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Identification and Control of Heavy Metal Contamination Pathways in
Aquafeeds: A Process-Oriented Framework Based on Critical Control Points

Nima Shiry*, Maryam Moezzi, Mohammadreza Zahedi

Department of Aquaculture, Persian Gulf and Oman Sea Ecological Research Center, Iranian Fisheries
Science Research Institute (IFSRI), Bandar Abbas, Iran

Key words Abstract

Bioaccumulation Heavy metals enter aquatic organisms through direct uptake and
Feed Hygiene contaminated feed, persist via bioaccumulation, and transfer along food
Heavy metal chains, posing ecological and human health risks. Metabolically active
Process control tissues (liver, kidney, gills, muscle) preferentially accumulate metals, with

Critical control point (CCP) to>-<icity inﬂuencgd by exposure route, dpse, and species sensitivity. Field
evidence, including studies from Iranian coastal systems, shows that
metals such as mercury and nickel may present significant carcinogenic
risks even when conventional risk indices are low. Feed safety is therefore
a cornerstone of biosecurity and sustainable aquaculture. Industrial
aquafeeds serve both as essential nutritional inputs and potential
contamination hotspots, as heavy metals may be introduced during raw
material sourcing, processing, and handling. Dry aquafeeds are
particularly vulnerable due to multi-stage processing, extensive metal—
equipment contact, and mechanical and thermal stresses. This study
applied a systematic, process-oriented framework to identify heavy metal
contamination pathways throughout dry aquafeed production. Scientific
literature and regulatory standards were integrated with on-site
observations. Production stages were evaluated under Good
Manufacturing Practice (GMP) using Hazard Analysis and Critical
Control Point (HACCP) principles. Contamination was cumulative,
arising from intrinsic raw material properties and secondary processing
inputs. Raw material reception—especially mineral premixes, fish oil,
rice bran, and process water—was the dominant primary risk source.
Mechanical operations were the most critical secondary pathway due to
equipment wear. Key CCPs included ingredient acceptance, utility
quality, equipment management, and final product verification. Overall,
heavy metal contamination is process-driven, supporting preventive
HACCP-based control over end-product testing.




