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The determination of the four major metallic constitucats of biological systems-
sodium, potassium, calcium snd magnesium- by stomic absomtioa spectrophatometry ia well
established and in routine une ia many laboratories {lut the atomic sbsomtion mrthod also is
1deally auitedto the drtermination of trace metals. More than s yeas ago Rillis published o de.
termination of zinc and cadivm in urine (1) requiriog basic equipmeat and a very direct procedure.
Usirg an organic exteaction procedure, bhe determined lead, bismuth, mercury aad nickel in urice
samples. Another worker, Feldznan, also used an rtiraction technique for determining mercury
in unine {2). In adlition, chromium, cadmium cobalt, Iead and thallivm st toxicological concentrs-
tioas have all been determined in blood and unine (3).

The procedure is abort and direct for metals that occur at relatively high levels in
secum andurine. For example, wrine samples with metale such a3 copper, itvn end zinc i the
tange from 0.510 2 ux per m) are determined directly with no aample preparation ot sll. Serum
samples muat be drproteinized since the protein peecipitates in the burner and causes clogging.
All three metals can be detremined without ioterfecences against standards containing oaly the
denited metal. Excluding protein peecipitation, where required, cach metal determinetion s as
anslysis can bo done ja lenn thaa five minutes.

SERUM [RON

Sivarcum samplos weer analyzed for iroa. Samplea of sbout 2 &l of Hood were
diluted 1] with 20% trichloroac etic s id and centnifuged They o ere thes burned in a Perkia-
flmee Model 303 and the shisarption reconied at the i reconance Line. The irun coacentiation
in the samples was determined from a working curve perpacrdd from the absorpuion of iroa atand-
ards (o &lute acid aolution The rreulta are compared {a Tible | with colonimetric analyses
pedoemed by the Hamaay technique (9) ot the Walter [ieed Army lastitute of Hesearch which

supplied the samples,

* Pan of this material was pevacnted at the Chaal Chemical Congreas, Detroit, Aug. 1963,
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URINARY COPPER
] Recently we were asked 1o determine urinary copper in patients being treated for

Rilson's discase. This discase is characterized by the patient’s inability to metabolize ingested
copper. The patients were being treated with a chelating agent 1o cause eliminstion of the organic
copper complex through the urine. Unine samples were collected {or a nuzlber of days. Copper was
determined directly against water standards without any sample treatment. The set of nine samples
3 was completed in sbout thirty minutes.

On the first day, befoce treatment with the chelating agrat. the urinary copper was very
fow as shown ia Sample 1 of Talle Il. After ingestion of the drug, the copper roxe o an abaonzally @ :
high level, and thea fell off greduslly as the body copper level began to return to normal. Similer ‘
secies of data were obrained on two additional patients.
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* Samples cowtesy of Dr. Horbort Revin, Sinel Hospitel, Detrelt, @
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The stomic absorprioa method s one of the most senaliive determinations of zinc,
Many laboratories routinely use stomic abisorption to determine zine in blood, uriae and animal
tissue (4). In & previous Newaletter (§) we reported 8 very simple experiment {n which ziac was
determined in urine without aample preparstion atepa.

TRACE ANALYSESIN URINE §1THOUT SAMPLE PREPARATION

The atomic sbaneption method can be utilized for many metals without preliminery
sample treatment if 8 specirophotoeeter is used in conjunction with noise suppreasioa circuits.
f{a work reported eadieor (3), verious trace metals were determiaed in blood andwrine, These
determinations and the results of later work are summarized in Table ML

TASLE o
Detection Limit in Urine
Motel Detection Linit (43/0)
2a 0.005
o ' a0
0.08
0.18
0.0
8.01
0.01
0.05
0.1s
0.2
02
0.1
0.02
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The urine samples were determined without preparatory sample treatment (a alf the
analysen. Semple quantities of 5 ml of uriar ace groerally recommended for each determination,
although 2 m} are umally sofflicient. The entirr analvticsl time for each element varies from 2 10
10 minutes per sample, deprnding upon the namber of samples 10 be determined

Considerable prior exprrinnce lndicates that no Interferrace Ia exprcted for the metals
ia Table [11 in o urine matrin. Some amall posaibility of intedfarence exiats for chromivm asd
wolybdenum however, in both ¢ saen trcorrry erprdments {n urine indicate a0 peoblem.

TRACE ANALYSES IN BLOOD

Most of the metals Listed in Talle 11l have alao been deternined in Mood down o
concentration lavels spprarnimately dichile the drtnction limita showa. Siace blood is too viacous
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to be aapirated directly, the sample must (irst be treated. If the metal is not bound 1o the protein
ot blood cells, it is particularly convenient 1o dilute the blood 1:1 in 20% trichlomacetic acid
The sample in then centnfuged and the aupematant run directly oo the atomic absorption appars.
tua. Standards are simple water solutions of the metals being determined

If the metal ol interest can be remnrved by precipitation, it will be necessary to dis-
solve the blood [a scid. as deacribed in the aecond paper of thia Newaletter. Aalittle as 2 m! of
blood will be requited for either method of saaiple prepanation.

= CHELATION METHODS

A nuntber of workrrs have rejuorted oo the advantages of covpling simple chelation
methods with stomic sheomion sperc troghotametry (1,5). Since the atomic sbaorption peocedare -
in sprcific {or & particular metal, the chelation method need not be apecific andtbe maia soutce
of difficulty when chelation is applied to colorimetry ia therefore eliminated. Two impocrtant
improvements are effected when a metal ischrlated in the aqueous solutios and extracted into aa
organic solvent, Firnt, the srasitivity for cach metal is eshanced about five times ia most organ-
ic» that are immiscible in water. and secund. the ertraction procedure can be accooplished coa-
veniently by adjusting the volume ratio between the aqueous and oeganic phases o foncentrate
the metal in the oacgnnic phase. The seasitivity for unne samples can be increased more thaa -
twenty times with this procedure whea 23 &l of urine per determination is uned. The seanitivity.
fot bood sarmples can be increased about 10 times wben 10 m! of blood is used. Copper and lead
can be chelated with ammonium pyrrolidine dithioc adtamate (1, 8) and extracted into an orgenic
solvent that is immiscible 1a woter. Naay of the hetorrs are suitable.

The erperimental proc mdure for urine is quick and very simple. About 25 ml of ecid-
ified sample. | ml of 5% solutinn of the chelating agrnt, and 5 ml of a suitable hetone are put
1010 & separatory funne!l This minture 1o shahra by hand for a few minutes, andthe phanes arr
allowed 10 separate by standing for more than an bour. The aqueous phase is withdrawn from the
funor] andthe organic phase 18 collected in 8 trst tube. There is no need o callect the orgeaic
phase quantitatively since the quantitative axpect 13 assured by the 5-10-1 ratio of sample to
organic solvent, Otber metals that co-extract produce no interferrnce in the analysis. The
standards are similady eutracted frum rimple squecus solutioes.

There trplicate eutrac tims for copqer, in which the original aqueous solution com-
tained 0 U035 ggm cogger. atr ahuwnin Figure [ Therr was a volume ratio of 5.1 between the
organtc and aqueous phares Coppet concentrations as low a8 0.5 ppb can br driected above
background A similar egrnment with various concentrations of lead is showa in Figure 2. This
ettends the detection himit 1o 0 01 ppm Pbin Hood or uriae, andthe analytical time {2 alowt
filieen minctes prt delemination The determination con be preformed with about 10 m of blood.

LEAD IN URINE AND BLOOD

An rapociment wae performed on 8 group of blood and urine samplea from workers
miinely erposed 1o lrad The wiar apecimens wore acudilied to abovt (1 2 B weing dilute 113
ond a pll mriet an an indiratir Twenty mlof each unne sample were added to separatory funnels.
One ml of 5% aqueous solution of ammonium pymolidine dithiocarbamate and 10 ml of methyl
1sobutyl hetone wete added The funnels weee shaken by hand for two minuten each Since an
r;nulum formed at the (ntedace of the layeca, the aamplea weee contnfuged to srparate the
‘) A Y,
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Fig. 1 - Abswrptice of ¢ Soluticn of 0.005 ppu Coppor

0.2

Pig. 2. Abserptions of Selvtioas o 1.0, 08, 00d 0.2 ppm Lood
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Each sample contained sbout 6 ml of blood. An equal volume of 8% trichloroacetic

scid wan adied and the sample centnfuged. Six mi of the supematant solution were brought to
pH 2 8 by dropwise addition of dilute NoOH. One m! of the chelating solution snd 3 m! of ketone
were sdded to the funnels. The asmples were shaken and centrifuged to separate the phases.

The values obtained for the urine and blood aamples are given below,

Semple Uraes Bleeds
1 <0.04 pg/m! . 0.34
0.14 ' 18
3 <0.04 -

There may be errors in these analysea. For inatance, the chelating sgent may oot

recover il the oeganically bound lead. This error would oot be uacoverad by Rillis® experiments
(1) by recovery. Aluo, it is quite possible that in the lood samples lrad was lost ia the precipi-
tate. This poteptial error would have been avoided if the bloods had been dissclved ia nitric scid.
Re have not yet evaluated these emora,
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