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Abstract 185 nm VUV is an advanced oxidation technology with strong oxidation capacity, which can effectively decompose trace
organic matter in water. This paper conducted experimental research on the removal of trace organic substances in water using the
oxidizing capability of 185 nm VUV emitted by low-pressure mercury lamps. By designing a single-lamp water purifier and a four-lamp
parallel enhanced water purifier, this paper demonstrated the potential of 185 nm VUV in removing contaminants such as antibiotics.
The experimental results showed that the use of the large quartz sleeves significantly improved the effectiveness of the water purifier.
Additionally, this paper investigated the influence of flow rates, antibiotic concentrations, and the number of VUV lamps on the
removal efficiency of the water purifier, as well as the relationship among flow rate variation, mixing disturbance, and removal rate.
Finally, the disinfection efficacy of the enhanced water purifier was verified through disinfection experiments. This study provides an
efficient solution for household water purification and contributes to the empirical and exploratory application of VUV technology in the
field of water treatment.
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Tab. 1 Characteristic Absorption Wavelengths and Measured Calibration Coefficients of Antibiotics and Methylene Blue

i H FHESON: K /nm M BRI/ (mg- L") DA CRESE IR (1 em JEHR ) R?
MU 267 0.2~10 0.014 7~0. 306 4 0.999 2
+&HR 268 0.2~9 0.007 9~0.251 9 0.999 7

[HIERIIPN 272 0.2~9 0.003 5~0.028 2 0.996 7
R LA 317 1~9 0.035 7~0.301 7 0.999 6
AR 278 1~9 0.029 6~0.241 6 0.999 1

oy H AR 650 0.2~3 0.034 6~0.486 9 0.999 1
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Fig.2  Vacuum Ultraviole Water Purifier
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Fig.3 Comparison of Experimental Results between the Cases

TRAREE

of Presence and Absence of Large Quartz Sleeve



AR, 7 ME R IR, AE

A8 AN/ N RUK Al s rh (9 19

Vol. 43, No. 2,2024

2.2 MAEZENER

N 4 KTEoK SR 04T T — RN P K B
TR, B e, B A Sk K BT 40 4R R v R Y N
0.2 mg/L MABAERIRR, K5, FIHARERSE
£ 200 mL/min i & F #7080, g fe e it
AR DA K 7K EORE | I D0 5 A i T R WO B
ISR 4 iR, HKEPTAER B T 4R
B 71 (46.4% ~93. 4%) , (AT R A 1 X 2 72 1
St H A deE 1Y, 5 TR Bb e & | LBk
RAEWAE, K S T TR SR
OYFLER R S TS5 A A AL B AU T R
FEA R , 31 P A B AN U T 0 R P BLIE A T sp” 2%
TRIRZS  Zo b BB TR L & # , BA 2 520k p Bl
FE5 & AR T I R — B @ i, SRR 45
FARIRAE . (R R A I A 20145 K PN 7 A 1 1 3
H A REREE, NI, R T & LBRE, [
PR, 5 A A AL A 0 BT 5 PO ARt R B T &
BRR, MorTa5tl boabr, s RN m LR ET
B4, AR A S 0 H B PR AR AR
M tEE, BB 5 MR 2SR, BT
VU Z WA L0, 45 8 it BRIt E

LA

HH

o
o]

A
H:N H
i £ e
CHJ CI‘]J
CH OH

4f\

OH O OH o
PUFRER

CH; OH O

AN
{)} CONH:
OH O OH O
HE

(MESME) B3 T-4540 , LR R BARWA U (H
HhE] A A PR IF A A A S BEEERE, RO P AR E
R THEE LR, 220 B 4 hRBRRER
AL 3R 5 e gt P BT /0 73 45 4 1) 23 B S AR 1)
o mr g B 4 Ry RERAR R AR A R
AR FFEA SRR B T CO, CEA LR sk

L),

100%

B4 finsmAlgok s A R LR

Fig. 4 Removal Rates of Various Antibiotics in

Enhanced Water Purifier
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Fig. 8 Effect of Flow Rates on Removal Rates of Antibiotics

2.6 HE

N T HEEEA RN oK A8 BTH BERCR , 12
KIS IR (A N LIRS . R)E, 5
e KRR RE o HEdEAT T AR B AR, 425
mL/min F1 850 mL/min, #¥J4H S, i 7K 40 T # 7%
SECH 8 000 /L, ZEid oK A% AL B A KR
i FHERT TP SR E . o182 425 mL/min if
J& 850 mL/min AU REFRAF T, H AR v B A AG
FNANTE AR, X DI 8 B K g7 v o B 58 Ah
LARSPAET AR S T XA R I, X
SEp G 4 R — 2D YRR TN A K B v A
AR, HAEKAL B 72 b 98 A R A KA TR
BOR K2 A A 3 R BE ] it 7 —A
AIFER K BT AL A TR 7 5
3 iHieE%R

AT LA MR BRI T oK a3
K Bl 45 LT 458

(1)185 nm FL25 S AN K B B RE A5 A A5 25
BRoKhaR R 251, GR B 2GM o T A TRE F BN
AFEE P (0] R AR R ) o KBRS B A £ BR R A
46. 4% ~93. 4% , HAXG K W7 14 55 W S PR 11
I T E R T AR



EAR, B ME, R IR,

LA AN/ N RDK Br A vh A 0 H

Vol. 43, No. 2,2024

(2) RAEEEN LAY BAE R T K0 2
BRECR . W R Won , R R 4 R,
ARKAGE , KERFEN 14%3EME] T 55%

(3) KBRS U B 1R 5 FR 02 07UAH G, Vi B
%, B m ., P, 185 nm EAMEH ARE H T
AbFRSR E R K PR AR IR B BB R AR5 )

(4) VoK 25 10 25 B B50CR M et KT B B0 B IE L
B 7R T K 28 B8 T AT LR IE He e R o 4 /N #
B, 4 kTR e 2 BRbi Al 20 i R B AR = i &L
RAEH T ZAT B A K S T F 5k

ZE 1 RBIFGE I /N B K T AL 2 R R B s
EKHMEHARTE KB K A B p HLA R 1 FHRICR
EREIE SRR 2 BRK TP A LY B A R RN A B A
15 YY) PR R B HK SR AT5E — 2 n]
T Bk — A o Rl | i X 2L BRACR R |
KRR e TS

S 3k

[ 1] EEEK, Aate, phEt, % WEEHFESK G KI 6
E[J]. BEESPii, 2019, 35(3) : 283-286.

WANG D D, ZHOU J H, ZHONG Y, et al. Comparison of water
purification functions of two common household water purifiers
[J]. Journal of Medical Pest Control, 2019, 35(3) ; 283-286.

(2] WM, W, A, % 5 TR RIRAIKIE 9 150 % S AT

R MR o i K T3 4 0 (1], kR, 2020, 39
(9): 163-168.
XIE T, TAN Y, BAI F C, et al. Analysis of terminal purified
water market based on survey of drinking water consumption
custom and payment willingness of the residents [ J]. Water
Purification Technology, 2020, 39(9) . 163-168.

[3] ZHANG Y L, WANG W L, LEE M Y, et al. Promotive effects
of vacuum-UV/UV ( 185/254 nm ) light on elimination of
recalcitrant trace organic contaminants by UV-AOPs during
wastewater treatment and reclamation: A review [J]. Science of
the Total Environment, 2022, 818 151776. DOI. 10. 1016/]j.
scitotenv. 2021. 151776.

[ 4] MASSCHELEIN W J. Ultraviolet light in water and wastewater
sanitation[ M ]. London; Lewis Publishers, 2002.

[ 5] OPPENLANDER T. Photochemical purification of water and air
[M]. Weinheim; Wiley-VCH, 2003.

[6] DUCA C, IMOBERDORF G, MOHSENI M. Effects of

inorganics on the degradation of micropollutants with vacuum UV

(VUV) advanced oxidation [ J]. Journal of Environmental

Science and Health Part A-Toxic/Hazardous Substances and

Environmental Engineering, 2017, 52(6) : 524-532.

[7]

[8]

[10]

[11]

[13]

[14]

[15]

OUYANG W Y, WANG W L, ZHANG Y L, et al. VUV/UV
oxidation performance for the elimination of recalcitrant aldehydes
in water and its variation along the light-path [ J]. Water
Research, 2023, 228 (1) . 119390. DOI. 10. 1016/]. watres.
2022. 119390 .

WU Y, DENG L, BU L, et al. Degradation of diethyl phthalate
(DEP ) by vacuum ultraviolet process: Influencing factors,
oxidation products, and toxicity assessment[ J]. Environmental
Science and Pollution Research, 2019, 26(6) : 5435-5444.
WREE, WhAR, SAUSR, 55, H S SRANANT T K IH B AL
SURBBIEHERE AN ()], M TR 2240, 2023, 34(3)
99-105.

CHEN Y, YAO S, HUANG Y Q, et al. Theoretical basis and
potential application of 185 nm vacuum ultraviolet in water
disinfection and purification[ J ]. China Illuminating Engineering
Journal , 2023, 34(3): 99-105.

KRB, IR, A, AF. HASEANE (185 nm) SR ST 5 ik
LEOMT REMRHERTFE[T]. TR, 2021(8)
1-10, 20.

WU Q, WAN M, LI Q, et al. Study on measurement method of
vacuum ultraviolet ( 185 nm) radiation and ozone production
characteristics of ultraviolet lamp[ J]. China Light and Lighting,
2021(8): 1-10, 20.

R, 30k, MAE, G WSS (VUV/UV) XA
LG Yol b 5 bR v SR (], SRBERMF 05, 2021,
34(6) : 1397-1406.

SHAO W T, WANG W L, DU Y, et al. Enhancement and
synergism of VUV/UV irradiation on elimination of organic
pollutants[ J ]. Research of Environmental Sciences, 2021, 34
(6) : 1397-1406.

WA, SKiELE, Z2ifE, 5. 185 nm B 75 SAME AT oK bt
FERIDLIRLI]. PESKHDK, 2019, 35(21) ; 45-49.
CHEN Y, ZHANG L F, QIN X, et al. Photolytic decomposition
of antibiotics in water under 185 nm vacuum ultraviolet [ J ].
China Water and Wastewater, 2019, 35(21) : 45-49.

R, AR, R, G HA SAME (185 nm) 7EAK AL 3
RS Ko FHE R[], T E 4K HEK, 2017, 33(22) .
43-48.

WU Z D, WEN D, LI M K, et al. Research and application
progress of vacuum ultraviolet (185 nm) in water treatment[ J].
China Water and Wastewater, 2017, 33(22) . 43-48.

WEEK J L, MEABURN G M, GORDON S. Absorption
coefficients of liquid water and aqueous solutions in the far
ultraviolet[ J]. Radiation Research, 1963, 19(3) : 559-567.
THOMSON J, RODDICK F A, DRIKAS M. Vacuum ultraviolet
irradiation for natural organic matter removal [ J ]. Journal of
Water Supply: Research and Technology-AQUA, 2004, 53(4) .
193-206.



