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Abstract: Matrix effect is an important interfering factor in LC-MS quantitative analysis. In this paper

matrix effects and retention efficiencies of 33 veterinary drugs spiked in river water were studied on hydro—
philicdipophilic balance ( HLB) cartridges of 3 brands ( Waters Supelco and CNW) using LC-MS/
MS for detection and reverse osmosis ( RO) water as the control under 5004fold concentration. In RO wa—
ter only the exogenous matrix effects were observed on three brands of HLB cartridges. Most quinolones
and tetracyclines showed positive matrix effects. Estrogens showed negative matrix effects on two brands
of HLB cartridges. Sulfonamides were not obviously affected by matrix effects. Chloramphenicols showed
negative matrix effects on one brand of HLB cartridge. In river water matrix effects were different from
those of the RO water due to the combined exogenous and endogenous interfering substances. Sulfona—
mides showed slight matrix effects as those in RO water. Most quinolones and tetracyclines showed posi—
tive matrix effects. Chloramphenicols and estrogens showed negative matrix effects. Compared to the ex—
ternal standard method matrix matched calibration method effectively overcame the matrix effects with
better quantitative results. The recoveries of 33 target veterinary drugs spiked in river water at 50 ng/L
and 200 ng/L levels were in the ranges of 40. 3% —146. 0% ( Waters) 37.8% - 104.2% ( Supelco)
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and 52.9% -150. 1% ( CNW) with RSDs (n =4) of 0.2% - 14. 6%. The results indicated that there

was no significant difference in the retention efficiency between the 3 HLB cartridges with the matrix

matched calibration method. This study provided supporting data for the HLB cartridge selection in multi—

residual determination of the veterinary drugs in river water samples.

Key words: hydrophilicipophilic balance ( HLB) cartridges; liquid chromatography-mass spectrome—

try; veterinary drug; river water; matrix effect; retention efficiency
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Table 1 Physical and chemical parameters of the 3 HLB cartridges
L Sorbent Tube Paricle Pore Total pore Surface s .
o weight/ volume/ size/ size! volume/ aral ol e
mg mL pm nm (em’/g) (m*/g)
Waters 500 6 50 - 65 7.3-8.9 1.18 -1.44 727 - 889 Yes 1-14
Supelco 500 12 55 -60 8.7 0.88 400 -410 Yes NA
CNW 500 6 60 18.0 NA 710 NA 1-4
NA: not available.
Millipore ); 0.1% - (1:4 v/v) (A) (B,);
o 0 ~1 min 25%8B; 1.01 ~5 min 45%8B; 5~9
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Fig. 1 MRM chromatograms of the grouped target veterinary drugs
Peaks match the veterinary drugs in Table 2.
2 . N ()
Table 2 MS parameters linear ranges correlation coefficients (72) and IDLs of the target veterinary drugs
MS parameters Linear
. IDL/
No. Veterinary drug PI DI FV/ CE/ range/ P ( pe/l)
(m/z) (m/z) v eV (pg/L) pe
S01  sulfamethoxazole ( ) 254.1 156.1°  160.1 100 10 15 0.5 -100 1.0000 0.5
S02  sulfamethizole ( ) 271.0 156.0°  108.1 100 10 20 0.1-100 1.0000 0.1
S03  sulfapyridine ( ) 250.0 156.0°  184.1 100 10 15 0.5-100  0.9999 0.5
S04 sulfathiazole ( ) 256.0 156.0°  108.0 100 10 20 0.5 -100 1.0000 0.5
S05  sulfamonomethoxine ( ) 285.0 156.0° 108.0 100 10 20 0.1-100 1.0000 0.1
S06  sulfadimethoxine ( ) 311.1 156.0° 245.1 218.0 120 18 15 15 0.1-100 1.0000 0.1
S07 sulfameter ( ) 281.1 156.0° 188.0 120 10 10 0.1-20 1.0000 0.1
S08  sulfamonomethoxine ( ) 281.0  156.0" 215.1 120 15 15 0.1-100  1.0000 0.1
S09  sulfamethazine ( ) 279.1 156.0 186.0" 120 15 15 0.5 -100 1.0000 0.5
S10  sulfadiazine ( ) 251.0 156.0° 185.1 100 10 15 1.0-100 1.0000 1.0
S11 sulfaisodimidine ( ) 279.0 124.1"  186.0 120 20 10 0.2-100 1.0000 0.2
S12  sulfacetamide ( ) 215.0 156.0° 108.0 80 5 15 0.5 -100 1.0000 0.5
S13  sulfisoxazole ( ) 268.0 156.0° 113.0 100 10 10 0.1-100 1.0000 0.1
S14  sulfamethoxypyridazine ( ) 281.0  156.0° 126.0 108.0 120 10 15 20 0.5-100 1.0000 0.5
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2 ()
Table 2 ( Continued)
MS parameters Linear
. IDL/
No. Veterinary drug PI DI Fv/ CE/ range/ I
(m/z) (m/z) AY eV (pe/l) (/L)
Qo1 ciprofloxacin ( ) 332.1 314.17 288.1 120 15 15 5.0 -100 0.9975 5.0
Q02 norfloxacin ( ) 320.1 302.1° 276.1 120 15 10 5.0 -100 0.9975 5.0
Q03 enrofloxacin ( ) 360. 1 342.1° 316.1 120 15 15 5.0 -100 0.9930 5.0
Q04 ofloxacin ( ) 362.1 318.1° 261.0 140 15 20 0.5 -100 0.9958 0.5
Q05 danofloxacin ( ) 358.1 340.0" 283.1 150 20 20 5.0 -100 0.9909 5.0
Q06 flumequine ( ) 262.0 244.0°  202.0 100 15 20 0.2 -40 0.9996 0.2
Q07 marbofloxacin ( ) 363.1 345.1°  320.0 120 15 20 5.0 =500 0.9950 5.0
TO1 chlortetracycline ( ) 479.1 462.1 444.1° 120 10 15 5.0 -100 0.9982 5.0
T02 tetracycline ( ) 445.1 427.1 410.0" 120 5 15 5.0 -100 0.9980 5.0
T03 doxycycline ( ) 445.1 428.1°  410.1 120 15 20 5.0 -100 0.9983 5.0
COo1 chloramphenicol ( ) -321.1 257.0 151.0" 120 5 10 0.5 -100 0.9999 0.5
C02 thiamphenicol ( ) -354.1 290.0 185.1° 130 5 15 0.5 -500 1.0000 0.2
C03 florfenicol ( ) -356.1 336.2 185.0" 110 10 12 0.5 -500 1.0000 0.2
EO1 diethylstilbestrol ( ) -267.3 237.1° 222.1 150 25 30 5.0 -100 0.9988 5.0
E02 estriol ( ) -287.0 170.6"  144.8 200 34 34 125 -25000  1.0000 5.0
E04 hexoestrol ( ) -269.2 119.0 134.17 120 20 5 0.5 -500 1.0000 0.5
EO0S dienoestrol ( ) -265.2 235.3"  249.2 150 20 20 0.5 -500 0.9995 0.5
001 crystal Violet ( ) 372.2 356.2°  340.1 200 40 50 0.008 -8.0 0.9959  0.008
003 nicarbazin ( ) -301.1 137.0" 80 2 0.1-10 0.9998 0.5
IDL: instrument detection limit S/N =5; PI: precursor ion; DI: product ion; FV: fragmentor voltage; CE: collision energy.
*  Quantitative ions.
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Table 3 Matrix effects of the 3 brands of HLB cartridges to different water samples (n =4)
ME/% ( RSD/%)
Veterinary drug RO water River water
Waters Supelco CNW Waters Supelco CNW
Sulfamethoxazole ( ) 100.0 (2.4) 73.3(3.0) 102.4 (2.7) 89.8 (4.4) 99.1 (4.2) 83.8 (4.2)
Sulfamethizole ( ) 97.0 (0.4) 95.1(11.0) 110.0(1.1) 96.6 (2.6) 97.4 (2.0) 88.1(2.0)
Sulfapyridine ( ) 101.2 (0.8) 107.3 (7.2) 113.1(2.0) 86.4 (4.0) 99.7 (2.1) 80.8 (2.1)
Sulfathiazole ( ) 101.0 (3.4) 102.4 (6.3) 102.8 (1.9) 89.0(7.4) 101.2(7.2) 80.5 (7.1)
Sulfamonomethoxine ( ) 96.9 (7.8) 103.9(9.0) 106.9 (0.5) 91.3(2.8) 94.3 (10.6) 94.3 (10.6)
Sulfadimethoxine ( ) 94.9 (2.6) 52.4(1.2) 117.6(1.2) 94.5 (6.5) 41.8 (5.9) 90.3 (15.9)
Sulfameter ( ) 101.4 (3.2) 103.6 (7.0) 102.8 (1.5) 96.9 (10.8) 106.0 (10.3)  90.0 (10.3)
Sulfamonomethoxine ( ) 97.0(3.3) 99.2(13.0) 104.5(1.0) 107.6 (2.2) 95.7 (1.3) 103.8 (7.4)
Sulfamethazine ( ) 101.0 (3.1) 108.5(8.3) 103.6 (5.1) 93.4(1.9) 115.1(7.5) 113.7 (8.4)
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Table 3 ( Continued)
ME/% ( RSD/%)
Veterinary drug RO water River water
Waters Supelco CNW Waters Supelco CNW
Sulfadiazine ( ) 102.0 (1.4) 108.1(1.4) 106.1 (0.1) 102.2 (8.2) 112.0(7.8) 90.8 (7.8)
Sulfaisodimidine ( ) 101.9 (3.8) 108.1 (4.1) 114.9 (2.4) 96.5 (11.2) 102.3 (10.3) 121.0 (10.3)
Sulfacetamide ( ) 96.5 (1.4) 101.4 (1.5) 101.7 (1.9) 77.4 (1.0) 112.2(1.0)  73.7 (1.0)
Sulfisoxazole ( ) 98.3 (1.0) 31.8(3.9) 110.6(1.2) 77.3 (3.2)  46.1(2.7) 70.3 (2.7)
Sulfamethoxypyridazine 97.0(3.3)  99.2(13.0) 109.1 (1.3) 97.1(2.5) 92.8(1.8) 90.6(5.2)
( )
Ciprofloxacin ( ) 141.8 (5.3) 161.1(16.1) 149.8 (11.5)  184.6 (1.1) 181.4 (1.5) 187.5 (4.0)
Norfloxacin ( ) 199.1 (1.4) 226.3 (4.8) 143.7 (0.2) 195.4 (6.3) 205.5 (6.1) 193.5 (9.4)
Enrofloxacin ( ) 112.1 (7.4) 142.5 (12.7) 184.0 (0.9) 158.2 (1.1)  136.5 (3.0) 147.4 (13.9)
Ofloxacin ( ) 119.8 (3.0) 148.3 (7.4) 175.0 (2.2) 153.1 (1.1) 131.6 (2.7) 144.6 (6.1)
Danofloxacin ( ) 122.3 (8.0) 146.6 (8.6) 133.1 (7.0) 203.9 (2.9) 229.6 (7.4) 205.1 (8.5)
Flumequine ( ) 149.3 (1.4) 163.9 (5.5) 153.8 (3.2) 368.9 (5.7) 240.6 (3.2) 491.4 (7.8)
Marbofloxacin ( ) 115.9 (0.4) 159.8 (0.5) 153.3 (0.6) 110.6 (6.7) 120.1(8.2)  83.0(8.6)
Chlortetracycline ( ) 317.1(3.4) 341.2(2.4) 133.9 (1.8) 428.0 (0.5) 695.0 (8.1) 699.6 (3.8)
Tetracycline ( ) 254.2 (6.4) 256.0 (12.4) 122.0 (9.0) 262.4 (1.4) 252.9(5.0) 266.1 (2.9)
Doxyeycline ( ) 299.8 (9.0) 263.4 (4.2) 125.6 (4.5) 253.8 (4.7) 195.1(7.1) 254.7 (3.1)
Chloramphenicol ( ) 92.0 (0.1)  62.4(0.9) 117.9 (3.0) 21.2(5.3)  16.7(10.1) 30.6 (12.2)
Thiamphenicol ( ) 57.2(4.0)  59.3(5.1) 52.7(0.9) 20.2(9.1)  36.0(7.5) 21.0(8.3)
Florfenicol ( ) 91.6 (0.3)  56.1(1.6) 107.5(3.5) 25.7(2.6) 16.5(6.0)  30.3 (12.6)
Diethylstilbestrol ( ) 60.8 (2.5) 90.7(1.2) 84.1(10.4) 67.1(9.4) 117.1(6.2) 134.9 (11.7)
Estriol ( ) 71.1(4.2)  40.5(8.0) 75.7 (14.5) 56.6 (4.1)  42.6(7.6)  51.3(10.8)
Hexoestrol ( ) 50.5(5.9)  69.8(2.0) 83.5(8.7) 58.5(8.1)  39.7(7.9) 27.3(7.9)
Dienoestrol ( ) 53.7(1.6) 75.4(2.1) 83.2(2.7) 42.2(9.9)  26.0(9.7) 21.3(9.7)
Crystal Violet ( ) 52.8 (8.6) 2158.0 (3.7) 1637.4 (3.2) 82.4(7.6) 155.6 (6.1) 132.3 (6.1)
Nicarbazin ( ) 72.2(6.4) 197.1(3.6) 203.5 (5.0) 70.2(5.7)  52.2(9.5) 41.1(6.2)
1.3.2 7 o
( ) Waters HLB .
6
o o Supelco  CNW HLB 7
4 o
ME 80% ~ 120% o
; 120% CNW HLB
; 80%
RSD 0.1%~16. 1% o 3 3 HLB
14 o o Supelco
Waters HLB HLB Waters CNW HLB
o Supelco HLB Waters HLB 4
; Supelco HLB
o CNW HLB 14 ; CNWHLB 4
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