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Table 1 The concentrations of Cu, Mg, Zn and

Cd elements in mixture solution

B : V8 B (ppm) i
Cu Mg Zn Cd
17 1 898. 42 1 939. 87 1 956. 86 2 000. 00
2% 974. 44 985.01 988. 35 1 000. 19
3% 687. 46 693. 65 694. 41 700. 09
4% 493.53 496. 14 497. 14 499. 70
57 297. 65 298. 62 300. 63 303. 07
67 99. 97 99. 87 99.92 99.92
7% 9.98 9.99 10. 00 10. 00
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LIBS experimental setup of the mixture solution

FE . REWRAHEN 4 mm (KBS, R
65 mL « min~", BT F BB E Y 3 mm, /BB
TR BEE B i R B gk RBURAE 20 & Ik 9 Ot 3
P8 LATBR/IN 0 8 O S A A 25 I 3% X LIBS {5 38 2 1Y

RO A RS2 58 A5 1R T I8 10 s g, RIS IR R MR
P04 J5 o0 LIBS St il o A7 b B . ST (X CCD R % i
[ 5 50 ms, FOLNK 5 CCD R4 W E] LE M 2 2. 98 ps.

2 #R51He

WOtk By 170 m] ZR AR BOG Ik e R AR TE I )
HIR I, BRREMNTS 17 MR A RN LIBS J6is Bl g 2
iR, B 2 F%EIL Ca T 324.7 nm, Cu [ 327.4 nm, Mg |
285.2 nm, Zn [[ 206.4 nm F1 Cd ] 226.5 nm /K LIBS %
AR TR AT IELR . /T E G 635 A A6
MR e 53 a5 W, ARG SR AR SRR AL B RHe , B UL, IR AT
Hed AR ARG ey 43 PR R, 3 80 LIBS St il B4 72
P-Hz b A7 7E 7 261 50 B AR .

125007 | 1ne
;10 0001 o

.

75004
5000

25004 ¥

Spectral intensity/a.

0_

220 300 320
Wavelength/nm
B2 RABHEH LIBS Stk E
Fig. 2 LIBS spectral of the mixture solution

TRV EHLE) Cu, Mg, Zn fl Cd ST R - Hri &k a0
3P, NE 3H A, BUR A B W Cu, Mg, Zn #l
Cd L& i LIBS Motk 2k 435125 Cu T 324.7 nm, Cu |
327.4 nm, Mg | 285.2nm, Zn [[ 206.4 nm 1 Cd I 226.5
nm, ML AR TELE H WIS, IF B BLR & BT 3

30 B (limited of detection, LOD) & LIBS £l 5 A 1%
FEAGHR , RAF R ILIAE SRR U 5T 20 SR/ R DU VR L 3
HAR DO

3

LOD = 5 (@Y

Hrb, o Jy LIBS 533 2 B 19 15 5OGIE AR 5 (08 AR X A 1 i
2% (relative standard deviation, RSD), S i & Fr il £k 0 1 %,

FH R TR A ROk s RE A — o g,
LU S i i R R G T VROR MR SR T A AR AR T T R
ARG IE R A B TR R BOG IS A RO R, ax sk
R 2 LIBS SGal s BE A — e gl Bk, 76 A A 55 5
FAF T A 10 WL . BRI BRI R AR 20 D EOLIK AL
WEAR B SR ST 4 B8 23 A vk 3 LIBS St % B 4 ik
Tabsn, BT ZUCREBBBCF M 7. B3 1 Cu,
Mg, Zn F1 Cd WA JC R IR G W& tr i 2 18 4 F .
P AZ5 i LIBS G bp M & A MG 2 @ T 0. 99, IR
{E M 0.995,



5 6 30 Je il 56k b 1887
9 000
— LIBS (a) 12 0004 —LIBS (b)
5 8000 - SO 5 Mg 1285.16 nm
3 $.10000
£7000- Cul327.4nm £
8 £ 8000
£ 6000 - T ]
% g 6 000
[5] B (=9
£3000 “ 4000+
4000 T T T T T T |
322 323 324 325 326 327 328 329 282 284 288
Wavelength/nm Wavelength/nm
2500 1 ©
— LIBS c — LIBS
J Cd 11 226.45 nm
; 2000 1 Zn11206.20 nm 5 S000
> g
Z 1500 ~§6000-
42 =
g 2
_ i g
g% 3 40001
= 151
7 500 2
s "2 000
0 T T T |
204 206 208 210 225 226 228
Wavelength/nm Wavelength/nm

& 3

e

(a)Cu I 324.7 nm, Cu | 327.4 nm;

(b) Mg 1 285.2nm; (c¢) Zn T 206.4 nm; (d) Cd I 226.5 nm A LIBS ¢ it &

Fig. 3 LIBS spectral of (a)Cu [ 324.7 nm. Cu | 327.4 nm; (b) Mg [ 285.2 nm;
(¢) Zn T 206.4 nm; (d) Cd T 226.5 nm in the mixture solution

50004 = Cul324.7nm R*=0.992
A Cul327.4nm R’=0.991
4000 -
g
.E’ 3000
£ 20001
1 000
0 - @
0 500 1000 1500 2000
Cu comcentration/ppm
25007 4 71112064 8m R=0.991
2000
515001
2
§ 1 000 A
= 500 4
0 A ©
0 500 1000 1500 2000
Zn concentration/ppm
B4 RAS

7000+
6000+
5 5000
§4000—
230001
£ 2000
1 0001
0_

= Mg1285.2nm R*=0.992

.

7 000
6 000
. 5000 A
=
<4000
53000—
E 2000
1 000

1 000 1 500 2 000
Mg concentratlon/ppm

= Cd1122645nm R*=0.995

500 1 000 1 500 2 000
Cd concentration/ppm

& (a)Cu, (b)Mg, (c)Zn F0(d)Cd JT KA EIR B £

Fig. 4 Calibration curve for Cu, Mg, Zn and Cd elements in the mixture solution
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Table 2 The R*> and LOD of Cu, Mg, Zn and

Cd lements in mixture solution

2k /nm 4B R? LOD/ppm

. 324.7 0.992 5.62
Cu

327. 4 0.991 9.01
Mg 285. 2 0.992 4.71
Zn 206. 4 0.991 13. 67
Cd 226.5 0.995 4.43
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Detection of Heavy Metal Elements in the Mixture Solution with Laser
Induced Breakdown Spectroscopy
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China
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Abstract In this paper, the concentrations of Cu, Mg, Zn and Cd elements in the mixture solution consing of CuSQO, .,
Mg(NO;),, Zn(NO;), and Cd(NO; ), were measured with Laser Induced Breakdown Spectroscopy with aqueous jets which were
generated within 1 064 nm wavelength of Nd: YAG laser with pulse width of 10ns and repetitive rate of 10 Hz. The mixture so-
lutions of seven different concentrations consist of Cu, Mg, Zn and Cd were compound by adding the four solutes to the distilled
water., The LIBS experiment date have been treated with the statistical exploratory data analysis method to abtain calibration
curves of Cu, Mg, Zn and Cd elements, whose linear fitting coefficient R* were all above 0. 99, the LOD of Cu, Mg. Zn and Cd
elements were determined as 5. 62, 4. 71, 13.67 and 4. 43 ppm, respectively. The LOD of Cu element was 3. 98 ppm for pure
CuSO, solution with better experimental results than that of mixed solution, Finally, the LIBS detected differences were ana-
lyzed. The research results show that LIBS has a promising application in detecting heavy metal elements in the environmental

wastewater pollution.
Keywords Laser induced breakdown spectroscopy; Liquid jet; Mixture solution; Limit of detection
(Received Oct. 21, 2016; accepted Feb. 1, 2017)

% Corresponding author





