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Summary-Different steps for the fluarimetric determination of Se in urine have been investigated. A 
HNO,HC10, (4: 1) midure is useful for urine digestion, and reduction of Se;(U) to Se(IV) is effectively 
carried ou$ with HCI {6&f). S&nium(Vl) present after the digestion process con&&es 14.5-35A% of 
MA Se. An optimum pH of 1.80 -t_ 0.05 and th.e addition of I ml of 2,3~iam~~o~~h~al~~~ (DAN) 
(O.l%, w/v) are established in the farmation of Se-DAN complex. Heating to 6O”C, a time of incubation 
of 15 min is recommended to assure the complete formation of Se-DAN complex. A volume of 5 ml of 
cyclohexane and vigorous shaking for 45 set is necessary for the extraction process. With this optimized 
method, the detection limit of selenium was 0.82 pg/Lt within-day precision for a 50.0 pg/l. standard 
solution and urine (27.3 fig/l.) were 2.4 and 2.7% and between-day for the urine was 3.9% (33‘9 J&L). 
Analytical recovery of OS ml of Se standard (250 pgJI.) added EO 1 ml of tine was 99,9 f 2.9% 
(995.8-104.4, n = Q). Normal levels of s&Gum excretion in urine obtained from he&by people were 
27.9 + 8.7 cl.g/day (13.2#.1), not observing significant differences (P -z Q&J) between sexes. 

There is a rather narrow range of adequacy of from selenite All original species of Se present 
several essential elements* such as Se, in human in the sample must be converted to selenitee, 
beings. Although it is firmly established that Se Thus, an acid-digestion step is initially required, 
is an essential element,“2 initially interest in Se previous to a reduction step to reduce Se(V1) to 
was caused by its potential toxicitye3 Thus, there Se(IV).S*7 Few papers’ have been published 
has been an increasing interest in the determi- to determine the trimethylselenonium ion 
nation of selenium in a wide variety of matrices (T&Be+) and other Se species from urine by 
far establishing appropriate Se intake and/or s~ro~~o~metry* Analytical methodology for 
supplementation guidelines, and for the moni- separation of TMSe’ and other Se compounds 
toring of environmental and oozupational 
expasure.2*4 

by cation exchange chromatography and fluori- 
metric determination have been proposed.8 

Selenium is samewhat unique among trace 
elements in that several good and independent 
analytical methods have been developed. Sume 
authors have reviewed the analytical procedures 
for Se determination in urines and several 
human fluids6T7 Three analytical methods 
currently in use depend, respectively, on neu- 
tron activation analysis, atomic-absorption 
spcctrometry and spectroiluorimetry, 

In the present paper, all the steps for the 
fluorimetric determination of Se in urine have 
been critically studied in order to improve this 
determination. 

EXPERIMENTAL 

Spectroffuorimetry is very useful in Se deter- 
mination in urine and other body fluids because 
it is not too expensive and has a good sensitivity 
and precision. ‘p7 Flowever, sample treatment is 
normally lung and tedious. SQ,, spectrofluori- 
metrie measurements utilii the fluorescence of 
the Se-DAN complex (piazselenols) derived 

Fluorescence Spectrophotometer Perkin- 
Elmer model MFP-44A with automatic 
recorder, arc of xenon Osram XBQ, differential 
corrected spectra unit DCSU-I, digital lector 
VD&S, and heating water bath Selecta Frig- 
itherm S-382, 

*Au&or to whom correspondence should be addressed. 

Selenium standard solution (1 mg/ml) Fisher 
for AAS. Working standards (@-250 pg/l.) were 



prepared for dilution of the latter solution with 
mill&Q water. 

2~3-~iaminonaphthaIene (DAN) solution 
@.I%, w/v): DAN (0. I g, previously crystal- 
lized) was weighed into a 250 ml conical flask. 
I-ICI (100 ml, 0.M) iith 0.5 g of hydroxylam- 
moni~ chloride was added and the solution 
placed in a 60°C water bath for 15 min. The cold 
solution was transfe~ed to a separatory funnel 
and the impurities of DAN extracted with 10 ml 
of ~yclohex~e, This washing procedure was 
repeated three more times, discarding the cyclo- 
hexane layer each time. The aqueous phase was 
filtered through filter porous no. 4 and stored in 
darkness at 4°C. 

Crystallization of DAN: 1 g of DAN was 
dissolved into 60 ml ethanol, heated to 50°C in 
a dark room, the solution cooled to - 20°C and 
the brown crystals filtered through filter porous 
no. 4. The crystals obtained were dried and 
stored at -20°C. 

D&odium ethyle~ediaminetetra~~~ acid 
(NazEDTA .2H@) solution tO.04~~: 7.44 g of 
Na,EDTA .2H,O was dissolved and diluted to 
1 1. with mill&Q water. 

Nitric, perchloric, sulfuric, hydrochloric 
acids, cyclohexane and other reagents used were 
of analytical quality. 

Samples 

Urinary samples were collected over a 24-hr 
period since Se can exhibit diurnal vacations as 
a result of variation in drinking patterns.5 The 
samples were stored frozen ( - 20°C) in contain- 
ers of polyethylene without eonservants. These 
containers were previously cleaned with deter- 
gent, water soaked overnight with HNU3 
~?.2~~~ and rinsed several times with milli-Q 
water. 

If s~imentation occurred, a suspension was 
produced by vigorous shaking, before taking the 
aliquot for analysis. 

One ml of urine perfectly measured and 
homogenized and 5 mf of acid mixture 
HNO,-HClO, (4:l) were placed in a beaker 
closed with a coquille and left overnight. Next 
momi~~, the acid mixture was progressively 
heated, in order to avoid the possible losses of 
volatile Se compounds, according to the follow- 
ing sequence: lX0°C/25 min; 14O”C/30 min; 
180”C/30 min. After fumes of HCIOl appeared, 
the acid digest was heated for another 5 min. 
Then, 1 ml of HCl(6AEf ) was added to the digest 

and heated to 180°C/S min in order to reduce 
Se(V1) to Se(W). Consecutively, 2 ml of 
NazEDTA and I mi of DAN were added to the 
Pyrex tubes with the solution obtained above. 
Later, the pH was adjusted to 1.80 f 0.05 with 
NH3 (13.3M) and HCl(7.7M) and this solution 
was heated in 60°C water bath for 15 min, After 
cooling, the Se-DAN complex was shaken 
and extracted with 5 ml of Gyclohexane for 45 
sec. The organic phase was separated by cen- 
t~fug~tion at 2000 rpm and the fiuorescence of 
this phase measured at ;leX = 377 nm and 
&,,,= 516 nm. 

The ~uo~met~G dete~ination of Se can be 
divided into four steps: (1) digestion; (2) re- 
duction; (3) formation of Se-DAN complex; (4) 
extraction. 

The effect of previous drying temperature 
of urine samples on Se losses was studied. 
Previously to fluorimetric Se determination, 
several urine sampkzs were dried at 75°C and 
IWC. The results obtained were compared 
with those found without a previous drying 
process. No significant differences (P < 0.05) 
were observed between dried samples and un- 
dried samples. 

There is a controversy about the need for 
previous mineralization of urine samples for 
the ~~o~rne~~G dete~nation of Se. Some 
authorsPT’0 point out that the digestion of urine 
and most biological materials do not require the 
use of HC10,. However, the majority of 
authorsii,12 indicate that complete oxidation 
of urinary Se compounds requires the use of 
HNO~-HClO~ and other mixtures such as 
HNOz--Hz 0, , H, SO,-H, 0, or HNOj-H2 SO,, 
indicating also that continuous combustion and 
oxygen flask methods are not suitable, The 
presence of TMSe+ and other Se compounds in 
the urine can resist the oxidation except with 
HNO,-WCIO, . 13*f4 

Some of the acid mixtures used in the htera- 
ture have been assayed for digestion of urine 
samples. The behavior of the urine samples with 
respect to this step of digestion depends on the 
amount of organic matter present. The acid 
mixtures assayed were 5 ml of: HN~~-HClO~ 
(4 : 1); HNO,-H, SO, (2 : 1); HNOa-H, PO, (4 : I); 
and HNO~-H*SQ~-HClO~ (4: 2 : 1). Aliquots of 
1 ml of a urine sample were treated with 5 ml 



of the acid mixture, and the expe~ment~ pro- Table I. Influence of the caption of HCI and tempera- 

cedure was followed afterwards. Figure la ture/tim* in the reduction step 

shows the fluorescent spectra of the organic Rel. fluorescence intensity 

Sampie Tempcf&t~ (T, 
HQ Time 

1 concentration 20 erg Se/L Urine +I&) 100 tsff 

0.0 21.0 22.1 
: 2: 

46.3 

:.z 
21.4 27.1 51.1 

6:O 
20.0 27.0 10 44:6 50.9 
20.7 26.0 20 s&9 45.3 

7.7 20.5 27.7 30 51.8 46.6 

extracts obtained with each acid mixture. Ex- 
cept for the HN@-HCIO, mixture, all acid 
mixtures had a yellow colour after the digestion 
process due to inGompiete oxidation of the urine 
sample. Also, a good resolution of Buorescent 
peak was oniy obtained when the acid mixture 
HNO,-HC104 was used (Figure la). 

In order to determine the optimum ratio of 
the selected acid mixture, several ratios between 
both acids were applied to aliquots of a urine 
sample (Figure 1 b)# After a 4: 1 proportion 
(HN03-HCIO,), the digestion of sample was 
complete because no colour was observed in the 

466 m 660 SiO 6iO 660 640 660 660 670 extract of cyclohexane, and the height of the 
x Emission (ne) peak of the Se-DAN complex was constant. 

2. ~ed~~~~~ of se(VI) ttr Se(W) 
l--+ 

A After digestion, it must be ensured that all 
6 \ selenium in the sample is in the tetravalent state, 
6 

~ 

This is the only form of selenium that reacts 
with dia~nonaphthalene to give the derived 

4 

6 
fluorescent species. Generally, in this step, HCl 
(4-&M) is the reducing agent used but some 
laboratories have reported the use of H202iS*16 
or hydroxylamine. 17-1Q 
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Table 1 presents the influence of the HCl 
concentration and tem~rature (1OWC and 
IgPC) on the reduction process, The described 
procedure was applied to several aliquots of a 
urine sample, using different concentrations of 
HCl. It can be concluded that the reduction step 

Table 2. Perceutage of Se(B) with respect to totai selenium 
after the digestion step* 

SJ (J&l. ) 

Without With Percentage 

460 460 600 610 680 660 MO 660 660 676 660 
Urine reduction reduction WVI) 

A Elaission (ne) 
1 

18.305 25.250 27.5 
21.450 28.489 24,? 

Fig. I. (a) Emission spectra (k = 377 nm) obtained with 3 22.836 34.895 14.5 
different acid mixture: (I) HNO&PO,, (2) 4 9.499 I4.976 36.6 

HNQj-H$O,-HCIQ, (3) HNO,-HCIO, and (4) 
;fi 

8.373 10.675 21.6 

HNCQ& SO,. (b) Emission spectra (A = 377 nm) obtained 24.764 32.299 23.5 

with different proportions of the acid mixture 7 20.441 29.625 31.0 

HlUO,HClQ,: (1) l:i, (2) 2:1, (3) 3~1, (4) 4:l and (5) 5:l. *Average of two determinations. 
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is independent of tbe ~on~entra~o~ of HCI. 
However, it must be considered that factors 
such as type of urine, amounts of organic 
matter, digestion process, etc., can influence the 
amount of Se(W) present after the d~g~tio~ 
process. Thus, a con~ntrati~n 6M was selected 
to ensure that all possible Se(V1) present after 
digestion was reduced to Se(W). Using this 
#n~ntrat~ou, the influence of tem~rature 
on the fluorescence of reaction was studied, 
Twenty-five minutes was necessary to achieve 
the total r~~t~on of the Se(W) when heating 
to IOWC and 180°C (Table I). In contrast with 
some authors,“,20 no losses of Se were found 
when the temperature of reaction was 100°C. 
However, if the temperature was maintained at 
f WC, losses of 9.P12.3% were observed after 
20-30 min. 

Selenium con~ntrations in urine samples and 
standards, with and without the reduction step, 
are shown in Table 2. The results obtained with 
the Se(W) standard indicate that there are 
sig~ifi~nt differences (P K 0.05) between the 
means obtained with and without the reunion 
step. Thus, Se(W) is not oxidized to Se(VI) with 
the digestion method proposed. The results 
observed with reduction treatment were higher 
than those obtained without reduction step, 
when urine samples were used. It can be de- 

Fig. 2. Variation of the fluorescence inte~sit~ of the 
Se-DAN complex with the pH of reaction mixture, 

t 

0 0,s 1 1,s 2 2,s 3 J.5 

Volume (181) 

Fig. 3. Variation of the fluorescence infe~sit~ of the 
Se-DAN complex with the votume of DAN @.I%, w/v) 
added. (1) Piazselenol complex, (2) blank, (3) difference 1-2. 

duced that Se(vTf present after the digestion 
process if variable, constituting 27.0 4 7.1 a,‘0 
(14.5-36.6’5) of the total Se. 

There is no agreement about the optimai 
conditions such as: pH, DAN concentration 
and temperature/t~me of incubation, for the 
fo~ation of Se-DAN complex. 

~~~ue~c~ oSp H. Many authors have indicated 
that the optima pH in the fo~ation of piazse- 
lenol is between 1 and 2.“*13~‘g~2’-32 

In the present study, I ml of standard of Se 
(250 pg/l.), 2 ml of DAN, and 2 ml of EDTA 
were mixed in Pyrex tube. Then, a buffer of 
glycine/HCl of pH 2,4 was added and the pH 
was adjusted to a value between OS and 6 with 
NH, or HCI. The fo~ation of complex and its 
extraction were carried out according ta the 
described method. 

Maxims ~uo~s~nt signal of the Se-DAN 
complex was observed in the range of pH l-3 
(Fig. 23 which agrees with the results obtained 
by Bayfield and Romalis.33 However, we rec- 
ommend %L pH 1.80 f 0.05 in order to ensure a 
maximum extraction. The adjustment of pH 
must be carried out before the addition of 
DAN, because it can be degraded in a strong 
acid medium, 
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Table 3. Influence of the relation temperature/time in formation of the 
piaxselenol complex 

Ref. tIuorescence intensity f% recovery)* 

Temperature (“C f 
Time 
(v&n) 25 40 60 80 

2 20.0 (51 .O%) 31.0(79.1%) 36.6 (93.4%) 
5 25.7 (65.7%) 38.0 (96.9%) 38.9 (99.3%) 

10 24.8 (63.3%) 33.1 (84.5%) 39.0 (99.5%) 40.8 (104.1%) 

: (95.2%) 27.0 (68.9%) 3%.5 37.3 (98.3%) 38.9 38.9 (99.3%) (99.3%) ~.4(~~3.j%) 39.0 (99.53%) 
30 32.0 (81.7%) 38.8 (99.0%) 39.I(99.7%) 38.6 (98.5%) 
:: 34.0 35.3 (86.8%) 

(90.1%) 

*Percentage with respect to the mean fluorescence of the added standard of 
40 &k: x + SD = 39.2 f 0.6 (M = IO). 
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Z@uence of DAN concentration. Some 
authors*’ have studied the effects of temperature 
and concentration of DAN on the reaction of 
DAN and Se(W). They selected a concentration 
of DAN dihydr~hlo~de of 0,5% (w/v) and a 
reaction temperature of 40°C. 

Solutions prepared with 1 ml Se(W) (50 
pg/l.), 2 ml EDTA, 2 ml water milli-Q, and 
variable amounts (0.2-3 ml) of DAN, were 
treated with the described procedure without 
the digestion and reduction steps. For each 
solution, a blank was also prepared. When the 
concentration of DAN was increased, so did the 
fluorescent signal, but it had the disadvantage of 
producing a high blank reading. The percentage 
of fluorescence of all the considered solutions as 
well as the difference between the sample and 
blank are shown in Fig. 3. A plateau in the 
difference of fluorescent signal and the corre- 
sponding blanks were reached when the added 
volume of DAN was higher than 1 ml. One 
millilitre of DAN was chosen as optimal, since 
volumes higher than I ml produce the same 
difference between the fluorescent signal of stan- 
dard and blank. 

Z$Yuence of temperature/time of incubation. 
There is no agreement about the optimal tem- 
perature/time relation for the formation of 
Se-DAN complex: lfO”C/30 min,” 75”CflO 
m&i9 6O”C/30 min”’ or 20 min,35 WY730 
min”~37 or 15 min,3a among others, have been 
proposed. 

Table 3 shows the fluorescence of the cyclo- 
hexane extracts relative with respect to the mean 
value of the standard of Se and percentage of 
recovery obtained of Se standards (1 ml 40 pg 
Se/l.) which were undertaken with 2 ml of 
EDTA, 2 ml water milli-Q and 1 ml of DAN to 
pH 1.8, in different relations tem~~ture/time. 

Incomplete recovery, 90.1%, was reached at 
room temperature after 1 hr. However, com- 
plete formation of the Se-DAN complex was 
obtained at 4O”Cj20 min, 6O”C/lO min, WC/5 
min The relation 6O”C/l5 min was adopted in 
order to ensure greater tolerance margin for the 
total formation of Se-DAN complex as well as 
decreasing the DAN degradation risk. 

4. Extraction of S&IAN complex 

The cyclohexane extraction allows preconcen- 
tration of Se and eliminates the non-soluble 
interferences in cyclohexane. For this study, 1 
ml of Se standard (250 pg/l.), 2 ml of EDTA 
solution and 2 ml of DAN were placed in a 
Pyrex tube. After adjustment of pH 
(1.80 + 0.05), formation of the !Se--DAN corn- 
plex was carried out following the experimental 
procedure. The complex was successively ex- 
tracted with different volumes (5 and 10 ml) of 
cyclohexane. All Se was extracted with three 
extractions for both volumes of the used extrac- 
tants, giving only values of 1.1% of Se in the 
third extraction (Table 4) In the first extraction, 
levels higher than 90% were reached, using 5 
and 10 ml of cyclohexane. A volume of 5 ml was 

Tabic 4, Perccntagc of the extracted 
Se-DAN complex with the shaking time 

Time Rel. fluorescence int. 
(=c ) (% recovery)* 

0 1.65 (7.3) 
5 18.03 (79.4) 

15 20.83 (91.8) 
30 21.73 (95.7) 
45 22.63 (99.7) 
60 22.73 (100. X) 
90 22.63 (99.7) 

*Percentage with respect to the mean 
fluorescence of added standard 20 pg 
se/l.: x f SD = 22.66 f 0.06 (n J 4). 
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proposed to 
Se. 

Table 5, Urinary Se concentration @g/l.) and daily Se excretion (pg/day) in healthy 
people 

Sample 

Females 
Males 
Total 

Se Wddav) se hff~. 1 
n mean&SD Range mean f SD Range 

10 27.193 f 8.896 (13,161-42.528) 299lOf 10.243 (17.231-55.446) 
IO 28.734 ‘r 8.949 (l3.371-64.109) 25.009 j, 4.792 (i6.79I-33.930) 
20 27.964 f 8.820 (13.161-44.109) 27.459 f 8.179 (16.791-55.446) 

improve the pr~on~ntmt~on of 

The vigorous shaking time was also studied 
(Table 4). The conditions of this study were the 
same as above but using 5 ml of cyclohexane 
throughout. A 7% Se-DAN complex was ex- 
tracted without the shaking process and a time 
of 45 set was considered optimum for complete 
extraction of the complex. 

The optimized method was assayed on nor- 
mal and Se spiked urinary samples. The ob- 
tained recovery (99.9 + 2.9%) was almost 
complete, which agrees with most authors. The 
within-day precision af the method was 3.2% 
(11.3 lug Se/l* n = 5) or 2.7% (27.3 pg Se/L, 
n = 5) for urine samples, and 2.4% (50.0 pg 
Se/l., n = 8) or 0.8% (260.0 pg Se/l., n = 5) for 
Se standard solutions. While between-day pre- 
cision was 4.4% (24.8 pg/l., n =5 6) or 3.9% 
(33.9 &g/l., n = 6) for urine samples. A cali- 
bration curve to determine the con~ntration of 
selenium in a sample solution, was obtained by 
treating a standard selenium sol&an with the 
same procedure as the urinary samples: 

F = 0.812 x [Se(pg/l.)j - 0.371 (w = 0.9997; 
II = IO). 

The linear interval was confirmed between 
0 and 250 &g/l. and the optimum interval 
for measurement was 10-50 p&/l. The 
detection limit of this fluo~met~c procedure 
(mean + 3SD of the blank fluorescence value), 
was 0.82 fig/l. (0.82 ng of Se}. 

This method optimized was applied to 20 
samples of urine of heahh people, the results are 
summarized in Table 5, All samples contained a 
Se concentration of no more than 100 pg/l, 
which represents the maximum allowable con- 
centration recommended by Gfover.38**g 

The urinary Se concentrations obtained in 
this work were higher than those reported in low 
Se areas where Keshan disease was found.40”‘t 
On the other hand, our data were lower than the 
average urine concentrations of residents in 

se~en~ferous areas of China,‘@-@ 
and South Dakota45 of the 

Wyoming43,~ 
U.S.A. or 

VenezueIa.45*47 Similarly to most regions in 
Eur~pe,@*~~ the average Se is normally con- 
sidered as a reference value.soT5’ 

‘No significant differences (P < ORi) were 
found between the mean ~on~~trations ob- 
served in males and females, which agrees with 
aster and Prelfwitz.49 in contrast, some 
authors” have reported that male Greeks ex- 
crete less (0.011 < P < 0.05) Se than female 
Greeks. 
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