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NMKL–AOAC Method

[Ap pli ca ble to de ter mi na tion of Zn, Cu, and Fe in a va ri ety of

foods by dry ashing and flame atomic ab sorp tion spec trom e try

(FAAS), and Cd and Pb by dry ashing and graph ite fur nace atomic

ab sorp tion spec trometry (GFAAS). Method is ca pa ble of

de ter min ing these el e ments at con cen tra tions above ap prox i mately

Pb, 0.3; Cd, 0.1; Zn, 1; Cu, 5; and Fe, 4 mg/kg.]

See Ta ble 999.11A for the re sults of the interlaboratory study

sup port ing ac cep tance of the method.

Cau tion: Al ways gently add acid to wa ter. Avoid en vi ron men tal 
con tam i na tion by Pb. Store quartz cru ci bles in 20%
HNO3 and rinse with deionized wa ter be fore use.

When nec es sary, cru ci bles may be boiled with 20%
HNO3 be fore use. Heat plat i num cru ci bles un til red
hot and boil with 50% (v/v) HCl prior to use. Ash

prod ucts with a high fat con tent (³40%), e.g.,
mar ga rine or lard, with great care to avoid
self-ig ni tion. Pre-ash such prod ucts ac cord ing to
D(c)(2), even if a pro gram ma ble fur nace is used.

A. Prin ci ple

Test por tions are dried and then ashed at 450°C un der a grad ual

in crease (£50°C/h) in tem per a ture. 6M HCl (1 + 1) is added, and

the so lu tion is evap o rated to dry ness. The res i due is dis solved in

0.1M HNO3, and the analytes are de ter mined by flame and

graph ite furnace pro ce dures.
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Table 999.11A. Interlaboratory study re sults for lead, cad mium, cop per, iron, and zinc in foods

Metal Sam ple
Analyte
range Mean, mg/kg n

a sr
b

sR
c

RSDr
d

RSDR
e

r
f

R
g

HorRat

Pb-GFAAS Liver paste/milk pow der ³0.04    0.040 11 0.019 0.019 46 46 0.052 0.052 1.79

Ap ple sauce   0.27 10 0.10  38 0.29 1.97

Minced fish   0.53 10 0.11  20 0.31 1.14

Wheat bran    0.111 12 0.056 50 0.16 2.26

Sim u lated di ets D/E    0.246   10[1] 0.034 0.048 14 20 0.096 0.14 1.02

Cd-GFAAS Liver paste ³0.05     0.0491 11 0.0058 12 0.016 0.48

Minced fish/wheat bran    0.175    8[1] 0.021 0.032 12 18 0.058 0.089 0.87

Sim u lated di ets D/E   0.51  8 0.10 0.13  19 26 0.27 0.37 1.48

Zn-FAAS Liver paste/minced fish ³0.7   6.63 13 0.35 0.50     5.3    7.5 0.98 1.4  0.63

Ap ple sauce    0.699   11[3] 0.047    6.8 0.13 0.41

Wheat bran 71.5   12[2] 4.9      6.8 14     0.81

Milk pow der 35.0   12[2] 2.8      8.0 7.9  0.86

Sim u lated di ets D/E  37.82   11[2] 0.68 1.31     1.8    3.5 1.9  3.7  0.38

Cu-FAAS Ap ple sauce/minced fish ³0.2    0.240   12[1] 0.076 0.076 32 32 0.21 0.21 1.63

Milk pow der   0.51   14[2] 0.23  45 0.65 2.56

Liver paste   5.34   13[2] 0.37     6.9 1.0  0.56

Wheat bran   9.52 12 0.98  10 2.7  0.88

Sim u lated di ets D/E 45.4   12[1] 1.6  3.1      3.6    6.9 4.6  8.8  0.77

Fe-FAAS Liver paste ³4 24.3 14 2.8   11 7.8  1.12

Minced fish/milk pow der   3.99   11[3] 0.44 0.54  11 14 1.2  1.5  1.08

Wheat bran 124     13[1] 14     11 39     1.43

Sim u lated di ets D/E 216   13 18    23        8.2 11 49     64     1.55
a

n = Num ber of lab o ra to ries re main ing af ter elim i na tion of out li ers in brack ets.
b

sr = Re peat abil ity stan dard de vi a tion.
c

sR = Reproducibility stan dard de vi a tion.
d

RSDr = Rel a tive re peat abil ity stan dard de vi a tion.
e

RSDR = Rel a tive reproducibility stan dard de vi a tion.
f

r = 2.8 ´ sr.
g

R = 2.8 ´ sR.
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B. Ap pa ra tus

(a) Atomic ab sorp t ion spectrophotometer.—With an
air–acet y lene burner or ni trous ox ide–acet y lene burner for
flame and a graph ite fur nace for electrothermal de ter mi na tions,
with ap pro pri ate back ground (nonatomic) cor rec tion (see
Ta ble 999.11B).

See Ta ble 999.11C for ex am ple of in stru men tal pa ram e ters for
graph ite fur nace AAS. (The pa ram e ters listed are for a Perkin Elmer
HGA-500 in stru ment. For other in stru ments, the pa ram e ters may
have to be changed. Suit able pa ram e ters are usu ally given in the
man ual pro vided with the in stru ment.)

(b) Lamps.—Hol low cath ode or electrodeless dis charge lamps for all
el e ments de ter mined.

(c) Fur nace.—Pro gram ma ble, or muf fle fur nace with ther mo stat

main tain ing 450° ± 25°C. If muf fle fur nace is used, a sep a rate pre-ashing
de vice is re quired. See (d)–(h).

(d) Hot plate.—With heat ing con trol, to heat up to about 300°C.

(e) Lamp.—IR 250 W, fixed to a re tort stand in a way that al lows
ad just ment of the dis tance to the hot plate.

(f) Ce ramic plate.—e.g., Des ic ca tor plate on a low stand, with a
di am e ter that suits the hot plate.

(g) Glass cover.—e.g., Crys tal lizing dish, 185 mm di am e ter, 100 mm
height, to fit on (f) or equiv a lent.

(h) Wash-bottle.—“Scrub ber,” con tain ing H2SO4 for pu ri fi ca tion of
air.

See Fig ure 999.11 for as sem bly of items (d)–(h).

(i) Quartz or plat i num cru ci bles.—50–75 mL.

(j) Poly sty rene bot tles.—With leak-proof clo sures, 100 mL.

Care fully clean and rinse all glass ware and plasticware with HNO3 or
HCl to avoid metal con tam i na tion.

(k) Cleaning pro ce dure for glass and plasticware.—Acid
so lu tion: 500 mL con cen trated HNO3, C(c), + 4500 mL deionized
wa ter, C(a). Wash first with wa ter and de ter gent. Rinse with tap
wa ter, fol lowed by deionized wa ter, then with di lute acid. Finally
rinse 4–5 times with deionized wa ter.

C. Re agents

Re agents should be at least an a lyt i cal re agent grade (p.a.),
pref er a bly ultrapure (suprapur), or equiv a lent. [Note: Com mer cially 
avail able stan dard so lu tions for AAS (e.g., BDH Chem i cals Ltd.,
Poole, UK) may be used for all metal stan dard solutions.]

(a) Wa ter.—Re dis tilled or deionized, re sis tiv ity ³18 MW×cm.

(b) Hy dro chlo ric acid.—6M. Di lute 500 mL HCl (37%, w/w)
with wa ter to 1 L.

(c) Ni tric acid.—65% (w/w).

(d) Ni tric acid.—0.1M. Di lute 7 mL HNO3, (c), with wa ter, (a),
to 1 L.

(e) Lead stan dard so lu tion.—1 mg/mL. Dis solve 1.000 g Pb in
7 mL HNO3, (c), in 1 L vol u met ric flask. Di lute to vol ume with
wa ter.

(f) Cad mium stan dard so lu tion.—1 mg/mL. Dis solve 1.000 g Cd
in 14 mL wa ter + 7 mL HNO3, (c), in 1 L vol u met ric flask. Di lute to
vol ume with wa ter.

(g) Zinc stan dard so lu tion.—1 mg/mL. Dis solve 1.000 g Zn in
14 mL wa ter + 7 mL HNO3, (c), in 1 L vol u met ric flask. Di lute to
vol ume with wa ter.

(h) Cop per stan dard so lu tion.—1 mg/mL. Dis solve 1.000 g Cu
in 7 mL HNO3, (c), in 1 L vol u met ric flask. Di lute to vol ume with
wa ter.

(i) Iron stan dard so lu tion.—1 mg/mL. Dis solve 1.000 g Fe in
14 mL wa ter + 7 mL ni tric acid, (c), in 1 L vol u met ric flask. Di lute to
vol ume with wa ter.

(j) Working stan dard so lu tions.—(1) For graph ite fur nace
anal y sis.—Di lute stan dard so lu tions, (e)–(i), with 0.1M HNO3, (d),
to a range of stan dards that cov ers the lin ear range of the el e ment to
be de ter mined. (2) For flame anal y sis.—Di lute stan dards, (e)–(i),
with 0.1M HNO3, (d), to a range of stan dards that cov ers the
con cen tra tion of the el e ment to be de ter mined.

D. Pro ce dures

(a) Pre treat ment.—Ho mog e nize prod uct if nec es sary, us ing
noncontaminating equip ment. Check for leach ing met als if the
ap pa ra tus con sists of metal parts.

(b) Drying.—In a cru ci ble, weigh 10–20 g test por tion to near est

0.01 g. Dry in a dry ing oven, on a wa ter-bath, or a hot plate at 100°C, if 
there is a risk of heavy boil ing in the ashing step. Pro ceed ac cord ing to 
type of fur nace.

(c) Ashing.—(1) Ashing in a pro gram ma ble fur nace.—Place

dish in fur nace at ini tial tem per a ture not higher than 100°C. In crease 

tem per a ture at a max i mum rate of 50°C/h to 450°C. Let dish stand
for at least 8 h or over night. Con tinue ac cord ing to (d).

 (2) Ashing in a muf fle fur nace with ther mo stat fol low ing dry ing
and pre-ashing in ap pa ra tus de scribed in B(d)–(h).—See
Fig ure 999.11. Place cru ci ble with the test por tion cov ered with the
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Ta ble 999.11B. In stru men tal pa ram e ters for flame
de ter mi na tion

Element Flame Wave length, nm

Fe Ni trous ox ide–acet y lene, ox i diz ing 248.3

Cu Air–acet y lene, ox i diz ing 324.7

Zn Air–acet y lene, ox i diz ing 213.9

Figure 999.11. Ap pa ra tus for pre-ashing of sam ples.
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glass cover on the ce ramic plate, and let pu ri fied air com ing through
a glass tube sweep over the prod uct. Put IR lamp down at the cover.
Pre-ash prod uct by in creas ing tem per a ture slowly with IR lamp by
grad u ally in creas ing tem per a ture on hot plate to max i mum. Fi nal

tem per a ture on ce ramic plate should then be about 300°C. Time
re quired for pre-ashing var ies with product. Put cru ci ble in muf fle

fur nace at 200°–250°C and slowly raise tem per a ture to 450°C at a

rate of no more than 50°C/h. Let stand for at least 8 h or over night.
Take cru ci ble out of fur nace and let cool. 

(d) Solution.—Wet ash with 1–3 mL wa ter and evap o rate on
wa ter-bath or hot plate. Put cru ci ble back in fur nace at no more than

200°C and raise tem per a ture (50°–100°C/h) to 450°C. Pro ceed with

ashing at 450°C for 1–2 h or lon ger. Re peat pro ce dure un til prod uct
is com pletely ashed, i.e., ash should be white/grey or slightly
col ored. Num ber of rep e ti tions nec es sary var ies de pend ing on type
of prod uct. Add 5 mL 6M HCl, C(b), to cru ci ble en sur ing that all ash
co mes into con tact with acid. Evap o rate acid on wa ter-bath or hot
plate. Dis solve res i due in 10.0–30.0 mL, to the near est 0.1 mL, of
0.1M HNO3, C(d). Swirl cru ci ble with care so that all ash co mes into 
con tact with acid. Cover with watch glass and let stand for 1–2 h.
Then stir so lu tion in cru ci ble thor oughly with stir ring rod and
trans fer con tents to plas tic bot tle. Treat blanks in the same way as
prod ucts. In clude 2 blanks with each an a lyt i cal batch.

(e) Atomic ab sorp tion spectrophotometry.—Pb and Cd in foods
gen er ally re quire graph ite fur nace AAS for de ter mi na tion. Zn, Cu,
and Fe can, in most foods, be de ter mined by flame AAS.

Wave length, gas mix ture/tem per a ture pro gram, and other
in stru men tal pa ram e ters that are most ap pro pri ate for each metal are
found in the man ual pro vided with the in stru ment.

Back ground cor rec tion must al ways be used in flameless AAS and
for flame ap pli ca tions at low con cen tra tions.

When re sults are out side of the lin ear range, di lute the test
so lu tions with 0.1M HNO3, C(d).

(1) Flame tech nique.—Prepare cal i bra tion curves from a
min i mum of 3 stan dards.

(2) Graph ite fur nace (flameless) tech nique.—The method of
ad di tion should al ways be used. Mea sure ments must be made in the
lin ear range when method of ad di tion is used. Mea sure ments are
pref er a bly made with peak area rather than peak height.

E. Cal cu la tions and Eval u a tion of Re sults

De tec tion limit.—Cal cu late the de tec tion limit, DL, for each
metal as:

DL = 3 ´ stan dard de vi a tion of the mean

of the blank de ter mi na tions (n = ³20)

Cal cu late the con cen tra tion, c, of metal in the test sam ple
ac cord ing to the for mula:

c
(a b) V

m
=

- ´

where c = con cen tra tion in the test sample (mg/kg); a =
con cen tra tion in the test so lu tions (mg/L); b = mean con cen tra tion in 
the blank so lu tions (mg/L); V = vol ume of the test so lu tion (mL); m
= weight of the test por tion (g).

If (a – b) is lower than the DL, then (a – b) is sub sti tuted with DL
for cal cu la tion of the limit of de tec tion in the test por tion.

If test so lu tion has been di luted, di lu tion fac tor has to be taken into 
ac count. When run ning rep li cates, the av er age of the re sults should
be given with 2 sig nif i cant fig ures.

Ref er ence: J. AOAC Int. 83, 1204(2000).
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Ta ble 999.11C. Ex am ple of in stru men tal pa ram e ters for graph ite fur nace AAS

Metal Wave length, nm

Tem per a ture pro gram

Test so lu tion vol ume, mL Graph ite tubeStep 1 Step 2 Step 3 Step 4

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 Un coat ed

Ramp, 1 s   5    0    2

Hold, 19 s  10    2    2
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