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Photocatalytic degradation and biotoxicity evaluation of lincomycin
hydrochloride by the UV/H,0, process

WANG Tingting' REN Gang' ™ GUAN Jiancong' YU Yan®
(1. Jinan University, Guangzhou, 510000, China; 2. Guangdong Institute for Drug Control, Guangzhou, 510000, China)

Abstract In the present study, main degradation of Lincomycin hydrochloride (LCM) was
investigated by UV/H,0, process; the effects of H,O, concentration, initial pH value and organic
matter on the degradation were also investigated. The results showed that 98% of LCM can be
degraded as the reaction time was 30 min, in order to get this optimal result we should keep H,0,
concentration was 50 mg-L™', pH =7.3 and LCM concentration was 10 mg-L™" at the same time, the
degradation process follows the rule of quasi-first-grade dynamics. The molecular structure formula
of the main products in the degradation process was identified by high-performance liquid
chromatography tandem time-of-flight mass spectrometry (LCMS-TOF5600+), and transformation
pathways were proposed. TEST was used to predict the toxicity of the products in the degradation
process. The prediction indicated that the intermediates with higher toxicity than the parent would be
generated during the UV/H,0, process, which had the potential ecological risks to the water quality
security.

Keywords  UV/H,0,, biotoxicity evaluation, Lincomycin hydrochloride, degradation

mechanism.
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AT (LCM) J& TR AT BEREEDUAE 28, FH IR T7 25 A0 Al R, X 22 FRBH PR A IR AR
F, TR 3 A28 B B ARSI IR I . TR 25 2 A Bl ) S N AR SC P 5 e W, 1%
2y AE AR PR B 12, AR KME 5%—15% (9 LCM LAFIEHEN, 1 sh 1K P 60% MK AT Bk i 2l
PrLLSOE HE G 2, DA 24 3870 LOM 2R H AP I BE A SRR SR T EIAR A 41X LCM 7E
SREFA BN TSRAC A T i 1) R BRI 9T, [ ol X JHL e 22 1 v ) 7 00 . R e B At e 22

TET5 K AR BB A KK T, UVIH0, 856 2 25 BR/K T s Qe B A S8 R LR A vk 2 — 1 3
FE PO N IE I T Hy0p BOGAE ™ A= TG PER R A 2 5L [ i 2 (-OH), F23% [ i 3£ (-OH) Al ALUIAR 5
4 AT HARRE R A HLIS AT, TR A2 S B e TN 22 5 AT 895 e ). I AR SO 38
W52 LCM 1 UV/H,0, 18 & AR A5 PN B A A% 0, R IR 3d i 48 58 LOML e fige iod P 1) v ] 7= 4, 4
i LCM FEI2 S0 Hh B R igp i A, 68 B Iz ik e ) H ] 7 A R4 2 P TN . DA /K B35 o 3 B bl T
RIPUEFR ALY 00 2B 5 4 th 4R Ay OB B, D7k 5 2 A DR B (I LS A R AR 53

1 i%}%ﬁﬁj\(Experimental section)

1.1 SEge il A ds

SEER MR Fh IR AT EE R (LEE>95%) W H T 22 se Ml (1), 25 (HPLC) . Y (HPLC) W H
T Honeywell i35 ("M ), Z R4 (HPLC) . 5 N B (HPLC) 4 [ T2 Kk (1), 30% i AL A
(H,0,) . BfCHimeen . i e | FRhr T 05 (R

SR AN AS B BT AR A B TOC-L VCPN., 5 830 A 633 BT 15 156 FH A (HPLC-MS/MS, 5500 Q-trap,
AB Sciex, USA) . = R AH (0,33 53 1 6 AT B[] B2 135 4% (AB-Triple TOF 5600%, LC20D HPLC, X500R, AB
SCIEX, USA) . SCIEXOS(1.3.1) . TEST, version 5.1,EPA,USA . # Ji$t+E %% . pH 31 (PHS-3E) . %4M%GAT
(20 W, 254 nm).
1.2 SLEkeE

LR AE L&A 20 W HLIE K R 254 nm B9 AMEIT RO 620 & R kAT, BRSC R B LA 1.
TEEAZN 10 cm B4 Al LR AILA 100 mL ®JERVEE 4 10 mg L' B LCM F1 Hy0, BITR G K, A58 AR
R X LOM B AR5 0 . 6 — 2 IR ) 18] B BORE 1 mL AORE S A 85088 T, 78 52560 1 A2 b A P SR AR AR
RGN T VR KR, FEH SE R B 3 4 AT HE.

[ \
| |

/

UV lamp

==
e —

1 Oefig 3 R A

Fig.1 Schematic diagram of photochemical apparatus

1.3 Sirrik

i FH HPLC-MS/MS 5 S 56 4o #2 rf LCM. B9 v B2 A2 A 5. fiff A C18 #3:(2.1 mmx150 mm, 5 pm,
SHARPSIL-U) LA 0.3 mL-min™" #9338 3 25 A OC 4L 43, #EFE R R 5 ul. MS/MS Kl #% i /E S 800 3% 1.
RE B/ B T 1 B SRl R A ULk 2.

fifi Fl LCMS-TOF 5600+( LC-TOF-MS) 73 #fr T LCM 7E UV/H,0, i & i [ i 7= 4 . i Jil ZOBAX
SB-C18 ¥ (4.6 mmx=150 mm,5 pm) Lk 0.3 mL-min™" (33 43 B AH G20 4%, #ERE Ry 5 L.
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R 1 MS/MS IIERIETT 25
Table 1 Operation parameters of the MS/MS detector

B Bt el BT IREE AR FHR MR CAD FLIGEZE AL EEELAI|
Parameter Ionisation Scan type TEM CUR GS1 GS2 IS Total scan time
4 LA
kol ESI MRM 500°C 30psi 45psi 30psi Spsi 5500 10 min

Analytical conditions

R 2 ALEWH MRM ZEOCRI{R B 1 (]

Table 2 MRM parameters and retention times of compounds

ST BB T TET

Analyte Precursor ion (m/z) Product ion (m/z) DP/V CE/eV
Lincomycin 1 407.0 126.0 50 33.12
Lincomycin 2 407.0 359.0 30 24.72

fif F 5% H#: TOC-L VCPN 43 B {30 I 2 B i a2 b 19 8 ALKk (TOC) , i 3 TC-1C 3 & TOC A9 %
TR PTAS SC 53 (8] LCM B9 R FREE, LAXT LCM 1 R o2 B A TV TA

F A T H (TEST, version 5.1,EPA,USA ) 3 F Hh [i] 7= 49 (v e #5ME F JR AR B Ak 2 45 4
F14) ) B P 0 2 B R AR AR AT R AL 48 h /K 3 LCSO BB . KR 10 I LDSO Z0H A5 0E . Ames 5
AR E S

2 ZEHAN]18 (Results and discussion)

2.1 UV/H,0, X LCM i fi#

2 2 pH7.3 I LCM 7EA [l 25 0 T B R AR 0. 45 SRR, DUA S 4M R IR LM LP A % 2
SM, %% 5 Paola 2 W BF 5T — B, [ B 1EAUH H,0, & fF T LOM i 35 K K 2 3 B Ak . {1 7E
UV/H,0, FIZEFFE T, LOM AT RGR A, FLR S48, R 5 min B B AT 8 2268 60%, 15 min
S J52 I 3 % 0 3 WA, 28 S0 45 I 30 min I 22 B R AT 3k 98%. X A P Sk S Ak T LA IR HLO,
ARk 2k, A (D FA(2) Bros -OH BA s i /L 7 RE ), ARy 2.8 V, W] LIE i
SRS MBI TR Rt A ML A

1.0 F  Sddedd e
0.8 | uv
—o=H,0,

0.6 |
- —a— UV/H,0,
=<

04

02 F

0 5 10 15 20 25 30
Reaction time/min

2 AT LCM HIREfig
[LCM]=10 mg-L™", [H,0,]=50 mg-L""

Fig.2 Degradation of Lincomycin hydrochloride during different treatment method
H202+hV—>‘OH (l)

-OH+LCM—TP (2)

2.2 LCM IS sh 112

1E UV/H,0, 1K Z 52 T 10—90 mg L™ Y H,0, ik JEEXT LCM i B 52 0. 7EABF 55 v, F)FH i
— R 8 1207 R KA VL 0 S B s . P00 25 SR B, BOIR R 2 1) H,0,, R B AR R 1 R 1
KT 0.95, PRI IZ 50 o0 8 FIR DA — GRS 07 3l 27, 33k 5 R 22 B2 00 14 Sl b o ik SR A0 o — 2 8 g 2
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R AR [ 1021,

C
—In— =kt (3
IICO

Horp, Cp(mgL™) 2 LCM IRV, Clmg L) 2 ¢ I 2] LCM ¥ B 5 Ak(min™") Ay $0— 2 [ figp 8 5 6 405
¢(min) 2 S I R]. A B2 07 v LCM ¥ JBE Rt s 18] (14 A2 A 0, 405 —In(C/Cp)—t 25 1A 3.

4 » 10mg-L7! 1.0 —+— [0mg-L7!

e 30 mg-L7! —e— 30 mg-L!

L 4 50 mg-L™! 08} —=— 50 mg-L"'

_ ) v 70 mg-L™! —v— 70 mg-L"'

52 * 90 mg-L! 06| —— 90 mg-L"!
= S

] I ] I I I L1 O 1 ! ] ] ] ) |
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Reaction time/min Reaction time/min
3 ARFEPIS H0, WREE T 1IREf3h 12
[LCM]=10 mg-L™"

Fig.3 Decomposition kinetics at different initial H,O, concentrations

24 Hy0, YRJE I 10 mg L B34 e, b 50 2 0 40k Ho0, WU, oA ¥ 3k B th St i 22
B, S 2N E AR K, 24 HyO, YN 10 mg- L™ i, — 2% 50 355 80N 0.0615 min™', i %
H,0, #R BE$8 K, 5o o 6 Bt Bl 2 38, 72 ¥R B 50 mg- L' i, sl R 4R 5] 0.1286 min!, 3X I F-
BN Hy0, HIUREE, K2 W 3R IT IR FRAG, 249 BE 7 90 mg L™ B, F2 W 3 4 0.0875 min™". X AP L4 2 A
AR HyO0 WREE R, B2 58 F iR 364 5 519 HL0, O Az it 460 A e 3k, I B AR i ad 4 el
Fth 255 Hy00 N, T30 H,0, MR R BEAK. MATT 3 B T HE0 30 e B 1) HyO, B, 32 501 A A il o
JLTTRRAR, 76 R UV/H,0, 14 2 [ 2500 iV Z2 00 58 Hh A o B T 2 BLiR g e 12 120,

2.3 IRBEAMXT LCM R fifk (1) 5% M)

9T ERGEIRE S E X LCM B B 520, FSE T LCM 7E A [R] pH 1A [) 946 52 J58 7 12 P F4 A8 fe A7 1
(&l 4). 7 pH A% A BHE & B LCM R B T HAF AR s R, Bt pH 136 K, [ fifk o 3520 T 1K
X AT RE S LR R R Y, — 7 T & LCM FERR MRS N AR E I, S BRI A T EA S
Bl o e, T B A R A . S — T R B 41 R -OH & % 5 OH & AE I B TE A%, O-—, 4n /A =X
(4), 1 O-My &AL AE 11 b -OH {IK; I H HO, 5 H,0, JZ i, FFAK T H,0, A FH 2, M R #2080 T 4L
H 1 ZERTE L, A (5) 5 A HyO, TERRPE S5 04F T 2t B 3R 430, 25 S 8U™ A= 5 1l JE 0
A AT (6)12 13051 R I EE KR KA T A UV/HL,0, 22 LCM 1 LLSE 387 pH & Wt sk bk, LU
IR 52 0 38 %6

-OH+OH™ — H,0+0-~ @Y
HO; + H202—>H20+02 + OH (5 )
2H202—>H20+02 (6)

H T8 B R 2 Ml 2 K M v 8 DLV S P ALY, OF BB BR A b, DT AR S s 07 o Ay
B PR, JE FER T LA 7K A BRI rp 0095 e ) S I HE Ot S AR R A ok S U9, PRIk, Sy T BE S S B R
X LCM R fife ot A 0 52 00, OIS [R) 9 B2 1 S FEIR B UV/H,0, 1R Z b, SCER 25 R R W, RO /0 6 4 R 7
R 2 X2 L= R AR BOR, I ELBAE SR AR AUV I, LCM A B A S AR BT RRARR . A, i1 3 v 7
TE B FEIR 23 AR LCM A A 180, A SR AR AR KR P B LCM, I 1256 25 B3k JE 9B 19 LA 2k B B vy
S
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—=— 0O mgL!

—e— 10 mg-L™!
—— 20 mg-L™!

——30mg-L™!

S 06 —+— 40 mg-L!
= ~
< &)
04
02
| Ob v Ty
0 5 10 15 20 25 30
Reaction time/min Reaction time/min

B4 A pH {F (a) FUEFERE (b) W BE T LCM 1E UV/H,0, AL IR i 1 B A i 22
[LCM]=10 mg'L"', [H,0,]=50 mg-L"'
Fig.4 Decomposition curves of LCM in UV/H,0, oxidation process under different pH(a)and humic acid(b)

2.4 rhE P K RIS AR

LCM J&—Fhii A 2, JB FARAT e 2, e e m b B0 . 6 I 30 43 R IS B R4 B, LCM H A5 5 4~ 1]
AE 1 A A s A7 a5 B P L RN IR I g 0 R T 5T LCM FE UV/H,0, 14 & Hp (0 B A ML EEL, DA B X
LCM [ fif ik A8 = Az 0% v ] 7= ) R 47 3 P S0, {4 A LC-TOF-MS 43 A1 Rl LI 55 F 25 (EST) A il > 4
S i 1o e R ) R ) R .

RYGER AR, 0 F 7. TR B TR AR, 78 LCM M ffad 72 ih L% 5 22 Ff £ 2RI
FEYI(TPs), Horf 16 Fihy FLERHA & 1 7= 0 4544, 6 Fi R A vl REAEAE = M 4540 . LCM 11 C—S 4S5
Z 5] -OH Ay Xk, i AR Y 35 A JE 225 0% LCML ) Ik Jie 358 43 RN L g AR 28 1 45 0 R R LM 2R — 43 F K,
MK BEER 12 2k Je— 43 oK, I HLIA 25 & A M IR A A 10 SR A 00, ARG S8 52 i ] = i 4544 =X, 0 T
DA LCM 1Y 6 FhEEffiR e (18 5).
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Fig.5 Proposed decomposition pathways of LCM during UV/H,0, oxidation process.

2.5 HE =Y R R T
i F§ TOC-L VCPN 23 #1457 LCM 7E UV/H,0, 403855 #2 b s A5 WL (TOC) (9728 4k Kl 6 FiF
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7N, W 20 min J5, LCM B9 225 %8 92%, {H TOC AR HAAE . iAW 30 min J5, LCM 19 25 45 2854 3]
98.4% I}, TOC 1L T [ 0.8%; fE4RLE e Wi #2H, 24 /e W i8] A7 60 min B, TOC 2R N 28.4%.

10}
08|
06

Q - —a— LCM

~ o4l —e—TOC
02
ok

1 1 1 Il 1 Il 1 1 1 1 1 1 1 |

0 10 20 30 40 50 60
Reaction time/min

B 6 UV/H0, idFEH LCM J3fiftid # ih a9 AL 1
[LCM]=10 mg-L™", [H,0,]=50 mg-L™"
Fig.6 Mineralization during the decomposition of LCM during the UV/H,0, process
P AT DL, 6 6 R R] PN KR 4 LCM £ R it sk B v i b R AL 9, AU 20384 LCM 58 20
b, SRMAER I R] (1 S 3 #2 )5, LCM Al g e & g o i Ak, (HIZ FR G218, 0 IR N R IR R 25 TR
Rof i aok A v A 2R A 102, DR L, T LCM R ao A v o= A B b (B0 7= 9 307 A0 v (8D 7 9 1) B 1
PR AR IC R, FIH QSAR X LCM By H [H] 7= A 785 24 . Ames BB
LCM FEAAL =P 0 QSAR T4 Tl 285 2L mT UL F 3% 3. XF T KA 48 hLCsy, LCM J& T A 2tk
FEIE, 1 LCM 89554674 LCM-280, LCM-374, LCM-170 1 LCM-127 fRHIS LCsy 7575 10—100 mg- L™
[ 0 BBl N, E 4 BR AR 2 i 98— 3 28 RIS 28 ) B ) B o, i B S R R AR o B A AN, LCM-
356 [ HUI{E k 8.61 mg- L, B A i oy B AT v SE R ME . MiAE /N B 1 Y4B LD HI Hr, LCM A9 T3 U AEL
A 1291.60 mg kg™, 7E 4 BR AL 2 5 G — o AR & ] BE L E T, JB T 4 28 (300 mg-kg'<LD50<
2000 mg-kg™) BA R HEFMEH, M LCM 1Y% 167 1) LCM-280. LCM-340 £l LCM-356 1] LDs, 4 il
M 7% 7E 50—300 mg- L' A7 A, J& T BA 1 RS F 1YW L. 16 Ames SUREPE 0 J5 18, LCM JCH:
PR B, R B B AU
F 3 T.ES.THM M2 5o b ] 7= 9 i 2 PP AL

Table 3 Toxicity assessment for pharmaceuticals and transformation products calculated by T.E.S.T. software.

A2 KA F/(mg L) INRE 47/ (mgkg™) AmesE:
Compound name Daphnia magna LCs,(48 h) Oral rat LDjs, Ames Mutagenicity
LCM 771.87 1291.60 0.07(Mutagenicity Negative)
LCM-TP390 345.29 557.28 0.08(Mutagenicity Negative)
LCM-TP344 523.57 2056.44 0.03(Mutagenicity Negative)
LCM-TP328 221.90 2117.80 0.16(Mutagenicity Negative)
LCM-TP346 1598.07 2459.67 0.01(Mutagenicity Negative )
LCM-TP312 163.37 538.60 —0.07(Mutagenicity Negative)
LCM-TP260 735.75 2201.19 0.23(Mutagenicity Negative)
LCM-TP316 579.49 2862.69 0.18(Mutagenicity Negative )
LCM-TP298 127.12 985.53 0.08(Mutagenicity Negative)
LCM-TP280 89.41 143.37 0.07(Mutagenicity Negative )
LCM-TP256 124.69 3396.18 0.16(Mutagenicity Negative )
LCM-TP388 171.95 370.50 0.04(Mutagenicity Negative)
LCM-TP374 67.52 N/A 0.36(Mutagenicity Negative)

LCM-TP340 136.19 296.22 0.02(Mutagenicity Negative)
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%3

AW AR KAEIF/(mg-L™) /NRZE D455/ (mg-kg™) AmesE IR
Compound name Daphnia magna LCs,(48 h) Oral rat LDs, Ames Mutagenicity
LCM-TP322 42.59 211.30 0.17(Mutagenicity Negative)
LCM-TP268 68.86 N/A 0.04(Mutagenicity Negative)
LCM-TP356 8.61 N/A 0.40(Mutagenicity Negative)
LCM-TP288 619.73 3949.44 0.25(Mutagenicity Negative)
LCM-TP170 27.87 1037.97 0.07(Mutagenicity Negative)
LCM-TP127 20.30 540.60 —0.04(Mutagenicity Negative)
LCM-TP358 477.89 2233.90 0.01(Mutagenicity Negative)
LCM-TP326 129.21 364.75 —0.01(Mutagenicity Negative)
LCM-TP360 1380.21 2113.15 —0.02(Mutagenicity Negative)
LCM-TP328 221.90 2117.80 0.16(Mutagenicity Negative)
3 %512 (Conclusion)

(1) UV/H,0, 1 F 35 K 4b 38 T v [ it LCM B — P A3 S0 22, 76 3%Z W AK Z& 1, 30 min J5

LCM(10 mg-L™) i L FRFR 5] 98% LA I, H B it F2 Al E— G s 1 51y 77 22 A5,

(2) % BLAERRAE RN PR 260 T A A B4, (LA SR Bk A% 1 T S0 W e ol J68 B e A S A7 A L

R e CIEERTA G2 AR

(3) v ] 7= 1 6 2 DA R B PR T 8 25 SR 3R W, LM TE R Aol A% vy 25 7 A A W s MR TRy

(1720, X 7K o 2 A7 AR AR W
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