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Fig. 2 Curing pretreatment process for strongly acidic wastewater samples
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Fig. 3 Mechanism and performance of UV irradiation induced solidification of strongly acidic wastewater
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Fig. 5 Enhancement of the emission spectral intensity by AgNPs on gel sample surface
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Fig. 6 Crater images of samples with and without
AgNPs after LIBS ablation
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Fig. 7 Effect of sulfuric acid concentrations on sample gel
curing under UV irradiation and AgNPs enhanced LIBS
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Fig. 8 Optimization of curing agent concentrations
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Fig. 9 Effects of laser energy and delay time on SNR in LIBS system

2.5 tRERZ N LR

7000 = Cu(l) 324.75 nm; y=1.556x+8.549 6; R*=0.996 3

Jic i A7 ER U B SR 1.0x10° mg- L™, LA Cu*', o Ni(l) 218.64 nm; y=20.037x+38.38; R2=0.995 8
I RN R4 10, 25 50. 100, 150 6000 F A Zn(IT) 206.12 nm; y=8.289 7x+8.367; R>=0.996 2
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S Table 1 Parameters of the quantitative standard curves
A CARHBRIEE; o M ERGE SR oz P r s -
D225 S bRl 28 AR cu* 8.549 6 0.996 3 21.556 10.7
ARSI X2 AR S HEAT 50 ¥R LIBS St 4K Ni2* 38380 0 0.995 8 20.037 10.1
PR . WERAETHIRHER2Z (o) 2 FFE A 7o 8.3670 0.996 2 8.289 7 135

28 LIBS RS R LI Ha it 32, flF
(S) H1 I A5 O Am o I 26 0 a2 5 8 o AT RS TR 2R 10 R ZESBUES T3 10 ARIER 1 4 o A1 S B BUE,
F IR (1) TFE S Cu®' L NEHT Zn® A9 K HH BRVR BE (C) 43510 1.489. 1.512 Fll 4.886 mgL™',
2.6 SERRAE SR HANE W R

SEPRRER K R ARA A mGHEel, KPR EA MR . Zo™. Cu*™, F. CI'. AP, Pb*
1 Fe* By #e BE 43 % M 2.04x10°, 67.77. 8.77. 1 644.00. 10 400.00, 17.27. 5.61 1 59.42 mgL ',
T S B 5 R R K RS N B M BE B Cu®t . N2RI Zn, SRS 4 IR A AR 5 B0 [ Ak 4% 12 6F R B AT A
L, 7E B fE LIBS 40 N AT A, A5 BKAEd Cu® L NP Zo ik B, IR AR B X (2) TH [Nk
R, FHUATEH 27 16 6 SE PR K A 4 Jm A ) A P, 5 SRAnR 2 iR .

Cye — Cypy

R= x 100% 2)

i

K RAWAXIARMEIR2E 5 Cyye W EPRME E L EWEE, mgL™; Cyyp NI FRIE K P E 4B,
mgL™; Cyuy WIRINAESEEE, mgL™

FH 2 AT, R FH 2R Al R e [ Ak -4 oK S5k 38 5% LIBS X 58 iR & /K Hh Cu®*, Ni*"Fl Zn®* 43 #HF
B AR ISR 43 514 109.00% . 91.20% F192.50% . i B M Ty 32 X6 5 iR 1% K Hh B 4 i 10 Wk 8 0 2
R ESWR B . S Ah, 3R 2 WoR 3 E 4 JE 0T R 2 A 9 A 6 A HE DR 25 (RSD) 43 AR 12.21% .
10.05% F1 11.15%, 6 W% J5 53 B e i i 25 4 A e vk R 4

2 BEMEKERFESERERMREKRE

Table 2 Concentrations of heavy metals in strong acidic wastewater and recovery rates

JoE Cpyi/(mgL™) Cyep/(mg-L™) Cyy/(mgL™) R /% RSD" /%
Cu 8.77 10.00 19.60 109.00 12.21
Ni — 10.00 9.12 91.20 10.05
Zn 67.77 10.00 77.02 92.50 11.15
e DERn=25; —FmRERH,

3 Z5ip

D) TEEINEIRMET, SR M ACEE TP N BRI N I TR TE LB &5 (- 3E-4"-(2- 8 L 3)-2-
HILR DN FE T R G, IR ad SR B A B 3SR B R A I S 254, W e 12 IR
SR AT S X A P R K 114 R AR R T A o

2) BEIE AL FE R T AT B 9K UKL RE B 42 5 LIBS X AF i i B i AR B, DA 42 /e i A 0635
SR . 5 ICYORAER RS SUA EL , GROKR AR R B B SR T LIBS & 72 4 1Y Cu(l) 324.75 nm, Ni(I)
218.64 nm Fll Zn(II) 206.12 nm 47 iE G i 5 B

3) TEAR ALY [ fk 25 4 F LIBS RAESERME T, S840 IREE IR [ 16 -9 K UKL 1S 5 LIBS A5 I 5
BR K AE T Cu® . Ni*° I Zn™ MARIE T e vk R4, R BR300 1.489, 1.512 Fil 4.886 mg'L ™', 5C
o 5 2 R 7 P T s T A 2 5 S 3 B2 1 o o R P IR K P R 4 D 0 M LA R B 1 o R D AR
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Detection of heavy metals in strongly acidic wastewater by UV irradiation
induced gel solidification-nanoparticle enhanced LIBS method
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Abstract The components of strongly acidic wastewater are generally complex, while the conventional
detection methods are difficult to determine the heavy metals in this stream quickly and accurately. Therefore, a
method for detecting heavy metals in strongly acidic wastewater was established based on combination of
sample curing pretreatment and laser induced breakdown spectroscopy (LIBS). The strongly acidic wastewater
was quickly solidified under UV irradiation, and silver nanoparticles were used to enhance the LIBS spectral
strength, realizing the fast and accurate analysis of heavy metals in strongly acidic wastewater. The results
indicated that the curing agents (acrylic acid and acrylamide) polymerized to form a long chain polymer through
the initiator (2-hydroxyl-4'-(2-hydroxyethoxy)-2-methylphenylacetone) under UV irradiation, and the hydrogen
bond between the branches on long-chain polymer was formed to promote the formation of the network
structure, then the strongly acidic wastewater was effectively gel curing under the condition of wide acidity.
Besides, coating the gel surface with silver nanoparticles can enhance the ablation intensity of laser on the
sample surface and then improve the LIBS spectral intensity. The spectral intensities of Cu(l) 324.75 nm, Ni(I)
218.64 nm and Zn(II) 206.12 nm excited by LIBS were significantly higher than those of silver nanoparticles.
Under the optimized solidification conditions and LIBS parameters, the detection limits of Cu, Ni and Zn ions in
strongly acidic wastewater were 1.489, 1.512 and 4.886 mg-L™", respectively. The results of standard recoveries
of Cu, Ni and Zn ions analyzed by UV irradiation induced gel solidification-nanoparticle enhanced LIBS show
that this method has good accuracy and stability for heavy metal analysis in strongly acidic wastewater. In short,
UV irradiation induced gel solidification-nanoparticle enhanced LIBS can realize the rapid detection of heavy
metals in strongly acidic wastewater with good accuracy and stability, providing technological support for future
efforts on detection of heavy metal throughout treatment of strongly acidic wastewater.

Keywords strongly acidic wastewater; UV irradiation; gel solidification; nanoparticle enhanced LIBS;
heavy metals
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