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Manganese is an important biological trace element (COMENS 1956, 
EVERSON and DANIELS 1934) and is known to be essential in the nu t r i t -  
ion of both animal and man (COTZIAS 1958). Even though the element 
has significance biological ly,  i t s  exact mode of action is not com- 
pletely understood (MAHONEY and FERRANTE 1964, FERRANTE 1961). Chron- 
ic exposure to the metal results in locura mangania or the madness 
of acute manganic intoxicat ion which is more frequently found in min- 
ing areas where occupational exposure is more common than in other 
parts of the world (ROSENSTOCK, et al. 1971). Presenting signs of 
this disease are disorders of mentation, disorientat ion, impairment 
of memory and judgement, acute anxiety, emotional l i a b i l i t y ,  
compulsive acts, hallucinations, i l lusions and delusions (ROSENSTOCK, 
et al. 1971). 

In view of the very large number of trace metals for manu- 
facturing of materials such as paints, plast ics, rubbers and paper, 
i t  is l i ke ly  that injest ion either d i rect ly  or ind i rect ly  of these 
metals, part icular ly  by children, may occur, and the probabi l i ty of 
the accumulation in body tissue beyond tolerance levels would increase. 
The total concentration of manganese in man is approximately 10-20 mg 
(MAHONEY, et a l . ,  1969), and because of i ts  low concentration in man, 
there has been d i f f i c u l t y  in developing an analytical procedure for 
monitoring occupational exposure to the element. 

There are a number of analytical methods available for trace ele- 
ment determination in body tissue. Included are emission spectros- 
copy, spark-source mass spectrometry and neutron act ivat ion analysis. 
These techniques, although sensit ive, are expensive, d i f f i c u l t  to 
apply to routine analysis where large number of samples are to be analy- 
zed, and usually require pre-concentration from large sample sizes. 

At present the most widely used analytical method for trace ele- 
ment determination is atomic absorption spectrophotometry (AA). Al- 
though simultaneous multi-element determinations are not yet feasible 
by AA, the technique has good sens i t i v i t y  for single element deter- 
minations and is easily adaptable to routine analysis. 

A recent development in AA has been the introduction of the 
flameless graphite tube atomizers (HGA) which has resulted in a signi-  
f icant increase in the absolute sens i t i v i t y  attainable by the techni- 
que. This improvement in sens i t i v i t y  together with the small sample 
requirement makes the non-flame atomizer uniquely suitable for the 
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direct analyses of trace elements from environmental and biological 
materials where sample size is usually a l imi t ing factor. The HGA 
method has been used successfully for the determination of trace ele- 
ments in biological samples (HANIG and APRISON 1967) and has been used 
for the direct determination of chromium in urine (ROSS and GONZALEZ 
1973) and for cadmium in both blood and serum (ROSS and GONZALEZ 1973). 

Due to the sens i t i v i t y ,  spec i f i c i ty  and s impl ic i ty  of analysis 
of this technique, i t  was the purpose of this investigation to adapt 
the HGA technique for the direct determination of manganese in biologi- 
cal materials. The method is quick and adaptable to routine analyses. 

EXPERIMENTAL 

Apparatus 

A Perkin-Elmer model 303 AA spectrophotometer equipped with a 
Dynatronic Instruments model Graphicorder-lO recorder, a deuterium 
arc background corrector and a Perkin-Elmer HGA-2000 heated graphite 
atomizer were employed in this investigat ion. The AA spectrophotometer 
was operated according to the standard conditions for the analysis of 
manganese recommended by the manufacturer. The graphite tubes are 
purged with 1.5 I/min of nitrogen to provide an inert  atmosphere. 

With the use of atomization systems that result in a transient 
or peak absorption signal, the u t i l i za t i on  of a background corrector 
which attenuates the scattering signal produced during the atomization 
cycle becomes increasingly desirable. However, biological matrices 
produce a large amount of smoke, and only part ial  compensation of peak 
absorption is achieved; therefore, i t  is desirable, in order to ob- 
tain maximum peak height, to careful ly align the beam from the hollow 
cathode lamp with respect to the deuterium arc reference beam as des- 
cribed by Manning (MANNING and FERNANDEZ 1970). 

The temperatures reported are also given in terms of voltages 
which were measured d i rect ly  across the atomizer terminals. In ject-  
ions into the HGA were made by means of Eppendorf micropipettes with 
disposable plast ic t ips.  

Reagents 

Secondary working standard solutions were prepared fresh dai ly 
by di lut ing a I000 ~g/ml manganese reference (Fisher Scient i f ic  Co.) 
with deionized doubly glass d i s t i l l ed  water which showed no manganese 
absorption under the conditions described in this work. Methyl iso- 
butyl ketone (MIKB) and n i t r i c  acid were puri f ied by d i s t i l l a t i o n  from 
a s i l i ca  s t i l l .  Ammonium pyrol l id ine dithiocarbamate (APDC) was re- 
crystal l ized from alcohol-water, and i ts  solutions were extracted with 
several portions of MIKB before use. All containers used were of 
teflon or high density polyethylene and were rinsed thoroughly with 
s i l i ca  d i s t i l l ed  n i t r i c  acid. 
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Procedure 

Al iquots of twenty m ic ro l i t e r s  of 50% ur ine or serum aqueous 
so lu t ions  were introduced into the graphi te tube using disposable 
micropipet tes.  Samples of cerebral spinal f l u i d  were not d i l u ted .  
Ca l ib ra t ion  curves were obtained by i n jec t i ng  manganese working stand- 
ard so lu t ions and by f o r t i f y i n g  serum or spinal f l u i d s  with manganese 
concentrat ions equal to those added to the aqueous ca l i b ra t i ng  
so lu t ions .  

The graphi te tube reservo i r  power supply was programmed as 
fo l lows:  

Drying 30 seconds at 150 ~ C 0.77v 
Charring 50 seconds at 1350 ~ C 4.2 v 
Atomizing 8 seconds at 2150 ~ C 7.2 v 

The charr ing temperature and time were found to be c r i t i c a l  since 
the sa l ts  present in the b io log ica l  f l u i d s  must be se lec t i ve l y  re- 
moved p r io r  to the atomization step of the manganese. 

Samples were also analyzed by chelat ing and ex t rac t ing  manganese 
wi th APDC and MIKB as described by Chr is t ian  (CHRISTIAN and ROBINSON 
1971). Manganese chelates decompose on standing in MIKB, therefore,  
extracted so lu t ions of the metal chelates are aspirated immediately. 

Results and Discussion 

The concentrat ion of  manganese in blood serum is very near or at 
the detect ion l i m i t  of the AA using the conventional flame technique, 
and the levels  found in ur ine and other b io log ica l  f l u i d s  are below 
the l i m i t s  of detect ion of the instrument. In the case of assays at 
or near the detect ion l i m i t  of an instrument,  considerable work is re- 
quired to demonstrate that  the small s ignals are, in fac t ,  from the 
material  under study. With the increased s e n s i t i v i t y  of the flameless 
AA-HGA technique by several orders of magnitude, t h i s  problem has been 
improved considerably.  The au then t i c i t y  of the manganese signal 
employing th is  method was establ ished by observing the energy meter of 
the spectrophotometer during the atomization cycle with the deuterium 
arc background cor rec tor  on. The reading on the energy meter indicates 
deuterium emission instead of hollow cathode lamp energy. I f  any broad 
band absorption takes place during the atomization cycle,  the needle de- 
f l ec t s  to ind icate  a t tenuat ion.  The charr ing temperature and time em- 
ployed in the inves t iga t ion  afforded a d i s t i n c t i v e  manganese signal w i th -  
out not iceable matr ix  in ter ference or detectable losses of manganese 
during the ashing cycle.  

A unique feature of the HGA is the fac t  that  trace metals in bio- 
log ica l  f l u i d s  may be determined d i r e c t l y  wi thout  p r i o r  sample workup 
thus e l im ina t ing  changes of er ror  which r e s u l t  from reagent contamination 
and sampling handl ing. The accuracy of the above method was establ ished 
by analyzing the samples d i r e c t l y  and comparing the resu l t s  by the ex- 
t rac t i on  method. These data are i l l u s t r a t e d  in Table I .  The data obtained 
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TABLE 1 

The Determination of Manganese in Blood Serum by the Direct 
Method and by APDC-MIKB Extraction 

Sample Direct Extract ion 
(~g/lO0 ml) (~g/lO0 ml) 

1 1.48 1.61 
2 1.82 1.96 
3 2.03 2.13 
4 0.850 1.23 
5 2.85 2.71 
6 4.05 4.10 

by the two procedures are in close agreement. Recovery data l i s ted  in 
Table 2 was obtained by spiking urine samples which afforded no manganese 
absorption at the l im i t s  of de tec tab i l i t y  of the prescribed procedure. 
The mean recovery for these samples is 99.3% (range 90.0-107%). 

The re la t i ve  standard deviations (RSD) for  peak signals calculated 
from ten in ject ions of each serum, urine and aqueous standard solut ions 
containing 2.0 ug/lO0 ml of manganese were 2.3, 4.8 and 2.4 percent res- 
pect ive ly .  These data are in good agreement with those ci ted in the l i t -  
erature (CHRISTIAN and ROBINSON 1971). No manganese was detected in cere- 
bral spinal f l u i d  by the d i rec t  or the extract ion method. However, the 
levels of manganese found in urine ranged from non detectable quant i t ies 
to 2.5 pg/lO0 ml with a mean manganese concentration of 1.26 pg/lO0 ml. 

TABLE 2 

Recovery of Manganese from Serum and Cerebral Spinal Fluid 

Serum % 
Sample Mn Added Mn F o u n d  Recovery 

(~g/lO0 ml) (~g/lO0 ml) 

A 1.5 1.4 90 
B 2.0 1.8 90 
C 3.0 2.9 97 
D 3.5 3.6 I01 
E 4.0 4.1 103 
F 4.5 4.6 I01 
G 6.0 6.0 I00 

Spinal F lu id 

A 1.5 1.5 I00 
B 3.0 3.2 105 
C 4.5 4.9 108 
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The concentrations of urine manganese reported in the l i te ra ture  vary 
greatly. The detection l im i t  obtained for manganese in body f lu ids in 
th is investigation is 0.I ug/lO0 ml based on 20 ul injections of I : I  
serum/water samples into the HGA. Injections of up to I00 ul samples 
are possible using this technique, and larger injections increases the 
sens i t i v i ty ;  however, d i rect  injections of larger sample volumes into 
the HGA would increase the amount of non-specific absorption 
encountered from the salts present in the biological media affording 
incorrect manganese readings. 

In summary, the HGA method for the determination of manganese is 
at t ract ive because of the increased sens i t iv i ty  over the conventional 
flame technique. The method allows samples to be analyzed d i rect ly  
thus eliminating errors incurred in sample handling and reagent con- 
tamination. The method is simple, quick and adaptable to routine 
analysis. 
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