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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 mi cro wave di ges tion and flame atomic ab sorp tion

spectrophotometry (FAAS), and Cd and Pb by mi cro wave di ges tion

and graph ite fur nace atomic ab sorp tion spec tros copy (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 (0.4), Cd (0.01), Zn (4), Cu (3), and Fe (7)

mg/kg. Method is not ap pli ca ble to foods with a fat con tent ³40%.
Not ap pli ca ble to milk pow der.]

See Ta ble 999.10A for the re sults of the interlaboratory study
sup port ing ac cep tance of the method.

Cau tion: Di ges tion ves sels must cool for an ap pro pri ate time
be fore open ing in or der to avoid burns from hot and
cor ro sive va pors. Al ways gently add acid to wa ter.
Main tain safe dis tance from fur naces equipped with
Zeeman back ground cor rec tion when the mag net is on.
Con sult man u fac turer’s in struc tions to de ter mine safe
dis tance, which var ies for dif fer ent in stru ments. See
Appendix B, Lab o ra tory Safety, for safe use of
com pressed gases, in or ganic ac ids, and atomic
ab sorp tion spec trom e ter.
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Table 999.10A. Interlaboratory study results for lead, cad mium, zinc, cop per, and iron in foods

Metal Sam ple
Analyte range,

mg/kg Mean, mg/kg n
a

Out liers sr sR

RSDr,
%

RSDR,
% r R HorRat

Pb (GFAAS) Liver ³0.1 0.130 11 1 0.049 0.055 37  42 0.14 0.15  1.95

Wheat bran 0.155 12 0 0.088 0.091 57  59 0.25 0.26 2.81

Diets
b

0.394 12 0 0.063 0.098 16  25 0.18 0.27 1.37

Bo vine mus cle 0.398 10 2 0.086 22 0.24 1.21

Fish 0.48 12 0 0.13 27 0.36 1.52

Mush room 1.62 12 0 0.26 16 0.73 1.08

Cd (GFAAS) Bo vine mus cle  ³0.01  0.0124 12 1  0.0034 28  0.0097 0.91

Liver 0.164 13 0 0.025 0.034 15  20  0.070 0.094 0.96

Wheat bran 0.171 11 2  0.0078 0.022 4.6 13  0.022 0.063 0.63

Fish 0.211 12 0 0.035 17 0.099 0.85

Mush room 0.482 11 2 0.053 11 0.149 0.62

Diets
b

0.764 12 1 0.050 0.105 6.5 14 0.14 0.294 0.85

Zn (FAAS) Fish ³4 4.50 12 0 0.41   9.1 1.1  0.51

Milk pow der 35.3   14 0 3.3    9.3 9.1  1.00

Diets
b

47.8   13 1 1.9  2.5  4.0   5.3 5.4 7.1  0.60

Mush room 56.9   14 0 3.0    5.3 8.4  0.61

Wheat bran 73.5   13 1 2.5  3.5  3.4   4.8 7.1 9.9  0.58

Bo vine mus cle 147.3    11 3 2.5    1.7 7.0  0.23

Liver 181.9    12 2 2.8  8.8  1.6   4.8 7.9 25    0.66

Cu (FAAS) Fish ³0.2 0.241  4 0 0.094 39 0.26 1.98

Bo vine mus cle 2.63  6 0 0.17   6.4 0.47 0.47

Wheat bran 10.14  10 1 0.44 0.81 4.3   7.9 1.2 2.3  0.70

Mush room 37.7   14 0 2.2    5.7 6.0  0.62

Diets
b

63.42  12 2 0.95 1.9  1.5   3.0 2.7 5.3  0.35

Liver 107.5    14 0 3.3  4.1  3.1   3.8 9.3 12    0.48

Fe (FAAS) Fish ³7 7.4   9 0 1.3  17 3.5 1.44

Bo vine mus cle 75.0   12 0 8.1  11 23    1.32

Mush room 105.5    11 0 7.9    7.5 22    0.95

Wheat bran 123.1    12 0 3.9  9.9  3.2   8.1 11    28    1.05

Diets
b

303     10 2 12     18     4.0   5.9 33    50    0.88

Liver 487     12 0 27     31     5.4   6.4 74    88    1.02
a

n = Num ber of lab o ra to ries af ter out lier elim i na tion. Values for sr, RSDr, and r are only avail able for du pli cate or split level de ter mi na tions.
b

Sim u lated di ets E and F.

http://www.eoma.aoac.org/gateway/readFile.asp?id=app_b.pdf


A. Prin ci ple

Prod ucts are di gested with HNO3 and H2O2 un der pres sure in a
closed ves sel heated by mi cro waves. So lu tion is di luted with H2O.
Pb and Cd are de ter mined by GFAAS. Zn, Cu, and Fe are de ter mined 
by FAAS.

B. Ap pa ra tus

(a) Atomic ab sorp tion spectrophotometer.—With air–acet y lene
burner or ni trous ox ide–acet y lene burner for flame (FAAS; see Ta ble
999.10B) and a graph ite fur nace for electrothermal (GFAAS; see Ta ble
999.10C) de ter mi na tions, with ap pro pri ate back ground (nonatomic)
cor rec tion.

(b) Hol low cath ode or electrodeless dis charge lamps.—For Pb, Cd,
Zn, Cu, and Fe.

(c) Mi cro wave oven.—De signed for lab o ra tory use, e.g., MDS-2000
(CEM Corp., PO Box 200, Matthews, NC 28106-2000, USA). Check
microwave oven reg u larly for de liv ered power. If the mea sured ef fect
does not agree with the spec i fi ca tion, ad just the pro gram: Fill a plas tic
beaker (poly propy lene or Tef lon) with 1.000 kg wa ter (room
tem per a ture) and mea sure tem per a ture (Tb). Place beaker in mi cro wave
oven and heat wa ter at full power for 2 min. Take beaker out of oven, stir
wa ter, and mea sure tem per a ture (Ta). The de liv ered power in watts:

P = 35 ´ (Ta – Tb)
(d) Tef lon di ges tion ves sels.—100 mL, with stand ing a pres sure

of at least 1.4 MPa.
(e) Vol u met ric flasks.—25 and 1000 mL.
(f) Fun nels.—Glass or plas tic.
(g) Plas tic bot tles.—e.g., Poly sty rene bot tles with tightly fit ting

lids, 50–100 mL.
(h) Drying oven.—Or equip ment for freeze-drying.
Care fully clean all glass ware and plasticware and rinse, e.g., with

HNO3 or HCl, to avoid metal con tam i na tion.

C. Re agents

Re agents should be of at least an a lyt i cal re agent grade (p.a.),
pref er a bly ultrapure (suprapur), or equiv a lent.

(a) Wa ter.—Re dis tilled or deionized, ³18 MW×cm.
(b) Ni tric acid.—65% (w/w).
(c) Ni tric acid.—0.1M. Di lute 7 mL con cen trated HNO3, (b),

with wa ter to 1 L.
(d) Ni tric acid.—3M. Di lute 200 mL con cen trated HNO3, (b),

with wa ter to 1 L.

(e) Hy dro gen per ox ide.—30% (w/w).

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

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

(h) 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, (b), in 1 L vol u met ric flask. Di lute to
vol ume with wa ter.

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

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

( k )  Wo r k i n g  s t a n  d a rd  s o  l u  t i o n s . — ( 1 )  F o r  f l a m e
anal y sis.—Di lute stan dard, (f)–(j), with 0.1M HNO3, (c), to a range
of stan dards that cov ers the con cen tra tion of the el e ment to be
de ter mined. (2) For graph ite fur nace anal y sis.—Di lute stan dard
so lu tions, (f)–(j), with 0.1M HNO3, (c), to a range of stan dards that
cov ers the lin ear range of the el e ment to be de ter mined.

D. Pro ce dures

( a )  C l e a n i n g  p r o  c e  d u r e . — ( 1 )  F o r  g l a s s  a n d
plasticware.—Acid so lu tion: 500 mL con cen trated HNO3, C(b), +
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 acid
so lu tion. Finally rinse 4–5 times with deionized wa ter. (2) For
Tef lon di ges tion ves sels.—Rinse with ac e tone, wash with deionized
wa ter, keep ves sels cov ered with 0.1M HNO3, C(c), for at least
30 min, rinse with deionized wa ter, and let ves sels dry.

Use sep a rate ves sels for dif fer ent ap pli ca tions, de pend ing on the
con cen tra tion of met als. If, how ever, the same di ges tion ves sels are
used for heavily con tam i nated prod ucts, e.g., sludge, it may be
nec es sary to use a more se vere clean ing pro ce dure, e.g., heat ing
ves sels to gether with con cen trated HNO3, C(b). The in stru ment
man ual usu ally pro vides de tailed in struc tions for such clean ing
pro ce dures.

(b) Pretreatment.—If prod uct is to be an a lyzed fresh, pro ceed to
(d), Ho mog e ni za tion. Oth er wise, con tinue at (c), Drying.

(c) Drying.—Dry to con stant weight in dry ing oven at 105°C, or
freeze-dry. Freeze-drying is usu ally pref er a ble be cause it ren ders
the prod uct less com pact and eas ier to ho mog e nize. If fi nal re sult is
based on fresh weight, weigh test por tion be fore and af ter dry ing to
ob tain wa ter con tent:

H2O = 
W W

W
f d

f

-
´100

where H2O, % = wa ter con tent of the test por tion (%); Wf = weight of 
the test por tion (g); Wd = weight af ter dry ing (g).

(d )  Ho mog e  n i  za  t ion .—Ho mog e  n ize  products  us  ing
noncontaminating equip ment. Check for leached met als if the
ap pa ra tus con sists of metal parts.

(e) Di ges tion.—Weigh 0.2–0.5 g dry ma te rial into di ges tion
ves sel. If wa ter-containing ma te ri als are used, max i mum weight is
re stricted to 2 g, but dry mat ter con tent must never ex ceed 0.5 g. For
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Ta ble 999.10B. In stru men tal pa ram e ters for FAAS

Metal Flame type Wave length, nm

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

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

Fe Air–acet y lene, ox i diz ing 248.3

Fe N2O–acet y lene, ox i diz ing 248.3

Ta ble 999.10C. In stru men tal pa ram e ters for GFAAS

Metal Wave length, nm

Tem per a ture (°C)/ramp-hold (s) Cleaning out 
step (°C)Ashing step At om iza tion step

Pb 283.3 650/15-10 1900/0-4 2500

Cd 228.8 350/15-10 1200/0-4 2500



ex am ple, if prod uct has a wa ter con tent of 50%, take a max i mum of
1 g (= 0.5 g dry mat ter). If a prod uct has a wa ter con tent of 95%, take
2 g (<0.5 g dry mat ter). When un known prod ucts are di gested, too
much sol ids may cause the safety mem brane in the di ges tion ves sel
to rup ture.

Add 5 mL HNO3, C(b), and 2 mL 30% H2O2, C(e). Close ves sels,
place ves sels in holder, place ves sel holder in mi cro wave oven, and
close door. Set oven pro gram ac cord ing to the pa ram e ters given in
Ta ble 999.10D and start pro gram.

The pro gram is valid only when 12 ves sels are be ing di gested
si mul ta neously. If fewer are be ing di gested, the re main ing ves sels
must be filled with re agent blank. When a mi cro wave oven other
than the one given as an ex am ple is used, it may be nec es sary to use a 
slightly dif fer ent time/power pro gram.

Re move di ges tion ves sels from mi cro wave oven and let cool
thor oughly be fore open ing them. Open ves sel and rinse down lid
and walls into con tainer. Trans fer so lu tion to 25 mL vol u met ric flask 
and di lute to mark with deionized wa ter. Then, trans fer so lu tion to
plas tic con tainer. Treat blanks in the same way as tests. One blank
should be in cluded in ev ery set.

(f) Di lu tion.—If test so lu tion needs to be fur ther di luted (due to
high metal con cen tra tions), di lute with 3M HNO3, C(d), in or der to
main tain same acid con cen tra tion prior to metal de ter mi na tion, (g).

High acid con cen tra tion is en vi ron men tally un de sir able and may
de press the an a lyt i cal sig nal. Reduce acid strength by di lut ing the
test so lu tion 1

2 with 0.1M ni tric acid and stan dard so lu tions 1
2 with

3M ni tric acid. The tests and stan dards are thereby brought to the
same acid con cen tra tion. Matching of acid con cen tra tions is
im por tant when a cal i bra tion curve is used.

(g) Atomic ab sorp tion spectrophotometry.—Use of flame or
graph ite fur nace tech nique is de ter mined by the con cen tra tion of the
metal to be determined. Flame tech nique should be used as far as
pos si ble, since this tech nique is less sen si tive to in ter fer ence than the 
G FA A S .  T h e  m o s t  a p  p r o  p r i  a t e  w a v e  l e n g t h ,  g a s
mix ture/tem per a ture pro gram, and other in stru men tal pa ram e ters
for each metal are found in the man ual pro vided with the in stru ment. 
Al ways use background cor rec tion.

Mea sure ments must be within the lin ear range when the method
of stan dard ad di tion is used. A stan dard ad di tion curve con sists of
at least 3 points, of which at least 2 are stan dards. The
con cen tra tion of the high est stan dard should be 3–5 times the
con cen tra tion in the test so lu tion. The lower stan dard should have
a con cen tra tion ap prox i mately half of the high est stan dard. A
sim pli fied ver sion of the method of stan dard ad di tion is to use a
ma trix-matched stan dard curve, which is ap pli ca ble to prod ucts
with the same ma trix: The test and stan dard so lu tions are mixed
and used to make a stan dard ad di tion curve. This curve is then
par al lel trans ferred to or i gin and is used as the stan dard curve for
the tests that fol lowed and that have been di luted in the same
pro por tions. The ma trix-matched stan dard curve and the test

so lu tions will thus have the same ma trix con cen tra tion. On most
mod ern in stru ments, this func tion is in cluded in the soft ware.

(1) Flame tech nique.—The con cen tra tion of Zn, Cu, and Fe are
usu ally at lev els suit able for de ter mi na tion by FAAS. When
cal i bra tion curve is to be used, stan dards and test so lu tions must
have the same acid con cen tra tion.

Since Fe may be strongly af fected by in ter fer ences from the
ma trix, use ei  ther the method of stan dard ad di tion or
ma tr ix-matched stan dards.  When ex pe ri  enc  ing se vere
in ter fer ences, an ox i diz ing ni trous ox ide acet y lene flame may be an
al ter na tive.

(2) Graph ite fur nace tech nique.—This tech nique is gen er ally
re quired for de ter mi na tion of Pb and Cd in foods. Use pyrolytically
coated tubes with plat forms. Since the method re sults in a fairly
large di lu tion of the analyte, it may fre quently be needed also for the
de ter mi na tion of, e.g., Cu. The method of stan dard ad di tion or
ma trix-matched stan dards should al ways be used un less shown to be 
un nec es sary (i.e., no sig nif i cant dif fer ence be tween the slopes of
cal i bra tion curves of pure work ing stan dard and stan dard ad di tion
curves of the test prod uct). Mea sure ments must be made in the lin ear 
range when the method of ad di tion is used.

Pro gram the autosampler to de liver a vol ume that gives as large an
absorbance as pos si ble within the lin ear range and pro duc ing a
back ground absorbance not larger than ap prox i mately 0.5 absorbance 
units. Mul ti ple in jec tion may en hance the absorbance at very low
con cen tra tions. Eval u ate each new ma trix by means of ash- and
at om iza tion-curves in or der to op ti mize the graph ite fur nace
pa ram e ters.

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

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)df 25

m

- ´

where C = con cen tra tion in the test sam ple (mg/kg); a =
con cen tra tion in the test solutions (mg/L); df = di lu tion fac tor; b =
mean con cen tra tion in the blank so lu tions (mg/L); m = weight of the
test por tion (g).

If (a – b) is lower than the de tec tion limit, DL, then (a – b) is re placed
by DL for cal cu la tion of the limit of de tec tion in the test sam ple.

If the test so lu tion has been di luted, the di lu tion fac tor (df) has to
be taken into ac count. If the test por tion was dried and the re sult
should be based on fresh weight, cor rect ac cord ing to the fol low ing:

CFW = C ´ 
100 H O%

100
2-

where CFW = con cen tra tion in the test por tion cor rected to fresh
weight (mg/kg); H2O% = the wa ter con tent of the test por tion (%).

When run ning rep li cates, the av er age of the re sults should be
given with 3 sig nif i cant fig ures.

De tec tion limit.—The DL for each metal is cal cu lated as DL = 3 ´

stan dard de vi a tion of the mean of the blank de ter mi na tions (n = ³20). A
large num ber of blanks must be an a lyzed be fore DL can be es tab lished. A 
DL is not static and will need to be re-evaluated from time to time in
ac cor dance with changes in the blank lev els.

Ref er ence: J . AOAC Int. 83, 1189(2000).
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Ta ble 999.10D. Pa ram e ters for mi cro wave oven program

Step Power, watts Du ra tion, min

1 250  3

2 630  5

3 500 22

4   0 15

http://www.eoma.aoac.org/gateway/readFile.asp?id=cs999_10.pdf

