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- Entry of heavy metals into the
biological food chain through bio-
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®* Atomic Absorption Spectrometry (AAS)
® Flame Atomic Absorption Spectrometer (F-AAS)
® Graphite furnace atomic absorption spectrometer (GF-AAS)
® cold vapor atomic absorption spectrometer (CV-AAS)

® Hydried generation atomic absorption spectrometer (HG-AAS)
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® inductively coupled plasma spectrometer (ICP-)
® Inductively coupled plasma — optical emission spectrometer(ICP-OES)
® inductively coupled plasma mass spectrometer (ICP-MS)

® lon Chromatography - inductively coupled plasma - mass spectrometer
(IC-ICP-MS)
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® UV-VIS spectrophotometer
® Neutron activation analysis (NAA)
® X-ray fluorescence (XRF)

® Anodic striping voltammetry (AVS).
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Flame-atomic absorption spectroscopy (F-AAS)
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® FUALLAZLUNAURY burner
® LUAINIEIALAILAZATELA LNAN

* BaNAITIEN ﬂ,}iu Table 999.10B. Instrumental parameters for FAAS
Metal Flame type Wavelength, nm
Zn Air-acetylene, oxidizing 213.9
Cu Air-acetylene, oxidizing 324.7
Fe Air-acetylene, oxidizing 248.3

Fe N,O-acetylene, oxidizing 248.3
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graphite furnace atomic absorption spectroscopy (GF-AAS)
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N199AANANELATEY GF-AAS
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¢ m'im':rvmmmmmm Lqmﬁlumumumm drying, ashing ,atomizing LA cleaning
® TUALAZUUIAUDY graphite tube

* LA NNALAILAZNTZLA LNHN 1T

Table 999.11C. Example of instrumental parameters for graphite furnace AAS

Temperature program

Metal Wavelength, nm Step 1 Step 2 Step 3 Step 4 Test solution volume, uL  Graphite tube

Pb 283.3 Temp., 130°C 650 1900 2500 20 L'vov
Ramp, 10 s 5 0 2
Hold, 30 s 10 2 2

Cd 228.8 Temp., 130°C 350 1200 2500 10 Uncoated
Ramp, 1s 5 0 2 >

Hold. 19's 10 2 2 20
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* ARFAIUULUN (align) dauaadipTasialviaglusiumiengneas | GF , injector , lamp

* PINAADUANTINULIDILATAINBUEIU (sensitivity check) ATNTENNINUA LGNS
® Sensitivity MN1EDNAMHNTNTULBIA1INATIES NFAN A = 0.0044

/mo =V, *C "0.0044 AU/ observed peak area \

m, : Characteristic mass (ng)

V_: Standard volume injected (mL)

\ CS : Standard concentration (hg mL-1) /
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cold vapor atomic absorption
spectrometer (CV-AAS)
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Recorder

Vent to hood

Absorption cell
with quartz windows
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AA detector Hollow cathode

mercury lamp

with trap for Hg

—{ TV

Rotameter
== 2 L air/min

f

Compressed air
2 L air/min

de b
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\

Drying tube filled
with Mg(ClO,),

“+—— Reaction flask

Glass tube, fritted end

Figure 3112:1. Schematic arrangement of equipment for measuring
mercury by cold-vapor atomic absorption tethnique.
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Hydried generation atomic absorption spectrometer (HG-AAS)
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Inductively coupled plasma — optical emission spectrometer
(ICP-OES)
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Inductively coupled plasma — optical emission spectrometer
(ICP-OES)
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inductively coupled plasma mass spectrometer (ICP-MS)
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N199AANAILLATAY ICP-MS
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Example : Instrument settings for ICP-MS* to the determination of metals in food *

Parameter Setting

RF power, W 1500

Carrier gas flow, L/min 12

Plasma gas flow, L/min 15

Auxiliary gas flow, L/min 1.0

Nebulizer Babington

Spray chamber Water-cooled double pass
Spray chamber temperature, °C 2

Lens voltage 4.5

Mass resolution 0.8

Integration time points/ms
Points per peak -
Replicates

*AOAC Official Methods 2013.06 (2016) 36
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Instrument Performance®

Range Range Range Range
mg/L mg/L Mg/L Wg/L Mg/ L Wg/L Mg/ L Wg/L
Al 0.1 5-100 3 20-200 40 10-100 0.03 0-100
Cd 0.002 0.05-2 0.05 0.5-10 4 2-50 0.003
Cr 0.02 0.2-10 0.1 5-100 / 5-50 0.03
Cu 0.01 0.2-10 0.7 5-100 6 1-50 0.003
Fe 0.02 0.3-10 1.0 5-100 / 10-100 -
Pb 0.05 1-20 0.7 5-100 40 10-100 0.005

*T9UTINANN Standard Methods for the Examination of Water and Waste Water APHA, AWWA,WEF part 3000 40
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LUININITLARNITILATIEI - ﬁﬂﬂﬂﬂﬁ%ﬁﬂﬂ?ﬁﬂu

® Association of Official Analytical Chemists AOAC

Chapter 9 Metals and Other Elements at Trace Levels in Foods

¢ Standard Methods for the Examination of Water and Wastewater part 3000

® BS ISO 6561- :2005 : Fruits, vegetables and derived products — Determination of

cadmium content

® Part 1: Method using graphite furnace atomic absorption spectrometry

® Part 2: Method using flame atomic absorption spectrometry



AOAC Official Method 999.10 Lead, Cadmium, Zinc, Copper, and Iron in
Foods Atomic Absorption Spectrophotometry after Microwave Digestion

. A
Z X
The Sient i dvambetion
ahy el Enroe
= AOAC ! TIONAL !
z_“.:—-.l--'—'::'
'

®*Applicable to determination of Zn, Cu, and Fe in a variety of foods by microwave
digestion and flame atomic absorption spectrophotometry (FAAS), and Cd and Pb by
microwave digestion and graphite furnace atomic absorption spectroscopy (GFAAS).
Method is capable of determining these elements at concentrations above approximately
Pb (0.4), Cd (0.01), Zn (4), Cu (3), and Fe (7) mg/kg . Method is not applicable to foods with
a fat content 240%. (Not applicable to milk powder.)

® Table 999.10A for results of the interlaboratory study supporting acceptance of the

method.
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AOAC Official Method 999.11 Lead, Cadmium, Copper, lron, and
Zinc in Foods Atomic Absorption Spectrophotometry After Dry Ashing

®*Applicable to determination of Zn, Cu, and Fe in a variety of foods by dry ashing and
flame atomic absorption spectrometry(FAAS), and Cd and Pb by dry ashing and
graphite furnace atomic Absorption spectrometry (GFAAS). Method is capable of
determining these elements at concentrations above approximately Pb (0.3), Cd (0.1),
Zn (1), Cu (5), and Fe (4) mg/kg.

® Table 999.11A for results of the interlaboratory study supporting acceptance of the
method.
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AOAC Official Method 993.14 Trace Elements in Waters and
Wastewaters Inductively Coupled Plasma-Mass Spectrometric Method

® First Action 1993

* (Applicable to determination of 20 trace elements, at concentrations of 0.8-200 Wg/L, in finished
drinking water, groundwater, and wastewaters.) Caution: The following reagents are highly toxic:
antimony, arsenic trioxide, beryllium sulfate, cadmium, chromium trioxide, lead nitrate, selenium
dioxide, thallium nitrate, and uranium nitrate.

® Table 993.14A. Interlaboratory study results for trace elements in water, inductively coupled
plasma-mass spectrometric method

® Table 993.14D. Total recoverable method detection limits and acceptance limits for QC check

sample

47



Foods Pressure Digestion and Inductively Coupled Plasma-Mass Spectrometry

AOAC Official Method 2013.06 Arsenic, Cadmium, Mercury, and Lead in TomcialM,emods !

® First Action 2013

® [Applicable to the determination of As, Cd, Hg, and Pb in a variety of foods by

ent i b setion
wted b Anely el Ersrlioms

i of Analysss

s s

st Bdition, 20!

oe

pressure digestion and inductively coupled plasma-mass spectrometry (ICP-MS).
Method is capable of determining As, Cd, Pb, and Hg at or above 0.06, 0.03, 0.04,

and 0.09 mg/kg dry matter, respectively.]

® Table 2013.06A Interlaboratory study results for arsenic, cadmium, mercury, and lead
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AOAC Official Method 2015.01 Heavy Metals in Food
Inductively Coupled Plasma-Mass Spectrometry

|
; \%
\

o

® First Action 2015 —

® Note: The following is not intended to be used as a comprehensive training manual. Analytical procedures are
written based on the assumption that they will be performed by technicians who are formally trained in at least the
basic principles of chemical analysis and in the use of the subject technology.

® {Applicable for the determination of heavy metals [arsenic (As), CAS No. 7440-38-2; cadmium (Cd), CAS No.
7440-439; lead (Pb), CAS No. 7439-92-1; and mercury (Hg), CAS No. 7439-97-6] at trace levels in food and
beverage samples, including solid chocolate, fruit juice, fish, infant formula, and rice, using microwave digestion
and inductively coupled plasma-mass spectrometry (ICP-MS).}

® Table 2015.01A. Recommended concentrations for the calibration curve
® Table 2015.01 G. Method blank results and LOD/LOQ, Wg/kg
® Table 2015.011 Recoveries for numerous relevant CRMs

® Table 2015.01 H. Sample-specific LOQs
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AOAC Official Method 990.08 Metals in Solid Wastes Inductively
Coupled Plasma Atomic Emission Spectrometric Method

® Final Action 1993

(Applicable to determination of Al, Sb, As, Ba, Be, Cd, Ca, Cr, Co, Cu, Fe, Pb, Mg, Mn, Mo, Ni, K,
Se, Ag, Na, Tl, V, and Zn in coal fly ash, industrial and electroplating sludges, mine tailings, river
sediments, and soils.)

® Table 990.08A. Interlaboratory study results for extractable metals in wastes [except where "(s)"
signifies data for spiked materials)’

® Table 990.08B Recommended wavelengths and estimated instrumental detection limits
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Standard

Methods
Standard Methods for the Examination of Water o e
and Wastewater
®* 3111 METALS BY FLAME ATOMIC ABSORPTION SPECTROMETRY VL é':ﬂ

¢ Table 3111:l. Atomic absorption concentration ranges with direct aspiration atomic absorption

¢ Table 3111:lIl. Interlaboratory precision and bias data for atomic absorption methods-direct aspiration and
extracted metals

¢ Table 3111 :lll. Single-operator precision and recommended control ranges for atomic absorption methods-
direct aspiration and extracted metals
® 3113 METALS BY ELECTROTHERMAL ATOMIC ABSORPTION SPECTROMETRY

¢ Table 3113:ll. Detection levels and concentration ranges for electrothermal atomization atomic absorption
spectrometry

¢ Table 3113:lll. Interlaboratory single-analyst precision data for electrothermal atomization methods
¢ Table 3113:1V. Interlaboratory overall precision data for electrothermal atomization methods

¢ Table 3113:V. Interlaboratory relative error data for electrothermal atomization methods
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Standard Methods for the Examination of Water and
Wastewater

® 3120 METALS BY PLASMA EMISSION SPECTROSCOPY

Standard

Table 3120:1. Suggested wavelengths, estimated detection levels, alternate wavelengths,
calibration concentrations, and upper limits

Table 3120:1I. ICP Precision and bias data

® 3125 METALS BY INDUCTIVELY COUPLED PLASMA-MASS SPECTROMETRY

Table 3125:1. Method performance with calibration verification standard
Table 3125:1l. Method performance with standard reference water

Table 3125 :1ll. Recommended analyte masses, instrument detection limits (IDL), and internal
standards

Table 3125:VI. Suggested analytical run sequence

Table 3125:VIl. Summary of performance criteria

52
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Measurement process quality assurance#

Measurement Quality Accept/
process Assessment use

(Specificatioq

N
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QA

LUAN N UR UNIALANATININ HANITAATIER

A

a = 1 di A
® NANNITUIATICUNAINHNUILTADND :
® Accuracy

® Precision

Decreasing Systematic Errors E==——==—=—3

Trueness (qualitative)

® Traceability

® Uncertainty

Precision (quantitative)

Decreasing Random Errors ===

® NIFATLANADINN : dalafasaiinnng

0 aAaaa

* AauaaaATziNn U faspsaaatanldliuasis : method validation

® NAUNALUNIEEIAIIZT FUHATALAATIZFAIDENY FBIATIRADLIAINANNIID : Initial
Demonstration of Capability, IDC

* sendnnsiinszfluaclsraindusacuwansliiiiuinnanisiinszidfaaslale uazlvdaanaly

LUUBUIAINIFIA ”Lumqmmn@mmiumumumq%@ummﬁlsﬁimmfaﬁ ongoing
demonstration of capability, ODC M?@ﬂ’]ﬁ‘ﬂfM@ﬁJ@Mﬂ’]WﬂWﬂu internal quality control, 1QC _,



QA

LU UR lN12ALANARININAE 1

* f9RABLANTTNUTVBILATRINANAUIEI : daily check, performance check
v o Y a = %4 di
® ANNYBNTNUALBINNAG Iu@mmﬂmm@q
® HINTANIUUA LUAITILATIZA
® A1TNIRTFIU FIRENY LAZLUAYA NIFAILANATINIW (quality control sample)
® |nitial calibration verification standard (ICV)
® |nitial calibration blank (ICB)
® Reference material (RM)

®* Method blank (MB)



QA

LU UR lN12ALANARININAE 1

® #1ININTIIU IATIHAIDEN LAZLUASA M PrLANALIAN (quality control sample)
® Laboratory-fortified blank (LFB)
® Laboratory-fortified sample (LFS)
® Duplicate Laboratory-fortified sample (DLFS)
® Duplicate sample (DS)
® Continuing calibration verification standard (CCV)

® Continuing calibration verification blank (CCB)
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After perform initial calibration +10% Check for calibration accuracy

CCV at least 1/batch ,10% +10% Check for calibration stability
ICB Zero or first point of initial calibration < MDL Check for memory

CCB at least 1/batch , +10% < MDL Check for memory

MB at least 1 /batch , 5% < MDL Check for contamination

LFB at least 1 /batch , 5% +30% Check for spike recovery in a clean matrix
LFS at least 1 /batch , 5% 85-115% Check for spike recovery
DLFS at least 1 /batch , 5% +20% RPD Check for reproducibility

DS at least 1 /batch , 5% +20% RPD Check for reproducibility

MRL at least 1 /batch +50% MRL-verification

MDL at least quarterly (If reporting to the MDL) + MDL-verification

*Standard methods for the examination of water and wastewater part 3000 : Quality control ANALYSES 3020 B 57
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