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Abstract: Aquatic products, which are among the most important sources of animal protein,

contain proteins, vitamins, and a variety of trace elements, thus occupying an indispensable
part of a reasonable diet. China is the largest consumer market of aquatic products in the world.
The quality and safety of aquatic products are closely related not only to the healthy develop-
ment of the aquaculture industry, but also to people’s health. However, the presence of harm-
ful substances has a bearing on the quality and safety of aquatic products in the overall process,
including breeding, processing, storage, and transportation. These harmful substances are
enriched in aquatic products and are transferred to humans via the food chain. Accurate deter-
mination of such harmful substances in aquatic product samples is imperative because of their
complex matrices and extremely low concentrations. Many efficient sample preparation tech-
niques such as liquid-liquid extraction, solid-phase extraction, and QuEChERS ( quick, easy,
cheap, effective, rugged, and safe method) with different configurations have been developed
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and widely employed for preconcentration in different matrices of aquatic products. Meanwhile ,
solid-phase microextraction has been demonstrated to be advantageous for some volatile and
ultra-trace harmful substances. Suitable sample preparation techniques are important for effec-
tively removing matrix interferences as well as for improving the sensitivity and accuracy of the
method. It is important to develop appropriate sample preparation techniques for different target
compounds in aquatic products. The harmful substances in aquatic products can be segregated
into three categories according to their sources: (1) environmental pollutants in aquatic prod-
ucts; (2) substances acquired during aquaculture, transportation, and processing; (3) biotox-
ins in aquatic products. This article reviews the progress in sample pretreatment techniques for
three harmful substances in aquatic products over the past decade. Various sample pretreatment
techniques have been summarized and described, including liquid-liquid extraction, solid-phase
extraction, solid-phase microextraction, QUEChERS, and magnetic solid-phase extraction. In
addition, the merits and demerits of these techniques and future research directions are dis-
cussed. Finally, we reviewed the progress in functionalized materials for the preparation of
aquatic product samples. With the increasing demand for aquatic products, quick, sensitive,
and practical detection methods, such as surface-enhanced Raman scattering ( SERS) are gai-
ning importance. SERS has great potential for fast and accurate on-site detection of harmful
substances in aquatic products. Several nondestructive sample pretreatment techniques have
also been developed for harmful substances in aquatic products. The application and develop-
ment of these techniques will guarantee the safety of aquatic products. Moreover, in vivo solid-
phase microextraction is a potential method for aquatic product analysis. This technique
integrates sampling, extraction, and enrichment into a single step, thus significantly reducing
the processing time, labor, and cost. Overall, with the development and application of sophisti-
cated materials and techniques, we can expect theoretical and practical advances in aquatic
product analysis.

Key words: sample preparation; environmental pollutants; illegal additive; biotoxins; aquatic

products
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Fig. 1 Distribution of literatures of sample preparation
technologies for harmful substances analysis in
aquatic products published during 2010-2020

LLE: liquid-liquid extraction; SPE. solid-phase extraction;
SPME . solid-phase microextraction; QUEChERS: quick, easy,
cheap, effective, rugged, and safe method; MSPE: magnetic
solid-phase extraction.

Data source: Web of science and CNKI; keywords: sample
pretreatment or sample extraction; liquid-liquid extraction or
LLE; solid-phase extraction or SPE; solid-phase microextrac-
tion or SPME; magnetic solid-phase extraction or MSPE;
QuEChERS; aquatic product; seafood; shellfish.
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TFPB: 1,3,5-tris ( 4-formylphenyl ) benzene; BD: benzidine; RT: room temperature; APTES: 3-aminopropyltriethoxysilane; SS: a

stainless steel wire fiber.
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Table 1 Sample preparation technologies for analysis of environmental pollutants in aquatic products

Preparation technology Sample Analyte Analytical method LOD Ref.
LLE shrimp PCBs GC-MS 0.02-0.14 pg/L [28]
ASE fish PCBs GC-MS 0.1-0.5 ng/kg [29]
SPME fish, shrimp PCBs GC-MS 0.07-0.35 ng/L [30]
MSPE fish PCBs GC-MS 0.061-0.096 ng/g [31]
ULLE fish PAHs GC-MS 0.12-0.25 pg/kg [32]
QuEChERS shrimp, crab PAHs HPLC-FLD 0.2-2.0 ng/kg [33]
SPE shellfish PAHs HPLC-VWD/FLD 0.5 pg/kg [34]
SPME fish PAHs GC-MS 0.11-1.40 pg/kg [35]
LLE fish, shrimp chlorinated phenols GC-MS 0.78 wg/kg [37]
SPE shrimp, crab pentachlorophenol HPLC-MS 0.2 ng/kg [38]
MSPE shrimp phenolic endocrine HPLC-FLD 1.4-8.7 pg/L [39]
QUEChERS fish, shellfish PFASs LC-MS/MS 0.006-0.02 pg/kg [40]
SPE fish PFASs UPLC-MS/MS 2-120 pg/s [41]
LLE shellfish Pesticide GC-MS/MS 0.7-3.3 pg/ke [42]
MIP-SPE fish pyrethroid insecticide GC-ECD 16.1-26.5 ng/kg [43]
SPME fish sulfonamides UPLC-MS/MS 1.3-4.7 ng/L [44]
MSPE shrimp sulfonamides UPLC-VWD 0.2-1 ng/mL [45]
LLE fish Hg HPLC-ICP-MS 0.09-0.18 ng/mL [46]
DLLME-SFO fish cd, Pb GFAAS 0.04-0.1 pg/kg [47]
SPE fish Pb, Cu ICP-OES 1.434, 0.048 pg/L [48]
IIPs-SPE fish Cd, Pb ETAAS 0.15, 0.5 pg/L [49]
MSPE fish Ag, Cd, Pb, Hg, Cu ICP-OES 0.01-0.09 ng/mL [50]
MR/IT-SPME fish Cu, Co, Hg HPLC-DAD 0.69-4.9 pg/kg [51]

ASE . accelerated solvent extraction; ULLE: ultrasonic liquid-liquid extraction; MIP; molecularly imprinted polymer; DLLME: dis-
persive liquid-liquid microextraction; SFO; solidification of floating organic drop; IIPs: ionic imprinted polymers; MR/IT: magnetism
reinforced/in tube. PCBs: polychlorinated biphenyls; PAHs: polycyclic aromatic hydrocarbons; PFASs: perfluorinated alkyl sub-
stances. FLD. fluorescence detector; VWD . variable wavelength detector; ECD. electrical conductivity detector; ICP; inductive cou-
pled plasma emission spectrometry; GFAAS: graphite furnace atomic absorption spectrometry; OES: optical emission spectrometry;

ETAAS: electrothermal atomic absorption spectrometry.
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Fig. 3 Scheme of CoFe,0,@HNTs/AuNPs substrate for rapid MSPE and efficient surface enhanced raman scattering

(SERS) detection of complex samples!6!]
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Table 2 Sample pretreatment technologies for analysis of harmful substances added

during aquaculture and transportation in aquatic products

Preparation technology Sample Analyte Analytical method LOD Ref.
MAE-LLE fish steroid hormones LC-MS 0.03-0.15 ng/g [52]
QuEChERS fish, shrimp hormones UPLC-MS 0.2-2.7 pg/kg [53]
MAE-SPE fish steroid hormones UPLC-MS/MS 0.14-49.0 ng/g [54]
MIP-SPE fish, shrimp estrogens HPLC-FLD 0.023 mg/L [55]
LLE shrimp nitrofuran HPLC-FLD 0.24-0.26 ng/kg [56]
IL-DLLME fish fluoroquinolones HPLC-DAD 0.5-1.1 ng/mL [57]
QuEChERS fish, shrimp chlorpyrifos HPLC-MS/MS 0.25 ng/kg [58]
SPE fish florfenicol amine LC-MS/MS 0.13-1.64 pg/kg [59]
MIP-MSPE fish, shrimp macrolide HPLC-UV 0.015-0.2 pg/g [60]
MSPE fish nitrofurantoin SERS 0.014 mg/L [61]
SPME fish fluoroquinolones LC-MS 0.3-1.5 ng/g [62]
DLLME fish menthol GC-MS 0.0539 pg/L [63]
QuEChERS fish tricaine mesylate HPLC-MS/MS 2.5 pg/kg [64]
SPE fish, shrimp diazepam UPLC-MS 0.5 wg/kg [65]
SPE fish, shrimp eugenol UPLC-MS 0.3-0.75 pg/ke [66]
SPME fish anesthetics GC-MS 1.7-9.4 ng/g [67]
SPME fish 2-phenoxyethanol HPLC-MS 0.18 pg/mL [68]
LLE fish 4-hexylresorcinol UPLC-FLD 2.0 mg/kg [69]
LLE squid formaldehyde GC-MS 2.0 mg/kg [70]
SPME fish formaldehyde GC-MS 17 pg/kg [71]
HS-SPME fish trihalomethanes GC-MS 0.11-0.35 pg/kg [72]

MAE: microwave assisted extraction; DMAE . dynamic microwave assisted extraction; IL:

ode array detector.

ionic liquid; HS: headspace; DAD. di-
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Table 3 Sample preparation technologies for analysis of biotoxins in aquatic products

Preparation technology Sample Analyte Analytical method LOD Ref.
SPE shellfish yessotoxin LC-MS/MS 0.15-0.30 pg/kg [77]
SPE shellfish shellfish toxin LC-MS/MS 0.1-1.1 pg/kg [79]
QUEChERS shellfish shellfish toxin UPLC-MS/MS 0.3 pg/kg [80]
QuEChERS shellfish marine toxin UPLC-MS/MS 0.10-1.47 pg/kg [81]
MSPE shellfish domoic acid HPLC-MS/MS 1.45 pg/mL [82]
MSPE shellfish domoic acid HPLC-MS/MS 0.2 pg/mL [83]
SPME fish biogenic amines GC-MS 2.98-45.3 pg/kg [84]
SPE pufferfish tetrodotoxin LC-MS/MS 2.3 ng/g [86]
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