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0.003 ~ 0.63 ng/L, & & IR 5% B 4 0.01 ~ 1.25 ng/L, & #4704 £ By Ao AR B UK R 4 55.87% ~ 113.49%, % %
B (HMATEARZ,RSD) K1 1.13%~ 12.60%, £ HiZ 7 % REUES CEHR ML . 5F A NRRIERET
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FF) . % & ¥ & 7 %t ( sulfamethoxazole, SMX ) . ¥ 4 ¥ # ( trimethoprim, TMP ) . 7% 4 & &
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Abstract: A new method was developed for the simultaneous determination of various trace antibiotics in
seawater using solid-phase extraction (SPE) combined with large-volume injection liquid chromatography-
tandem mass spectrometry (LVI-LC-MS/MS) and applied to the analysis of common antibiotics in nearshore
bays. The optimization of offline SPE and online SPE (large volume injection) conditions was investigated.
Under the optimal conditions, only 80 mL of seawater samples need to be enriched via an offline HLB SPE
column, followed by detection through LVI-LC-MS/MS (injection volume of 50 pL). Remarkably, the 22
antibiotics found in seawater exhibited a high level of linearity (R* > 0.990) within the concentration range of
0.07 to 12.50 ng/L. The lowest limit of detection (LOD) for these antibiotics is between 0.003 and 0.63 ng/L,
while the limits of quantification (LOQ) range from 0.01 to 1.25 ng/L. Satisfactory recoveries (55.87%-
113.49%), precision (relative standard deviations, RSD=1.13%-12.60%) were also achieved, demonstrating the
high sensitivity and precision of the proposed method. Moreover, compared to the conventional small-volume
injection method, this method effectively improved sample utilization rate and significantly reduced both the
required seawater sample volume and pretreatment time. Therefore, the method meets the requirements for the
detection of trace antibiotics in the seawater environment. To test the effectiveness of the method, antibiotics
were detected in seawater samples collected from two mariculture bays in Shandong, namely Sishili bay and
Sanggou bay. A total of 9 common antibiotics were detected in 36 samples of surface and bottom seawater,
dehydrated

roxithromycin, with total average concentrations ranging from 0.05 to 8.19 ng/L.

mainly florfenicol, sulfamethoxazole, trimethoprim, clarithromycin, erythromycin, and
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Sanggou bay
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Fig. 1 Switch schematic diagram of six-way valve for on-line SPE system

132 R&AR &8 B B S S AT P B RSO s — IR A A R E 2.5 mM/L
WA Poroshell 120EC-C18(2.1mmx  ZFREZAN 0.1% H R Y /KW, i sh#H B 4l 2.

100 mm, 4 pm) @REH N AE; HEIR S 25 °C; i WECN 0.3 mL/min; i 470 8] 2 12 min, 512

TELR A A UL U TR M Zh A A H& 25 mM/L 47 2 min, BEJEVEIRALT K 1 B,

LR 0.1% H IR /KW, W shHH B R4l

R1 EXREEERKBESBEGERHERF

Tab.l Online SPE and chromatographic separation with gradient elution program

1) /min MIER UM il /min —LR
TAHIA/(%)  FEEHIB/(%)  HiH/mL -min ' MEHIA/(%)  FEHB/(%)  HiE/mL-min '
0.00 98.00 2.00 1.00 1-6 0.00 90.00 10.00 0.30
2.00 98.00 2.00 1.00 1-2 2.00 90.00 10.00 0.30
3.00 20.00 80.00 1.00 1-2 5.00 77.00 23.00 0.30
6.00 20.00 80.00 1.00 1-2 8.00 40.00 60.00 0.30
7.00 98.00 2.00 1.00 1-2 9.00 0.00 100.00 0.30
9.00 98.00 2.00 1.00 1-6 11.00 0.00 100.00 0.30
12.00 98.00 2.00 1.00 1-6 12.00 90.00 100.00 0.30

ISR S5 F: T EPUAERWIEESTIEE T 340 °C; TR (N IR E N 7 L/min, #<(N,)
BRI, B YA B R 4000 V; BEE S K N 11 Liming PAZ SO B T el (MRM) #5
(N,) K 35 psis THEIREE R 300 C, ¥R X417 B f il (5 2) .
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Tab.2 Mass parameters of 22 target antibiotics and 3 isotopic internal standards

EY i HE - (miz) EMEFEREF (m/z) R /v Rl RE LV
CIp Ci7H sFN;04 332.1[M+H]" 314.1/231.0% 130 21/49
CIP-D8 C,7H,oDgFN;0, 340.1[M+H]" 296.1/322.1* 130 20/30
CTC CyHyCIN,Og 479.1[M+H]" 462.0/444.0% 135 16/22
CTM CyHgoNO 3 748 4[M+H]" 590.3/158.0% 165 21/29
DFH CyH,9F,N;05-HCI 400.1[M+H]" 299.1/382.1* 135 30/20
ENR C1oHyFN;0, 360.1[M+H]" 342.1/316.1* 130 25/21
ENR-D5 CoH,,DsFN;04 365.1[M+H]" 301.1* 130 1
ERY C3HgNO 5 734.4[M+H]" 576.3/158.0% 155 1729
ERY-H,0 C37HgsNO 716.4[M+H]" 158.1%/558.4 150 25/9
FF C,H4C,FNO,S 375.0[M+NH,]" 340.0/241.0% 105 14/25
FLE C,7H,5F3N305 370.1[M+H]" 268.9/326.0% 130 2420
LMX Cy7H,9F,N;04 352.1[M+H]" 308.1/265.1% 130 18/25
NOR Ci6H1sFN;05 320.0[M+H]" 276.1/302.1* 130 17/25
NOR-D5 C16H,3D5FN;0,4 325.1[M+H]" 307.1% 130 25
OFL CgH0FN;0, 362.0[M+H]" 261.0/318.1%* 140 29/21
OTC CyHyaN, 0y 461.2[M+H]" 443.0/426.1* 115 11/21
PEF Ci7H20FN;05 334.2[M+H]" 233.1/290.1%* 130 28/16
ROX Ca41H7eN2Oys 837.4[M+H]" 558.3/679.3* 170 25021
SDZ C1oHoN,O,S 250.9[M+H]" 155.9/92.1* 100 13/33
SMR C11H2N,0,8 265.0[M+H]" 156.0/92.0% 115 17/33
SMX CioH1iN;058 254.0[M+H]" 155.9/92.0% 104 17/29
STZ CoHyN;0,S, 256.0[M+H]" 92.0/156.0* 105 13/29
TET CpHpuN,Oy 445 2[M+H]" 154.0/410.1* 120 22/20
TMP Cy4H gN,O5 291.3[M+H]" 123.1/230.1%* 145 26/17
SMZ C,H14N40,8 278.9[M+H]" 92.0/185.9% 120 33/17
e HMUERE R T
133 #aokfEHae PEAT AL

T 2023 4 7 ATEDU -+ B R RIERE T
T2 R JZ G AKRE i, TGl A A 5 B A 2,
DU -+ LA I AR L B, AR AR 2 86.7 km’, 1
FRZ K 20 km, KR, 79 8 ~ 15 m, FZ A
WE IR B, S R AU 0.17 ~ 0.2 mys,
KRS MR S 2 o SRINTEAL T b BB AR U, o
W TE AR N 150.3 km®, KR K 8 ~ 10 m, JiE 5 3 %
RUP, AR B I RS 2 —. AR
FE 5L B A AL R K AR EE, IF T 4 C %
WEOGIRAFAE 1 L B PET JH, 24 h Nz [ISLER =

1.4 sl ik

S0 v T AT 25 A A I FH 22 34 FH R Al K R
F YA U 3 UK TE AL UORE S B G i v [ s ik
TREZS S5, LA I S 56 a5 B v B ¥ G )
FERFAEUR O RE 5 o B B v, 8 AR A L 7

25 FRE AL T AR AR X A B RS DL R s

JebATWEI . R T F2BRTELR SPE £F 5L IN#R
KPR 5T, AR INBEE MRS 2
[ — 44 [PLRP-S /M (4.6 mm=12.5 mm,
15 um) ], HT LRSI BPiA =R
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Fig. 2 Sampling stations in Sishili bay (A) and Sanggo bay
(B)
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2.1 B BEAHZERCR R
2.1.1  BXREARFEIEK pH 691K

K E AR AL BOL & il KA RO A
FE AR 2, A4 SRk R A IS A AL
55, A HLB/MEH Tl K AR &
Ao FEUE KRR S A AN i T R S 0.50 /L (1)
Na,EDTA, 7ESLFEA [, X 254k [ AH 2 B SR ARk
17—k

M T4 28 P A Ak 2 o 22 SR, il
s TR B A 2 A U R R B e
J& T WAL &, ke kP, jtﬂ‘ﬁﬂ@ﬁ%’éhé
FR 2 F L TR A RO S A T B T 8 1T R
SERG AT, MR /N, DRI, o g 4 b A B
7K pH(pH=3. pH=4, AN pH) 17 T LA, 45
ke 3 fras . MR PUA R AEMEK pH=3 4%
R & AR ROCR T R R P A R AR
pH M4 NGB TS, ma i B4 . (EA5
J&, ERY J& T 59 it b &9, £ /KW pH=7 %%
PR FRGE, TE IR 25T & I K JE i ERY-H,0,

H Y ERY, U K BE S ORTINER - Bk ROX. ERY,
CTC LUh, HAKRANBER AU RS E R Y
£ pH=3 A T 8 ERCR T &, LA %8, I
ST 52 W KRR G pH W E 3 PR AT B 4R AR
HHL,

80000

[ IpH=3
[_IpH=4
C A
60000 |
= 40000 - f
= I
200001
10000 | m m HH
OmﬁJTJmmHﬂ alTﬂ %mn mm]ﬁﬂ ”TI Wﬂ
&UE:M%O e O B N o NN = B
= & b B e & m
SEShzEz 23355808z 502
a4
[sa)
&Y

3 igUkiEm pH MR & EIHEER B SYIEERE
m
Fig.3 Effect of pH on the peak area of the target

compounds in off-line solid phase extraction

212 HBER P FEASEORML

SR T 1 2 1 AH 2K B2 45 70 28 [ A0 A5 Bk 1 7
FARFEIERE S BT, 5 i 20 288 2 [ AH 4K U 1 2
VR B A LR R S S 0 4
SEI S IR AT Vv AR v A R IR, R AR
IRPEEE SR A H AR &Y n] REV IR ASE T80y, 4%
SO S O T e ge SR AR v v AR b g HR
Pt O ik i, SRR b A R AE AR LR B AH AR L
FE b 1R 2 BR80T 5335 43 B R DAY . PRI 5%
7K VA T L 10% Y BE—K L 20% P BE—K
VW 50% FRBE— /K 35 WRLAE b 2 1 5 00 I 02
PEAT T HE (B 4) o Y EE S FER B 50 uL
B, i 5% H s — K S WA S B2 7 SDZ\
SMR. SMZ. STZ f TMP % fiffi e 5 40 A 2 1
PR i 45/, Hk & CTM., ERY ffjtﬂlj\]@ajc
YA R M FLE, LMX GNP ER, IV A
[ B B 401 25 5 (1 50% Y Pt~ v W A R 42
%57, FLE, OFL S5 i W 2S hid: 2 1 i &%
fik, B STZ. SDZ % fiff i 2 1 A 2 0 AU e v ™
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Tab.3 Recovery results of 22 antibiotics in blank seawater samples
e 2.00 n%/L 10.00 rig/L 50.00 rig/L
WISCR/(%)  FIXTPRAEMRZERSD (%) WIMCR/(%)  AHXTFRAERZZRSD/(%)  FIBCER/(%)  AHX R 22 RSD/ (%)

CIP 87.29 8.44 108.62 2.53 83.55 8.49
CIP-D8 98.30 10.05 100.36 2.98 89.22 4.70
CTC 76.39 8.57 86.12 6.14 73.17 12.60
CT™M 82.72 3.67 74.69 2.01 83.87 1.13
DFH 87.28 11.09 90.78 2.75 94.06 4.97
ENR 97.09 3.96 91.54 3.74 94.21 5.39
ENR-D5 96.05 6.76 93.51 2.90 93.36 433
ERY 16.06 3.28 18.45 6.37 20.77 9.47
ERY-H,0 113.49 1.94 95.62 3.95 91.06 1.37
FF 83.81 8.72 82.74 0.77 89.79 1.35
FLE 98.31 5.93 101.29 1.50 90.09 434
LMX 87.01 9.52 103.77 0.88 81.63 1.82
NOR 67.94 10.26 98.43 8.07 65.77 6.97
NOR-D5 91.13 18.91 97.13 1.92 84.87 0.41
OFL 108.38 11.12 102.43 3.06 86.83 6.50
OTC 65.38 8.62 74.34 11.16 66.44 11.35
PEF 95.01 3.14 95.75 4.83 91.54 6.14
ROX 68.21 5.99 72.53 1.78 66.03 12.60
SDz 86.06 6.94 72.69 2.00 75.10 10.29
SMR 70.14 8.85 68.53 3.57 69.31 4.78
SMX 75.11 8.32 71.93 3.00 72.95 8.80
SMZ 76.52 11.39 71.27 4.30 71.42 3.12
STZ 68.96 12.65 72.04 4.59 69.04 4.99
TET 55.87 6.77 67.36 10.65 62.62 5.07
TMP 91.94 2.85 89.34 2.25 92.31 2.79

[ 10% HEE—7K 7 R 20% H BE—K i i
VER BRI, A4 Hir b &9 EEAHZEAR
K, % FN R e 55 UL SRR IR TN 2 ek
EH 10% H KA B v ), R s
IR M R TG A I 2
22 TEERFEARFEIGR AL
221 ERIBEEFSITAEGLE

22 Al H AR YA = A BRI AL S, )
PEVE R T, bk H Agilent PLRP-S & #E 4K
FEZE SPE A, FLIURL N I (R M/ — 20 5
RO RERE, AL IES G 1 R Ak Re e PR, T HL R
KRR, T pH YEFE T, HGE /N7 Ak

W o FR 531 1 2lidk, W R A5 7T
N T HRORAS R R MAEL SPE ARV 3 4By
FEREAS S 8E, Xt BAsbiAdE R IR E A &
T B KT IELL SPEH: . b3 T Agilent Zorbax
Eclipse plus C18 @541 (2.1 mm x 50 mm, 1.8 pm)
#1 Agilent Poroshell 120 EC-C18(2.1 mm x 100 mm,
4 um) (354, 354 0] 5 PLRP-S W& 45 &
i1, {3 BEC-C18 i A AR AT ALk, 43 B it ]
T, AERICE R, AP AE FR AR TE R, ik
FE MR, I EC-C18 it E Tk .
222 ZARMIE AN LI F R

TN TR R et A Z AR AR 22 80K, SR A
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SIAH G o ek &, T RE S E0RE P A X a5 1 Y
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SPE-LC-MS/MS
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23 IEEEER
23.1 R
RN (Matrix Effect, ME) i ‘& S 8020 ¥
Y5 S a6, 808 R S BU 5 = 1 3
5 o AFFORE 80 mL R AR M K 4 [R)AE AR i i
Ab 3 AR AL S A5 2 25 T, B H L
IREPRUER WS 10% H BE—K S B 6 IR &
FRUEE AT 7EZE SPE-LC-MS/MS 43 M7 HL#, 1
WAL, BN AR I
ME(%) = (As — Ax)/As x 100 (1)
A Ax Ry I U FE R B b o VU 45 b
oAk T AR s As b H B 1 B9 R R VR BE Y
P b it A R . 4 ME(%) 7£-20% ~

20% Y I, e FRN v Z AT 24 ME(%) 1
—50% ~ —21% F 21% ~ 50% 30 Bl I}, 777 v 25
JEE L RN 5 24 ME( %) >50% B<—50% i}, 5& i
ROV R, S5 R WOR, 22 Rl AR R A R AR
J& ) 3L %% v, Hi s CTC. OTC. TET. FLE,
PEF. SMR. STZ [JL B n; #eoim, HAh Hbrfb A
Yy L BTN 4 R R AR B S LLF o SRR U,
VK R A BT AR 2R R I 27 381 3 R i AR, G
J& CTC, OTC Ml TET iX 3 F VU IF K APk £,
FEMF KT AAF T US55 W1 Wl i T2k, ME%
53k B —634.13%., —1046.28% F1—736.16%; HH
Sk R R R RS 4 MG
W, BAWAMREER, 5 T 58 A5, AR
4R B TR A 454, Na,EDTA A LUAT & B 11 8
& BB T T, Beah, TR ] 58 2 i %
VUM ZR KA RS AR KRR . Fit, /&
SR FH 28 3T UG P s o 1 R 2R A7 S B s v 4% e
AR I E I AE .
232 EREEHEBE

B R A T AR T, SR AR N % e 1Y)
[T 3R RN 2% B EA T 5 42, ) 28 TR ZKRE s
S . . %55 (2.00 ng/L, 10.00 ng/L. 50.00 ng/L)
3Rk KPR RIR A AR METR T, $2 2.1
05 V5 R RE S BEAT AL B, AN I FREE Sy SE AT Ak
B3 4y, FOBRARAG G 11550 AR [l 3 A X
bR 25 (RSD) , 77 15 W A [nl iR 25 5 51 1
3. SRR, WP A A BOL R A R BBt
R, RS T B4 (RSD<13%), BEH /L S2Pr
VKRR il v 22 AR R A o BT 2K
233 AR, TERSEM

FH P WV KR i 1) 25 1 B BB R R 6
TS WBC AN [RI R B A IR A PR eI TR, MR B2 4y
A 0.07 ng/L. 0.13 ng/L. 0.25 ng/L. 0.63 ng/L,
1.25 ng/L. 2.50 ng/L. 6.25 ng/L. 12.50 ng/L ( H
H1 CTC. OTC Fl TET ¥ & iR 10 /%), M
e B 30 i v BEARIR A . AR 90 R IR
FE g, DA A o W T B AL bR, 45 21 43 B
Sk B A A 1 AT 4R 191 A 4 BT, BR FFL NOR 7
0.63 ~ 12.50 ng/L ¥ J& i [l LA 2 TMP 7£ 0.13 ~
12.50 ng/L ¥ F 1 il 52 AL F I O &R A0, H
AR ZITE 0.07 ~ 6.25 ng/L e 30 BBl 2k M ¢
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RBEU, TAPAEZNMH LRI B AT
0.9900. LA 3 558 AE kR i R (LOD),
10 515 Mg LU AE M 7 ik B9 € & IR (LOQ) , Z53n

R 4 7TEEZ SPE-LC-MS/MS H#7 22 M £ ZM & MSEE . M HIR . E

K AR, 22 ML ZE R LOD Y5 0.003 ~
0.63 ng/L, LOQ i [E 4 0.01 ~ 1.25 ng/L, i & ¥
IR IR T AR 2 AR I 7 2L

EBRMETELR

Tab.4 Linearity, LOD, LOQ and precision (RSD) of 22 antibiotics analyzed by online SPE-LC-MS/MS

L] LM Elng L LRk [ 7 R R LODmgL”  LOOmgL"  AHMARMEMZZRSD /(%) (n=6)
CIP 0.07 ~6.25 y=463.73x-130.84  0.9947 0.06 0.13 1.82
CcTC 0.07 ~6.25 y=97.90x+111.57  0.9976 0.63 1.25 9.57
CTM 0.07~6.25 y=1435.1x+749.46  0.9924 0.003 0.01 1.42
DFH 0.07 ~6.25 y=987.75x+503.26  0.9936 0.06 0.13 3.70
ENR 0.07 ~6.25 y=701.03x+242.54  0.9962 0.06 0.13 2.80
ERY 0.07~6.25 y=778.3x+344.15  0.9940 0.03 0.05 3.14

ERY-H,0 0.07 ~6.25 y=616.59x-60.572  0.9933 0.03 0.05 1.56
FF 0.63~12.5 3=150.26x+9.0052  0.9923 0.63 1.25 0.99
FLE 0.07~6.25 1=582.66x+66.704  0.9976 0.06 0.13 275
LMX 0.07 ~6.25 y=400.33x-41.397  0.9996 0.06 0.13 338
NOR 0.63~12.5 y=87.398x-151.94  0.9941 0.63 1.25 6.02
OFL 0.07 ~6.25 1=665.49x-102.58  0.9980 0.06 0.13 147
OTC 0.07 ~6.25 y=262.16x+461.39  0.9960 0.63 1.25 7.55
PEF 0.07 ~6.25 y=144.76x+28.173  0.9991 0.25 0.50 291
ROX 0.07~6.25 1=309.51x+131.08  0.9946 0.06 0.13 2.38
SDZ 0.07 ~6.25 y=727.33x+71.627  0.9967 0.13 0.25 1.34
SMR 0.07 ~6.25 y=1105.7x+608.06  0.9932 0.03 0.05 2.01
SMX 0.07~6.25 y=491.41x+264.13  0.9936 0.06 0.13 2.58
SMZ 0.07 ~6.25 y=1011.5x+718.55  0.9920 0.01 0.03 1.91
STZ 0.07 ~6.25 y=678.08x+519.94  0.9924 0.06 0.13 1.67
TET 0.07~6.25 y=418.86x-148.18  0.9987 0.63 1.25 2.54
TMP 0.13~6.25 1=866.27x+677.59  0.9917 0.06 0.13 1.37

2.4 JBRIEEAKEES BT
5 FH 8 ST 4 3 X L AR T U R A R B U

VUt B R AT R L KB KRS TR 22 %EF
PrAERIEAT TWE, S5 RN R S, W B
FRBIEKPIL I 425 o FPIUAER, WRE N
0.04 ~ 11.71 ng/L; WL R | K2 MK 3Lk
428 TR PUA R, MR EEVE O 0.02 ~ 16.15 ng/L,

HAAPERREMR TR R (<LOD) . 35
ALOL, PO SR R RO TR E R R T
R, HE SMX & TMP u%, BERA S A 971
FESR T IV . W9 45 R 0] 58 5 P 1 3F
BERRIEA X, IEIJriﬁa“ﬁmﬁﬁﬂﬁ\ hipk, A2

W By 5 O Ah, 7R R DO R AR
T 22T 500 m AL — V5 /K AR BRI
iﬁiﬁimm)\/@ Y00 T R 0 v ) e A R
TRV, PrA ZOR TR 2ol 25 . FF R+
LV R SIS | R I KRR R e
KAPiAE 2, MG LR o H A v 38 3 )2 K A 1F
I, 1% MR B R v R VI 1 3 (O 2 ik
3.50 ng/L Fl 0.53 ng/L) ", {H L AR T i [ g ¥
JLFR T EHI9 B 87.82 ng/L Al 78.50 ng/L) ™+,
s [ M 05 6 4 B A 3 AR 9 AT R A o (P
BIMeFE 42.00 ng/L) o Ha ke b i fir A HiAE R 1)
SERyHe BE AN 0.05 ~ 0.40 ng/L, 55 [ # I BH
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B, (EFORHEAL T 0 F Ao JUSh, 22
L R AR L R ARE A, BN
A BRI R 2 R H IR B 100%,
B 2 AR A 0P 36 AT 75 0V

TR sk, 5 TAeK b B oA e
VZ A3 T e [ O MR S
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Tab.5 Concentration level of 9 antibiotics in surface seawater samples and bottom seawater samples from Sishili bay and Sanggou bay (n=36)

P+ HE R | JRJZIEK R IRZK
PR FoME BORE bR P KRR RoME ROkl bR PRI KR
mgLl”' mgl'  mgL' gL’ /(%) mgl"  /mgl'  mgl' /ngL’” /(%)
CLs FF 581 11.71 8.18 8.62 100.00 4.89 16.15 6.52 7.40 100.00
SMX  0.15 0.49 0.29 0.31 100.00 0.15 1.08 0.36 0.43 100.00
MAs
TMP  0.11 0.54 0.29 0.30 100.00 0.17 0.83 0.32 0.35 100.00
CTM  0.04 0.12 0.07 0.07 100.00 0.02 0.09 0.04 0.04 100.00
ERY-
MLs o 022 0.46 0.36 0.36 100.00 0.23 0.38 0.27 0.27 100.00
2
ROX  0.05 0.17 0.10 0.11 100.00 0.05 0.11 0.08 0.08 43.75
CIP 0.3 0.21 0.15 0.15 35.00 n.d. n.d. n.d. n.d. 0.00
QNs ENR  0.20 0.43 0.32 0.32 10.00 n.d. n.d. n.d. n.d. 0.00
OFL  0.08 0.35 0.14 0.17 65.00 0.08 0.11 0.09 0.10 25.00
T nd FRAK
3 & SRR K PR B T T AR 2R 0 W BRI R S
(DARSCHEHN. T —MIET E 4L HLB-SPE & &% 30#f:

42 45 4 £ 2% PLRP-SPE K& FL i BE LC-MS/MS
(] Fsf 00 5 ¥ K H RPN N T 26 | B SIS L W s T
KA RENAFERELET WHAERH )
B TR PN R 0.07 ~ 12.50 ng/L(R*>
0.990) , 5 i FR 7 FEl >~ 0.003 ~ 0.63 ng/L, & &R
A 0.01~ 1.25 ng/L, il A5 [8] Ui 3R Y5 [l oy
55.87% ~ 113.49% , RSD ¥1/NTF 12.60%, 3% B 1%
T EAEA RAF AR % B A i, i BAR
PEGT | R

(2)3Z T ¥ — o T AR 80 mL ¥ K A i,
KRR T HEKAE A 22, BRAR T Bl i KA
iR AE L RAE SGE R T, A T N1y
Ho FIUHZ e B R FWEERZE
T KRR f i A 9 R PR &R W B Bl
0.02 ~ 16.15 ng/L, . B3 TR VS (1) Vg 7K 1 52 —
FEFEBE BT A 5 Y LA, W B T VA S
TS BRE KRR S A e BE B AE R A HERAR DU, T
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