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Determination of Cadmium and Lead in Raw
Milk by Graphite Furnace Atomic

Absorption Spectrophotometry
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SUMMARY A simple, pure method was described for graphite furnace atomic absorption
spectrophotmetry used for Cd and Pb determination in milk serum prepared from spon-
taneous souring. Samples of raw milk were collected from the bulk holding tanks of 107
dairy farms in six counties in Taiwan. Raw milk samples were placed at room temperature
( 28 °C ) for 48 h, allowing the pH to lower below 4.6 and the casein and fat to precipitate.
Milk serum was filtered and then directly injected into a graphite tube. The standard add-
ition method was employed, and 0.1 % phosphoric acid was used as a matrix modifier.
During ashing, 15 s of oxygen influx was supplemented to prevent charcoal accumulation
on graphite tube. The average recoveries of Cd and Pb from three added concentrations
were 93.7 % + 6.9 % and 945 + 10.1 %, respectively. The Cd and Pb concentrations in
milk powder { Number A-11) from International Atomic Energy Agency as analyzed using
this method were close to the certified values. The average Cd and Pb contents obtained
from 107 samples were .044 ng/ml, ranging from 021 to .173, and 2.03 ng/ml, ranging from .98

to 4.45, respectively, without statistical difference among the six counties.
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INTRODUCTION detect Cd and Pb contents in milk, and wide

ranges for these two elements in milk have been

Milk and milk products are important
components in human food. But lactating cows
may possibly be exposed to high quantities of
toxic metals such as Cd and Pb in the envi-
ronment. Therefore, to ensure public health, the
concentration of Cd and Pb in milk needs to be
monitored.

Different methods have been applied to

given at .2 to 20 ng/g for Cd and 2 to 400 ng/g
for Pb.

wide ranges were most probably due to syste-

Narres et al. () suggested that these

matic errors of the methods that were used.
Therefore, better methods of sample prepara-
tion are needed to avoid contamination and to
reduce the interference by the matrix of milk.

Conventional sample preparation methods inc-
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lude digestion and dry ashing, but both are
tedious and susceptible to contamination.
Graphite furnace atomic absorption spectrop-
hotometry ( GFAAS ) has been used for direct
determination on Cd and Pb in milk, with added
soluene, triton, and ethanol ( 1, 10, 12 ). Jenn-
ess (4) found that a milk serum prepared by acid
precipitation could be analyzed directly for
major cations in milk. Trichloroacetic acid has
been widely used to prepare milk serum ( 3, 5,
13, 14 ). However, regardless of the acids or
reagents used, contamination is inevitable; a
tedious sub-boiling distillation technique is
required to purify these acids. However, when
milk is placed at room temperature ( 28 °C ) for
about 48 h, acidity increases to about .55 % and
curd is then formed because of lactic acid-for-
ming bacteria in raw milk. Therefore, milk
serum can be generated without any foreign
acid or reagent and thus, no contamination
problem or high reagent blank occurs. The obj-
ectives of this study were to use GFAAS to det-
ermine directly Cd and Pb in milk serum prep-
ared by spontaneous souring.

MATERIALS AND METHODS

Sample preparation

Samples of raw milk were collected from the
bulk holding tanks of 107 dairy farms in six
counties in Taiwan and then quickly stored at
—20 "C until measurement. Clean polyethylene
bottles were used to contain the raw milk. when
the samples were to be analyzed, the milks were
thawed and placed at room temperature ( 28 °C
) for 48 h to become acid. Before filtration, t-
ransferred some milk of each sample to test the
pH of the milk by pH meter ( HI 8520, Laborat-
ory Micro-processor pH meter, Hanna Instrum-
ents, Limena, Italy ) to make sure the pH value
was below 4.6. Milk serum was then obtained by
milk curd filtered through Toyo 5C filter paper (
Toyo Roshi Kaisha, Ltd., Tokyo, Japan ) and
then Cd and Pb concentrations were determined
by GFAAS.

i)
I

Reagent

1 g of Cd standard as CdCl1, ( Fixanal 38556,
Riedel-deHaen, Hanncver, Germany ) and 1 g of
Pb standard as Pb ( NO, ), ( Titrisel 9969; E.
Merck, Darmstadt, Germany ) were diluted with
deionized water to 1 L to prepare 1000  g/ml
stock solutions. The standard 1000 1 g/ml stock
solutions were further diluted with 3N HC1 (
Suprapur, E. Merck, Darmstadt, Germany ) to
obtain 1 4 g/ml of standard solutions. 1 y g/ml
standard solutions were further diluted with
deionized water to obtain 100 ng/ml working
solutions for recovery test, and .8 ng Cd/ml and
8 ng Pb/ml solutions for standard addition in
graphite furnace.

0.1 % H4PO, ( Suprapur; E. Merck, Darms-
tadt, Germany ) was used to stabilize the a-
nalytes and to reduce background absorption.

Instrumentation

A GBC 904 atomic absorption spectropho-
tometer and system 3000 automated graphite
furnace ( GBC Scientific Equipment Pty Ltd.,
Victoria, Australia ) were used. The furnace
comprised the GF 3000 graphite furnace and
PAL 3000 programmable automatic sampler.
The absorbances of Cd and Pb were measured at
6 mA of lamp current and .5 nm of slit width
and with the mode of peak height. The wave
lengths used were 228.8 nm for Cd and 283.3
nm for Pb. The parameters of automatic sampi-
er and the temperature program of the graphite
furnace for analysis of Cd and Pb are shown in
Tables 1 and 2, respectively.

Analytical Method

The standard addition method was used to
overcome the interference problem. In this
method, 7 « 1 of milk serum were added by
automatic sampler with 3 u 1 of modifier and 1,
2, 3, 4 41 of each standard solution for Cd and
Pb ( Table 1, parameters of automatic sampler )
and appropriate volume of deionized water to
bring the total volume to 14 u I, and then inj-
ected into the graphite tube.
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To check the accuracy of the analytical
method, 10 ml of triplicate samples of raw milk
were augmented with 1, 2, 3 ml of 100 ng/ml
standards to perform the recovery test. Furth-
ermore, a milk powder sample { Number A-11 )
from International Atomic Energy Agency was
used as reference material and analyzed by the
above described method.

All glassware and polyethylene bottles for
raw milk containers were washed with deterg-
ent, followed by soaking in 10 % ( vol/vol ) nitric
acid overnight, rinsed thoroughly with deionized
water, and oven-dried before use.

Statistical Analysis

The data of Cd and Pb concentrations were
analyzed by SAS(R) / PC Release 6.03 ( SAS(R)
Inst, Inc., NC, U.S.A }. Duncan’s new multiple
range test was used to compare the difference of
metal contents obtained from raw milk samples
of different counties.

RESULTS AND DISCUSSION

Recovery test and Analysis of Reference Mat-
erial

The recoveries of Cd and Pb from serum of
raw milk is listed in Table 3. Mean recovery
rates from triplicate samples of the different
added concentrations of Cd and Pb were all
above 90 %. Average recovery rates from three
added concentrations of Cd and Pb were 93.7 &
6.9 %, and 945 + 10.1 %, respectively. The
analytical results of reference material are
shown in Table 4. The Cd and Pb contents in
milk powder ( Number A-11 ) determined from
milk serum were 1.9 ng/g and 59 ng/g, respec-
tively, close to the recommended values and
within the confidence intervals of the two elem-
ents. These results have proved the accuracy of
direct determination of Cd and Pb from milk
serum prepared by spontaneous souring which
is simple and has little risk of contamination.

Evalution of Applied Method

M 93

Splashing during the drying step and for-
mation of charcoal on the graphite tube are the
major problems encountered in direct injection
of milk into graphite tube. Several workers (1,
10, 12 ) have used different reagents to over-
come splashing. In this experiment, without any
foreign reagent, splashing of milk serum was
avoided by a carefully controlled drying. A dry-
ing temperature of 70°C maintained for 30 s was
satisfactory for 14 # 1 of milk serum.

To prevent charcoal formation, Oikawa et al.
(12 added nitric acid to the sample solution to
promote the decomposition of organic matter.
Narres et al. {ll) reported that nitric acid as a
charring aid was not acceptable because its
addition to milk resulted coagulated milk pro-
tein; on the other hand, the influx of oxygen
into graphite furnace during the ashing step
was an effective and pure way to diminish bae-
kground absorption by the complex organic
matrix of charcoal. This experinent confirmed
the useful role of oxygen during the ashing step.
Without oxygen influx during ashing step, ch-
arcoal quickly deposited on tube. Because oxyg-
en severely shortened the lifetime of tube in this
experiment, the 140 s of oxygen influx during
both the drying and ashing steps developed by
Narres et al. (I0) was modified to 15 s during the
ashing only. The resulting tube lifetime and
ashing effect proved satisfactory.

Some workers ( 10, 12 ) carefully avoided
the coagulation of milk protein during sample
preparation. Lopez (5), however, used trichloro-
acetic acid to precipitate protein and then det-
ermined Cd, Pb and the essential elements in
the serum. In this experiment, protein precipi-
tation by lactic acid was the major method to
reduce matrix interference. Although protein
precipitated after the thawing of frozen milk at
the higher pH, the cations could not be deter-
mined from milk serum when acidification of
milk was incomplete. Therefore, as long as the
acidity of milk was high enough ( pII below 4.6 )
and the curd was formed, most of the Cd and Pb
transferred to milk serum ( Table 3, recovery
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test ). Most of the casein and fat were removed
from milk serum; hence, interference because of
organic matrix of charcoal was reduced. A lot of
labor can be saved by direct determination of

milk serum.

Cd and Pb contents in Raw Milk

The standard calibration curves for Cd and
Pb are shown in Figures 1 and 2. The Cd and Pb
contents in the serum of raw milk samples from
six counties are listed in Table 5. The mean
concentrations of Cd and Pb were not signi
ficantly different ( P > .05 ) among six counties.
The mean content for Cd were .044 ng/ml of
milk with the range of .021 to .173 ng/ml ( n =
107 ) and for Pb were 2.03 ng/ml with the
range of .98 to 4.45 ng/ml ( n = 107 }. These
concentrations are comparable with the .048 ng
Cd/ml (.020 to .190) and 1.76 ng Pb/ml of milk
(.85 to 4.08 ) reported by Narres et al. (1{), who
added Triton X-100 to whole milk for direct
determination of Cd and Pb. These comparable
data suggest that direct determination of Cd
and Pb from milk serum or from whole milk will
produce similar results.

Early work indicated that little Cd was
secreted into milk ( 8, 9, 11 ). Following a single
oral dose, radioactive Cd secreted into cow’s
milk was only .00008 %/d (). The quite low
concentration of Cd in milk bas been attributed
to sequestration of Cd by metallothionein-like
proteins that have been isolated in mammary
tissue and placenta (6). Raw milk also contains a
relatively low amount of Pb. Stanley et al. (19
reported that only .0003 % of the ingested Pb
transfers to milk. Milk from cows showing cli-
nical signs of Pb toxicity contained only 9 ppb of
Pb (2). Holstein cows given 11 mg of PbCO4/kg of
body weight for 2 wk secreted milk containing
only 5.9 ppb of Pb (7).

The results suggest that the procedure
described here in is simple, of low risk for con-
tamination, and especially suitable for deter-
mination of large numbers of raw milk samples.
In addition, the quite low concentrations of Cd

and Pb in raw milk indicate the negligible exp-
osure to these two elements from consuming
milk.

REFERENCES

1. Barlow, P. J. 1977. Micro-determination of
lead and cadmium in pasteurized market
milks by flameless atomic absorption s-
pectroscopy using a base digest. J. Dairy
Res. 44 ;. 377.

2 Hammond, P. B, and A. L. Aronson. 1964.
Lead poisoning in cattle and horses in the
vicinity of a smelter. Ann. New York Acad.
Sci. 111 : 595.

3. Hankinson, D. J. 1975. Potential sources of
copper contamination of farm milk supplies
measured by atomic absorption spectrop-
hotometry. J. Dairy Sci. 58 : 326.

4. Jenness, R. 1953. Titration of calcium and
magnesium in milk and milk fractions with
ethylenediamine tetraacetate. Anal. Chem.
25 : 966.

5 Lopez, A, W. F. Collins, and H. L. Williams.
1985. Essential elements, cadmium, and
lead in raw and pasteurized cow and goat
milk. J. Dairy Sci. 68 1878,

6. Lucis, O. J., R. Lucis, and Z. A. Shaikh.
1972. Cadmium and zinc in pregnancy and
lactation. Arch. Environ. Health 25 14.

{. Lynch, G. P, D. G. Cornell, and D. F. Smith.
1974. Excretion of cadmium and lead into
milk. Page 470 in Trace Element Metabol-
ism in Animals-2. W. G. Hoekstra, J W.
Suttie, H. E. Ganther, and W. Mertz, ed.
University Park Press, University Park, MD.

8. Miller, W. J,, B. Lampp, G. W. Powell, C. A
Salotti, and D. M. Blackmon. 1967. Influ-
ence of a high level of dietary cadmium on
cadmium content in milk, excretion, and
cow performance. J. Dairy Sei. 50 : 1404,

9 Miller, W. J. 1973. Dynamics of absorption
rates, endogenous excretion, tissue turnov-
er, and homeostatic control mechanisms of

zine, cadmium, manganese, and nickel in



1.

12.

gixE FIE MIs 95

ruminants. Fed. Proc. 32: 1915.

Narres, H. D, C. Moh}, and M. Stoeppler.
1985. Metal analysis in difficult materials
with platform furnace Zeeman-atomic abs-
orption spectroscopy. 2. Direct determina-
tion of cadmium and lead in milk. Z. Leb-
ensm. Unters. Forsch. 181 : 111.

Neathery, M. W., W.J. Miller, R. P. Gentry, P. E.
Stake, and D. M. Blackmon. 1974. Cad-
mium-109 and methyl mercury-203 meta-
bolism, tissue distribution and secretion
into milk of cows. J. Dairy Sci. 57 : 1177.
Oikawa, N., K. Taguchi, N. Suzuki, and

K. Kojima. 1987. Rapid determination of
trace metals in cow's milk by graphite furn-
ace atomic absorption spectrometry. J. Food
Hyg. Soc. Japan 28 : 180.

Price, W. J. 1972. Analytical Atomic Abs-
orption Spectrometry. Heyden and Sons Ltd,,
London, Engl.

Rowland, S. J. 1938.The precipitation of the
proteins of milk. .J. Dairy Res. 9: 30.
Stanley, R. E., A. A Mullen, and E. W.
Bretthauer. 1971. Transfer to milk of ing-
ested radio lead. Health Phys. 21 : 211.

TABLE 1. Parameters of automatic sampler for the direct determination of

Cd and Pb in milk serum.

Solutions Standard" Sample * Blank® Modifier*
(£1})
Blank 0 11 3
Sample 0 4 3
Addition 1 1 3 3
Addition 2 2 2 3
Addition 3 3 1 3
Addition 4 4 0 3

1.8 ngCd/ml and 8 ng Pb/ml
? Milk serum.

# Deionized water

4 1% HaPOs
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TABLE 2. Temperature program for the direct determination of Cd and Pb
in milk serum

Temperature Ramp time Hold time
Step Gas!
Cd Pb Cd Pb Cd Pb
C 3 S
Drying 70 70 10 10 30 30 Ar
110 110 10 10 5 5 Ar
Ashing 600 650 10 10 5 5 02
600 650 5 5 5 5 Ar
600 650 1 1 2 2 None
Atomization 1800 2000 6 7 2 2 None
Cleaning 2000 2300 1 1 2 2 Ar
'Gas flow rate: Ar 300 ml/ min, Oz 50 ml/ min.
TABLE 3. Recovery of added Cd and Pb from raw milk.
Raw milk {10 ml)
Metal
Added ' Found’ Recovery
{ng) (%)
Cd 0 41 —
100 946 + 72 942 + 7.2
200 1830 + 165 913+ 82
300 2872 + 109 956 + 3.6
Mean recovery - — 93.7 £ 6.9
Pb 0 198 -
100 1112 + 85 914 + 85
200 2224 + 202 101.3 £ 10.1
300 292.2 + 243 908 + 81
Mean recovery - — 94.5 £ 10.1

'Added 1,2, 3ml of 100 ng/ ml Cd or Pb standards into 10 mi of raw milk,

respectively.

*Mean + SD of triplicate samples.
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TABLE 4. Accuracy checks for the direct determination of Cd and
Pb in milk powder { Number A-11 ) from International
Atomic Energy Agency

Elements Cd Ph
{(ng/g)
Recommended value 1.7 54
Confidence interval 12-22 29 — 79
Direct determination? 19+ 02 59 +5

of milk serum

!Confidence intervals are for P = .05
Mean + SD of three determinations.

TABLE 5. The mean Cd and Pb contents in serum of raw milk
samples from six counties.

County Cd Pb
Farms
code mean SD Range mean SD Range
(No)) (ng/ml)
1 9 044 005 037-—.053 205 52 160 -330
2 21 044 021 023 - 117 213 .69 1.11- 3.63
3 19 .045  .035 021 —-173 200 68 122-—335
4 11 042 013 024 — 072 1.75 67 1.24 — 3.70
5 19 037 007 026 -— 053 182 41 1.09 — 2.54
6 28 050 022 030 -—.114 222 78 98 — 445
Total 107 044 022 021-.173 203 66 98 — 445

'No significant difference occurred (P >.05) among counties.

97
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Figure 1. Calibration curve of Cd by standard addition method.
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Figure 2. Calibration curve of Pb by standard addition method.
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