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Abstract

In order to improve the sensitivity and accuracy of laser-induced breakdown spectroscopy (LIBS)
for the detection of heavy metals in aqueous solutions, different quantitative analysis methods
were used to detect and analyze heavy metals (Mn, Cd and Cu) in water with different concentra-
tions by means of liquid jet. The liquid jet method can make the collected spectrum more stable.
By using the internal standard method and the external standard method to take points, and using
a least square fit to perform a linear fit to obtain a calibration curve, the accuracy of the two quan-
titative methods is calculated and compared. It is concluded that the LOD value, correlation coeffi-
cient Rz and RSD value of the internal standard method are superior to those of the external stan-
dard method when the Mn, Cd and Cu elements are quantitatively analyzed. Then the speed of
quantitative analysis was improved through software integration, and the purpose of rapid quan-
titative analysis of heavy metal elements in water was achieved.
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Figure 1. Laser-induced quantitative analysis experimental device for heavy metal elements in water
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Table 1. Cu, Mn, and Cd element concentrations in mixed solutions
#= 1. EAE®T Cu. Mn 1 Cd TERE

No AR E (mg-L™) No A K E (mg-L™)
1# 100 o# 1800

24 300 104 2000

34 500 11# 2200

44 800 124 2400

54 1000 13# 2600

64 1200 144 2800

T# 1400 154 3000

8# 1600

ARSI R AR S A O AT SE 56, WG S IRV NSRS B i sh 77, @ B RN
S-S (EAR 1 mm)BEH, RS EE R HIAE 70 ml-minTt, JEATET M. Cd A Cu f LIBS St
B 2 Fis.
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Figure 2. LIBS spectra of Mn, Cd, and Cu in mixed solution
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Figure 3. Quantitative analysis of three elements in a mixed solution. External standard method: (a) Mn element; (c) Cd

element; (e) Cu element. Internal standard method: (b) Mn element; (d) Cd element; (f) Cu element

E 3 REAmEP=MITEEEOMEL. IMFE: @ MnTTE; () CdTE; (e) CutE. AHEE: (b) Mn TE;
(d)Cdmzk; fCumxk
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Table 2. Fitting coefficients of the calibration curves of the three metal elements in the mixed solution
= 2. REBREP=MPhEREITRERMZKINIE R

SE R ITIE Mnll 259.3 nm L& 3 R? Cdll 226.5 nm 4 £ % R? Cul 324.7 nm #l & 2 R?
SRk 0.9789 0.9879 0.9895
PIARIE 0.9814 0.9918 0.9905

ARIAFEHAMREF N AR AT IR AW P =M ESECR N E &SI, =Moo RN &5k
Mnll 259.3 nm. Cdll 226.5 nm #1 Cul 324.7 nm, WHREILFERINFRZHEIE LN HI 656.2 nm, FMRiEHIA
FRyZ3RTS I A i 26 AH 5¢ RELWIEE 2 B o FH P bri2i 3 31 = 8 428 70 2 (Mnlll 259.3 nm. Cdll 226.5 nm
H1 Cul 324.7 nm)H% R2%0 R*E N2 514 0.9814. 0.9918 10.9905, HiH T4 krikf3 i R?{H 0.9789.
0.9879 £ 0.9895, ixX /& H T7EHER LIBS Yeilb i A 7RO A8 B Bk Bl SHHATE B A8 1k DA K SRR KA AN R )
BIERER, XLEELSFEOER LIBS ik fE H iR, — Bk mE Rl K, maxlas
R R o TR T A ARSI IR AR IR AN R LA A N AR S on R, b
AL LRI TE B B LU AR A L& e An 2RI GNA b, BB 2850 o R S8 4 A0 2l i SR (1 B2

Table 3. RSD and LOD values of the three metal elements in the mixed solution
3. RABKRP=ME&BITEMN RSD F1 LOD &

E R Mnll 259.3 nm CdlIl 226.5 nm Cul 324.7 nm
eEA RSD (%) LOD (mg-L™) RSD (%) LOD (mg-L™) RSD (%) LOD (mg-L™)
AhbRi% 8.64 36.7 5.35 37.0 11.68 57.2
M bRiZ% 4.84 33.4 3.85 335 6.19 53.8

% 3 A%, Mnll 259.3 nm, CdIl 226.5 nm £ Cul 324.7 nm =F 54> J& 7¢ & N bR A8 R (LOD) 1
TR T AMMERAS IR, H N FRYE RSD (BN AMRik, 1 BH PN ARy e A I RS RN R g o T T AR A
Fhbrik.

3. &

AR SCR ARSI 77 2, A LIBS HARGHE &3 = Fh S Jm o R TR, &5 Mn 11 259.3
nm, Cd Il 226.5 nm 1 Cu | 324.7 nm {E R/ tri2k, HHAIMRMEMAIREZS H T ERIZ, =MTEr
P FREAR 5 R BT 4MR1%:(R%: Mn 0.9814 > Mn 0.9789, Cd 0.9918 > Cd 0.9879, Cu 0.9905 > Cu 0.9895),
600 R AL T M FRiZ:(LOD: Mn33.4>Mn 36.7, Cd 33.5>Cd 37.0, Cu53.8>Cub57.2), RSD A fif
F#{%(RSD: Mn 4.84% < Mn 8.64%, Cd 3.85% > Cd 5.35%, Cu 6.19% > Cu 11.68%). HisZi4h 5iay ifs
H, PIARVEMIE T AR RENE 5 s b R M 26 R R?, PR A BR AN RSD M, A 52 Ak 26 S 47 1A 285
PER G, LA A I 230505 BERIRS MRS 2, (et fa e MRS, 1T PARVETE &N 07 T AR AL T4
Frigs, DR AE AR S i 2 B HP A I ARv2sdb AT 58 B 70 W BB A% A A8 e S 45 SR A A 12k
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