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ABSTRACT

A method is reported for the determination of beryllium 

in one liter urine samples. Using aluminum as carrier, 

beryllium is collected as the phosphate. (Ethylenedini- 

triolo) tetrasodiumacetate (EDTA) is used as masking agent 

for interfering cations. Aluminum and beryllium are com- 

plexed as fluorides with sodium fluoride and are exchanged 

on the hydroxide form of Dowex 1 x-4 anion resin. Calcium, 

magnesium, iron, and phosphate are not exchanged. The 

fluoride complexes are removed from the resin by eluting 

with 6N hydrochloric acid. The eluate is wet ashed with 

nitric and sulfuric acids and beryllium and aluminum are 

collected as hydroxides. Chemical recovery is determined 

by gamma counting Be-7 tracer. The normal beryllium is 

measured fluorimetrically with morin as the reagent.

The overall chemical recovery observed with eight ex 

perimental one liter samples was 93.5 Hh 4.5 percent. The 

lower limit of detection for the fluorimetric measurement 

is 0.005 |ig per tube, which is equivalent in the overall 

method to 0.05 p.g per liter of urine.
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INTRODUCTION

With the increasing production and use of beryllium 

and its compounds, continuous plant monitoring of air is 

necessary as a measure of the potential hazard that may 

occur by overexposure to dust, fume or mist containing 

beryllium. In 1948, the Beryllium Medical Advisory Com 

mittee to the Atomic Energy Commission recommended that 

inplant air concentration of beryllium should not exceed 

an average of 2 |ig/rrf3 during an 8 -hour day? and the air 

concentration outside a plant handling beryllium compounds 

should not exceed an average monthly concentration of 0.01

. These levels, as criteria, have kept occupational 

and offsite exposure to beryllium at a minimum.

The toxic nature of beryllium and its compounds re 

quires that sensitive and precise methods be used for its 

determination. The most widely used methods, for detection 

of beryllium in microgram and submicrogram ranges, utilize 

the fluorimeter or spectrograph. The limiting factor of 

either method is that relatively pure beryllium must be 

isolated prior to measurement.
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The available procedures used to determine beryllium 

employ various analytical techniques to isolate beryllium. 

Wet ashing &3'4'6'6' and dry ashing '7/8' methods are used to des 

troy organic material, Coprecipitation of beryllium and 

other phosphates is also used to remove organic matter ̂9/10/13"' 1 , 

Large cation concentrations are reduced by precipitating 

calcium sulfate v' 13/3/4>v or high anion concentrations lowered 

by adding bismuth and precipitating the phosphate ̂  . Both 

of these latter precipitations are performed in acid media, 

in which beryllium remains in solution. Beryllium may 

then be collected in several ways: iron phosphate precip 

itation followed by mercury cathode electrolysis ̂  , manga-

(3) nese phosphate precipitation ̂ ', mercury cathode electrolysis

M
and acetylacetone extraction l/ , or EDTA chelation preced 

ing an acetylacetone extraction *X3̂ . The samples are

18 1 J5 1*3 ft I

finally measured either fluorimetrically ̂' ' ' ^or spectro- 

graphically C2' 9' 10'^

Complex formation and separation of beryllium by ion 

exchangers have been frequently used \14' . In an earlier 

method used in this Laboratory ̂la^ beryllium, as the beryl- 

late ion, was exchanged in a batch operation onto a weak

- 2 -



base anion exchanger (Airiberlite IR-4B). The present work 

began with an effort to adapt the batch exchange to a 

column operation and to increase the sample volume from 

100 ml to 1 liter.

The method described here removes organic material 

by precipitating beryllium and other ions as phosphates. 

Large concentrations of cations are masked with EDTA. 

Beryllium and added aluminum carrier are complexed with 

sodium fluoride and isolated by exchanging the fluoride 

complexes onto an anion exchange resin. The fluoride com 

plexes are removed from the resin with 6N hydrochloric acid, 

Beryllium and aluminum are collected as hydroxides. The 

overall chemical yield is determined by gamma counting 

added radioberyllium tracer. Normal beryllium is measured 

fluorimetrically with morin as the reagent.

RESIN. PREPARATION

For commercially available ion exchange resins it is 

recommended that metal ion interferences which may be ex 

changed onto the resin during the manufacturing process be 

removed.
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Using a soxhlet extractor, extract approximately 500 

grams of Dowex 1 x-4 (50-100 mesh) overnight with 2 liters 

of 95% ethanol. Transfer the resin to a 3 liter beaker 

and wash several times with distilled water, decanting 

after each wash. By stirring mechanically, extract the 

resin with (1) 3N sodium hydroxide, (2) distilled water 

(twice), (3) 6N hydrochloric acid, and (4) distilled water 

(twice). To prepare the anion exchanger, the column illus 

trated in Fig. 1 is used. Measure 10 ml of wet-settled 

resin and transfer to the ion exchange column that has been 

filled with distilled water and a small piece of glass wool 

to support the resin. Allow the resin to settle. Place a 

small piece of glass wool on top of the resinr this pre 

vents the resin from floating when concentrated solutipns 

are passed through the column. Wash the resin column with 

100 ml distilled water. Pass 150 ml of 0.2N sodium hy 

droxide through the column. Wash the column with distilled 

water until the effluent is free of sodium hydroxide. The 

column is then ready for the sample solution.

REAGENTS AND APPARATUS

Standard Beryllium Solution - 50 |j,g Be per ml - Dissolve
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0.982 gm spectyoscopically pure beryllium sulfate (BeSO4 *4H2O) 

in 100 ml of 1:4 hydrochloric acid and dilute to 1 liter 

with distilled water.

Standard Aluminum Solution - Prepare a solution containing 

approximately 2.5 mg of aluminum per ml by dissolving 

aluminum nitrate nonahydrate in water.

Morin - (2 1 , 4 1 , 3, 5, 7-pentahydroxyflavone) Solution, 

1% - Dissolve 1 gm of morin in 100 ml of 95% ethanol. 

Store in a refrigerator* Allow the solution to stand for 

48 hours before using. This reagent is obtained from L. 

Light Co. , Colnbrock, Berkshire, England.

Morin Solution (0.0001%) - Transfer 0.1 ml of the 1% morin 

solution to a 1 liter volumetric flask containing 950 ml 

distilled water and 10 ml of 95% ethanol. Dilute to volume 

with distilled water. The solution may be used immediately. 

Store in refrigerator. Prepare fresh solution every five 

days.

Quinine Sulfate Solution (0.01%) - Dissolve 100 mg of qui 

nine sulfate and dilute to 1 liter with 1% sulfuric acid. 

Sodium Fluoride - Reagent grade.

EDTA Solution - Dissolve 435 gm of (ethylenedinitrilo) 

tetrasodiumacetate in distilled water and dilute to 1 liter.
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Sodium Hydroxide, 2 Normal - Dissolve 80 gm of sodium 

hydroxide in distilled water and dilute to 1 liter, 

Sodium Hydroxide, 0.2 Normal - Dilute 100 ml of 2 Normal 

sodium hydroxide to 1 liter with distilled water. 

Versene T Solution, 55%,

Dowex 1 x-4 (50-100 mesh) Ion Exchange Resin, 

Beryllium-7 Tracer Solution - Dilute a carrier free Be-7 

solution to an activity concentration of approximately 

0.01 p,c/ml. The Be-7 content of this solution should be 

such that a milliliter collected as Be7Al(OH) 3 should yield 

about 2500 counts per minute for the gamma counting appa 

ratus used.

Beckmann Model G pH Meter or similar apparatus. 

Fluorimeter. 

Gamma Well Type Scintillation Counter.

FLUORIMETER CALIBRATION CURVE

1. Using beryllium and aluminum standard solutions, prepare 

solutions of beryllium that range from 0.005 to 0.2 |ig 

of beryllium per ml with each ml containing 250 (ig of 

aluminum. In addition, prepare a blank solution con 

taining 250 ^g of aluminum per ml. The final
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concentration of each solution is IN sodium hydroxide. 

Store in polyethylene.

2. Transfer 1 ml of solution to each of three fluorimeter 

tubes containing 3 ml of distilled water.

3. Add 1 ml of 0.0001% morin solution, mix and measure 

fluorescence.

4. Average the three values for each concentration minus 

that for the blank solution. Using log graph paper, 

plot galvanometer deflections against micrograms of 

beryllium.

PROCEDURE

1. Transfer 1 liter of urine to a 2 liter beaker. Add 

1 ml of standard aluminum solution and 1 ml of Be-7 

spike solution.

2. With mechanical stirring, add 2 ml H3PO4 then NH4OH to 

pH 8.

3. Allow the precipitate to settle, then filter with

suction over #42 Whatman filter paper. Discard filtrate,

4. Dissolve the precipitate with 100 ml of hot 1:1 HNO3 . 

Transfer the solution to a 250 ml beaker and evaporate 

to approximately 10-20 ml.
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5. Add 100 ml HNO3 and evaporate to approximately 10 ml 

(twice) f

6. Transfer the solution to a 40 -ml centrifuge tube, Add 

1 ml H3PO4 and adjust the pH to 8 with NH4OH.

7. Cool the solution in a cold water bath, centrifuge, 

and discard supernate.

8. Dissolve the precipitate by adding 5 ml HCl* Transfer 

the solution to a 150 -ml beaker. Add 5 drops of HC1 

to the centrifuge tube and transfer with water to the 

beaker. Dilute volume to approximately 25-30 ml with 

distilled water.

9. With mechanical stirring, add dropwise 20 ml of the 

EDTA solution.

10. Adjust the pH to 9 with NH4OH (pH paper).

11. Add 1 gm of sodium fluoride and dilute with distilled 

water to approximately 75 ml. Stir until salts are 

dissolved.

12. Adjust the pH of the solution to 7.50 + 0.05 (pH meter)

13. Heat the solution on a medium temperature electric hot 

plate for about 10 minutes. Do not allow to boil.

14. Cool to room temperature in a cold water bath.
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15. Pass the solution through a prepared ion exchange column 

(See: Resin Preparation) at a flow rate not exceeding 

1 ml per minute. Discard waste,

16. wash the column with 150 ml distilled water. Discard 

wash solution.

17. Elute beryllium and aluminum from the column with

250 ml of 6N HCl. Collect the effluent in a 400-ml 

beaker. Evaporate the solution to approximately 10-15 

ml.

18. Add 100 ml HNC>3 and 4 ml H2SO4 and evaporate to sulfur 

trioxide fumes. Dilute with 5 -ml distilled water and 

filter through a 2.4 cm glass fiber paper using a 

Fisher filtrator apparatus.

19. Collect the filtrate in a 40 -ml centrifuge tube. Ad 

just the volume to 20 ml.

20. Adjust the pH to 8 with NH4OH. Centrifuge and discard 

supernate.

21. Dissolve the precipitate with 1 ml HCl. Transfer the 

solution to a 15 -ml graduated centrifuge tube and 

adjust the pH to 8 with NH4OH. Centrifuge and discard 

supernate.

22. Gamma count Be-7 by inserting the 15 ml centrifuge tube
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into the well of the gamma scintillation counter.

23. Calculate relative percent recovery,

24. Dissolve the precipitate with 5 ml of 2N NaOH and 1 

drop of Versene T solution. Adjust volume to 10 ml 

with distilled water.

25. Add 3 ml of distilled water to each of three (3) fluor- 

imeter tubes and pipette 1 ml of the sample solution 

into each tube.

26. Add 1 ml of morin solution (0.0001%) to each tube and 

mix thoroughly.

27. Place tubes in fluorimeter standardized with quinine 

sulfate (0.01%) solution and record galvanometer de 

flections.

28. Prepare blank solutions as outlined uhder Calibration 

Curve and record galvanometer deflections.

29. Determine the beryllium content for the observed gal 

vanometer deflections of the sample solution, minus 

that for the blank solution, from a calibration curve.

30. Correct the beryllium in total sample by the Be-7 re 

covery factor (obtained in step 23).

DISCUSSION 

The phosphate collection facilitates and shortens the
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preparation of large urine samples. Co-precipitation of 

beryllium with other phosphates separates almost all organic 

matter and appreciably reduces the volume of the sample. 

The second precipitation further reduces the volume and 

may be dissolved in 5 ml of acid.

Beryllium is not complexed with EDTA in an ammoniacal 

medium and is present as beryllium hydroxide. Calcium, 

magnesium, iron, and added aluminum carrier are prevented 

from precipitating as phosphates by the masking effect of 

EDTA. Thorium and uranium, if present, are not masked by 

EDTA in the presence of phosphate.

Beryllium hydroxide reacts with sodium fluoride to 

form a beryllium fluoride complex:

Be (OH) 2 4- 4F"       » BeF4= + 2(OH)~

The absorption of this complex by an anion exchange resin 

is used to separate beryllium from the sample matrix. 

Aluminum is demasked by sodium fluoride from its EDTA com 

plex and is absorbed by the anion exchanger, probably as 

AlFg". Thorium, if present, is partially retained by the 

resin and uranium is absorbed as a uranium fluoride complex
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The non-absorbed mechanically held ions are washed from 

the resin with distilled water and discarded. Aluminum 

and beryllium are removed from the resin with 6N hydrochloric 

acid and are collected as hydroxides. Beryllium yield mea 

surements are made by gamma counting the hydroxide pre 

cipitate for the added Be-7. Five milliliters of 2N sodium 

hydroxide and 1 drop of Versene T (a mixture of tetrasodium 

EDTA and triethanolamine) are used to dissolve the hydrox 

ide precipitate. The solution is diluted to 10 ml and 

aliquots are pipetted for fluorimetric measurement.

Versene T is used to complex any ions that might be 

added to the sample by reagents used after the ion exchange 

separation and to prevent interference of the beryllium 

morin fluorescence* Thorium, which is not masked by EDTA 

in the presence of phosphate, is strongly complexed when 

phosphate is removed from the system. Uranium does not 

fluoresce with morin.

The fluorimeter used in the Laboratory has been des 

cribed previously*6'. The instrument is sensitive to 0.005 

micrograms of beryllium and is linear over a range of 100 

micrograms.
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RESULTS

The overall recovery of added Be-7 for one liter sam 

ples is 93.5 +_ 4.5 percent. The method is adaptable to 

handling larger sample volumes. Analyzed two and three 

liter samples showed an overall chemical recovery of 

84.0 ± 1.7 and 70.0 ± 1.8 percent, respectively.

These values are listed in Table I.
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TABLE I

POOLED URINE SAMPLE RESULTS

(Unexposed HASL Personnel)

Micrograms of Beryllium 
Volume (liters) Added Found

1 1.100 1.284
1.230
1.134
1.176
0.881
1.177
1.093
1.053

Av. 1.099 + 0.146

1.100 1.125
1.098
1.150
1.081

Av. 1.114 + 0.053

1.100 1.256
1.116
1.219

Av. 1.197 + 0.103,

- 14 -



Literature Cited

1. Breslin, A.J. and Harris, W.B., Health Protection in
Beryllium Facilities - Summary of Ten Years Experience, 
HASL Report 36 (May 1, 1958).

2. Barnes, E.G., Piros, W.E., Bryson, T.C., and Weiner, 
G.w., Spectrochemical Determination of Beryllium in 
Microquantities, Anal. Chem. 21, 1281 (1949).

3. Smith, R.G., Boyle, A.J., Frederick, W.G., and Zak, B., 
Spectrographic Determination of Beryllium in Urine 
and Air, Anal. Chem. 24, 406 (1952).

4. Toribara, T.Y. and Chen, P.S., Jr., Separation of 
Beryllium from Biological Material, Anal. Chera. 24, 
539 (1952).

5. Toribara, T.Y. and Sherman, R.E., Analytical Chemistry 
of Microquantities of Beryllium, Anal. Chem. 25» 
1594 (1953).

6. Welford, G.A. and Harley, J.H., Fluorimetric Determin 
ation of Trace Amounts of Beryllium, Am. Ind. Hyg. 
Assoc. 13, No. 4, 232 (1952).

7. Klemperer, F.W. and Martin, A.P., Determination of 
Traces of Beryllium in Biological Material, Anal. 
Chem. 22_, 828 (1950).

8. Laitinen, H.A. and Kivalo, P., Fluorometric Determina 
tion of Traces of Beryllium, Anal. Chem. 24, 1467 
(1952).

9. Cholak, J. and Hubbard, D.M., Spectrochemical Determin 
ation of Beryllium in Biological Material and Air, 
Anal. Chem. 20, 73 (1948).

10. ________________________, Spectrochemical Determin 
ation of Beryllium, Anal. Chem. 20, 970 (1948).

11. ________________________, An Improved Method for
Beryllium Analysis in Biological and Related Materials, 
Am. Ind. Hyg. Assoc. 13, No. 3 (1952).

- 15 -



12. Sillj C*W* and Willis, C.P. , Fluorometric Determination 
of Submicrogram Quantities of Beryllium, Anal, Chem. 
31, 598 (1959).

13. Welford, G.A. , Fast, J. , and Harley, J*H., Determina 
tion of Beryllium in Urine, Anal. Chem. 25, 517 (1953).

14. Fairhall, A.W., The Radiochemistry of Beryllium,
National Academy of Sciences - National Research Council 
(May 1960).

- 16 -



FIGURE 1. Ion Exchange Column
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