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m OE A, RAWEREPUER (MAs) FEREFGHUAE R P HRE e SRR TR
K- PRATEER (MRPT BRI 2 [LAs]) 23 B s KA R — TP RhH
PERZERL, ARBFFEE S T R B s K o 14 Fh MAs LA e 2 B LAs (1988 1= 200080 A (03 55 156 3
( UPLC-MS/MS ) 43 #HrJ7 ¥ K FEFEIRATER N 0.5 gL' Na,EDTA ¥l /b 4 J& B 85 T34 5%, 2 5 R
Oasis HLB [EAH# BUH: & £ ik, )5 L 1% H R H BEPE . UPLC-MS/MS il % >R Fi HY B 0.1% FR iR 7K
PRSI SIAH , R 0 T A SR O Pt B IR 2 s e ( MRMD) RS CHEA T 40 A 552
iR o B ARAE R BINER BHSCR N 77%—114%, 7kt R4 K 24006 0.004—0.06 ng-L™' Z [H]. Jf
N T AL B AL E WA K S K 35 AN KRR, K 8 A MAs Fl 2 FF LAs, ¥REEFE 0.01—71 ng-L' Z [a].
AR PE, dbiB Ik B TaACEW, dbis il L2 s KA FR ) K T RE R R AL PR AT RS
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Kt N-ZSH LT R A, Ji0h, MR R . a3 | W] B 2 R0 EUM T B AR G
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Simultaneous determination of 16 macrolides and linconamides
antibiotics in water by ultra performance liquid chromatography

tandem mass spectrometry

LI Min' HUANG Mengfan' SUN Fuhong FENG Chenglian® CHANG Hong' ™
(1. College of Environmental Sciences & Engineering, Beijing Forestry University, Beijing, 100083, China; 2. State Key

Laboratory of Environmental Criteria and Risk Assessment, Chinese Research Academy of Environmental Sciences,
Beijing, 100012, China)

Abstract Macrolide antibiotics (MAs) are the most commonly used antibiotics in China, with a
relatively high level of pollution. Lincomyecin, a kind of lincosamide antibiotics (LAs), is one of the

most widely used individual antibiotics. In view of the similar antibacterial effects of the two types of
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antibiotics, an ultra-high performance liquid chromatography tandem mass spectrometry (UPLC-
MS/MS) method was established for simultaneous analysis of 14 MAs and 2 LAs in surface water.
0.5 g'L™" of Na,EDTA was added to reduce the chelation effect of metal cations. Then antibiotics
were extracted by Oasis HLB solid-phase extraction columns, eluted with 1% formic acid in
methanol, and analyzed using UPLC-MS/MS under a multiple reaction monitoring (MRM) mode.
Methanol and 0.1% formic acid in water were used as mobile phases. MS fragmentation patterns
were studied to determine the qualitative and quantitative ion pairs. The results showed that the
average recovery rates of target antibiotics in surface water ranged from 77% to 114%. The detection
limit of the method was mostly in the range of 0.004—0.06 ng-L™'. This method was applied to
35 water samples from Beiyun River and Yongding River in Beijing, and 8 MAs and 2 LAs were
detected with concentrations ranging from 0.01 ng'L™" to 71 ng-L™". Overall, the concentration level
of antibiotics in the Beiyun River is higher than that of the Yongding River, and the effluent from the
sewage treatment plant upstream of the Beiyun River may be an important source. The composition
of antibiotics detected in the two rivers were also quite different, mainly dehydrated erythromycin A
and roxithromycin in the Beiyun River, and dehydrated erythromycin A in the Yongding River. N-
demethylerythromycin A was detected for the first time, and in addition, spiramycin, midecamycin,
lincomycin, and chloramphenicol were generally detected.

Keywords emerging contaminants, antibiotics, macrolides, lincosamides, UPLC-MS/MS,

surface water.

rA: R AR R —Fp AT LU S i 58 A IO AR B 259, 76 N R BRI & & S hak )iz i,
T 38 2o V5 7K A 3845 Z2 Fag A% B e al () 2 E AN BRER, 5 8 45 i A R 24 R Aot JE R 1Y) )iz A% 4%,
X N fi R o A 25 2 A it A I T TE I U, 5 R T R PRt 23 i )z O T RN v B AL TR DR B A
R4 RE, B a1 IRE 0 RS R 5, RET 2023 423 1 HIF G
R EUER Q| BR i R PR HE A5 PR 5 AU 45 7 e it

YA R BB ZE A RRE R 20 DU PR R 2 | Rl A2, s 28 . KA P i8S (macrolide antibiotic, MAs)
& H, MAs 2 — R0 FEM T R 12—16 Ak N R 2 BP0 H R B S PR . M4 Zhang 45 A9 F £
MAs 76 3% [E A r A ol i E T i 00 GE R 26%) 25 1 24 P58 2 25 R0 B8 MAs fE b+
B TS YK FE L BRSSP0 PR R 2 | B e S M T IR S A HL A I 75, MAs FERBE R AFFE RIS L %
o ACE RS PEAG A 78 38010, H AR ER MAs R EMIEAER . 45K VAR, nhi&m R,
SR, FESEPRN T ARETF ME SN MAs A IRZ, Tk EE R . CBHIREE R . W E R .
FHMBER, BRAREE . MLAFR ., BORE RS, X MAs JE 6] 2 58 T PR458 o] 58X A= 9 16 pl b [R) sl 4
PUAEIR A BEMERON . RIS AR KOG I 2B, TR A MU BH RS CMIREERE A5
RENS & A U IRIVE YL Rk, 5 oA B 7 — R BEAS RIS KGN Z2 FF MAs (538 T k. ILAh, RT3 2 (bR]
Mt Bt 2142 & [lincosamide antibiotics, LAs]) J& 3% [E i & fc KA B APUE F 2 — P LAs EEALFG A
NERMEMAER (B THRER), £F LAs 5 MAs $TREAE HPLESSI, A58 2% 1 R IT R
KA R AR,

FE 38T G K AL B A T K 2 b B S AT P AR 1], 3R % i Ik T 7 R D e ke ) A Y 32 B A
2020 AEFF AR, AR K C G T AT A FEls T | o7 S Y AN KR, (HR, T
FRAE IR Bt AR e AR R A A BR, MAs S5H0AE R AT /K AR H AR FAE 7K AT SR A A R 1,
IR KRB 95 7K B A K AN 5 P AR R TS ek 0 S U 75 ZE 0T JR it — 20 WF 5. 25 T itk ARF 5 LA
14 Fh MAs i1 2 Bl LAs R85 G, I FH [0 AR A 2 G o 280080 €315 53 6 BT 1% {) (UPLC-MS/MS)
S e R BRI A3 AT Ok, O T4 A7 15 AR K AR A AR K A b 3 b iz TR AR K 8 T, W) A0 R A MAs
LAs W BETKF- . A1 o A FRAE, DUASA 4 J5 b2 b Il 3045 XURS ot 9 25 5 L it
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1 i%\%ﬁﬁj\(]ﬂxperimental part)

1.1 XER SR

T KO R 5335 £ BB B 3% 1Y ( ACQUITY UPLC/Xevo TQ-XS, Waters, 3% [H ) ; [ 41 %€ BUY ( Supelco,
) ; Milli-Q #8 4l /K {2 ( Millipore, 3¢ [# ) ; 24 v 2 K AX (%%, ¥ ) ; Vortex Cenie 2 i i€ 112 &) 4%
(Scientific Industries, & [H ).

Oasis HLB [ #H %= B4 (500 mg/6 cc, Waters); I, £ (HPLC 4%, Fisher, 38 ); — & H ¢ (HPLC
2%, ROE Science, 3¢ [H ); H R (/M1 2%, JL 51) ; Na,EDTA (3 #7g%, b 50) . S50 FH Ap vf & A ] A & (L
DA E R R RA R, KT 97.0%.

R 116 B B MUBKR AT BE I S0 AR 3 BTl S 4L

Table 1 MS parameters of 16 macrolides and lincosamides.

flf i RE A

AR B4R WAR G R BR/ (pg L) Jo i 22 S e HEFLHLR/V
Chinese Name Compounds Internal standard Instrument detection limit MRM CE Cone
AR R Lincomycin AR -d; 0.014 :8;2;?2 ?g ;g
R ER Neo Spiramycin I IRERE E -d, 1.8 ggg:z; ;: 28
TRIERE Spiramycin SRR -ds 0.15 jggi i (Zél1 ig ;2
P& AR Azitromvein Bk A-ds 0.24 ;ig:;g 22 E
BAEE Tilmicosin BKE R-d, 0.23 88669;197; :g :(2)
k&R Oleandomycin AMAIEER-d; 0.07 gggzéii ?Z 12
AR Clindamycin ST B E-d; 0.014 :zgz?; ?2 ;g
AR Kitasamycin HAEE-d, 0.15 28§iigi 32 ;‘é
BRHE Tylosin BREE, 0.12 oy " o
LR Erythromycin LLRER-d, 0.014 773;28538 zg ;3
o S e BRE
TUTHE Josamycin FM R -d; 0.036 2?23(7)2 ;‘; 22
BLUHR Roxithromycin BUHR-d 0.06 z;gz;g 23 ig
JBKLLBEA  Anhydroerythromycin A £L8E3K-ds 0.16 772266118538 g; ;g
FiER Medemycin RS SN 0.025 3133(7)3 :i jg
1.2 FEfREE

WE iR, 2022 45 1 A, AR AT 2% 3 ZNR K 2 (115.71°—116.26° E, 39.58°—40.1° N)
Atz (116.64°—116.90° E, 39.93°—39.77° N) #E47 GPS & {7 KA. JLILACE R 3 M 2019 4 LUK TF
T R A AK, Bl R BT KIESATHK, T 15 KA B F A KA T80 2 4K bz
T Vi R AL 28 A T DX 3 ST, A SR R e A T AR A B T KB 32 R K AR KRR I SR AR TR K THT LA
T 0.5 m Ab, PRAFF BT PR A A GBI b, S 35 A UKAEE. AR RS TE 2 h B RIS, If
7 B A TRE ST AL B
1.3 AR AL

IKAEZE 1.2 pm B 27 438 15 (GF/C, Whatman, 9% [#) 71 38 J5 H & & & BOKEE 1 L, B [E 467 R o 2
PIbR O 85 22 -d, SR TE R 3R -dy, BOKH B -ds, MR R R -d;, BIRWER-d;, AHER-d3, VAER- dy),
P A Na,EDTA(0.5 - L") 78 /0 it , 4di 1 Oasis HLB & AH A% BURE 217 & S e 46 . Oasis HLB /N
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SR AT 6 mL & W ke, 6 mL FEELL K 12 mL B2l K #1715 4k, LA 5—10 mL-min™" (9703 I
K, 248 12 mL B4l Kk 5 U T 2 N aR B8 /K 4y, FJa 6 mL 75 1% H R A6 FR IS8 sk e . 3ok e
WAZ OB IS | B T)E 100 pL B EERE 2%, o BER S AR . ZACRE Ab BRI 2 rhol i, S ke G G
iAsEAR

N KA ]
A ~ Yongding River
I w .
4 AT BN X ey
2 %mkﬁ‘il%\ A BI AL
— )«NJJ NEASN < B2 Beiyun River
- s — B3
e
0 40 80km Beijing B6 _p; B8
|

B 1 dbntdbis WA e W R 31 1
Fig.1 Sampling sites in Beiyun River and Yongding River of Beijing

1.4 X8R50

SR FH 8 1R ROHAR 31 R I BT 3 36 A (UPLC-MS/MS) #4743 #r b 3L

3% 4% 2 Waters BEH C18 41 (100 mm=2.1 mm, 1.7 pm), AR T 40 °C. W 3AH N 0.1% F R K
(A) R EE(B), SR FHAR VR, FARFR P 4: B7E 1.5 min W1 10% F+ 2 16%, 46Z27E 9 min T+ &
100%, PRZWILGEARAS. WA 0.3 mL-min ', #EEEARFR 2 uL.

FRI PR R FH ESTIE B T, BANE RN 0.5 kV, B TR M 150 C, B IRE M 500 °C,
HEFLA AR S0 L-h!, VA AN 150 Le-h's F48 7 200 22 50 7 W i A 2 (MRM)

2 5 54718 (Results and discussion)

2.1 ERER S A

T 14 # MAs 1 2 #f LAs #R2 S A& BT E Y . & TRF1k, ESI-MS/MS 78 1E 2 180 F
S B L ARHESE R, 16 B B ARE A P LU RS> T B T (IMAHT) VR R BE B 1. MAs S 38 o
TR —A 14—16 IRINER IR S 1—3 AP bE Som e i (U0 ) 3 B2 1Mk, 78232 B Be & el 4 5, BT
5 T R AW i TS LR T 5 T, MAs T i B R A A R S A
BRI R, R R, B R BKAE A PAHRR, MAER . MEREEWhEh
RILWEEANE, 5 N EEPRGE M K A 2 A U HE (m/z) S 158 BYARAE 5 7 ([CgH NO, ), N-25 F 2T 55
R A WA m/z 8 144 BFRIEE T ([C;HNO,] ) s ZS AR 2 L IRE & 5 . WrIBiess 1 kT A
G2 | il R R VPR R G5 IR I 5 SOBEAE I, R A A B S SR R i B — 2D
A miz A 174 [ERAE B T ([CsH gNO5 1) UYL MAs BR TS T IS, RZ i REEMd g T &
A H0 TR R, gk 1 h B a8 R 5 A —AFRHE B (m/z 679) 2 78 S 30 115 B 8 2
JEAREEF I 2 4 HyO S F L BUEY. 55 A, il 1 6 e 25 A T, = BEWH AR 35 1 24544 P 9 HL,0 43 F il
TR (—N(CH;) ) &4k L LA ER MK, R ZillHBEE ML ER ST & 0
m/z 174 FRAE 25 F AR 22 W 2442 i m/z 109 FRAE 2] 15 [ I 28 JEWH 1 7 2 0 23 A AR R IR IO, A
m/z 116 B B FU0 68 38 738 ] LA FF 342 B m/z 101, B HoO A B myz 98, LA R [R] st g FY 35 A
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H,0 A1 m/z 83. H L AT UL, MAs 2544 T i S S MR SRR DG S5 R e ik N R A 20 T & 2B I 4 B4 s iz e,
K FbRORT R 2R R SUMR RT B Z AN LAs, B EE B 24 45 AR [MHH-CH, ST LA K N W ot 5 ok e B0k 285
C—C W25 Y [CeH o NT (m/z 126) 2 P T B A ERIE 25 1.

FERE B H ARG 53 F 8 F R Y 7 88 F 22 )5, %45 Ff ESI-MS/MS S 8047 T 14k, LI
RN R AR, BARDEARES R LR 1. 5380, T sl A R s S A X B8 AR RICR RN o A R U A
TR I R YRS, A H BRIE T pH REAS 2 HE 25 LU, i F 2 05/0.1% H g
IKFNH B/0.1% F R K, 20 BIAE A C18 HE X 16 A H ARyt ZUEATH6 B 4 8, KR £ AR T P
16 C18 A B BEMERE 1 W5, FT LA H bk & W1 O Ho I H IR IR Wt R ke, T S 8003 i =
AEORE B S AR T LA FP o 0 st AR AT e ) R ABORE N7, [, 7 P /0.1% FHY R K 25 A S R T 3R A5 4 i
X RR B TS, e I R X AR]85 22 | MR R L BT A A R A R A LA . Rt AR SCR A H
f5/0.1% R K AVE R sh AR, 76 i 0.3 mL-min' 2548 T % 2891 e 2 0ff 78 06 PR A2 7, 1 2(a)
16 i BAnbid: R i @ik 55 25 4.

814>174 814>174
a P31k b P31k
IOOF @ Medemycin 7.66 100|: ®) Medemycin 7.66
0 1 1 L 1 J 0 1 1 1 1 _—_.) M |
- 716>158 - 716>158
Anby e cin A 7.57 Anby e cin A 7.57
IOOF nhydroerythromycin IOOF nhydroerythromycin
0 1 L L 1 ) 0 L L L N
- 837>158 " 837>158
BULHGR BLUER A
100l: Roxithromycin 7]€4 100|: Roxithromycin j\ K3
0 1 L L 1 ) 0 L 1 1 L )
845>158 845>158
BLL5 H-d7 7.53 BLL5 H-d7 7.53
100 l’_‘ Roxithromycin-d7 100 |: Roxithromycin-d7
0 1 1 1 1 4[\ J 0 1 1 1 1 }\ ]
SR 828>109 SR 828>109
7.32
100 Josamycin 100 Josamycin
0 |: L L L L ) Ol: 1 L L A nattsal |
Eryth %Z,égflis inate 731 502174 Eryth %Z,égflis inat 862=174
lool: rythromycin Ethyl Succinate : 100|: rythromycin Ethyl Succinate ’wa
0 ! L L AN 0 1 1 1 f )
NENSGEA  gos 0 NEWSELGRA o5
100 N-Desmethyl Erythromycin A 100 N-Desmethyl Erythromycin Ay
of : : il R ot ; . DA
A 734>158 A 734>158
gl I 6.91 gl I 6.91
100 Erythromycin 100 Erythromycin
S o S Y
glg%.ds 690 737>83 glg%.ds 690 737>83
100 I: Erythromycin-ds 100 l: Erythromycin-ds
0 1 1 1 /\L J 0 1 1 1 ]
100 KRUE om VO 100 REHE  op 2O
ylosin ylosin
§ 0 F L L L [\ L ) § Ol: 1 L L M’Y\ J
> - > -
Z RRWHd gy 9200177 £ RRWHd; gy 9200177
= IOOF Tylosin-d3 | = lOOl: Tylosin-d3 )
5] 3 3] 3 A
‘é 0 L L L ‘é’ 0 L 1 1 I
Q s 3 636 805>109 L s 3 805>109
£ 100 Kitasamycin 1 £ 100 Kitasamycin
E 0 F ! 1 1 I\ ! ) E Ol: L 1 | Ml )
100 ﬁjﬁwg% 6.71 425>377 100 ﬁjﬁwg% 671 425377
lindamycin lindamycin
0 l: 1 L L j\ 1 | 0 Il 1 1 [\ L I
400 shkEd o2 21 - ka6 1Y
OF ) lC]mdamymln-dg [\ ) . Ol: ) ) C]lndamycln-dg f\ )
100 O 61 e 100 ol R, e
eandomycin eandomycin
0 F 1 1 1 L 1 J ()I: 1 1 |~.~A 1 1
100 ﬁ*%i 6.05 869>174 100 ﬁ*%i 869>174
ilmicosin ilmicosin
0 F 1 1 j\ 1 J OF 1 1 W 1 ]
PkFi-ds ¢ o5 872>91 PxkFht-d; ¢ o5 872>91
100 Tilmicosin-ds 100 Tilmicosin-ds
Op , Tmeins 37 T e I T
M#AHTEE 566 749>158 FIaF% % 566 749>158
100 Azitromvcin 100 Azitromvcin |
8 t . SN . . oF . N WY . .
W 544 844>116 WA 544 844>116

100 i 100 i
0[: . Splramyc:n [\ ‘ . | ()|: 1 Splramy&im )\



3302 »oom ok = 3%
R & ds 545 847>158 R & ds 545 847>158
100 |: Spiramycin-(i; k 100': Spiramycin-ds I\
0 L . 0 ! L )
514 WORIEGI 699>174 514 WURIETGT 699>174
100 + Neo Spiramycin I 100 2 Neo Spiramycin I
of . . . . . of . Y . .
385 B 407>126 285 B 407>126
100 I: J\L Lincomycin 1()0|: J\ Lincomycin
0 0 Il 1 1 1 J
185 AR B -ds 410>129 485 AR B -ds 410>129
IOOI: > Lincomycin-ds IOOF /\ Lincomycin-ds
0 AN 1 1 L ) 0 1 L L 1 )
3.00 4.00 5.00 6.00 7.00 8.00 3.00 4.00 5.00 6.00 7.00 8.00
{/min {/min

B2 R (a) FIKAEE(b) 16 F MAs F1 LAs i MRM (4,33 &

Fig.2 UPLC-MS/MS MRM chromatograms of 16 MAs and LAs in a standard (a) and a water sample extract (b)
2.2 KEEAEBURFILE

MAs 4544 LA TR M S TR M1, KFER pH (B AT BB XS A2 BUSCR 7™ AR 52 i), © A7 oY 45
RV, YOKFER pHAE/NT 4 BF, MAs [FISCR AR AR, R0 R L08R 5 TR K 2085 22, {5 Y
pH {HTE 4—8 Z[A] I R Z 8 i A: 2 [ R A vy HL22 AN KPP, T3 4k, MAs 23 5 PRBEAE il 5 it vh 9 44
LM AR BT (I Cart Mgt AP RS A RO, BEARFEEBUSCR . S H AR A Y R A I
R K FETE A UG 75 20 A 42 J8 A ) (U Na,EDTA) Bt 5 42 8 35 145 & 10 MAs. I, A58 K
VT KFERY pH B (Zli7K, pHAEZY R 7), 2 A EL 72 B9 Oasis HLB [E A€ BUME EFT A, %48
AN[A] Na,EDTA % hE: (0, 0.5, 5 g L) XA B2 M. Q& 3 Fron, K EER BN Na,EDTA Hirbi R
R 2 BURCR FEATE 20%—60% 2 [, N A Na,EDTA HEMS 3 232 55 ZEBOCR. 247Rn 5 g- L™ Na,EDTA
A, PRATEE 2 B A7 85 R | 22 3 55 28 FI I /K 20 %5 28 1) 2 URCR A (IR (<40%) , A M 0.5 g L' KA
WORFEA T 50%, HtL, ABF58EHE NapEDTA B 0.5 g L' K. BRIGZAb, ARBFIEIE 548 T [E AR
R 148 O T 2 S 0t 26 BUCR I B2 . IR A MAs Al LAs et om 946 &4, F s AR Sk ot 1t v 751 0
TUEMZ G Ge ). E 3 R, 5 OIEM L, BB IS A VR A R R, J0HR X TRk A | B
AR R AT E R MEMT R 20 B R IR A iy FH AT B, R 28 B ARk G W i T iR
FRA A B v, U I R R R Ak 1 HE 8% T Oasis HLB A b H ARde Ak 275 e W 1) Pk I 30 8 38 4

ool @ 20 g1 120 (b C1ACN
i o5 gLt MeOH
5¢L7! 100 - [ MeOH(Formic acid)
80|
S S 8ot i
£ 60 5 E sl E A g !
I, NN E | - 260k - . i
2 i L | A ! imi 54 N
iy mr
i N f A L 7 NN |H H
Z E~§‘ééi§%g=§55,i,iéi;w 2 i
g'?iai?ﬁﬁiiﬂii"éé.g'ééié §§ \ i §§3§
SRR - 0
7 E AN AN A ;Hg g ig N aN AN N I’ L \ N
SRR R R, L LA
E_-E5E8E.555.8<8.8.8< s £- 55852 8<8.8£8<s8
PIETEITRITIEIEEY BpciifgiifiEiiie
SESEEEE5®cz85¢8¢z8 Sz EEEEEEEEZB5E8 25
SEEE=S3S T 2 £552 82573 SEEE=2T 8 g%é‘a;%%
E.ale—*g;:_ EE—‘_"“EE -:]-5_(,)[\1[—5,:._ S E—-—=%E ES
A < 2 0D M 5 E 7z g S @ < 20 & 5 E‘E‘ 2 =
8 © G # 5 8 © dE = §
Z = g g Zz = £ 2
Z s 25 "g
|51 ;‘ = k51 E‘ ﬁ
C 2 g 5 2
o = L =5
S 2%
= o Z
B3 A[F Na,EDTA ¥R (a) FIAS [RIUEBE 75 (b) % MAs Fl LAs [51CR [1 5217
Fig.3 Effect of Na,EDTA-added amount(a) and elution solvent(b) on the recovery of MAs and LAs

23 R RUES BT

K A AR A 067 38 AR IE 125 0 1 43 BT (TR 3R N AR 3G : 208 R -ds . DAL R -d; oK A -d;.
AT R -d;. BIRER-dy, BIEH R -d;. WATEER-dy) , 80 PRI RL B TR o3 A 5 R A4 2k |
PEE RS I AERRPE . E AR ME 4035 0.1, 0.5, 1.0, 5.0, 10.0., 50.0, 100.0 pg-L™" 25 7 N JE K, 71X

—JEEWN, A BEMEE Y EA RIFRRIESER, R RBEIRT 0.99. PR B h BEE 2 F i
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At 5 AT AE A (10% FE 5 R, 4 ), JFFERCE T AT W2 I 1A s ALK AR SEAT A [l i 32 52
5 (n=3), i3 WHRZIE S, BT A 9 H R DTAE 3R 89-F 2 RO 77%—114%, FXHARAEDR 22/ T 15%.
25 FRE T A R AR B EARPUAR 3R, PATAEAS AOAE X b v i 22 42 BB 7E 10% LLIA. A H 0 {7 e
Fe (S/N) 2y 3 B % 7 (49 9 B8 7K - R AT 1153, TR b 5t 0 b R KR it R A A5 55CH 5000 1) H B3 7 12 e
#H IR (LOD) A 0.5 ng' L' FIBE L% KM 0.1 ng- L, HAh H A4 £ #9 LOD ¥J7E 0.004—
0.06 ng-L" Z[]. BT 451 W5 2.
R 2 16 T MAs Fl LAs (975 B4 H BRAUINER [ i 4
Table 2 Limit of detection limit and recovery of 16 MAs and LAs

= N o TR ! 3% /0,

F5 Ajﬁiﬁics Reierii]gaeﬁzfion K ﬁfnﬁ ffﬁse/:;ii(];n ) Ilzljc&oirj RSD/%
1 A= y=1.19x-0.304 0.999 0.004 103 9.7
2 R R 3=0.15 x -0.057 0.993 0.500 110 15
3 IRER R y=2.89 x +0.867 0.992 0.032 77 5.7
4 (RS y=7.68 x -2.345 0.998 0.060 95 15
5 kTR y=0.61 x-0.163 0.998 0.058 91 7.8
6 PikaE R ¥ =0.28 x -0.091 0.999 0.018 114 7.4
7 AR y=0.09 x -0.003 0.997 0.004 85 3.6
8 Hlh AR 3=1.02 x -0.295 0.998 0.034 92 9.7
9 RIRER y=1.19 x-0.326 0.996 0.030 109 12
10 LRER ¥ =8.84 x +0.760 0.998 0.004 106 5.6
11 N-ZHEIHRA y=2.39 x +0.501 0.996 0.010 107 6.8
12 WaAER »=0.30 x -0.108 0.997 0.100 95 6.9
13 LU ER y=3.29 x-1.254 0.999 0.008 84 9.6
14 BUEH y=3.21x-0.737 0.999 0.014 103 13
15 WKL FBERA ¥ =2.64 x +2.930 0.998 0.036 78 2.7
16 MR y=4.86 x -1.670 0.996 0.006 83 13

2.4 IEIKFESHT

B ST B A vk TR AR A A EUCGE W AEAZ TG 35 S LR KRR AL, ANl 4 BT, 7E 16 Fh
HARPUE R R 8 R ORISR BN 2 PR ] R, 3 e b &8 R g R AR K R HW
B N-EHROABREA DKAFERZA FMER VAER MTEZNEAKTER, IELE 0.01—
71 ng'L™" Z[H]. & 2(b) R A2 e — AN K FE A O ok Y H Andi A= 2 9 MRM-UPLC-MS/MS 4,3
A fEdbatdtis il iy 8 AN /KEEH, 10 R A 8 F(IRHER R RARH R B R ZMER . P
B PAFEE R MO RG] B ) A IR 100%; LUTE ARS8 T MAs F B C MK 208 R
A BUKE, TR EMIIRE R 2, AT A& PR E R 2 A2 3l 5 20 0T G [ B 28 3185 v 3
A, HE K PEIEAME: JLis WK BmR A, BAFER | W5 R MERE R R E S5
35,13, 4.3, 0.17 ng-L, M8 e 8 R M A2 5 R AP A 3] 44 ng L f1 5.0 ng L. XFLLE
2, —BIA B 7R IR R LA I SRS Y, A 5T ke BT S 2 L LB ) R Y Rk
100% (-3 BF 2.4 ng L), #HHZ FHIK LT8R A K K A8 (B KS HRAUR 38%; 73 4h, ARBF5E R
Je R LG R 3 A — i i A AE 1) N-K H AR = ) (N- S H LD R A, K% 87%), IR
1.2 ng- L™ 5tz AH L, A ] 27 A AR B brdo Az 28 4185 A0 B B AR [, 3 e T 7K A Hh I K 2175
R A S E YR, SF S W BRI R B 12 ng L7 F1 85%, (BRI BRI A K PaAFR
(0.30 ng L") FIFI#AF FE K (0.79 ng L") AMR FE AT AL THRIER R (4.4 ng L) FIZZIEE R (1.9ng L ).
M B ARPTA: R SR K LR, KCGE KB MAs Fl LAs B4R RS I, 7512 FIERAE A 2019 4R LU
e, AIACE T I T KB AR A K 2, iz 0 A K SRR 32 B BT /K%, 33X 1l BB S A e 1] L K R
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FI bRt A 3R 5 AR A 2 IR 1 T A AR K OR IR 35 T 7K A 8] AR 7K, 33X R] R 7K 2 1T 1 i 7K B H
PRPUAE ZR 5 0 s 1 B A 22— b RTAbas ] A b 3 2 i 2 A Sl X gl ST i e A R i U 5 K
T HEH K B 52 9K AR, 25 B RN T5 K 2840 BES CRLAR A AO D RAF T A AR B ), X AT e dbaz vy
IKAE FI AR AR 385 K P B M T K R T 18 2 2 22—

100 — .
E| A=) i W %52 2 (Azitromvein) K SE ¥
E BEE 41 %5 % (Erythromycin)

| BIN- 25 F 347 88 8 A(N-desmethyl erythromycin A)
i I &4 7] 2 & (Clindamycin)

B2 e % 3R (Spiramycin)

+ I 535 55 % (Medemycin)

E 8 % 41 75 #F (Roxithromycin)

E B 7% SR % (Tylosin)
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Fig.4 Concentration distributions of MAs and LAs in water samples from the Beiyun River and Yongding River

%“f

3 %518 (Conclusion)

(1) FEF [FAH 26 BUH AR &5 A 8 w50 S50k 233 5 I B 3% 2 57 1 [ B A D0 b 2 /K AR w16 B MAs AT
LAs 1= R T 7 %, f8 A 20R ”U%ﬂfﬁ%%ﬁi&%@kﬁw%ﬁ%ﬁm

(2) 10 Ff LA |~ MAs Fil LAs 7E b 5T b 32 8] Fl 7k G2 1] b 26 7K o475 R 35 i A7 78, & /K F7E 0.01—
50 ng L™ 2 [A], Hon] BE s i A PR BT XU A5 8K 75 B G

(3) At Tk ] MAs Fll LAs 5 YLK i 7k G2 T, K 400 S5 v 3 4 ) o A1 WAl T, T Btk — 48
KGR FA K P A: 5% B K
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