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AOAC Of fi cial Method 974.27

Cad mium, Chro mium,
Cop per, Iron, Lead, Mag ne sium,

Man ga nese, Sil ver, and Zinc in Wa ter

Atomic Ab sorp tion Spec tro pho to met ric Method
First Ac tion 1974
Fi nal Ac tion 1984

A. Prin ci ple

Metals in so lu tion are de ter mined di rectly by atomic absorption
(AA) spectrophotometry; sus pended met als are sep a rated by
mem brane fil tra tion, or sus pen sion is dis solved and an a lyzed; Pb
and Cd in low con cen tra tion are chelated, con cen trated, and then
ex tracted with or ganic sol vent prior to AA de ter mi na tion.
Ap pli ca ble to sur face and sa line wa ters, and do mes tic and in dus trial
wastes. Three syn thetic wa ter spec i mens con tain ing be tween 0.05
and 1.0 mg each metal/L an a lyzed by 8–23 lab o ra to ries showed
re sults given in Ta ble 974.27A.

B. Ap pa ra tus

(Use Py rex, quartz, or Tef lon labware ex clu sively; clean
thor oughly with de ter gent and H2O; soak in HNO3 [1 + 1] for
1 week; rinse with H2O, di lute HNO3, and H2O, in that or der. Use
deionized, dis tilled water when ever H2O is spec i fied.)

AA spectrophotometer.—Spectrophotometer op er at ing at
con di tions given in Ta ble 974.27B. Op er a tor must be come fa mil iar
with set tings and op er a tions of the instrument, us ing ta ble only as
guide. Use Boling burner for aque ous so lu tions, and pre mix burner
with sol vent.

C. Re agents

(a) Deionized dis tilled wa ter.—See 973.48C(a) (see 11.1.11).

(b) Ni tric acid.—Di lute 500 mL redistilled HNO3 to 1 L with
H2O. (Cau tion: Per form dis til la tion in hood with pro tec tive sash in
place.)

(c) Hy dro chlo ric acid.—Di lute 500 mL HCl to 1 L with H2O and
dis til in all-Pyrex ap pa ra tus.

( d )  M e t a l  s t a n  d a r d  s o  l u  t i o n s . — ( 1 )  S t o c k
so lu tions.—Ac cu rately weigh amount of metal spec i fied in
Ta ble 974.27C into beaker and add dis solv ing me dium. When
metal is com pletely dis solved, trans fer quan ti ta tively to 1 L
vol u met ric flask and di lute to vol ume with H2O. (2) Working
so lu tions.—Pre pare daily. Di lute aliquots of stock so lu tions with

H2O to make ³4 stan dard so lu tions of each el e ment within range
of de ter mi na tion, Ta ble 974.27B. Add 1.5 mL HNO3/L to all
work ing stan dard so lu tions be fore di lut ing to vol ume. Add 1 mL
LaCl3/10 mL Mg work ing stan dard so lu tion.

(e) Lan tha num stock so lu tion.—50 g La/L ca 5% HCl. Slowly
add 250 mL HCl to 58.65 g La2O3 (99.99%, Alfa Aesar, 26 Parkridge 
Rd, Ward Hill, MA 01835, USA; www.alfa.com; or equiv a lent),
dis solve, and di lute to 1 L.

(f)  Am mo nium pyrrolidine dithiocarbamate  (APDC)
so lu tion.—Dis solve 1 g APDC in 100 mL H2O. Pre pare fresh daily.

D. Prep a ra tion of Specimen

(a) Dis solved met als.—As soon as prac ti ca ble af ter col lec tion,

fil ter known vol ume of the spec i men through 0.45 mm mem brane.
Use first 50–100 mL to rinse flask and dis card. Col lect fil trate and
pre serve so lu tion by add ing 3 mL HNO3 (1 + 1)/L.

(b) Sus pended met als.—Trans fer res i due and mem brane from

(a) to 250 mL beaker and add 3 mL HNO3. Cover with watch glass

and heat gently to dis solve mem brane. In crease heat and evap o rate

to dry ness. Cool, and add 3 mL HNO3, and heat un til di ges tion is

com plete, gen er ally in di cated by light col ored res i due. Add 2 mL

HCl (1 + 1), and heat gently to dis solve res i due. Wash watch glass

and beaker with H2O and fil ter. Wash fil ter and dis card. Di lute

fil trate with H2O to con cen tra tion within range of in stru ment.

(c) To tal metal.—Trans fer aliquot of well mixed specimen to

beaker and add 3 mL HNO3. Heat, and evap o rate to dry ness. (Do not

boil.) Con tinue as in (b), be gin ning “Cool, and add 3 mL HNO3, . . .”.
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Ta ble 974.27A. Bias and stan dard de vi a tions of
de ter mi na tion of metals by atomic ab sorp tion

Metal Added, mg/L

Stan dard de vi a tion Bias

% mg/L % mg/L

Cd 0.01     53 0.007 +27.5 +0.003

0.01 (extn) 61 0.006   0.0 0.0 

0.05      8 0.004  +2.0 +0.001

0.05 (extn) 10 0.005  +1.2 +0.001

0.10      8 0.008  +3.4 +0.003

0.10 (extn) 52 0.045 –15.0 –0.015

Cr 0.05     26 0.013  –2.3 –0.001

0.10     22 0.021  –2.9 –0.003

0.20     12 0.024  –3.0 –0.006

Cu 0.05     42 0.023  +8.3 +0.004

0.25      8 0.020  +2.2 +0.006

1.00      6 0.060  +0.6 +0.006

Fe 0.10     34 0.032  –5.3 –0.005

0.30     18 0.050  –5.0 –0.015

0.50      6 0.031  +1.1 +0.006

Pb 0.05     76 0.036  –5.0 –0.002

0.05 (extn) 53 0.028  +3.0 +0.002

0.10     67 0.057 –16.0 –0.016

0.10 (extn) 55 0.053  –5.0 –0.005

0.20     30 0.052 –14.0 –0.028

0.20 (extn) 48 0.088  –8.0 –0.017

Mg 0.05     10 0.006  +8.5 +0.004

0.10     10 0.011  +8.2 +0.008

0.20      7 0.014  +5.0 +0.010

Mn 0.05     14 0.007  +6.0 +0.003

0.25     12 0.030  +4.4 +0.011

0.50      8 0.043  +1.3 +0.007

Ag 0.05     17 0.010 +10.6 +0.005

0.10     11 0.010  –7.1 –0.007

0.20      8 0.016  +7.3 +0.015

Zn 0.05     46 0.021  –9.3 –0.005

0.50      3 0.016  +1.4 +0.007

1.00      5 0.051  –0.1 –0.001
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E. De ter mi na tion

(P in ter fer ence in Mg de ter mi na tion is elim i nated by add ing La
stock so lu tion to test portion and work ing stan dard so lu tions so that
fi nal di lu tions con tain 1% La.)

(a) Gen eral method.—Set up in stru ment as in Ta ble 974.27B, or
pre vi ously es tab lished op ti mum set tings. Sec ond ary or less
sen si tive lines [Spectrochim. Acta 17, 710(1961)] may be used to
re duce nec es sary di lu tion, if de sired. Read 4 stan dard so lu tions
within range be fore and af ter each group of 6–12 test solutions, and
re-establish 0 A each time. Pre pare cal i bra tion curve from av er age of 
each stan dard be fore and af ter test group. Read unknown
con cen tra tion from plot of A against mg/L.

(b) Spe cial organic ex trac tion method.—When Pb or Cd
con cen tra tion is too low for di rect AA de ter mi na tion, trans fer
spec i men aliquot to 250 mL beaker and di lute to 100 mL with H2O.
Pre pare blank and stan dards in same man ner. Ad just pH of test and
stan dard so lu tions to 2.5 with HCl, us ing pH me ter. Trans fer
quan ti ta tively to 200 mL vol u met ric flask, add 2.5 mL APDC
so lu tion, and mix. Add 10 mL methyl isobutyl ketone and shake
vig or ously 1 min. Let lay ers sep a rate; then add H2O un til ketone
layer is in neck of flask. (Centrifugation may be nec es sary.) Prepare
AA for organic analysis. As pi rate ketone layer and re cord read ings
of stan dards and tests against blank. (Fuel-to-air ra tio should be
ad justed to as blue a flame as pos si ble, since or ganic sol vent adds to
fuel sup ply.) Pre pare cal i bra tion curve from av er age of each
stan dard and read unknown  con cen tra tion from plot (mg/L).

F. Cal cu la tions

(a) Gen eral method.—

mg Metal/L = (mg metal in aliquot/L) ´ F

where F = fi nal di lu tion/mL aliquot.

(b) Spe cial ex trac tion method.—

mg Metal/L = mg metal in aliquot/L

Ref er ences: Wa ter Metals No. 4, Study No. 30 (1968) An a lyt i cal
Ref er ence Ser vice, Pub lic Health Ser vice (avail able
from Na tional Tech ni cal In for ma tion Ser vice, 5285
Port Royal Rd, Spring field, VA 22161, USA, NTIS
PB215673/BE).
JAOAC 67, 421(1984).

CAS-7440-43-9 (cad mium)
CAS-7440-47-3 (chro mium)
CAS-7440-50-8 (cop per)
CAS-7439-89-6 (iron)
CAS-7439-92-1 (lead)
CAS-7439-95-4 (mag ne sium)
CAS-7439-96-5 (man ga nese)
CAS-7440-22-4 (sil ver)
CAS-7440-66-6 (zinc)
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Table 974.27B. Op er ating parameters

Metal
Wave length,

nm Flame
Op ti mum

range, mg/L

Cd 328.1 Ox i dizing air–C2H2 0.1–2   

Cr 357.9 Sl. re duc ing air–C2H2  1–200

Cu 324.7 Ox i dizing air–C2H2 0.1–10 

Fe 248.3 Ox i dizing air–C2H2 0.1–20 

Pb 217.0 Sl. ox i diz ing air–C2H2  1–10

Mg
a

285.2 Re ducing air–C2H2 0.01–2  

Mn 279.5 Ox i dizing air–C2H2 0.1–20

Ag 328.1 Ox i dizing air–C2H2 0.1–20

Zn 213.9 Ox i dizing air–C2H2 0.1–2 
a

With 1% La so lu tion.

Table 974.27C. Prep a ra tion of metal stan dard so lu tions

Metal
a

Weight, g Com pound
Dis solving me dium

(1 L to tal)

Cd 1.142 CdO 5 mL redistd HNO3

Cr 1.923 CrO3 H2O + 10 mL redistd HNO3

Cu 1.000 Cu, elec tro lytic 5 mL redistd HNO3

Fe 1.000 Fe wire 5 mL redistd HNO3

Pb 1.599 Pb(NO3)2 H2O + 10 mL redistd HNO3

Mg 0.829 MgO 10 mL redistd HNO3
b

Mn 1.583 MnO2 10 mL HCl

Ag 1.575 AgNO3 H2O + 10 mL redistd HNO3

Zn 1.000 Zn 10 mL HNO3
a

Fi nal con cen tra tion = 1000 mg/L ex cept for Mg (500 mg/L).
b

Add 1 mL La stock so lu tion to 10 mL work ing stan dard so lu tion.
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