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FTIE R ZE U LAk, LA IR 0.5% AR (4% 5 mmol-L™ Z W%k ) /KSR EIH, £ Kinetex"C18
A 43 B J5 SR FH = 3 DUAROFF B B T % 2 oy M DA a3 1% A BRM 0.05—1.66 ng-L™', &t
FR>M 0.17—5.52 ng-L™, AR N 70.2%—121.5%, AIXARHEMZE N 1.1%—13.5%. %57 B W0 5,
RS, WEHTFRAKIREA PR A R AR A A RE . Jr 2 B i F 1] 7 AR K IR K B b A
FERE T, LR 7 M, MR EY ND—32.6 ng-L .

XKW SRR GRS, PR, BAHEERG, KHEKIE.

Optimization and application of solid phase extraction-high
performance liquid chromatography-tandem mass spectrometry for
determination of 13 antibiotics

LIAO Jie ™ LI Qingsong
(The Key Laboratory of Water Resources Utilization and Protection of Xiamen, School of Environmental Science and

Engineering, Xiamen University of Technology, Xiamen, 361024, China)

Abstract Antibiotics are used for the prevention and treatment of bacterial and fungal diseases. The
residual antibiotics end up in natural water bodies, leading to safe drinking water quality. In order to
rapid determination antibiotic residues in drinking water and ensure the safety of drinking water, an
analytical method was developed for the simultaneous determination of 13 antibiotics residues in 4
classes in waters of drinking water source by solid phase extraction-high performance liquid
chromatography-tandem mass spectrometry. The samples were concentrated and purified with
OASIS® HLB cartridge. Gradient elution was performed using methanol as mobile phase B and 0.5%
formic acid water containing 5 mmol-L™' ammonium acetate as mobile phase A. Samples were
analyzed by means of multiple reaction monitoring (MRM) through the mass separation by
Kinetex®C18 column. The detection limits and quantization limits for the 13 antibiotics were
0.05—1.66 ng-L™" and 0.17—5.52 ng-L™', respectively. The recoveries ranged from 70.2% to 121.5%
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with relative standard deviations of 1.1%—13.5%. The method has high sensitivity, high efficiency
which can be used for simultaneous determination of antibiotics residues in source water of drinking
water sources at trace level. The method was successfully applied to analysis of antibiotics residue in
source water in Xiamen. 7 antibiotics were detected, and the concentrations ranged from not detected
to 32.6 ng-L™".

Keywords high performance liquid chromatography-tandem mass spectrometry, antibiotic, solid

phase extraction, drinking water source.

VR BT FING T 240 1 -5 L G PR B I e iz i 2y 22—, AR R AR R A Al R EOR
HME B 5. 28 A 2 AR T3 58 @R, 29 60%—80% LR sl Uil = M iy JE X
HEBRARSD N FRIFE AR, DTV 7E 52 W0 TR K D /K B 22 420 ) T AE R, JK BRIE rp (- s T I 28 | 1 34
R B ARIR A BEZE A 4 2RHUAE RO A 1. PRk, 7 DR ) g 00 5 TR FH K K v Z2 8
PUAE R G BB 7 IR IR AR 22 2 A SR8 XL

FURT, [ AR BE A= 28 00 2 BRI 07 1A B S vk~ RGBT (i ik !~ ) R i OB £
RGO A (LRI S v R S R AN A8 R, JC I R A B ELAE A (B R Y RTRE s R RO
AR I BT A= ZR A2 AT R | A6 R, 78 50 32 B 52 2 e o ) 1 0 25ttt T 0 R 2 - o 80 AT
@1 §3 1T 5 (SPE-HPLC-MS/MS) IR H R BRE 57 | 70 M E B . ek i 9 0 a2, A BR8P 4t
Az FRI Y B o A TR L AR, i TR R AR R | S R R | PR BOE SRR, AN TR
FPi A R RTAL PO IE B 22 AL, J7 15 00 DA R 2 25 550, I J7 ik B T LTS A2 2K 4t
AR BR B B 23 M SR PO, AEUHE LS B ERRT A R Hh R R B B k2 AR HH R TR, O T AN R R
PUAE R A DR I 75 22, 5 i 7 — Mo FH T 2Rl A 2% (] I 2 IR B A 7 7%

S 3 G A TR 2 IR A B2 | WA (35 A B SRR A0, BB R A D7 R L A
KERBL, I7 i HOR H BRAN DA SRR, L T — R FARTS G A 76 AH A5 B OB (3 R I T 1 )
5 T5 1. deJe, BHIZ DT 0 BT T AR HK IR K b 4 28 13 R A= ZR AR B S DLtk AT 19028 73 #r,
SRR IR IR T AR SRR B T ST AR A T b 5 vk A

1 i%\%ﬁﬁj\(Experimental section )

11 A5

X #% . pH 11 (1 [, pH2100) , [E A1 25 B AL ( USA, Supelco 28 ] ), 18 i 7K ¥ & WAL (USA,
Organomation /A 7] ), EL.25 T4 48 () [#, DZF-6050) , Kinetex®C18 {7 1% 1 (2.6 um , 100 mmx4.6 mm,
Phenomenex ), 2 S0 AH (3% - i B FHAX (USA, Agilent, ABI 3200 Q TRAP LC-MS/MS System).

RN S REAE: 13 FhPpA: RARAE I A 42 T A9 TR (B ) B A BRAS W), 4l B 245 T 95%.
W F1 35 % Fisher 23 m) (a3 40, 26 T 99.0%), R W FI [ 25 48 AT (4B 88.0%), & WU £ 1R — 4
(Na,EDTA) W [ Bl 4 T 5 P ({23 4li, 4058 75 F 99.0%), 5256 b 4 FH 7K 44 4 Millipore #8 47K, OASIS®
HLB [& A2 B/ ME (USA, Waters 24 ], 6 mL , 500 mg).

PR UEAf & VS W : PRI 13 Bl AE 245 50 mg, 43 591 56 70 i 1 P Bt rp 0 7] R B2 2 500 mg-L' (i
WL, T-20 C T B RAR, IR 22— R
1.2 FEACRE

2019 4F 4 H —5 H, X BT T AR ] 2K U b B U e YE 51K B VIR R 3 (117°45739.86 " E,
24°33'13.34" N) ML K W] (118°0'53.27" E, 24°41'6.61" N) 3k 2 ASRAFE S P-ATIE SR KE, H] GPS 4T
KRE AL, MEFE 7 d SRAE 1 IR, SRAEKELAT 0.5 m AL AY/KEE, 177 T4 00 3% B8 SRR b s A R 4R
SEATAE L 3 . ARG IE I SE IR % T 4 °C B BHEEOGIRAE, 7 48 h 2Z N 58 BURE Sl RO FIT AL B T4, DLORUE
TR R
1.3 RT3

i UK FE 500 mL, H 0.45 pm Y 3¢ 55 2F 4 B 98, A 0.5 ¢ NayEDTA; I 5 mol-L™" HI i@ 18 15
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pH 2955 T 3. IR 6 mL HEEAT 6 mL 19 0.5% HY & 7K 5 G Ak /AE CHI BT 0.5% HH IR 7K 5 T 45 X
3, BIK 2 mL), AKFELL 3—5 mL-min™ AR A BOMESEFT B 2. FH 6 mL (1% 0.5% H R/K IS WS
P/, SRS FL2S T4 30 min DA A BRAEARGR B8 197K 3. /AMEGE T 6 mL HF 43 3 IR 48 DM, AR (B
R AT AR VR I T, 28U AR Y B A 2 1.0 mL, 55 0.22 pum BF g #8 56 ABERER A |
BLA BTl 5 .
1.4 XER AT 4

CREL A A2 KA A TG LA B, 4351128 5 mmol L' 2R 1Y) 0.5% FH IR ZK ¥ T AN HY 17 5
T B AH B S 0.5 mLemin!, AR CH 40 °C, HES ERE RO 10 pL. ELARBR B VR F AR 0—
0.01 min, 10%B; 0.01—6.50 min, 10%—20% B; 6.50—8.00 min, 20% B; 8.00—8.01 min, 20%—10%B;
8.01—12 min, 10%B.

J i S s TSR B RS 25 85 TR (ESD 78 1E B T2 N x4 B 5 i A RAL & WA 4. 25+
M5 5 LR R 5500 V, B R AR T (GSD i it 24 50 mL-min™', & F I8 AR T (GS2) < it >
60 mL-min"', K3 FALSARTEEE Jy 550 °C. i Bk dF AL R, 76 2 RO WA X (MRM) T 2547 49 4,
TEREAE N 3 B i i 0 AT, MR TR T MR AR . AR R SR A I T RS S B T A
b, ARG 1 BE S HOE L3 1.

£ 1 MRM B F 13 P 2 sS4

Table 1 MS parameters in multiple reaction monitoring model for 13 antibiotics
HET  FET REEE/min ERRBENV AHHEN  fiEREeV  HTREV

PAS
C({)ﬁlno?n d Parent  Daughter Retention Declustering Entrance Collision Export
il ion ion time potential voltage energy voltage
Oxytetracycline 426 45 8 25 17
461 4.10
(+%%, 0TC) 444% 45 8 25 17
Tetracycline 427 85 8 25 13
445 3.64
(UK, TC) 410% 85 8 25 13
Chlortetracycline 444 51 9 26 20
479 5.06
(&%=, CTC) 462* 51 9 26 20
Roxithromycin 679* 60 4.05 40 14.2
837 7.21
(PR, RTM) 158 60 4.05 40 14.2
Azithromycin 158 85 9 45 7
» 749.3 5.75
(P # 8 R, AZM) 591% 85 9 45 7
Erythromycin 576* 50 7 35 14.2
734 6.59
(L% %, ETM) 158 50 7 35 14.2
Sulfadiazine 156.1* 46 5.5 23 2
251 2.69
(Wi wgnE, SDZ) 91.9 46 5.5 35 2
Sulfamethazine 186.1* 46 6 23 2
279 4.15
(T — W mEIE, SMZ) 124 72 10 23 10
Sulfamethoxazole 92.1 41 5.5 37 2
253.9 447
(R FP s, SMIX) 155.9% 77 10 23 29
Ofloxacin 302% 59 5.8 26 16
) 362.2 4.02
(%P &, OFL) 233.1 59 5.8 33 11
Ciprofloxacin 314* 65 7 35 2
3322 4.23
(AW A, CIP) 245 65 7 35 2
Enrofloxacin 342.2%* 64 7 37 4
360.1 432

(Big7b AL, ENR) 245.1 64 7 37 4




51 AN ME 13 FhAE 2R 0 [T A% - ORI O A5 0 1541

ik 1
Zk
™ BEF  FEF REEE/min PN A ARHJEV 0z Y AR /v
HEY ) ) -
Compound Parent  Daughter Retention Declustering Entrance Collision Export
P ion ion time potential voltage energy voltage
Difloxacin 356* 43 12 27 5
N 400 4.56
(ZJP AL, DIF) 299 43 12 27 5

1 * 9 E B B F. The characterisitic ions asterisk are used for quantification.

1.5 Jriktefe s 8ds a2

i tiAl: S R A G B PR RN E B AT, DA R0 R B I ], e/ B A A BT,
AL T B AT A5 | FE R R 2 AR S S S5 s TEAE AL AT AR B R B, X LG T 2 AN [ Y [ A AR B A
X A BUBCR IS, PaAk T 7K AE pH (B . FAE KR PR BRI R MR R A 52 e R 3R, USRS 31 07 7 i
SRAH RS- 247 i 22 1 e LT L.

B 4 31 . HPLC-MS/MS YA #5% 42 il . 04l ok 48 FE it 43 1 24 fd H] Analyst software ( Version
1.6.3) (ABSCIEX, 2 [ ), i F§ Excel 2016 (Microsoft, 3¢ [¥ ) #£47 £ 4k 1135 1 4w % , fdi F] Origin 2021
(OriginLab, 32 [E) 52 i MRM €& K] i 22 1.

2 %55 59718 (Results and discussion)

2.1 A% 5 BE AL

B0 1) €033 4 g A R R e 7 5 BB SR T H A A W MR B 0 ORIERY, SEER T T Kinetex"C18
1% 4 (100 mmx4.6 mm, 2.6 pm, Phenomenex ) fil Kromasil 100-5 C18 3% 4+ (150 mmx4.6 mm, 3.5 pm,
Akzo Nobel) X} 13 Fft HArAb G W00 70 BI5CHR . 25 53R W1, BAR IR (i At i SEORHIUAR AR W], (A B2
) 100 mm A Kinetex"C18 (A 154E, KR4k 1 M 0], JFAE— & BB L Se ol 13 Fh Binfb & Wi e
PEFNAE 1 B IR BT, HAor s 5 iy RAf.

FER AT DR KRR BE 1 52 mm Rl 40 73 1) 43 B ROR, SEiE 58 1 ASRIAE IR (30 °C L 40 °C Fl 50 C) X {1,
Ty B SN, G5 BRI, FEAEIR R 40 °C B, W] DLk 8 B KRR BE A JE 4 40 B, DT (A5 5 T T2 49 1Y
O3 S B i i, 33X 2 R A A B R R T DL AT I Sl A A 28 B, 4 e ST e ]

T SR 1 2H 55 52 i £ B IS (R RN A1b, 3 25 W) 25 - A R4 38, R M5 ) H A 400 | A il R
JEE 2 Sz e T R/ G (V/v, 1) R0 BEVE S A AL S AR B ARAL G 4 R 505 0 3 85 B R s e
SEIRFW, 2 P DL S AHAR REAS B I BEXTFR AL, {H ] HY B S A AL S AR B, 7T DU Skt 46 e
(LAWEVEIRZE BT A 2R AZM 9o, DL 1) 5 [, 2K AR RAINA 0.5% 9 H AR (75 5 mmol L™ Z R 7)) 47 F)
T HARAL G W00 85 AR, A5 21 T w5 118 4G I 8 A0 i) 1 56 . 3k J2 DX Sk B TR RN & R e 7 I 15 15
R AT ARG H AR Ak 2= o B AR B, A Ak 6, (AR T AR B B, S Ak s 45 H
PRI MRM €233 (5] UL A 2.

3.0X109 W ZE=1:1 3.0X10° F 3
methanol:acetonitrile=1:1 Methanol
25X 106 AZM 2.5X 105}
w 2.0X 100+ w 2.0X10°F
a0 j=¥
2 2
Z15x100F 2 15%x100}
= =
2 2
= 1.0X 105+ = 1.0X100F
50X10% | \\ 50X 105k k\
0 | L . . L | 0 . | L . I )
0 2 4 6 8 10 12 0 2 4 6 8 10 12
t/min t/min

B 1 AE AT AZM W7 (1 500
Fig.1 Effects on peak shapes of AZM with different mobile phases
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14X 107F LEDE
7 2TC
12X107 5 3.0FL
4.0TC
1.0X 1071 5.SMZ
g 6.CIP
£ 8.0x106 36 7ENR
g 8.SMX
 6.0X100F 9.DIF
| 10.CTC
4.0X10° 9 11.AZM
I 4 s 12ET™M
20X 1001 0 3RTM
0.0 1 1 ] 19 12 113 1 1 1 1 1 |
0 1 2 3 4 5 6 7 8 9 10 11 12 13
t/min

2 13 AR E Y MRM (3 4]
Fig.2 MRM chromatograms of 13 antibiotics

2.2 [EAHAEBCR AR AL

53 BE B Oasis® HLB Hl C18 [ AH < BU/INHE, 25 8N [7] 248 70 2 BROME Xof 2 B ml i e g s i) 45 2R 3%
Y, B i A A C18 /IVKE IR B 8555, ZEBUBCRAR T 50%,; 1 Oasis® HLB /M AT LUAT R0 & 4R
PUAE R, X 4 KP4 R A IECRIYE T C18 /T, ZEHCE N 65%—120%. X J& H T Oasis® HLB F
C18 [ AHAE B/ INFE B W BFFSEURE A4 22 57 Oasis™ HLB ZINVFE J2&: B - 20 M5 28 R N-20 05 32 e o Ao il 44 — 5 e
B A, EA 2K EIE - . /K w2 A e, o W RN AR Ak A EL AT E A A g BREAE 5
C18 /INFEIFL 78 (Y R i 42 /e B 4 S AR B A e I, = X Wl M 5 B k6 0 1 B e 42, Bkt 2
Ah, TE R WAL HLB /MK F C18 /INVKE, XA W0 8 i B AE BUHCR P, PRt ¥ 8% HLB /M it
GESS

FE VA TR ) pH B 2 [ AR 25 Gt 72 1) B 2240, S B & W A2 38 L Feoe 1tk DL S AE
[ R A2 /N L 8 R BRI . SR FH R 22 /K810 pHL(EL, % %% T ARl pH {H (pH=3.0. 5.0. 7.0)
X A BRUACR B 5% M. 45 JE R I, DU BR R S RRR e 2 bt A= 3 AE pH= 7.0 IBCRBAR, 43 51 40% —
62.1% H1 58.5%—75%, {H7E pH=3.0 Fl pH=5.0, X 2 ZEHi 4= Z A B 09 [ R s Js i B 28 ik %
7F pH=3.0 B [N 3838 57, R 75.4%—85.3%, RIF IR P14 R 7E pH=3.0 Fl pH=5.0 B [R5 T
65%. L7575 18, BRI KA pH=3.0, FRIE 4 Zhud: RIS 2K BUS0R .

SCE U E 2 MAFL(500 mL A1 1000 mL) SR A AL KRR 9 EARARFL SR AR 100 ng L' SRERST H b
WAEAS M RBUT B I, 25 5 035 2. 4 EAER Bl 500 mL Al 1000 mL, 13 Fu Az 22 49 [ i 55 6l
539N R 67.5%—124.8% F1 40.1%—87.4%, iX Al B/ HH T L AE AR BT K5 350 [ AH 2 U/ N 2o 28, DA
S ] 5 23R 28, (] 2 p ) B A ) AR AR AT LAY /D i A B A B T DRLIb, SR 500 mL AE S KA
FEARRA.

SEERXS LGS BT T 4. 6. 8. 10 mL HEESE 4 BRI AR FR A VR ISR (32 2) . MU AR 4 mL
B, £ HEREA P SRR 39.1%—86.1%; VEIEAAF A 6 mL B, M 71.4%—114.1%; VEBLIR
FUA 8 mL B, IR A 70.4%—117.8%; Ve AT 10 mL &), ISR 71.4%—115.0%. H it
ALUL, ) e/ B, PR RV 5 SRR k) ) A S A2 43, PR ARSI E] 6 mL LAJS MIBCRAE LA K.
L, R 6 mL HEEPENLE, BEvT LAGRUE H bR 1k G P 00 % s [l iR, SORT DLk 20 7 4 2, 3 1 42
T [ AH 26 B R0
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Table 2 Recoveries of 13 antibiotics with different sample volumes and eluent volumes( %)
o e FSample volumes VERE K A FHEluent volumes
Compound 500 mL 1000 mL 4 mL 6 mL 8 mL 10 mL
OTC 122.5 87.4 72.4 106.0 108.2 115.0
TC 91.1 64.0 73.0 86.0 97.4 95.3
CTC 74.1 80.9 78.5 74.8 70.4 71.8
RTM 105.5 65.6 68.5 110.8 117.8 84.0
AZM 67.5 68.5 65.4 94.2 114.0 108.6
ETM 68.2 40.1 39.1 71.4 76.5 71.2
SDZ 86.5 71.4 49.6 92.8 84.4 107.2
SMZ 92.0 85.2 77.8 86.3 85.1 97.0
SMX 101.2 60.2 68.2 81.3 78.2 71.4
OFL 90.4 69.2 54.7 94.2 84.9 76.4
CIP 124.8 87.2 46.0 103.9 71.3 75.4
ENR 75.4 64.6 86.1 114.1 102.1 114.4
DIF 94.5 82.7 72.3 94.0 104.6 95.4
2.3 J7IRAZ PO A H BR

K FHAMRE €
2. LURH IO 1hd FRRIRS 17 e J3E 404

HFEZRB R KT 0.993. DL 3 F5(5 M H (S/N) X R A3 BE R HABIR, LA 10 545 M He X5 1 1) 9 B8 R 5

B, 5 A R R 0.05—1.66 ng- L™

B, B BE 351 10, 20, 50, 100, 200, 250 pg- L™ BARIHE R SIS, 2 b h
TEAE RN 0T, 13 FhBiA: RAE 0.02—0.5 ng- L LR NP R R EU%

EmERA0.17—5.52 ng- L. JrAE R H 2 A REL. f"

Hh PR AN E REBR A SO 3.
R3 MPUAEROLIEITRR A RFE R
Table 3 Linear equations, limits of detections and limits of quantifications of 13 kinds of antibiotics

EY Ay LIPS Kt FR/(ng- L) PR/ (ng L)
Compound Linear equation Correlation coefficient(R?) LOD LOQ
OTC y=139.71x+67.06 0.9997 1.21 4.02
TC y=206.19x-596.31 0.9996 1.48 5.52
CTC y=162.24x-186.94 0.9997 1.54 5.13
RTM y=205.2x+467.26 0.9969 0.87 291
AZM y=464.29x+1292 0.9981 0.05 0.17
ETM y=714.98x+1052.29 0.9991 1.66 5.52
SDZ y=1093.24x+2342.46 0.9965 0.10 0.32
SMZ y=749.91x+1435.55 0.9962 0.08 0.25
SMX y=714.98x+1052.29 0.9991 0.16 0.52
OFL »=921.17x+1229.69 0.9969 0.76 2.52
CIp y=188.34x+197.56 0.9933 1.14 3.81
ENR y=1093.24x+2342.46 0.9965 0.26 0.86
DIF y=835.13x+1290.17 0.9972 1.43 4.76

2.4 JriE 0 R ARG 9
TEH Al K AR K FR A B A, o w3 KR

BRI, + B8 3 A D0 A 1T AR A - e 28GR0 R (3 BB I3 20 # 07 06 17

(2,20, 100 ng' L") [ 13 P AERIRA
THARSEES, LA 3 Y4745
{832 [ W 28 FURE 6 s o Al 22 (RSD), 45 51 U026 4. 3 RO R IbR e B T Y [R1ERh 70.2%—121.5%,
RSD 4 1.1%—13.5%.
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R4 13 MPUERTE 3 DIARKE T BIAFR R FAR XS bR 22 (n=3)
Table 4 Recoveries and relative standard deviations at three spiked levels of 13 antibiotics(n=3)
ko bR E/ (ng L) HB4lK Pure water 7KK Source water
Compound Spiked concentration E]H&%E/%Recovery RSD/% IEILBI%/%Recovery RSD/%
2 110.4 1.1 87.4 2.3
OTC 20 94.3 9.9 86.1 6.5
100 76.3 8.6 72.5 10.7
2 88.1 43 75.6 2.6
TC 20 116.6 6.8 92.8 10.8
100 73.0 9.7 111.5 133
2 89.5 11.4 78.6 9.8
CTC 20 117.2 32 80.9 5.1
100 79.2 4.9 120.1 5.5
2 94.8 8.6 73.1 9.9
RTM 20 98.3 7.3 75.6 44
100 70.5 13.1 101.9 13.5
2 96.2 7.5 78.5 7.1
AZM 20 114.5 9.2 102.9 1.4
100 84.3 12.1 77.0 8.4
2 75.4 1.2 73.2 3.7
ETM 20 94.9 4.8 76.9 8.5
100 97.6 10.3 81.5 12.1
2 75.1 12.1 73.1 9.2
SDZ 20 84.4 11.7 79.6 5.4
100 71.4 12.5 83.9 12.9
2 75.3 11.1 79.6 4.2
SMZ 20 85.2 9.5 70.2 34
100 71.5 12.5 77.8 13.1
2 116.8 0.9 71.5 7.8
SMX 20 74.2 12.9 72.2 2.7
100 73.5 10.3 78.2 3.9
2 105.7 7.9 114.1 12.3
OFL 20 84.9 5.7 80.8 5.1
100 77.4 9.8 74.5 9.7
2 79.2 5.8 84.7 10.9
CIP 20 121.5 2.2 89.1 5.9
100 103.9 10.4 71.3 5.6
2 74.6 11.3 72.9 11.8
ENR 20 116.2 7.9 82.6 1.5
100 75.4 33 102.6 7.8
2 73.7 9.3 78.7 10.8
DIF 20 88.7 8.9 71.3 2.1

100 107.3 115 112.6 12.3
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2.5 S HAMbTI R s
XoF AT 5% 7 B I 2 vk 5 A 5T B9 58 i 6 AT T LA, TRANEE W3R 5. AR R R A BT
HFRIL 42, —ERE FARUE T id BSR4k, (6] B2 A H R AT DR B A0 T HAh s, HL
K BRI 2 0.05 ng- L', 7T LA 2 IR A A9 2K
x5 SHAWTEMHLE

Table 5 Comparison with other methods

&Y (d5r) Kt BR/(ng- L") [EI3/% RSD/% E = BTN

Compound( component) LOD Recovery References
SD. TC. NOF4§(=14F) 0.09—12.3 40.6—127.5 G [29]
AMC, ERY ., SMX(F.Z£9F) 0.4—0.8 60.1—104.6 0.7—5.5 [30]
TMP, CIP, CTC%:(HJE10FH) 3.0—16.0 71—105 <15 [31]
CFX, LIN, RTM%(FiZs15%) 0.19—1.09 87—170 ¥ [32]
CLR, ROX., AZMZ (725 18FH) 0.8—45.0 51.0—94.0 3.9—10.6 [33]

OTC. ENR, DIF%:(J02413F) 0.05—1.66 70.2—121.5 1.1—13.5 ARBFFE

2.6 SEBRAKEEHTSS

SR FH 38 90T 10 T 4 - 2 205 VR A 0 35 R I B 2 X VR 2 3l A B K TR /K R v 4 28 13 Pt
A R AR R S VAT RE L I RE I 10 AN REARJEININ 1 4L SR R A (O 425 L R mISOR R B R
i), DA 4R 2E i .

SEIRLRI, 13 P A RIA R FRRE AR . TR 0 A 6 R R i, K6 H 2R 46.2%, 6 vk
5 ND—12.5 ng-L™', FE 404k Z 5% % & RTM., SMZ F1 SMX, ¥ Hi ¥ B 43 51K 125, 10.2. 6.12 ng'L™";
FEACIR K A 7 Fpgi i i, 46 R 53.8%, K ¥k B i ND—32.6 ng- L, EZHiA: £k N AZM,
SMX F1 SMZ, ¥ Hi e B 73914 32.6. 26.5., 12.0 ng-L™". {1 vl UL, 785 717 A FH K J5 i 5 /K o = B A=
UG YR R AN BRI R P A &

3 %512 (Conclusion)

AR SCHEST T[] PR K AR T 4 288 13 Bl A 2R AH 2 - = 0 R € i R I T AT O ik, 4%
H A8 1946 H PR A 0.05—1.66 ng-L™, &R K 0.17—5.52 ng-L™', [FIE Ky 70.2%—121.5%, RSD N
1.1%—13.5%. %77 ¥k = REmf . RO &y L e BpE 4 . mICR s, 8 IR K IE KRR EhiAE R
B B 1 43 A R RAZ 7 3R X SR T T T AR R K b 5K o 13 i 2k 205 YelR AT T 0128 0t SE A 7 Fh
PrA ZPAG S, PR VR B R = AU R O AZML % iR T — 2 R A IR L WA L K
S5 oK h Z A AR F A RO A , S /K PR T A 3Rk B A S ARG I B JXURR: B 45 T AR 4R AR HOR
SR
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