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INTRODUCTION

Many studies indicate that Mn is
an essential element, although it
can become toxic at high levels. 
In body fluids of healthy individ-
uals, Mn levels can reach up to 
20 ng/mL in total blood and 
3 ng/mL in urine. Levels up to 
40 ng/mL in urine are tolerable
(Biological Tolerance Limit). How-
ever, additional studies are neces-
sary to establish whether these
levels are safe to human health (1).
Since very few studies have been
performed regarding the relation-
ship between worker exposure and
health effects, no proper correla-
tion study between measured aver-
age Mn concentration at work
places and the relative appearance
of disorders is available. Adverse
effects to the central nervous sys-
tem are observed at Mn levels in air
from 1 to 5 mg/m3. Nonspecific
symptoms are registered at about
0/5 mg/m3, resulting in chronic
manganese poisoning for some indi-
viduals (2). Since little is known
about the effect of Mn in body flu-
ids, the development of a reliable
and simple procedure for its deter-
mination is very desirable.

Low detection limits and
reduced sample volume have made
the GFAAS analytical technique
very attractive for the analysis of
clinical samples (3). However,
experience has shown that graphite
furnace may be severely affected by
interferences from the sample
matrix. These effects are minimized
if the Stabilized Temperature Plat-

form Furnace (STPF) concept (4) is
closely followed. However, these
problems may persist, resulting
from close atomic lines submitted
to the Zeeman (5) effect or the
presence of different chemical
species (6), for example. 

As first reported by Ediger (7),
the STPF concept requires the use
of chemical modifiers. The purpose
of a matrix modifier is to improve
the effectiveness of the pyrolysis
step, which leads to a more
uniform atomization environment.
In connection with the platform, it
delays the atomization until the
graphite furnace tube approaches a
stable temperature (3,8). In the first
years of the STPF concept, the
diversity of modifiers required and
the associated pyrolysis and atom-
ization temperatures did not
encourage its use for routine analy-
sis. These limitations have led to an
intense search for modifiers that
could apply to a larger number of
elements and samples (9, 10).

Stimulated by the work of Shan,
Jin, and co-workers, Welz and
Schlemmer (8) investigated the use
of a mixed modifier of Pd(NO3)2

and Mg(NO3)2 as a more universal
modifier. Concerning Mn determi-
nation, these authors showed that
pyrolysis temperatures up to 1100,
1400, and 1500°C can be reached
using no modifier, Mg(NO3)2 alone
(as proposed by Slavin), or Pd(NO3)2

+ Mg(NO3)2, respectively (11) .

In the GFAAS analysis of blood
samples, a simple dilution with 
Triton® X-100 solution seems to be
the pretreatment of choice (12).
However, the permanence of resid-
ual inorganic salts after the pyroly-
sis step contributes to background
attenuation. For most authors, con-
tinuum source background correc-
tor overcomes this interference,
although Slavin (13) reported that
at the 279.5-nm Mn line, this cor-
rector may not be completely effec-
tive and suggests the use of the
Zeeman corrector.

In the analysis of clinical sam-
ples, Koen and Razboynikova (14)
have shown that Mn in urine and
whole blood could be determined
by GFAAS after dilution with Triton
X-405 solution. It was established
that Triton X-405 appeared to be 
a good choice for blood homoge-
nization. The authors also claimed 
a several-fold sensitivity increase,
but using peak height mode mea-
surements. No modifier was used.
Bayer (15) described a method for
the determination of Mn in whole
blood using GFAAS with deuterium
corrector and 0.2% Mg (NO3)2 solu-
tion as the matrix modifier. The
sample pretreatment consisted 
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of a fivefold dilution of the speci-
men with a 5-g/L Triton X-100 
solution. The analyte addition tech-
nique was used for calibration. The
use of internal standards or calibra-
tion by analyte addition was also
recommended by Baruthio et al.
(16) for the analysis of biological
materials. Grosser (17) has shown
that Mn could be determined in
NIST SRM 2670 Certified Urine (for
Mn, indicative value only) using
ZAAS following the STPF concept.
The sample was diluted fivefold and
Mg(NO3)2 was used as the modifier.
Hams and Fabri (18) described a
method for Mn determination in
whole blood using GFAAS with deu-
terium background corrector and
concentrated nitric acid as the
matrix modifier. They also used
oxygen as the purge gas at low tem-
peratures together with the plat-
form technique. The samples were
analyzed after a (1+7) dilution with
water containing a trace of Triton
X-100 solution. They reported
equivalent results in the analytical
sensitivity for both aqueous and
dilute blood samples. Ronchi et al.
(19) have shown that Mn in urine
samples could be determined using
ZAAS combined with L’vov plat-
form and 0.2% Mg(NO3)2 as the
matrix modifier. The sample was
previously diluted (1+1) with the
aqueous modifier solution and later
introduced (20 mL) into the graphite
furnace. The analyte addition tech-
nique was used for calibration. 
In a method evaluation study, 
Christensen et al. (20) performed
the determination of Mn in whole
blood using ZAAS after a six-fold
sample dilution with a Triton X-100
solution containing diammonium
hydrogen phosphate and H4EDTA
as the chemical modifiers. Calibra-
tion was prepared by spiking
human blood with the element.

From the literature, some points
related to the Mn determination in
biological fluids by GFAAS are still
controversial. Due to the volatility
of Mn, the use of chemical modi-

fiers may be seen as questionable.
The use of a modifier results in
longer analysis time and blank
enhancement, which impoverishes
the detection limit of the analysis.
In addition, calibration using the
analyte addition technique should
only be performed when actually
necessary because it increases
analysis time and results in loss of
precision. The aim of the present
work was to study the determina-
tion of Mn in whole blood and
urine by GFAAS, with and without
modifiers, after minimum sample
pretreatment, and the presence of
multiplicative matrix effects and
background attenuation. 

EXPERIMENTAL

Instrumentation

The experiments were carried
out using two Perkin Elmer atomic
absorption spectrometers: Model
1100 AAS, with deuterium-arc back-
ground correction, equipped with
an HGA®-300 graphite furnace, an
AS-40 autosampler and an Epson®

EX-800 printer, and Model 3030
AAS with Zeeman background cor-
rection, equipped with an HGA®-
600 graphite furnace, an AS-60
autosampler, and an Epson LQ-570+
printer. The operating parameters
(wavelength, hollow cathode lamp
current, and bandpass) were set as
recommended by the manufacturer.
All experiments were performed
using pyrolytically coated graphite
tubes with pyrolytic graphite plat-
forms. Argon was used as the
sheath gas. A single-element Inten-
sitron® hollow cathode lamp was
used. 

Reagents and Solutions

Manganese analytical solutions
were prepared after convenient
dilutions of a Titrisol® stock solu-
tion with 0.2% (v/v) HNO3. Chemi-
cal modifier solutions were prepared
from ultrapure magnesium nitrate
(Perkin Elmer) and a 1% (m/v) palla-
dium nitrate solution (Merck). Con-
centrated nitric acid (Merck) was

purified by subboiling distillation
using a quartz apparatus (Hans
Kuerner). Hydrogen peroxide (30%
m/v) was obtained from Riedel de
Häen. Triton X-100 was obtained
from Merck. All solutions were pre-
pared with high-purity, distilled,
deionized water (specific resistivity
≥18 MΩ/cm), from a Milli-Q® (Milli-
pore) water purifying system.

Cleaning Glass and Plasticware

All glass and plasticware were
soaked for at least 24 hours in 20%
(v/v) HNO3, rinsed with ultrapure
water, and dried in an oven for one
hour at 50°C. The pipette tips were
rinsed by filling them 2–3 times with
0.2% (v/v) HNO3.

Samples

Urine samples from laboratory
workers were collected in polyethyl-
ene bottles, preserved at 4°C, and
diluted (1+1) with 0.2% (v/v) nitric
acid prior to the analysis. The analy-
sis was performed on the same day 
as the sampling. The blood samples
were collected from laboratory work-
ers, using heparinized vacutainers to
prevent coagulation and preserved at
4°C, then diluted up to 1+9 with
0.1% (v/v) Triton X-100 prior to
analysis. All sample preparations
were conducted in a clean laboratory
environment, equipped with a lami-
nar flow bench (Karl Bleymehl) and
fume cupboards.

Sample Digestion

In the comparison study, a closed
microwave-assisted digestion system
(Milestone S 1200 Mega) was used.
To 1-mL urine samples, 1 mL HNO3

(subboiled) plus 500 µL perhydrol
were added, following the digestion
program shown in Table I. The vol-
ume was then made up to 3 mL with
Milli-Q™ (Millipore) water. For total
blood (500 µL), 3 mL HNO3 (also sub-
boiled) plus 500 µL of perhydrol
were used, and the final volume
made up to 5-mL volume with Milli-Q
water.
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RESULTS

Pyrolysis and Atomization 
Temperatures

The basic temperature program
used is shown in Table II. The mod-
ifier volume was always 10 µL for a
10-µL sample. Thus, added modifier
masses were 50 µg Mg(NO3)2, 
15 µg Pd, and 15 µg Pd + 10 µg
Mg(NO3)2. All results are based on
peak area measurements.

TABLE I 
Microwave Digestion 

Temperature Program

Hold time Power
Step (min) (W) 

1 3 250

2 10 300

3 3 Zero

4 5 400

5 2 600

6 5 300

7 10 Vent

TABLE II 
Temperature Program for the
Study of Mn Determination in

Urine and Total Blood

Step Temp Ramp Hold Read Ar  
(°C) time time (mL/

(s) (s) min)

1 90 1 15 - 300

2 120 10 20 - 300

3 Var* 10 15 - 300

4 20 1 10 - 300

5 Var* 0 5 On 0

6 2650 1 3 - 300

Pyrolysis and atomization tem-
perature curves allowed the deter-
mination of the optimum pyrolysis
and atomization temperatures for
sample analysis with and without
modifiers. The results are displayed
in Table III. For this study, urine
and blood samples of nonexposed
workers were diluted 1+1 with
0.2% (v/v) HNO3 and 0.1% (v/v) Tri-
ton X-100, respectively, and spiked
with 50 pg of Mn as Mn(NO3)2.

Multiplicative Matrix Effects 
and Background

Multiplicative matrix effects
were accessed by the slope ratios
between analyte addition and aque-
ous analytical curves. Tables IV and
V show that matrix effects are pre-
sent in all situations except when
Pd alone was used as the modifier.
In this case, slope ratios were not
significantly (t-test, 95%) different
from 1. Thus, only in this case, cali-
bration with aqueous solution is

TABLE III 
Optimized Pyrolysis/Atomiza-

tion Temperatures (°C) 

Modifier Aqueous Urine Blood

None 1200/ 1100/ 1100/
2100 2000 2000

Mg(NO3)2 1400/ 1300/ 1300/
2100 2100 2100

Pd 1600/ 1300/ 1300/ 
2100 2300 2300

Pd + 1600/ 1500/ 1500/
Mg(NO3)2 2200 2200 2200

advisable. Also, in the presence of
Mg(NO3)2, large variations in the
slope ratio from sample to sample
are observed (coefficients of varia-
tion from 7 to 16%). Thus, even
matrix-matched standards are not
advisable, and analyte addition
should be the calibration method 
of choice, if Mg(NO3)2 is present 
as the modifier. 

Concerning background 
attenuation, Figures 1–4 show that
background levels were well in the
range of either the Zeeman or D2

corrector. No difference was found
in the results obtained using any 
of the background correction sys-
tems. The presence of Mg clearly
enhances the background attenua-
tion. Although such attenuation 
is well compensated for in both 
systems, it may be related to the
process involved in the multiplica-
tive matrix effect observed in the
presence of Mg. Also, peak profiles
closer to those of the aqueous 
solutions are observed if Mg is not
present.

TABLE IV 
Slope Ratios Observed for Blood Samples 

With and Without Modifiers

Sample No modifier Mg Pd Pd + Mg 
1 0.84 0.71 1.06 0.62

2 0.86 0.89 0.94 0.78

3 1.04 0.81 0.96 0.69

4 1.00 0.56 1.04 0.65

5 0.83 0.75 0.98 0.64

Average ± s 0.91 ± 0.10 0.74 ± 0.12 1.00 ± 0.05 0.68 ± 0.06

TABLE V 
Slope Ratios Observed for Urine Samples 

With and Without Modifiers

Sample No modifier Mg Pd Pd + Mg

1 0.63 0.81 1.02 0.73

2 0.75 0.80 1.04 0.67

3 0.75 0.80 1.04 0.67

4 0.63 0.74 1.08 0.75

5 0.65 0.90 1.09 0.63

Average ± s 0.68 ± 0.06 0.81 ± 0.06 1.05 ± 0.03 0.69 ± 0.05 
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Fig. 1. Absorbance-time profiles for Mn determination with-
out modifier. (a) 10-µL aqueous solution with 6.0 ng/mL
Mn. (b) 10-µL urine sample diluted (1+1) with 
0.2% (v/v) HNO3. (c) 10-µL blood sample diluted (1+9) 
with 0.1% (v/v) Triton X-100 spiked with 4.5 ng/mL. 
Dotted line is background attenuation.

2a

2b

2c

Fig. 2. Absorbance-time profiles for Mn determination with
15 µg Pd as the modifier. (a) 10-µL aqueous solution with
6.0 ng/mL Mn. (b) 10-µL urine sample diluted (1+1) with
0.2% (v/v) HNO3. (c) 10-µL blood sample diluted (1+9)
with 0.1% (v/v) Triton X-100 spiked with 4.5 ng/mL Mn.
Dotted line for background attenuation

Fig. 3. Absorbance-time profiles for Mn determination with 
50 mg Mg(NO3)2 as the modifier. (a) 10-µL aqueous solu-
tion with 6.0 ng/mL Mn. (b) 10-µL urine sample diluted
(1+1) with 0.2% (v/v) HNO3. (c) 10-µL blood sample
diluted (1+9) with 0.1% (v/v) Triton X-100 spiked with 
4.5 ng/mL Mn. Dotted line is background attenuation.

Fig. 4. Absorbance-time profiles for Mn determination with 
(10 µg Mg(NO3)2 + 15 µg Pd) as modifier. (a) 10-µL aqueous
solution with 6.0 ng/mL Mn. (b) 10-µL urine sample diluted
with (1+1) with 0.2% (v/v) HNO3. (c) 10-µL blood sample
diluted (1+9) with 0.1% (v/v) Triton X-100 spiked with 
4.5 ng./mL Mn. Dotted line is background attenuation.
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Method validation

No certified reference material
was available for the validation of
the method. Thus, the comparison
with another procedure was used.
The alternative procedure consisted
of the microwave-assisted sample
digestion in closed vessel, accord-
ing to the program shown in Table
I, followed by GFAAS Mn determi-
nation. Pd was used as the modifier
and calibration was performed
using aqueous [0.2% (v/v) HNO3]
analytical solutions. The results
showed good agreement (see
Tables VI and VII).

TABLE VII
Comparative Results Otained 

for the Determination of Mn in
Total Blood Samples (ng/mL) 

Sample With Without
digestion digestion 

B.1 3.2 3.5

B.2 8.2 8.3

B.3 5.3 5.5

B.4 11.4 12.0

B.5 12.0 12.9

B.6 8.3 8.9 

TABLE VI
Comparative Results Obtained
for the Determination of Mn in

Urine Samples (ng/mL) 

Sample With Without
digestion digestion 

U.1 6.0 6.4

U.2 5.3 5.5

U.3 7.9 8.2

U.4 2.4 2.3

U.5 3.8 3.9

U.6 18.0 17.9

Detection Limits

The detection limits (DLs) were
evaluated for the whole analytical
procedure. Since no field blank was
available, DLs were estimated using
very low Mn concentrations in
urine and blood samples. The ana-
lytical procedure (dilution + GFAAS
determination) was repeated 10
times with the same sample. For
both samples, detection limits
(k=3) of 0.6 µg/L were obtained.

CONCLUSION

Of the different methods studied
to the matrix modification, the use
of Pd(NO3)2 alone resulted in the
best performance: calibration with
aqueous analytical solutions was
possible and background attenua-
tion could well be compensated for
using either D2 or Zeeman correc-
tor. Accurate determination of 
Mn in both blood and urine was
obtained after only one proper dilu-
tion step. The results were equiva-
lent to those obtained after a vig-
orous sample digestion. The simple
sample pretreatment minimizes 
the risk of contamination and the
consequent low blanks permit
quantitation of the typical levels 
of nonexposed individuals.

Received July 1, 1998.
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