% 48 %% 3 4 ih Gt TA2 2019 4 3 A
Vol.48 No.3 Infrared and Laser Engineering Mar. 2019

{E# 3 SERS £ Rz HYILFig /K PAHSs 12l

OB, RAA,EBRRALK e, KER, L B
(PEEFERF FEAFE ISR LFAEFILRET, LA FH 266100)

W E. AFRIHEKRPIRE %I F 8B (Polycyclic Aromatic Hydrocarbons, PAHs) % L3 B ik | & 2 4 E
), A T AR A X B AT R B 38 3% 35 F 35 (Surface—enhanced Raman Scattering, SERS) 4% & % , %
BIE W BRSEM PN TINE RBAE e (ARG HER G LR TFIEZIR KN 3742, kA
¥ 25 120 mm, % % R~ 24 350 mmx300 mmx180 mm, i & %5 15 kg, 445 30 W, i# 2 I3 3K w42 4
K ZR, AR ZERENH S AL BKE PAHs #4706, AT A E B EFREE K
(b)) & E KT (a)EWE 5, 4w 4 R 13 3 448 & 4% (Gas Chromatography, GC) #9 £ 52, B #-| %
GC =AM 3 64 B R R MM . 3t By i o % AN A & B i R L As B A L . & %
ANEIR B R B B 6938 m  PAHs A X fe B F 5 A AL 5 & B 3R PAHs M & F JB B 69 38 , A £ Fo 4
FHPRIRY, LREAN, B AL SERS 442 B A A4 Peik 3 ZHE A9 & T B
AT 4 4 PAHSs 69 15 M 42 B4R 7

KEEW. AR EZHS; HRE; SEAR; EK; ZHFE

FESES,: 0433.4 XHEARERG: A DOI: 10.3788/IRLA201948.0322003

Detection of PAHs in coastal sea water using portable SERS sensor
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Abstract: To realise the on —site, rapid and high sensitivity detection of trace polycyclic aromatic
hydrocarbons (PAHs) in coastal water, a portable high —sensitive surface —enhanced Raman scattering
sensor was developed, and a high—efficiency outside optical path of spectrometer assembled with inverted
telescope structure was applied, which optimized the collection efficiency around 3.7 times better than a
commercial optical probe, and the optical path was about 120 mm long. A high sensitive surface —
enhanced Raman scattering (SERS) sensor was also established with 350 mmx300 mmx180 mm, 15 kg
quality and 30 W power consumption, which can satisfy the portable requirements in on-—site detection.
PAHs in coastal sea water were detected on —site using this sensor, and signals of naphthalene,
acenaphthylene, phenanthrene, chrysene, benzo (k) fluoranthene, benzo (b) fluoranthene, benzo (a) pyrene
and so on were recognized. Meanwhile, the results were confirmed by the gas chromatography (GC).
Besides, volatile naphthalene was discriminated by SERS but wasn’t recognized by GC. SERS detection

of Shilaoren and Maidao area of Qingdao coastal area showed that in Shilaoren coastal area, with the
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increase of offshore distance, the contents and concentration of PAHs were similar, but in Maidao coastal

area, the contents and concentration of PAHs reduced significantly. The results indicate that SERS sensor

is portable, convenient and with high sensitivity, and can provide data for PAHs monitoring in the high

pollution area.
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Fig.1 Schematic diagram of the portable SERS sensor

0322003-2



ik A

%38

www.irla.cn

% 48 %

APEHRRIR TR A8, it AL ot Ot
AL TS B IR T S0 S R G IR TAT 34
AR i T B2 S b A7 o B A B, S B o e B
AT S U

F= 1 {F1E X SERS RSB[R AR
Tab.1 Technical index of the portable
SERS sensor

Compositions Main technical parameters

Semiconductor laser: 785 nm
Laser Line width: < 0.3 nm
Power: 0—500 mW
Spectralrange: 784.44—926.54 nm (=9-1947 cm™)
Resolution: 0.46 nm
Pixel numbers: 1 024x58
Slit width: 50 pm
Pixel resolution: 3.3

Spectrograph
& CCD

Groove spacing: 1 200 mm™

Size: L 182 mmx D 110 mmx H 47 mm
Material: SPCC

Size: L 350 mmxD 300 mmxH 180 mm
Mass: 15 kg

Power consumption: 30 W

System

SERS 43K 350 mm, % 300 mm, /5 180 mm,
i 20 15 kg, TIFEL R 30 W, HSZsean &l 2 B
TR RGP IR E G R g Ak e
B, EREMIHENEERIA S S E OGRS
SERS fRIEAHRM A R i FEN R Z —, bt
X 1 B 'G IH l TR FR H F SE AR e 4y a4 T T A
P B 5 SRR,

Pl 2 SERS f& /gt 45 14 (€]
Fig.2 Structure of the SERS sensor
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Fig.3 Simulation results of the spot shape reached samples
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Fig.4 Raman spectra of polystyrene in different optical path

(a) RPB Y probe ; (b) no beam expanded; (c) beam expanded
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Fig.5 Normalization of polystyrene at 1 000 and 1 029 cm™

with three different optical path
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Fig.6 Raman spectra: (a) coastal seawater at Wusi square,
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(b) colloidal gold; (c) SERS spectrum: coastal

seawater at Wusi square
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Tab.2 Comparison of SERS and GC detection
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Fig.8 SERS spectra of PAHs in coastal seawater at Shilaoren
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Fig.9 SERS spectra of PAHs in coastal seawater at Maidao
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Tab.3 SERS results of coastal sea water at

Shilaoren and Maidao, Qingdao
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Fig.7 Gas chromatography spectrum of PAHs in coastal

seawater at Wusi square, Qingdao

2.2 ERIEEE/KBPAHs /7 SERS &l
T 3T 5 A 3 BT A 22 05 BT 9 48 SERS
K25 B aniE 8.9 i, K i (d)~(a) F 7 B e

PAHs Shilaoren Maidao
Na 508, 759,1 018, 1 374, 508, 755,1 015, 1157,
P 1556 cm™ 1374,1558 cm™
PA 538,696, 1 029, 1 144 | 539, 698, 824, 1 029, 1 144,
1343,1434 cm™ 1341,1 430 cm™
Pyr nd 581,1 054,1 236, 1 374 cm™
BaA 715,789,998, 1 029 cm™! nd
Chr nd 564, 670,1015,1 374 cm™
BKF 759,909, 1 029, 1 263, 755,911, 1 029, 1 263,
1502 cm™ 1500 cm™
BbF 998,1 029, 1263, 1 447, 998, 1 029, 1 263, 1 450,

BaP

1502 cm™

608,978,1 018, 1 238,
1374 cm™

1500 cm™

608,978, 1 015, 1 236,
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