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W E WEREE (Spiramycin, SP1) E—F T IZAEAE T KA BB 24T HLI5 Ye ) A 2K R R L 2
SRR T7 2 ARSI T HOR AT (250W) VIRAT (1000W) FIK BEOG BRSSP 7E 8 47K R SR 17K iy
JEREMRL AR BRI T SPT FE KRR P 9 Y Ra e 3 12 B 3R B IR 38 %o O R At 1) 52 i &85 2R 38, SPIL7E /3 HE oK
KT BESF Be A dne b LR ARULT , R BHG BRS T RR A de 1%, 5945 6 1 — G 3h T 2 R Rk KT R R, SP 72
27K F R R e R /N TR AR K TRl SPT % A T BB G IR AN SO YE IR , 3T DL B 36 i A
F2.SPI DGR HRH B (k) SHAIRWRE (C,) R HAHIE ; BEK AR pH K & 349, NO; XF SPI G f B A {2
HEVER ,NO; W FE T R A T R385 17 HA \NO; o HR R B T VR HA (NO, R T s il S 38 .
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Photodegradation of spiramycin in aqueous solution

CHANG Haisha YAN Yujun™" LU Jianjiang™" LIU Zilong ZHOU Keyi YE Bangce
(Key Laboratory for Green Processing of Chemical Engineering of Xinjiang Production and Construction

Corps/School of Chemistry and Chemical Engineering, Shihezi University, Shihezi, 832003, China)

Abstract; Spiramycin ( SPI) is widely present in water environment as an emerging organic
contaminant. In surface waters, photodegradation represents an important degradation pathway for
SPI. The photodegradation of SP1 was investigated in pure water and natural lake water exposed to
high-pressure mercury lamp (250W ), xenon lamp ( 1000W ) and sunlight. The photodegradation
kinetics of SPI“and the effect-of environmental factors on its photolysis in aqueous solution were
investigated. According to the results, the degradation of SPI was observed at the fastest rate under
high-pressure mercury lamp radiation, followed by xenon lamp and then natural sunlight according to
the pseudo-first-order kinetics. The photolytic rate of SPI in pure water exposed to the high-pressure
mercury lamp was lower than that in natural lake water. SPI experienced direct photolysis and self-
sensitized photolysis in pure water, and direct photolysis rate was much greater than the rate of self-
sensitized photolysis. The present results indicated that the photolytic rate constant (k) of SPI was
negatively correlated with initial concentration ( C,). With the increase of solution pH, the k
increased. NO; accelerated the photolysis,and the increased concentration of NOJ led to rise of the
SPI photolysis rate. The presence of HA and NO; inhibited the photolysis of SPI, and the inhibitory

effects became more obvious with the rise of concentrations of HA and NO,.
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UTARSR , TR R W B R T, A PRI P G I 3] B BT A R A BOR 2 | T EL X #RE
(195 Yl H £ 7™ 5 BRHERE K (spiramyein , SPT) 24 2] & 8w P AE RIS Yz — 1 IR %
M RIRNEREHUAE R 22— ) V2 T 40 0 S S A SR A7 Th > SPI A % i o8 7 3l W B
MRy b IR BN R R SRS A K TR BT A RE LA 1, 5% B A Rk
FACHIYp R 1 HE 5 s U AL RS e ) IR 2 A BRI 1 SPT FE KA Varese 15
RALFR) PRI BE S 603 ng- L7 HESRMIK h SPT (¥R BERT 35 3.99 ng- L™, [AI/K I 1 /K LR
RS VR BE 3k 7.8 wg kg A AR K IR (KR AR S T T SR 24 PR s T D
HE L DT X 7K A ) A 25 TR B TR I e TSI AT, TE /K M PR B A e A 3R P S R R 2
FEARIRE N 17 HLK 75 Y4 A BRI RN, DR e A 38X K B 3 B A 35 e 5 1 T Al 293 (i E A, i
WA — SRR LTS Y AR SR K A By vk (AR BRAL B e W | SRR ) e
Ak B A R K I BAT SR R A BRRCRASRE IS B BU I B AR OCRE 2 —F i B K A B AR T
DA R S BR R T e A BRESTS Y, HOR 377 A s e P02 ot R W1 IR TR T R AT DL o' iR
SR, SPT K HpT L A= IR i i 45 21 25 B L HC G B 52 3 4% ok B85 TR i 2 LA
FRABISE SPIAE/KIRGE B CREifAT A

I HIG T = i it R B B R oK RS2 3 SPT G R e M iy B 92470, ol THR5E SPT £EK
B P OGRS HE I T 2 A LB 4 1 SPI e R JROK KT (250 ‘W) HIEUKT (1000 W) 5K FHOE S
BRI fife B e TR KT ISR TR R SRR T A R D BRI KR p HOELFIK v 38 g A ) B 25 o SPT O
figk (R S ML, AT o R A HOK R4 T D 4 B ekl

1 #BS 5 ( Materials and methods )

L1 S AR

FEH) IR E R R (L >90% , TGIEMAEYBHA AT ; O W (ke dbat | R EF
FABRATD) ; PR XN JEFE IR (FUHL T (1) A RATR]) s 3hie  Z A 1L AR S A4 SR
B RS RRAN AT (A3 HT Al REEMCE R R A FRA W) s 5258 /KB i 2liK (pH=6.72) , KERMIK
HE B (pH=852) , /KRt 0.22 wm JEAK.

SPI LA 45 H a0 T

FEALL  XPA-1 B SOt Ak 2E IR AL (R 5O VIHLALT ) s LC-10Avp = 80BAH X ( H AR
B H]) ;UV-3200PCS SEAMAT WLt BE i ( i ST AAas A PR W] ) s PB-10 B FE T (AL i 28 2 H)
iRl =R ABR A D)
1.2 S3HrE 5 i

HPLC {838 551 . (4 3% 41 . XBridge® C18(4.6x250 mm Column,5 pum) , W EIAH: 2 (0.05%)/ 2 =
45/55 Jik 1 mL-min™", ZEAMG I 88 4G I % 4 . 232 nm, FEIR .30 °C, #EREHE . 20 L, SPT {4 B2 i i) .
5.6 min.
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1.3 JEREf S5
1.3.1  SPI & M B il

H 5 2 —HFRF-HERFREL 100 mg SPL, F S B T 100 mL 825 5, B il vk 2 R
1 g LGRS, —20 °CORAE FESE0 i A v, ARl 5 B BB S0 28 Y, 280K e FH A L v A T e T Fs
fdi .

1.3.2 JGIEXT SPI YR AR i 52 i

ARSI e EO IR XS SPT YRR sZ i, B 21 7KCHs: SPT A & M BC #1410 mg - L™ () SPT RV,
FEUL 50 mL ¥ 2 R AE vh o i) T O6A S SOWAY (250 Wi FEARKT (1000 W ARAT ) 1K FHOG B T
AT CRR R S B6 | R I ORE A BT b A VR
1.3.3  JKARA KT SPT S R it i 5 il

KT 5% SPLAEA R KR (R G R A A O, S50 v 43 300 FH R 20 /K RN R SR 1 /K 4 SPI A 28 I i Sy
10 mg- L' SPI SUW W, B HX 50 mL R 2 i il i8 v, B Tk 27 SO A TR 7R 2500 W FeoR KT B
T SPI REARIE BLHEA TGRS 50, I 7k [ I
1.3.4 WIHRWKEE (Cy) X SPT LR A

IR (C,) XF SPL G R i () 52 M 52 45 v, B Al 7K % SPI i 25 W e A€, 43 5 5.10,15
20 mg- L'/ SPT SV , YGRE A Kol e 73k [R) 1.3.3.

1.3.5  JKARPEFXT SPT G R figk i 52 )

TKAA pH FHZK H s Py S % SPT S R fige 52 i AR K, PRI S 30 25 261 7KK pH | 25 VK B2 (NO; Al
NO; ) B HA FELEREXT SP1 G RE A (4 52 i R 4l K Bl il — RS A[F] pH (4.15 .6.91 ,9.68) ARl NO;
(0.01.0.1.1 mg-L™") AR NO,(0.01.0.1.1 mg- L) FIR[EHE HA(1,10,100 mg-L™") ,SPT ¥ i
H 10 mg- LAY SN, YGRS Ko 7 ik Tm] 1.3.3. 3288 R 0.1 mol - L™ R R A1 0. 1mol - L™ S A AL AN
PRI pH AL
1.3.6  PRKSE

30 FH 4l K TE ] 7Y 10 mg - LUK il ( p-benzoquinone : 05 # K 5] ) | 100 mg - L™ 5 P B
(isopropanoi: -OHFEKF) 100 mg- L™ BE 4 (sodium azide: -OHFI' O, 7 KF]) Fl 20 mg- L™ 1L L2
(sorbic acid: 'O, Fi & = FASPI" PRI F SPI A & WA BN 10 mg- L7 SPT S ik, S Ré figk S il
FE T 1.3.3.

DI LRSI A 3 0, BT YAE , I L [R) Ae 5 B Xo) R ST s o R ST 6 3 o A s b A A2
FERTEEI.

1.4 Fdaib
SRS 50 15 R PR — 2 0 80 1 A AL LA
-dC/di=kC
15 .
C,=Cyxe'™
W O EA
C,
—kt=In (To

o, €, h SPT WA mg-L7';C, 2 ¢« 2] SPT M mg- L'k A CIAEARE R 34, min .
BT AT S8 15 5R F Excel 2010 1 Origin 8.5 %R {440 #H.

2 5 59718 (Results and discussion)

TERS X MRS v SPT AT B Sk A [ | 2 WK A i SPT I8 K A R At BN B [ e, B LAAE 36 G IR
M54 F SPI EFaE 1.
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2.1 OGUEXT SPT YGRE Al i 5 i

F I 1 AT LUE A, 3 BOGIR IR R , SPT (Y B fif 3 A 1R K 22 5%, R BN & FE R AT > 1k T > K O
SPI 7E 250 W & JE R AT BEES R 1 k 218 KT 1000 W RT3 F2: 7 JR R AT & 67 il 32 B4 v o i
EHMX (200—300nm ) , BEE AR, W GAT & S 4R A i I 2 e n] DOBIX ik & &b Be i
FAXTEE /N R 2 AT, SPT A 2= BRSO A 22 AN 4y, et R4 232 nm , 5 FR R AT & 5ok
T R E B, R A g R SR AT AR T M B 2% A i 1) o B R SR R BROIG &  A Gas A (kT AR, H: 7
SRR R BHYE I B AZ F AR R AR 2, JC TR LR 2 PR R 1) 06 B B | 380 SPT 76 K BB 1Y
HRGT T BB A8 0T A S P A Z s i 28 A e 2 7 Bk R o oA M R A 458

251 07 ¢
= Hg
@ Xenon 0.6 |
20 A Sunlight
L 0.5
3 1.5F § 04k
>t 5
= 203
=10k 2"
<
i 0.2
0.5
0.1
0 A—A A — A o Lo . ! ) 1 . 1 . )
0 10 20 30 40 50 60 70 200 250 300 350 400
t/min Wavelength/nm
1 DGR R R FOC RS 3 1 2 I 2 ) B2 SPISAh-nl WL O 1 4]
Fig.1 Effect of light sources on photodegradation Fig.2 _UV-Vis absorption spectrum of SPI

kinetics of SPI

2.2 4K AR SPT SR AR I

FE 3 Al LIE s R AT RSN SPLAERIRWIZK i £ R T2k . X &l T RKHK P&
)45 ol 9 BH B RN — Se i 1A AL (R TR 55 R 2RO BGR) ) | fE IR RS = 4= - OHAI 0, , fiE
HE SPL HYERERR S sk R ARWIK 1 pH {E R 8.52 K F4liK (pH=6.72) , AT REXT SPI (YR =
R

351

30F = UP

—In(C/Cy)

0 10 20 30 I 40 50 60 70
t/min
3 4K AN SPL I EREfE 8l )2

Fig.3 Photodegradation kinetics of SPI in distilled water and lakewater

2.3 WIRWKIE (C,y) XF SPISGREA 1Y

PR 2 AT B S i A K TR AR AR, I 4 DR 250 W s HOoR KT BRET R € %) SPT HOGAR B9S2 0. i
K 4 FTLUIEH, CooM 5.10,15.20 mg- L'} Bl C, B934 K, SPT By k B #id/ , P& 2 U oG X e T
PR R KT BT SPL 20 FRERE ML T & A= i S L, (R B SPT VR 3SR, B T R4 B
I3 AR 2] B 6=k >, SPT 43T Z IXHEF I AL Se 4 AR AT, i 25 & Jdi/h>)

2P AE KA P G S gt B R 2K Rt T RE S8 €5 b BB DG R B R K S 86 %5 5K SPT AE KR
PRI f S AT LA T VSR A 2R | S B 28 A RN L AR 5 23 % SPT A DGR A A 4
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HVEHT, LR SPT FE/K iR DGR I e rh AN UK AE TSP 2 5 1 LEO G SRR 1EA - OHFI'O,
AR BRSPS b mT AR Y LA SPT AV I Btk , I SPT fE7K i LU E RO
ek ik B kg S B ) G RRE R E T.

250 25
- a SPI
©5mgL7 SPI F o SPI+isopropanol
©10 mg-L~! SPI A SPI+p-benzoquinone
208 A15mgLsPI 20 X SPL+NaN,
L x20 mg-L! SPT +* SPI+sorbic acid
3 - ~15F
S l 3
—"\: 1.0 —“: 10 F A =
L 3 I3
05F 05 *
1 L 1 1 1 1 1 1 1 L 1 L 1
000 20 30 40 50 60 70 %10 20 30 40 50 60 70
#/min f/min
4 HIURHTE (C,) XF SPI JEFEAR 12 R Bl 5 XRER S BN LAY SPT
Fig.4 Effect of initial concentrations(C,) on the SRR B F125 (1 5

photodegradation kinetics of SPI Fig.5 Effects of p-benzoquinone, isopropanoi,

sodium azide and/sorbic acid on the photodegradation

kinetics of SPI
2.4 IR pH XF SPI JGREAR 151

KPR pH ZEFL AR R A A WA & A8 Ak, TR i AR 476 M %) SPT J2&: 55 A 4 Jot
(pKa=17.9) 7&K pH X} HOGREM AR K, I 6 Fn7E pHAE N 4.15 .6.91 9.68 B}, 7£ 5 [T 5K kT M it
FAFT,SPL OGRS AZ . NIE 6 AT LA, BE A6 7 pH By 380, SPL () GRE g bk, SPI Y & 7E pH =
4.150F 5/ N, #E pH=9.68 B e K. SPI FEFR T S5 18 Rty 1R e, A B I XA AE , NZERPE 2528 T i il b &
B SPL 4. 40 FAS Y SPT ORI FH G F (4 BE Fi bk 25725 59 SPT gi, PR i FR SR AT RS T SPT 7B 1
ST R RD
2.5 JEFEIR (HA)XT SP1 GREAR: 052 M)

IR (HA) ek b E BB AT PEA DL (DOM)  HA XFTFHi AR R AE KA & A 18 6 R i i i
AAEFRERIMEAT HA WSO S B A TG PR P A 2 X SPT ARG R = A B2 . ph TR 7 i 1
ATLAE Y HA PAAAEXS SPLAYSERE R AT B W i 0 i 7, OF HLBEE HA MR BE 3 in, 053 K. 5
AR FE s v IR i A R AL 22 AT A T B . HA A R a0 5 1 Pl 64 35500 ot 1 okl 5
Yl el A e i iR A RO RE S SPIT s nl R R AYE T, 0820 T SPT X T M ic it | & A=
RSO, T T SPT MG s ok W HA 255 - OH O, IB/D I SR R i) - OH, il SPI
B R At e A Al A

30 S
[ e s 23 o SPI+0 mg-L™ HA
sk - gﬁzom [ oSPIH+1mgL'HA
: x pH=9.68 20F & SPI+10mgL'HA
L x SPI+100 mg-L~' HA
20 X
~ L ~ 15
3 - 3
S 1.5F :j L
Fo | T10
1.0 - L
7
r _ [}
osh . 0.5
0 S T S I B | L o0& L L L . L M
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
t/min t/min
B 6 I pH X SPLOGRESMEZ) )1 °F B R 7 JEFHIRXS SPI GRS
Fig.6 Effect of solution pH on the photodegradation Fig.7 Effect of HA concentrations on the photodegradation

kinetics of SPI kinetics of SPI
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R JEFHIN SP1OCREME 8 12210 (€, =10 mg-L™")
Table 1 Effect of HA concentrations on the photodegradation kinetics of SPT (C,=10 mg-L™")

HA Wi I AR AL N _—
ST L2 o xR Fe) i
HA concentrations/ T . Rate constant £/ ) . . L
o Kinetic equations . R Half-life ¢,,,/min  Inhibition rate/%
(mg-L7") min
0 -1In(C,/ Cy) = 0.0314¢ + 0.0424 0.0314 0.9952 20.72 0
1 -1In(C,/ Cy) = 0.0288: + 0.0091 0.0288 0.9899 23.75 14.62
10 -1In(C,/ Cy) = 0.0258: - 0.0079 0.0258 0.99438 27.17 31.13
100 -1In(C,/ C;) = 0.0219¢ - 0.0003 0.0219 0.9877 31.66 52.80

2.6 FEERAR (NOZ) MU AHER AR (NOS ) XT SPT G RE A 15 M

TSR ER A A R 6 2 K R b 12 A AE U I, A IR A T &= A - OH, AT sE i Bt A R 1
JekEmR AR, NO; il NO;, 16254 BOGRE i vh B BUE 1 . NO; FIl NO;, 7 8 R AT B F
ATLEAE - OHTE RGP E FHAR HE 9 I e A 5 55— D7 1T, NO; FINO, ZFIH - OHF= AR IR0 i 1 il
TR

F I 8 fT/ ,SPT By k SRR NO; WeFEARIE L, 24 NOS R BEM 0 34 m %] Lumge L' B, SPT 9 & 38
KR 2 AT B NOS VB FHE SPL AR AR 3 B0/ N AE i FRRJIT IR B, & A NOS B TR iR
SRR - OHAE A AL TEEY) S A2 E SPT (1) )G F5fiF.

&1 9 F13% 3 firzs ,NO;, Xf SPT IR AgEA M HI/E T, NO; BYMREE BT SPT AR H K. NO,
FEm RITIRGT R, S & — RSN, AR ROt B A B T i PR B 2 - OH L {H2 NO;, #IH -OHIW
AE IR TIHA R - OHMYBE T, 1 UK W SPT Al AT - OHik /2, fi T SPI Jtfiad F A7 48 A Bk ot
Rfie , DRI KV - OHR U /D 2 BEADGRR A SOV . 5 — 5 T, N O IR SO 3 3 Rl 32 2 48 TR 7 205—
330 nm Z [0, 5 SPI MO REA $KE F A Tl NO; 25 SPI 5w WOt 41 i1 SPT 9%

e fie.
300 5 SPIHO mgL ' NO; i 257 o PO mgL! NO;
L5l o sPHO0I mgLINO; : [ o SPI0.01 mg-L™! NO;
i A SPI+0.1 mg-L™! NO3 20 A SPIH+0.1 mg-L™! NO;
20 x SPI+1 mg-L™'NOj r x SPI+1 mg-L™! NO;
= ~15F
s > 2
NY ~
Z Eiot ;
\ = 1.
1.0 L o ~
05 -
0.5 ’
0 L L L L L L L ] 0 1 ! 1 1 1 1 1 ! 1 1 1 1 ]
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
t/min t/min
8 NO; X SPI YR fi ol 124 B R il B9 NO; X SPISGREfRZh 124 R m
Fig.8 Effect of NOj concentrations on the Fig.9 Effect of NO, concentrations on the
photodegradation kinetics of SPI photodegradation kinetics of SPI

&2 NO; X SPIGRERSh 112152 (Cy = 10mg-L™")
Table 2  Effect of NO; concentrations on the photodegradation kinetics of SPT ( C,=10mg-1"")
NO T IE —

NO> concentrations/ 1T R Rateconstant £/ LiES ok i
3 concentrations Kinetic equations - ‘71 R2 Half-life ¢,,,/min  Inhibition rate/%
(mg-L™) min
0 ~-In(C,/Cy)=0.0314:+0.0424 0.0314 0.9952 20.72 0
0.01 -In(C,/C,)=0.0327:+0.0982 0.0327 0.9899 18.19 -12.21
0.1 =-In(C,/C,)=0.0373:+0.0925 0.0373 0.9936 16.1 -22.30

1 =In(C,/Cy)=0.0428:+0.1465 0.0428 0.9916 12.77 -38.37
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&3 NO, X SPIGREA#h 2= M0 (C,=10 mg-L™")
Table 3 Effect of NO, concentrations on the photodegradation kinetics of SPI ( C,=10mg-1L™")

NO; W MR H e .
NO; conientrations/ ST Ratigi,:;:fl L/ WES S 4 l,iﬁtt’q ) eIEIES
2 Kinetic equations . 1 R? Half-life ¢;,,/min  Inhibition rate/%
( mg- L! ) min
0 - 1In(C,/Cy) = 0.0314¢ + 0.0424 0.0314 0.9952 20.72 0
0.01 - 1In(C,/Cy) = 0.0292; + 0.0032 0.0292 0.9924 23.63 14.04
0.1 -1In(C,/7Cy) = 0.0267: - 0.0301 0.0267 0.9882 27.09 30.74
1 -1In(C,/Cy) = 0.0226¢ — 0.0203 0.0226 0.9923 31.57 52.36

3 %51 ( Conclusion)

(1) 78 3 FiOGIRIRGS T, SPT [ JGRE i X945 G i — U N 3l )2 FOGRE Mg BOR 5 5 (k) AR K22
St R R RAT > WUT > KL

(2) TE R RIT UGS T, SPT A KRR WK i) &k R Faliskef, 2 gliyK b i R b it Fa i & — &
A SPI (°SPIY ) B 5 HEOLMEMUU L RIL A ML ( -OH) FIRLEE (10,) S50 A BIEr#%m,
I LA B CREAR A .k BEHATARR B (C, ) RIBG I RREAR , W25 522 07 AH DG K M pHXS SPT OGRE i 5 A i
R BE pH B K & BER, TERIME S5 1 RO A et

(3) B RIT IR T K s i %t SPT JGRE A s M AN [1]. WH 1eNO S X SPT Y R £ e (g 4
L BEE WD NOS YRR THES SB35 ;. HA F1 NO;, #] SPT YRR A 7AW h HA NO; ik i
A i 3 K
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