present in the plasma emit light at their not independent, the data has collinearity issue, Conclusions
characteristic wavelengths. Therefore, PCA was performed first, and the principal
< Spectral analysis of the emission spectrum from the plasma is , et @) _Comp_onents Were used as Input for the | LDA. The “»LIBS appeared to be a very good analytical technique for
used to infer the elemental composition of the sample. . & — = Individual principal components are always independent iron content analysis in aqueous samples.
3 _ = E§ from each other, and linearity i1ssue will be resolved. Ten < Iron signals detected with benchtop set up: Fe I (363.1,
_ = . £ npnE —= principal components from PCA were extracted and 371.9, 373, 374.5, 374.9, 375.9 ) nm.
Materials 2 2 = |88 — % used for LDA. «* Signals detected with LIBS probe: Fe | (371.9, 373, 374.5,
= I s = 374.9, 385.99) nm.
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