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Stockholm Convention
on Persistent Organic Pollutants (POPs)

Objective: Protect human health and the
environment from POPs

» Adopted in Stockholm in May 2001
» Entered into force on 17 May 2004

* Now ratified by over 140 countries



o

®
Ml
K Central Laboratory of
sl eJidao\ wld rog alldirmll
National Food Safety Authority

Residue Analysis of Pesticides and
Heavy Metals in Food (QCAP)

UNECE criteria for identification of POPs

Property Criteria for definition as POP

Persistence ¢ Atmospheric half life >2 months
¢ Half-life in water >2 months

¢ Half-life in soil >6 months

¢ Half-life in sediments >6 months

Bio-accumulation | ¢ Log Kow >5
¢ Bio-concentration factor >5000

Adverse effects ¢ Potential toxic to human and/or
environment
Potential for LRAT | ¢ Vapour pressure <1000 Pa
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Chemical

Aldrin
Chlordane
DDT
Dieldrin
Endrin
Heptachlor
Mirex
Toxaphene
Hexachlorbenzene
PCB
PCDD
PCDF

Pesticide

Industrial chemical

Heavy Metals in Food (QCAP)

By-product
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Chemical structures

* The term “dioxins” denotes a family of chemical
compounds, known as polychlorinated dibenzo-para-

dioxins (PCDDs) and polychlorinated dibenzofurans
(PCDFs)

Clx Clx
|
0 ly 0 y

Dibenzodioxin Dibenzofuran
PCDD PCDF
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Congener: a member of the same class, or group.

Each individual PCDD or PCDF is termed a congener.

There are 75 PCDD congeners and 135 PCDF congeners.

9 1
8 O 2
7 O 3
6 4

Dibenzodioxin
PCDD

I T

2378-TCDD

9 1

Dibenzofuran
PCDF

Cl Cl

Cl O Cl

2378-TCDF



2,3,7,8-TCDD
1,2,3,7,8-PCDD
1,2,3,4,7,8-HxCDD
1,2,3,6,7,8-HxCDD
1,2,3,7,8,9-HxCDD
1,2,3,4,6,7,8-HpCDD
1,2,3,4,6,7,8,9-0CDD
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2,3,7,8-TCDF
1,2,3,7,8-PCDF
2,3,4,7,8-PCDF
1,2,3,4,7,8-HxCDF
1,2,3,6,7,8-HxCDF
2,3,4,6,7,8-HXCDF
1,2,3,7,8,9-HXCDF
1,2,3,4,6,7,8-HpCDF
1,2,3,4,7,8,9-HpCDF
0 1,2,3,4,6,7,8,9-OCDF
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Extraordinarily toxic to lab animals (LD, in male guinea pigs

is only 0.6 ug/kg)
— Birth defects

— Cancer

— Skin disorders

— Liver damage

— Suppression of the immune systems
Variation in toxicity among species is large.

— Male guinea pig, oral, LD, is 0.6 ug/kg.

— Hamster, intraperitoneum, LD, is 3000 pg/kg.
Risk to humans is less clear
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Biochemistry of dioxin toxicity

PCDD/Fs are planar aromatic molecules.

The planar structure allows them to bind to Ah (Aryl
hydrocarbon) receptor protein that is present in all animal
species.

The Ah receptor interacts with the cell’s DNA.

Dioxin toxicity is roughly proportional to the strength of
binding to the Ah receptor.

This explains that 2378-TCDD is the most toxic one.
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Human risk of dioxin exposure

USEPA concludes that dioxins likely increase cancer
incidence.

WHO classifies 2378-TCDD as a probable human
carcinogen.

At high levels, PCDDs cause chloracne, a painful skin
inflammation.

Sources for dioxin exposure

Risk from breathing dioxin-laden air is minimal.

The main exposure route for human is dietary (meat, dairy
products, and fish). (Due to bioaccumulation of dioxins)

Absorption of dioxins by infant through mothers’ milk is
efficient.
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Lung cancer

o
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Soft and connective tissue
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Formation of dioxins
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e Combustion

— In any situation where Cl, C, H, and O come into contact with heat,
PCDD/Fs could be formed as trace by-products.

— Dioxin emission correlates with the Cl content of the combustion
feed.
* Paper pulp bleaching with chlorine
— Chlorine is used to bleach paper pulp.
— PCDDs are formed probably through chlorination of the phenolic
groups in lignin.
* Manufacture of certain chlorophenol chemicals

— Dioxin was produced as a contaminant of the herbicide 2,4,5-T, a
component of Agent Orange
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Fire
Accidental fires in homes, office and in industrial sites

where chlorinated materials are burnt such PVC, PCB
and solvent also leads to the emission of dioxin.

Recycling

Aluminum recycling (PVC)

Copper recovery from cable (PVC)

Steel and car recycling (PVC)

Burring wood which contains chlorinated
preservations (PCP)
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Formation of dioxins in combustion processes

* Incomplete combustion of organic wastes in the combustion
chamber leads to the formation of organic fragments which
serve as organic precursors to the PCDD/F molecule.

* The waste provides a source of chlorine, and of metals. The
latter are incorporated into fly ash, which carries over to the
cooler (250-400°C) post-combustion zone of the incineration
system.

* The organic precursors adsorb onto the surface of the fly ash
in the post-combustion zone, and following a complex
sequence of reactions which are catalyzed by metals
(primarily copper) in the fly ash, lead to the formation of
PCDD/Fs along with other chlorinated trace organics.
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Errors involved in Sampling/Analysis

TOTAL ERROR

Sampling Sample Analysis
‘ T preparation T ’

Error Error Error
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Overview on Analytical Processes
As for any other chemical analysis, Dioxins analysis includes

the following three main steps

Preanalytic : Postanalytic
Processes ‘Analytlc Processes‘ Processes
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Overview on Analytical Processes

Jalail) Ja8 L .
) { =) Analytic Processes 3 Post-Analytic
roceeaes 4 Processes

Sampling Transport Receipt & Processing
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Overview on Analytical Processes
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Analytic Processes
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Samples preparation
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Extracting compounds of dioxins, furans and dioxin like-PCBs from

samples collected by using the device extraction.
(Dioxins & PCBs) prior to extract for all
samples.
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organic
- compoLirecl
solvent — in solvent
layer layer

organic -E.-f AqueoLLs

compourcl layer
in agquecous
layer
Before extraction After extraction

Ifferential Extraction -
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Automated Soxhelt Extractions
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Extractions in minutes
Current extraction techniques
can take up to 48 hours. With ASE,

extractions are typically performed
in 12 to 20 minutes.

Technique Average Extraction Times

Soxhlet 4 to 48 hours
Automated 110 4 hours
Soxhlet

Sonication 30 minutes to 1 hour

Microy 30 minutes to 1 hour
Cell ASE 12 t0 20 minutes
Solvent savings

ASE provides the lowest solvent
use of any extraction technique.

Technique Average Solvent Usage

Soxhlet 200 to 500 mL
Automated | 50 to 100 mL
Soxhlet

150 to 200 mL
Microwave | 25 to 50 mL
ASE 15 to 45 mL

Collection Bottle
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Clean-up

Fractionation column of dioxins & PCBs

Used for removal of high molecular weight interferences (fat & colors)
Used for removal of non-polar and polar interferences compounds.
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Automated Clean-up
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Spike Sample
Control Chart

Blank Sample
Repeatability

PT

CRM

Calibration

Swap sample

Blind sample
Quality of solvent and reagents
Avoid contamination
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