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Heavy metalsHeavy metals
The term heavy metal refers to any 
metallic chemical element that has a 
relatively high density (greater than 5 
g/cm3) and is toxic or poisonous at 
low concentrations.low concentrations.

MercuryArsenic Lead Cadmium



Heavy metalsHeavy metals
• Are natural components of the earth's crust
• They cannot be degraded or destroyed
• To a small extent they enter our bodies via food, 

drinking water and air
• As trace elements, some heavy metals (e.g. • As trace elements, some heavy metals (e.g. 

Copper, Selenium, Zinc) are essential to 
maintain the metabolism of the human body

• However, at higher concentrations they can 
lead to poisoning

• Heavy metal poisoning could result, for instance, 
from drinking-water contamination (e.g. Lead 
pipes), high ambient air concentrations near 
emission sources, or intake via the food chain



BioaccumulationBioaccumulation

Most plants and animals can regulate their 
metal content to a certain point.

Metals that can’t be excreted, build up in an 
organism over its lifetime



BiomagnificationBiomagnification



Heavy Metals AnalysisHeavy Metals Analysis

• Quantitative and qualitative 
analysis
Atomic Absorption (AA)

• Flame, gas furnace

Inductively Coupled Plasma (ICP)

ATOMIC ABSORPTION

Inductively Coupled Plasma (ICP)
• Atomic emission spectrometry, mass 

spectroscopy

• Experience level of operators

• Collection technique 
Proper sample container 
Preservation and storage

ICP-MS



BIOLUMINESCENT SENSORS BIOLUMINESCENT SENSORS 

• Naturally non-bioluminescent organisms can be 
converted to bioluminescent by means of 
genetic engineering.

• A bacterial cell can function as a microbial microbial • A bacterial cell can function as a microbial microbial 
biosensorbiosensor if contains two linked genetic 
elements: a sensing elementsensing element and a reporterreporter.

• The former senses the presence of the target 
molecule(s), and turns on the latter, which emits 
a detectable bioluminescent signal.



•• PromotersPromoters (sensing elements) are 
generally found in bacteria that are able to 
survive in environments contaminated by 
heavy metals or other toxic compounds. 
This ability is usually based on a 

Principle of Bioluminescent Principle of Bioluminescent 
Sensor ApproachSensor Approach

This ability is usually based on a 
genetically encoded resistance system, 
the expression of which is regulated very 
precisely.

• Luciferase genes are widely used reporter reporter 
genesgenes because they provide sensitive and 
simple detection of gene expression and 
regulation.



Principle of Bioluminescent Principle of Bioluminescent 
Sensor ApproachSensor Approach

• .

The presence of an analyte ( inorganic arsenic 
or methyl mercury ) triggers a reaction that 
results in the emission of visible light.



� E.coli bacterial bioluminescent proteins are encoded by 
the luxCDABE genes
• The activity of the genes is controlled by a promoter 

element
• The promoter is specific to a certain analyte 

(inorganic arsenic or methyl mercury, Ars-operon, (inorganic arsenic or methyl mercury, Ars-operon, 
Mer-operon)

• Mercuric sensor contains an extra gene coding for 
organic mercury degradation to ionic form

� The presence of the metal triggers the activation of the 
bioluminescent genes

� Production of bioluminescent proteins
� Emission of visible light at 490 nm



Total Mercury sensor, Total Mercury sensor, standard 
curve for Methylmercury, pMolar 

sensitivity, wide dynamic 
measurement range



Arsenic sensorArsenic sensor as tested by spiking fish 
and extracting the metalloid by boiling
The arrow shows concentration found from a arsenic containing sample  
(contains ~1,88 mg/kg iAs, target 3,2 mg/kg)



Work Package 9 (H’METALS)Work Package 9 (H’METALS)
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Drinking water 10           µg/l

Air 0.5         µg/m3

Pb maximum admissible Pb maximum admissible 
levelslevels

Air 0.5         µg/m3

Foods 0,02-1   mg/Kg
milk, baby foods, meat, 
fish, cereals, vegetables, 
fruits and fruit juices, Milk = 20 ppbMilk = 20 ppb
oils and fats, wines



-- ELECTROCHEMICAL MEASUREMENT ELECTROCHEMICAL MEASUREMENT 
((ASV)ASV)

RESEARCH LINES RESEARCH LINES 

-- SAMPLE TREATMENTSAMPLE TREATMENT
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1 – PRE-CONCENTRATION STEP

The lead Pb2+ is reduced and
accumulates on the surface of the
sensor on which a film of Hg (or
other metals, e.g. BiBi) has been
deposited

Stripping analysisStripping analysis
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2 – STRIPPING STEP

The lead is stripped away and a
peak is recorded



SPE and Anodic Stripping Voltammetry
carried out with the portable PalmSens 

Instrument

Pb ELECTROCHEMICAL Pb ELECTROCHEMICAL 
DETECTIONDETECTION



OPTIMIZATIONOPTIMIZATION

STUDIES CARRIED OUTSTUDIES CARRIED OUT :

--Type of Electrode (GC, CP, Type of Electrode (GC, CP, SPESPE))
-SPE (Bi, Hg, Hg+Bi, BulkSPE (Bi, Hg, Hg+Bi, Bulk--modification with Bimodification with Bi22OO33,, Bi+NafionBi+Nafion)  )  22 33

--Type of electrochemical techniques (DPV, Type of electrochemical techniques (DPV, SWVSWV))
--Bi deposition (Bi deposition (in situin situ; ; ex situex situ) ) 
--Study of effect of buffer, pH and Nafion % (AcOH, HCl, Study of effect of buffer, pH and Nafion % (AcOH, HCl, 
HNOHNO33, HClO, HClO44, , HCl+ HClOHCl+ HClO44, , pH=2, Nf 0.5%pH=2, Nf 0.5%))



ELECTROCHEMICAL STUDIESELECTROCHEMICAL STUDIES

SW Anodic Stripping SW Anodic Stripping 
TechniqueTechnique

E dep: –1,0 V 
E end: -0,3 V
E beg: -1,0 V 30 ppb

42 ppb

48 
ppb

54 ppb

36 ppb

Optimized SPEs + Optimized SPEs + 
Nafion + BiNafion + Bi

All measurement were performed without removing oxygen from All measurement were performed without removing oxygen from HCl/HClOHCl/HClO44, pH 2, pH 2
solutionsolution

E beg: -1,0 V 
E step: 4 mV
E ampl: 25 mV
E cond: –0,4 V
t dep: 120 sec
t cond: 30 sec
t eq:   5 sec
Freq: 100 Hz

12 ppb

blank

6 ppb

18 ppb

30 ppb
24 ppb



AOAC OFFICIAL METHODAOAC OFFICIAL METHOD

OF MILK TREATMENT OF MILK TREATMENT 

1. Dry samples overnight at 120°C

2. Place sample in furnace at 250°C and slowly 
raise to 350°C until smoking ceases

3. Increase temperature slowly to 500°C

4. Ash overnight at 500°C4. Ash overnight at 500°C

5. If ash is grey rather white: HNO3  + 3 h of   
furnace

PROBLEMSPROBLEMS: : 
••LONG PROCEDURE (2 days)LONG PROCEDURE (2 days)
••HIGH TEMPERATURESHIGH TEMPERATURES



STUDIES OF SAMPLE STUDIES OF SAMPLE 
TREATMENTTREATMENT

Problems….Problems….

• Low recovery in spiked milk samples!!

In literature:     treatments with strong oxidizing agents such as HNO3 , H2O2

Solutions….

Introduction of HClO4 and H2O2 in addition to HCl  

Introduction of sonication steps

Solutions….



Milk sample

• Addition of H2O2 and Sonication for 30 
min 

• Addition of HClO4 and Sonication for 15 
min

PROPOSED PROCEDUREPROPOSED PROCEDURE

min

• Addition of HCl and Centrifugation at 
48000g for 10 min 

• Filtration, dilution and adjustment to 
pH 2

TOTAL TIME: 1 hTOTAL TIME: 1 h



Validation carried out Validation carried out 
at ISS at ISS 

Istituto Superiore di Sanità 
299 Viale Regina Elena 
00161 - Roma (I) 
Phone: +39 06 4990 1 

Fax: +39 06 49 38 71 18

The Istituto Superiore di Sanità (ISS) is the leading technical and 
scientific public body of the Italian National Health Service. Its activities 
include research, control, training and consultation in the interest of include research, control, training and consultation in the interest of 
public health protection and Inspection, Monitoring and Certification

The validation has been carried out  at the FOOD  LABORATORY (Heavy 
Metals section) of ISS

In accordance with the provisions of Regulation (EC) No 882/2004 of 
April, 29, 2004 it was decided to consider for evaluation (validation) of 
the method suitability the parameters given in Regulation (EC) No 
333/2007 OF THE COMMISSION of March. 28, 2007 





Xmb (ppb) 2,4

SD 1.3

LOD= 3xSD 3.9

LOQ=6xSD 7.8

blank ppb

1 2,7

2 3,28

3 5,3

4 2,06

5 2,13

6 2,08

7 1,18

8 1,15

9 0,44

Milk validation:Milk validation: LOD  and LOQLOD  and LOQ

9 0,44

10 4,56

11 3,61

12 0,92

13 3,55

14 2,53

15 3,96

16 2,06

17 0,89

18 2,11

19 1,76

20 2,7



Milk validation:Milk validation:

REPRODUCIBILITYREPRODUCIBILITY

Statistical parameters in milk 
Meas. No. 20 

Level of Pb in samples (ppb)  20 

Mean (Xm) 16.8 

Sr  1.96  

CV 11.7% 

 

COMMISSION DECISION of 12 August 2002 (2002/657/EC)



(Thompson)HorwitzRSD
observedRSD

HORRAT
r

r
r =

Where  RSDr  is the the RSD 
calculated by a set of 20 
independent  measurements on 

Milk validation: Milk validation: 

PRECISIONPRECISION

Horratr
RSDr 11,7%

C 16,8

adim C 1,67859E-08
independent  measurements on 
the same milk sample, and RSDr 
Horwitz is:

logC)0,5(1
H 20,67RSD −×=

adim C 1,67859E-08

log -7,7750547

CV% 29,6

RSDH% 19,8

Horratr 0,59

Limit  Value 2



Statistical parameters 
Reference material BCR 150 1000 ppb 

Meas. No. 11 

Mean (Xm) 871.6 

Recovery 87.2 % 

Sr  142.2  

CV 16,3% 

Milk validation:Milk validation: TRUENESSTRUENESS

CV 16,3% 

Bias 128.4 

Bias % 12.8% 

 



Milk validation: Milk validation: 
SELECTIVITYSELECTIVITY

• 10 ppb Pb + increasing concentrations of interferents: Zn (ppm), 
Cd, Hg, Cu (ppb)
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R2 = 0,995, [c]=2.3ppmR2 = 0,965, [c]=50ppm

R2 = 0,956, [c]=22ppb R2 = 0,985, [c]=9.4ppb



Milk validation: Milk validation: 
ROBUSTNESSROBUSTNESS

pH variation

2,0 100%

1,8 93,5%

variation<10% were found 

in the range of pH 1,8-2,2

1,8 93,5%

2,2 94,4%



C= 0.020 mg/kg; 

LOD = 0.004 mg/kg; 

α = 0.20

Uf = 0.005 mg/kg

Milk validation: 
UNCERTAINTY

The uncertainty U(X) has been calculated following the 
Horwitz approach, and resulted equal to 5 ppb

The measurement of blank milk samples fortified with 20 ppb can be 

expressed as 1717±±5 ppb5 ppb



Procedure for PalmSens program

• Pre-treatment of screen printed (SPE) working electrode 
surface

• Deposition of Nafion film (30 min drying)

These 2 steps 
can be carried 
out in advance

PalmSens software for the Pb PalmSens software for the Pb 
analysisanalysis

• Measurement of Pb 6 ppb (+Bi) in HCl+HClO4+Ferrocyanide
• Measurement of Pb 12 ppb (+Bi) in HCl+HClO4+Ferrocyanide

• Measurement in pre-treated milk (+Bi+Ferrocyanide)
• Measurement in pre-treated milk + Pb 6 ppb 
(+Bi+Ferrocyanide)

• Measurement in pre-treated milk + Pb 12 ppb 
(+Bi+Ferrocyanide)



PALMSENS DEDICATED PROGRAMPALMSENS DEDICATED PROGRAM



PALMSENS DEDICATED PROGRAMPALMSENS DEDICATED PROGRAM





for the attentionfor the attentionfor the attentionfor the attention


