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Abstract: Aquatic food products contain interfering substances, such as fats and proteins, which
affect the analysis and detection of target compounds by significantly reducing detection efficiency
and contaminating detection instruments. Effectively removing interfering substances is a key step
in the field of food quality testing. To reduce the influence of interfering substances in aquatic

products, this study established a detection method for 54 veterinary drug residues in carp by using
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magnetic one-step purification combined with high performance liquid chromatography-triple
quadrupole/composite linear ion trap mass spectrometry (HPLC-QTRAP-MS/MS). The purification
process uses solvothermally synthesized spherical magnetite as the magnetic material. This material
is strongly magnetic and enables impurities to be efficiently separated and collected. Additionally,
a metal-organic framework material with an amino-rich surface (ZIF-67) was self-assembled to serve
as the purifying agent. ZIF-67 is particularly effective at removing polar impurities during the magnetic
one-step purification process. Scanning electron microscopy confirmed the successful synthesis of
both materials, ensuring their structural integrity and suitability for the intended application.Ace-
tonitrile was chosen as the extraction solvent owing to its excellent solubilizing properties. Fur-
thermore, formic acid was added to enhance the extraction efficiencies of acidic veterinary drugs.
Anhydrous sodium sulfate was used to remove water from the matrix, thereby further improving
the purity of the extract. The extract underwent magnetic one-step purification following cen-
trifugation, which effectively removed interfering substances while preserving the target compounds.
Chromatographic separation was achieved using the C ,RRHD column (15 ecmx4.6 mm, 2.7 pm),
with 5 mmol/L ammonium acetate solution (containing 0.2% formic acid) and 0.2% formic acid in
methanol used as mobile phases. HPLC-QTRAP-MS/MS was then used to separate and determine
the analytes, with data collected in multiple reaction monitoring (MRM) mode. The 54 veterinary
drugs were quantitatively analyzed using matrix-matched standard curves, thereby ensuring accurate
quantification even for complex matrices. Various parameters that affect the purification fillers were
investigated to optimize the purification process. Octadecyl-bonded silica gel (C,,) was used as an
auxiliary purification material as it is known to effectively remove non-polar impurities. Combining
60 mg of ZIF-67 with 50 mg of C, yielded the best purification results. All 54 compounds exhibited
weak matrix effects after pretreatment and purification, with a value of only 18.11% recorded for
the compound that exhibited the most significant matrix effect. The 54 veterinary drugs exhibited
excellent linear relationships between response and concentration in the 0.5-50.0 pg/L range, with
all coefficients of determination (72) above 0.99. Detection and quantification limits of 0.5-1.0 and
1.0-2.0 ng/kg were recorded, respectively. The performance of the method was evaluated by spiking
blank carp matrix samples at three concentrations (2.0, 5.0, and 20.0 pg/kg). The recovery rates
of the spiked samples ranged between 81.34% and 109.85%, and intra-day and inter-day relative
standard deviations were less than 10%. The rapidity and accuracy of the developed method were
assessed through comparisons with existing veterinary-drug detection methods, which revealed that
the developed method is more sensitive and repeatable. Furthermore, the feasibility of the established
detection method was verified by testing commercial aquatic products. No target veterinary drugs
were detected in actual samples, which highlights the reliability of the developed method. In
conclusion, the method developed in this study provides an effective means of monitoring veterinary
drugs in carp. It meets the requirements of economy, simplicity, and efficiency while exhibiting high
sensitivity and reproducibility. The developed approach represents a significant advancement in the
field of aquatic food safety testing and is expected to ensure more accurate and reliable detection

of veterinary drug residues.
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Table 1 Retention times and MS parameters of the target compounds

Compound Retention time/min  Parent ion (m/z)  Production (m/z) DP/V CE/eV
Adamantane amine compounds (£ Rl LE44)
Amantadine (4 WI%Efz) 9.30 152.1 135.2" 105 23
152.1 107.1 93 35
Rimantadine 12.00 180.1 163.1° 105 24
(&2 180.1 81.1 9 30
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Table 1 (Continued)
Compound Retention time/min  Parent ion (m/z)  Production (m/z) DP/V CE/eV
Steroid hormone compounds (& E B E 2L &%)

Prednisolone (%24 Jk) 14.06 361.2 343.2° 80 14
361.2 147.2 80 34

Hydrocortisone (‘&b J7 5 i) 14.10 363.2 121.1° 80 31
363.2 105.0 80 68

Betamethasone ({5 {t K A7) 14.70 393.2 355.2° 80 15
393.2 337.3 80 19

Dexamethasone (#ZE KA ) 15.10 393.6 373.4" 80 15
393.6 355.2 80 15

Fludrocortisone 2-acetate (5 & 1] A9 2-f B2 £ ) 15.30 423.2 343.2° 80 31
423.2 239.2 80 34

Methylprednisolone ( 1 51k Je ¥ %) 15.31 375.2 339.2° 66 14
375.2 161.2 66 28

Trenbolone (%) 12) 15.58 271.0 253.1° 90 27
271.0 199.0 90 33

Testosterone ( 5[ ) 16.83 289.2 97.1 80 32
289.2 109.0" 80 37

Methyltestosterone ( H 3& 52 L ) 17.47 303.2 109.0° 106 30
303.2 97.0 106 28

Megestrol acetate ([ifs 2 7 #b 2% i ) 18.20 385.1 325.2° 86 21
385.1 267.1 86 27

Chlormadinone acetate ([ifs g 5 i % i ) 18.24 405.1 345.1° 80 14
405.1 309.1 80 16

Melengestrol acetate (it i 3¢ & 22 ) 18.52 397.2 279.2 80 22
397.2 337.1° 80 14

Nadrolone Phenylpropionate (%P Ji ) 21.46 407.2 105.2 80 36
407.2 257.2° 80 25

Macrolide compounds (K PEERL44)

Azithromycin (P %% %) 10.83 749.9 591.5" 30 20
749.9 158.1 30 29
Tilmicosin (%K% &) 11.73 869.5 696.5" 100 52
869.5 174.2 100 52
Clindamycin ( 5 bk 5 %) 11.99 425.3 126.1 50 32
425.3 377.1° 50 27
Oleandomycin (1% %) 12.63 688.4 158.2 30 70
688.4 544.3" 30 42
Erythromycin (2175 %) 13.97 734.4 158.1 116 33
734.4 576.2° 116 27
Virginiamycin M1 (75 Je 5 %) 15.24 526.1 508.1° 96 21
526.1 355.1 96 27
Clarithromycin ( 785785 % ) 15.37 748.5 158.0 40 40
748.5 590.4° 40 29

B-Receptor agonist compounds (B-Z & EshH2b&59)
Salbutamol (V)T fe B ) 5.44 240.2 148.1 70 24
240.2 222.1° 70 15
Cimaterol (VP4 S 4E%) 5.70 220.0 202.0° 65 13
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Table 1 (Continued)
Compound Retention time/min  Parent ion (m/z)  Production (m/z) DP/V CE/eV
220.0 160.0 65 22
Cimbuterol (£ 4i$:% ) 6.58 234.0 160.0" 36 19
234.0 143.0 36 35
Ritodrine (FIFEFEM) 6.93 288.0 121.0 46 29
288.0 270.0° 46 17
Clencyclohexerol (¥ T i) 7.79 319.1 301.0° 80 17
319.1 203.0 80 27
Clenproperol (FAEHN %) 8.38 263.1 245.0" 80 14
263.1 203.0 80 20
Ractopamine (3¢ 78 £ [l ) 8.48 302.2 164.1 80 23
302.2 107.1 80 51
Clorprenaline (S5 LJIE %) 9.10 214.0 154.17 73 23
214.0 118.0 73 34
Clenbuterol (7 £ 4#% ) 9.30 277.0 203.0° 65 21
277.0 168.1 65 38
Formoterol (i 5£45:%) 9.39 345.0 149.0" 33 30
345.0 120.9 40 20
Tulobuterol (&% %) 10.00 228.0 154.0" 65 21
228.0 118.0 65 35
Bromobuterol ({4%%) 10.03 367.0 293.0 66 25
367.0 349.0° 66 17
Isoxsuprine (5 &F 24 F1) 10.17 302.0 284.0° 56 27
302.0 150.0 56 29
Mabuterol ( HAiH:% ) 10.18 311.0 237.1° 40 15
311.0 217.1 60 25
Bambuterol (BEfi 45 %) 10.36 368.0 294.0° 80 20
368.0 72.0 80 30
Labetalol (7 Il 3% /K) 10.84 329.0 311.0° 60 19
329.0 162.0 60 33
Salmetero (V3£ FES) 14.95 416.3 398.3" 80 15
416.3 380.0 80 18
Penbutolol (Bifji %) 14.96 292.2 236.2° 73 23
292.2 201.0 73 28
Nitrobenzimidazole compounds (AZ:ZE 3Bk L E47)
Metronidazole ( Ff i) 6.36 172.2 127.9 50 20
172.2 82.0 50 37
Ronidazole (% fif§ ) 6.44 201.2 140.0° 50 15
201.2 55.0 50 27
Albendazole-2-aminosulfone ( Fif ik M -2- 5 FE AR ) 7.17 240.1 133.1 110 37
240.1 198.0° 110 25
5-Hydroxythiabendazole (5-J% e 43k 1 ) 7.45 218.0 191.0" 100 35
218.0 147.0 100 45
5-Chloro-1-methyl-4-nitromidazole (5-%f -1- 1 A& -4-fily 7.62 162.0 145.0" 74 17
HEDK L) 162.0 116.3 74 17
Thiabendazole (154 ik 1 ) 8.65 202.2 175.0" 60 37
202.2 130.9 60 48

Mebendazole amine ( F 2 B i fiiz ) 10.57 238.1 105.1 74 27
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Table 1 (Continued)
Compound Retention time/min  Parent ion (m/z)  Production (m/z) DP/V CE/eV

238.1 133.1° 74 35

Albendazole-sulfoxide (B 4% 1k 14 fiff i WV 1% ) 10.66 282.1 240.0° 70 19
282.1 208.0 70 34

Oxfendazole (B35 M) 12.07 316.2 159.0 70 43
316.2 191.1° 70 27

Oxibendazole ( J 7 ikmk ) 12.10 250.1 218.1° 100 25
250.1 176.0 100 35

Mebendazole ( H ZE bk ) 14.07 296.3 264.1° 100 32
296.3 77.1 100 76

Albendazole (24 ik g ) 14.53 266.3 234.0° 90 28
266.3 190.9 90 44

Flubendazole ({7 ik W) 14.65 314.1 282.0° 90 32
314.1 123.0 90 48

Triclabendazole ( =& &AMk ) 19.33 359.0 343.8" 100 35
359.0 199.1 100 55

DP: declustering potential; CE: collision energy; * quantitative ion.
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Fig. 1

(a)BMEM S =TI (b)ZIF-67 B EE

Scanning electron microscopy images of (a) Fe,0, and (b) ZIF-67
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Fig. 3 Effects of different dosages of ZIF-67 on the purifi-
cation effect of the 54 veterinary drugs

Rec.: recovery.
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Table 2 Regression equations, correlation coefficients (r?),

DA R 2 i JE

R

Jo VG e A o Hh 28
54 Fh P25 7E 0.5~50.0 wg/L U Fl N £ 1 56 & B U,
RO EI R T 099, LA £ B 5 ok 3 5
?ﬁnﬁﬁ%ﬂbﬂ%ﬂﬁé b (S/N) % F 3 Fl 10 BYRE A
#=AEN LOD fl LOQ, %45 R 7,54 & 2511 LOD

%n LOQ 43 I 7E 0.5~1.0 pg/kg 1 1.0~2.0 wg/kg U
I (IR 2),

LODs and LOQs of the 54 veterinary drugs

SRR,

Compound Regression equation 7 LOD/(ng/kg) LOQ/(pg/kg)
Chlormadinone acetate Y=1.56x10°X+1.32x10" 0.9916 0.5 1.0
Melengestrol acetate Y=1.07x10°X+6.82x10° 0.9976 0.5 1.5
Testosterone Y=4.47x10°X+4.95x10" 0.9987 0.5 1.5
Megestrol acetate Y=3.06x10°X+2.97x10* 0.9982 0.5 1.0
Betamethasone Y=6.16x10°X+8.89x10" 0.9921 0.5 1.2
Prednisolone Y=1.10x10°X+5.34x10° 0.9944 0.5 1.0
Hydrocortisone Y=2.56x10°X+1.12x10" 0.9932 1.0 2.0
Methylprednisolone Y=2.16x10°X+1.37x10° 0.9935 0.5 1.0
Methyltestosterone Y=5.67x10°X+9.73x10" 0.9949 0.5 1.5
Nadrolone phenylpropionate Y=1.67x10°X+1.43%10* 0.9968 0.5 1.5
Trenbolone Y=6.24x10°X+1.29x10° 0.9963 0.5 1.2
Dexamethasone Y=8.34x10°X+1.95%10° 0.9977 0.5 1.2
Fludrocortisone 2-acetate Y=2.75%10°X+1.45%10* 0.9947 0.5 1.5
Tilmicosin Y=3.32x10°X+3.93x10" 0.9995 0.5 1.0
Azithromycin ¥Y=3.84x10°X+5.23x10* 0.9915 0.5 1.0
Clarithromycin Y=1.61x10°X-6.73x10° 0.9926 1.0 2.0
Erythromycin Y=5.34x10°X+6.77x10" 0.9980 1.0 1.5
Clindamycin Y=2.01x10°X+7.37x10* 0.9990 0.5 1.0
Oleandomycin Y=1.11x10°X+6.29x10° 0.9973 0.5 1.2
Virginiamycin M1 Y=1.45x10°X+1.12x10° 0.9911 0.5 1.2
Clorprenaline Y=1.59x10°X+1.03x10° 0.9961 0.5 1.0
Clenbuterol Y=1.22x10°X+1.53x10° 0.9975 1.0 2.0
Penbutolol Y=6.63x10°X+2.05%10° 0.9984 1.0 1.5
Cimaterol Y=1.53x10°X-1.78x10" 0.9959 0.5 1.5
Salbutamol Y=6.17x10°X+2.19x10° 0.9928 0.5 1.2
Tulobuterol Y=9.84x10"X-8.97x10° 0.9942 0.5 1.0
Formoterol Y=2.90x10°X+8.84x10" 0.9970 0.5 1.0
Mabuterol Y=1.15x10°X+1.97x10" 0.9945 0.5 1.0
Salmetero Y=8.15x10"X+1.23x10" 0.9971 0.5 1.0
Bambuterol Y=4.51x10°X+1.20x10° 0.9986 0.5 1.2
Clencyclohexerol Y=5.78x10°X+2.42x10° 0.9951 0.5 1.5
Clenproperol ¥Y=5.52x10°X-1.07x10* 0.9964 0.5 1.2
Cimbuterol Y=6.73x10°X+1.68x10° 0.9938 1.0 2.0
Ritodrine ¥Y=2.76x10°X+5.13x10* 0.9999 0.5 1.0

Isoxsuprine Y=3.17x10°X+1.06x10° 0.9997 0.5 1.0
Bromobuterol Y=1.61x10°X+1.73x10° 0.9929 0.5 1.0
Labetalol Y=4.03x10°X+8.40x10" 0.9984 0.5 1.0
Ractopamine ¥Y=2.01x10°X+2.93x10* 0.9989 0.5 1.2
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Table 2 (Continued)
Compound Regression equation 7 LOD/(ng/kg) LOQ/(p.g/kg)
Albendazole Y=4.32x10°X+5.45x10" 0.9953 0.5 1.5
Albendazole-sulfoxide Y=5.24x10°X+7.56x10" 0.9918 0.5 1.5
Albendazole-2-aminosulfone Y=5.43x10°X+1.98%10° 0.9950 0.5 1.5
Mebendazole Y=1.59x10°X+8.36x10° 0.9936 0.5 1.5
Metronidazole Y=9.56x10°X+3.43x10° 0.9991 0.5 1.2
Ronidazole Y=8.01x10°X+1.13x10° 0.9958 0.5 1.0
Oxfendazole Y=1.36x10°X+8.30x10° 0.9923 0.5 1.0
Oxibendazole Y=1.14x10°X+2.04x10" 0.9956 0.5 1.5
Thiabendazole Y=3.68x10°X+3.89x10" 0.9913 0.5 1.2
Triclabendazole Y=2.69x10°X+7.54x10" 0.9967 0.5 1.2
Flubendazole Y=3.22x10°X+3.99x10" 0.9992 0.5 1.2
5-Hydroxythiabendazole Y=3.26%10°X+1.60x10° 0.9979 0.5 1.0
5-Chloro-1-methyl-4-nitromidazole Y=2.43x10°X+2.07x10° 0.9993 0.5 1.2
Mebendazole amine Y=3.59x10°X+3.41x10° 0.9930 0.5 1.2
Amantadine Y=3.27x10°X+2.84x10" 0.9969 0.5 1.0
Rimantadine Y=1.05x10°X+4.29x10° 0.9974 0.5 1.0
Y: peak area; X: mass concentration, ng/L.
2.5.2 EREFEEE HAREE R IEN 2 3. 45 R 76 3 NMmbrAKFE T,

TE2S [ A0 5L 5 v 43 1) 4% B/ 2.0.5.0.20.0 pg/kg
3 ASTKOE AT L TR A bR VA VR . BB i KR
WE 6 HFATHEATINE LI 3 K, TR AR i, B PR RE ST R K v 2 8% B A A
[l 5 H P AE R A o i 25 R0 H ()R X A 9 D 25 oK o
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Table 3 Spiked recoveries, intra- and inter-day RSDs of the 54 veterinary drugs

54 Fh 2 bR B0 2 Ky 81.34%~109.85%, H N M
FI 1) AR X A 7 i 22 24078 T 10% , 156 B 3% 5 12 v aff i

2.0 ng/kg 5.0 ng/kg 20.0 pg/kg
Compound Intra-day Inter-day Intra-day Inter-day Intra-day Inter-day
Rec./% RSD/% RSD/% Rec./% RSD/% RSD/% Rec./% RSD/% RSD/%
(n=6) (n=3) (n=6) (n=3) (n=6) (n=3)
Chlormadinone acetate 97.13 1.89 2.64 96.75 2.94 2.19 95.60 2.51 4.40
Melengestrol acetate 100.82 2.93 3.07 102.97 3.92 3.98 94.97 2.36 3.79
Testosterone 98.98 5.56 3.58 91.16 6.31 4.45 94.02 2.43 3.58
Megestrol acetate 93.82 4.77 3.43 100.66 3.91 3.41 94.00 1.21 3.51
Betamethasone 93.40 2.80 4.26 86.61 1.35 7.17 96.34 5.21 4.25
Prednisolone 90.11 2.60 4.71 89.48 1.09 5.58 94.49 4.06 3.64
Hydrocortisone 88.34 2.71 6.78 87.19 4.55 6.41 91.83 3.24 3.23
Methylprednisolone 95.73 3.56 5.13 89.01 8.51 6.64 99.33 5.64 6.05
Methyltestosterone 102.09 6.36 5.06 103.18 3.97 4.10 96.40 2.91 4.46
Nadrolone phenylpropionate 109.85 5.58 7.49 91.19 1.08 3.20 96.92 1.28 4.01
Trenbolone 93.80 2.31 2.42 100.94 6.78 4.67 98.55 2.26 4.54
Dexamethasone 91.35 4.13 3.36 92.09 1.92 5.58 96.08 3.47 4.65
Fludrocortisone 2-acetate 96.70 4.52 5.29 104.36 7.19 7.42 92.16 3.58 3.57
Tilmicosin 88.09 4.69 5.86 90.11 6.81 9.53 86.60 4.50 5.33
Azithromycin 83.69 2.86 6.01 88.11 5.65 3.83 91.89 7.05 4.51
Clarithromycin 91.21 1.51 2.90 100.46 2.09 4.58 93.77 1.98 5.57
Erythromycin 96.06 1.49 1.89 99.12 2.05 2.46 93.60 2.10 4.28
Clindamycin 88.61 3.33 5.35 98.17 5.48 4.66 94.58 2.85 5.38
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Table 3 (Continued)
2.0 ng/kg 5.0 ng/kg 20.0 pg/kg
Compound Intra-day Inter-day Intra-day Inter-day Intra-day Inter-day

Rec./% RSD/% RSD/% Rec./% RSD/% RSD/% Rec./% RSD/% RSD/%

(n=6) (n=3) (n=6) (n=3) (n=6) (n=3)
Oleandomycin 95.57 3.09 3.14 92.79 2.77 3.25 95.41 2.57 4.49
Virginiamycin M1 92.49 3.35 3.49 98.50 2.09 2.88 95.12 2.45 5.58
Clorprenaline 95.85 2.98 3.10 93.51 3.22 2.40 96.93 2.14 3.66
Clenbuterol 100.90 3.62 491 93.24 1.84 3.97 93.29 2.33 5.82
Penbutolol 97.48 4.12 3.13 98.41 3.85 3.04 96.97 3.30 5.06
Cimaterol 94.98 2.78 2.43 99.39 3.46 3.94 95.46 2.69 5.20
Salbutamol 93.14 4.49 4.75 97.69 4.21 6.61 95.83 5.81 6.64
Tulobuterol 98.08 2.01 1.85 96.91 2.45 2.30 99.52 291 5.64
Formoterol 96.30 3.67 3.36 96.23 3.94 3.09 95.91 2.49 5.24
Mabuterol 98.24 2.16 3.34 93.87 2.93 3.27 95.34 2.25 4.57
Salmetero 95.49 1.30 2.25 95.44 2.96 2.85 93.57 3.92 4.29
Bambuterol 97.38 1.32 2.64 93.08 2.41 2.89 96.21 2.55 3.85
Clencyclohexerol 96.12 3.74 2.87 91.78 2.84 4.95 93.54 4.15 6.19
Clenproperol 99.42 4.15 3.09 95.43 3.02 3.03 94.94 3.15 4.38
Cimbuterol 96.39 6.35 5.04 95.78 6.48 5.28 100.99 3.88 9.16
Ritodrine 92.73 4.75 4.98 101.09 6.95 7.08 99.78 5.39 8.27
Isoxsuprine 99.46 2.17 3.32 92.44 4.55 3.09 100.11 2.49 4.99
Bromobuterol 96.05 3.15 4.00 94.15 2.83 2.84 92.56 2.54 3.33
Labetalol 91.66 2.46 2.21 81.34 5.15 7.11 90.08 6.15 9.80
Ractopamine 94.06 3.13 4.12 94.00 3.53 3.83 92.55 2.81 4.25
Albendazole 94.81 1.47 2.41 93.62 7.91 5.05 100.11 4.01 6.39
Albendazole-sulfoxide 95.52 2.42 2.50 92.95 8.30 5.08 89.35 3.17 6.04
Albendazole-2-aminosulfone 99.49 2.07 3.25 98.00 3.17 5.70 98.83 2.31 3.32
Mebendazole 89.01 2.96 4.65 86.35 1.82 3.33 96.64 3.04 4.07
Metronidazole 83.79 1.69 4.14 94.21 7.79 4.54 93.66 3.25 6.27
Ronidazole 91.66 3.45 3.28 87.98 3.38 5.16 93.28 4.35 6.14
Oxfendazole 92.48 2.12 3.26 87.72 4.78 5.82 95.84 4.15 4.23
Oxibendazole 96.20 1.50 2.56 99.21 5.01 3.10 96.25 1.64 3.53
Thiabendazole 95.61 2.78 3.10 101.13 1.70 3.67 96.73 1.93 4.27
Triclabendazole 100.83 4.27 7.56 87.14 9.84 7.68 97.55 2.10 3.81
Flubendazole 83.47 4.02 7.22 89.04 3.39 6.51 97.06 4.17 4.86
5-Hydroxythiabendazole 91.78 2.14 3.16 100.68 3.18 3.90 93.76 1.13 3.72
5-Chloro-1-methyl-4-nitromidazole  103.75 3.86 5.61 101.43 2.62 4.65 94.71 2.39 5.30
Mebendazole amine 101.47 3.01 4.82 98.20 3.40 3.35 91.91 4.11 9.52
Amantadine 98.09 4.36 4.65 97.90 2.79 4.50 93.88 2.94 5.96
Rimantadine 100.97 2.72 5.23 98.91 4.25 7.87 90.11 3.49 6.21
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Table 4 Comparison with other methods

Number of Purification Purification LOQ/
K Samples Sorbent K . Instrumental method Rec./% Ref.
veterinary drugs method time/min (png/kg)

26 fish and shrimp  EMR-Lipid QuEChERS 13 HPLC-MS/MS 0.2-2.6  70.5-109.6  [19]

11 pork Cg QuEChERS 15 HPLC-MS/MS 0.6-30.0 70.2-110.3 [20]

10 fish and shrimp AlLO, SPE 20 HPLC-MS/MS 0.5-1.0 61.5-119.0 [21]

16 pork PSA+C g QuEChERS 12 HPLC-MS/MS 0.03-0.82  70.4-118.1 [22]

54 fish Fe,0,+ZIF-67 modified 2 HPLC-QTRAP-MS/MS 1.0-2.0 81.34-109.85 this
QuEChERS work
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