Atomic spectrophotometry
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Atomic emission spectrophotometry (AES)
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Principles

Aronms are thermally excied so than they eindi gl and the rodiation emdtied is waseesd,

Applications In pharmaceutical analysis

* (huannficution of alkali metals mz alkali meeal sales, infusion and dizlyss selutdons,

= Determination of merallic imparitics in sone of the otber inorganic sali vsed in
preparing these solulions,

Strengths

* Dlame photometry provides o rithusy, chesp and selective methoud Based on melatively
simple instrmmenration for quanritative analysis of some metals.

Limitations

v Only apphicabsle o the detecmination of alkali and some afkaliwe sarth metals.

Introduction
Alomiv emission spectroscopy plays animpoertant role in the control of sodium,
potassium and lithivm in s number of raw materials and formulations.
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Aloms conlain various energy states as ilustrated in Figure 6,1 for the sodium
alom. The normal unexcited state is the ground stale, Sodm contains T electron an
its ourer (3p0 orbital and it cnergy 15 gaimed by the alom this electron may be excited
ter 2 higher state and then subscequently lose il excess anergy by falling back to a
lwer energy orbitsl. Thus when g sodiom saltis heaed in 4 flame the outer
electrons i the volatilised ‘atoms are excited and then return 1o the grouml stale with
ginission of energy. which appears for example as yellow light {suvelength
F/9.3 nm). The major line in the sodium ernission specirom is due (0 an electron
falling from the 3p exeited stae to the 35 groumd state; the atomic emisgion spectrum
of sodiwm containy two other major lines al 8195 o and 33002 nm due to the
transitions shown in Figure 6.1 Atomic emission lings are very parrow (< (L1 nm}.
Only a limited number of ¢lements are sufficient]y excited by thermal enerpy tor
AES measurements o be carvied out. Common elements with emission lines suitable
for utilisation in thetr quantitation are Cu, Ba. N, [and K.

Instrumentation
Fig. 6.2
MoraehronmatorFias Datactor Schermatic diagram of an
Fiama vall = atomic emissian

"/f_\f specttaphatometer,
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Sample Readout

An atomic emission speciropholometer (Fig. 0.2} is composed of the following
CONMPUTIENLS:
i Flame. The sumple contuning the metal is volatilised i a natural gas flame
2000, A higher temperamire (2500°C) may be obtuined vsing airfaceiylene
and is required for analysis of Mg by AES,
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(i1} Monochromator/Filter. The radintion emitted by the excited atoms is passed
through a liller or-a monochromator in mors expensive msirimeants Thus a
narrow band of emitted radiation s selected and interfering sources of
radiation such as the lame and other components in the sample are soreencd
il

(iif} Detector. The intensity of the selected radiation 15 then messured wsing s
photoscnsitive cell,

Examples of quantitation by AES
In order to measure & sample by AES a calibration corve s constrocled by aspitaling
solutions of known concentration inlo the Mame,

Assay of sodium and potassium ions in an i.v. infusion
Standard solutions of sodium chlorde (NaCl) and potassivm chloride (KCL in water
wre prepared and diluted appropritely (0 give o calibration curve acmoss the
wiorking range soross the range of the insiroment deo 0U08=1 100 mi) The essay
wis Then curmied oul by diloting the inlusion until i1 concentrataon was clise o thal
al the mid-puint of the calibration series, Waler 15 used as o blank. The Following
results were obtained:

fir = Weight of MaCl used o prepare standard solution = 0.5002 ¢

«  Weight of KOOI nsed o prepare standard solution ={1.1691 2
Both standards were transfermed to the same [000 ml volumetric flask and
diluted o LOO0 rml.

@i Dilwtions were caried ow on standards:

* Seep £ 200wl of the standacd solution was rransferced to & [O0 ml
volumetric flask and was diluted to 100 mi {diluted standard selution)

= Siep 2 A calibration scrics was preparcd by transterring the following
virhumes ol diloied siamdand solotions (o 100 ml volumetse acks O, 5, 1.
15 and 23 mi:

{iit} 'The infusion solation was dilured as follows:
= Step 123 ml e 250 ml
 Seep 20 10 ml to 16 ml.

{ivy The instroment was wsed with a sodiom tilter to cstablish the sodium
calibrition curve and then the sodiarm in he sample The instrurend was
switched to a potassiom filter in order o determine the potassium calibracion
curve and the potassium in the sample. Table 6.1 shows the readings obtained
for sodivm (Ma) and potassium (KD in the calibration solulons as weldl as fhe
concentratioms nf Ma and K in the calibration solutions {calculated below ).
Caleulate the concentrations of Ma amd K in the infusion selaon in minolesd,
Aloric weights) Ma=23; K=30.1; 1= 35,5

Table 6.1 Data used in Calculation example 6.1

Amaunt of Ma Flame photometry Amount of K Flame photometry
mg 100 ml reading mg/ 100 ml reading

a 1] 0 {

a.2002 207 008923 224

04004 41.0 01785 a1.2

05006 606 Q.2677 51.2

0.8008 B3 0.3569 203

1.010 140 04462 100
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Calculation example 6.1

15092 g of NaCIA is cquivalens to 0.5092 x ?lii}r} - 02002 & ol Nadl = 200.2 mg/1.
= 20,02 ma/ 13 mi.

0.1691 & of KOs equivalent o 0016891 = % = [L08923 ¢ of K/1=89.23 rng_.l’l_
= 8.923 mp/ 1 ml.

Dilutions of standards

Stepe 2220 to 100 ml (= 5.

Spep 2: Poim 1 =35 o 100 (= 20),
Tustal dilution = 3 = 20 = 104

Concentrations in solution used for point |,

3?{::;3 =0.2002 g0 ml K= P22~ 0,08923 mg/ 100

100

The rest of the points in the calibracion series are simply % 2, =3, 4 and x 5. These values give the
concentrations in Tabla 6.1, i

Na=

The eyuations of the lines obtamed for the above ditta were:

For Na vy =990 = +0.722.
For Ky =322 +1.3,

Reading of diluted sample for Na = 0.2 Reading of diluted sample for K = 70.6.

Dilution of sample

Stepe §105 w0 250 mi (= 500

Srep 2o 10 ml o WK mil < 100 Total dilution 50 = 10 = 500,
Concentration of Na in infusion

Substiruting into the equation of the line for Ka,

20220772

Concentration of Ma in diluted sample = w0 = {0.701 maf 100 mé,

Dnlution lactor = x SO0

Concentralion of Na in infusion = 0,701 = 500 = 351 T'I‘lb-i'|m] ml = 3510 mgil,

333{{; 153 mmoles/l.
B - . ol FX -'E'-'
Self-test 6.1 s R e

B i Fe)
] 3 B3 ™ e "l'-'f:l--;"u}}E
From the data given in Caloulation example 6.7, caloulate the concentratian of K i the
irdusian, -

|EB| DL §GE LBMSUE

= TR T 'r"'---u.-'" 53 :ﬁ.’g--fsl_r' .
Self-test 6.2 LI il Tl L TL e T H’i.a_.-:",':;:g'g,

Fram the followang data calcutate the potassivm tentent per tablet in effervescent KO
hicarbonate tablets,

= Wght of 20 tablets = 356751 g
+ Welght af tablet pawoer taken for assay = 01338 9
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The sample is dissolved in 500 ml of water and then 5 ml of the sample solution are taken and
diluted to 100 ml.

» Weight of KO used to prepare standard = (:1912 g

The standard was disselved in 100 m| of water and 5 mf of the standard solution were diluted
tox 250 mil

The diluted standard salution was used to prepare a calibration series by transferring 0, 5. 10,
15, 20 and 25 mi to 100 ml wvolumetric flasks and making up to voiume.

The tollowing readings were chtained for the calibration series: 0, 20.3, 99,1, &0.3, 50.1
and 100,

= Reading obtained for potassium in the diluted sample solution = 73.9.

33 |gE1 dad DU 7ORE N (E0dnd UDIIEIg)ES PRILY 18INTIW0D B WEH) JaAsLy

Interferences in AES analysis

lonisation

At high flame temiperatures, atoms such az K may completely lose an 2lectron thus
reducing the chsgrved emission from the sample;

£
E—=—kK'

+i

Eomvisation 15 an equilibrivm and may be shifted wo the left by sddition of another
readily ionised element 1o the sample which produces clectrons, The emission lines
[rom the added metad sre untikely to interfere because AE lines are very narrow, and
thus there will be po overlup, ez, strontium chloride solution is added in order to
suppress the ionisation of K in the BP assay of effervescent KO tablels.

Viscosity

Organic substances in g sample can either increase ol deerease the rate at which it s
drawn inte the Mame relative wooa standard solution by imereasime or decreasing the
wiscosity, e.8. suciose decreases the rate thus giving o folse low reading while
ethanol increases the rate thus piving a lalkse high reading.

Anionic interference

Anions such as sulphate and phosphate Torm involatile salts with metal ions and
resdnee the reading of the sinple solution, These anions may be removed by the
addiion of Tanthanwm chlorde which precipitates them ool and replaces them with
the chluride anion,

Assays based on method of standard additions

The methocd of slandard additions can be osed with many analytical echnigues
where interference froun (he matrix has o be ehiminated and is of general vse in
residue or trace analyvas: Essentiadly the technigoee involves addition of increasing
volnmes of o standard solotion oog fised volume of the sample o fomm s calibration
series, An advantage of the technigue 3s that since several aliquots of sample are
analysed inorder 10 produce the calibration series the method gives a measure of the
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prevision of the assay, For example five identical aliquots of sample solution are
mixed with increasing volures of 2 stndard soletion. 1F % is the amount of metal ion
in the sample solution the amounts of metal jon added should be eq O, 0.5%, 1.5x,
2ux and 2.5x%. The calibration curve oblained will look sometbiog lke that shown in
Figure &.3. The concentration of the metal in the sample is given by the dismnce
between the origin and where the graph intersects the s axs, e, the point where

¥ =1l in the equation of the line.

10E3 = ’
S Fig. 6.3
L A standard additions
curve
Rnucling
T T T T T

Aol in Aodrs oF sleadand acdad mg oo mi
AAIT R

Assay for KCI, NaCl and glucose i.v. infusion

Analysis of the mfusion was carvied out using the method of standard additions, and
the below data was obtained. From the tabulated data given below plot a curve and
determane perventage of wiv of Nall and KO i the infusion.

i1t The following standard stoek solutions were prepased in ocder to calibrate the
instrument for sodivm and potassiom:
= MNaCl (02351 ghowas dissolved in de-ionised waler amd (he solution was

madle up 1o 1000 ml.
+ RKOCLED3114 g) was dissolved in de-tonised water and the solution was
made up to 000 ml.

(i An aliguotl (20 milh of each stock solution was transferied v the same 100 ml
volumetric flask and the volume was adjusted to 100 ml with de-tonised waler
[diluted stock solution ).

iy The sample of 1, v intosion was diluted by transterrimg 5 mil to 2 100 ml
volumetric flask and making up o volume with de-ionised water.

(iv) A cabibration curve was prepared by imnsleming, inoeach case, 5 ml of diluted
sarnple silution plus vaeyiog amaounts of dilueed stock selotion tooa 1000 ml
volumerric flask as mdicared in Table 6.2 and then making wp o [O0 ml with
de-ionised water,

Takle §.2 Results abtained from additions of Na and K

Volume of sample Volume of diluted Reading Reading
solution added stock solution added Final valume of Na for K

5 Q 100 26.1 30

5 5 100 383 45 2

5 14 100 542 cas

5 15 100 58.2 731

5 20 100 241 B7.0

5 25 100 100 100
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Calculation example 6.2

Dilutions of standards

Initial coneentration of MaCl = 002531 g/ = 253, 1 mgd = 2531 mg/1 K mb
Diluion B2 2000w 100 mlox 5).

Difiion 2: Point 1 on calibration curve = 5 to 100 ml (= 207,

Total dilution =5 w 20 = (¥

Concentrabions in solubon wsed for poant 1

2531
100

The rest of the points are simply » 2, % 3, w4 and > 5, this value giving the following concentrations of added
MaCl in the calibration series; 02530, 05062, 07593, 1,012 and | 266 mg/ 100 ml.

The data were used to plot a calibration curve for NaCl :
Foueation of line ohtained for MaCl: v=5R5T+ 2?'."!’3

Na(l = =—— = (L2531 mg/100.:ml.

When y = [} the negative x value = concentration of NaClin the diluted sample.

pad '[?‘-.i'

Concentration of NalClin diluted sample = 555

= 0.4284 mgf100 ml.

Dilutions of sample were 5 o !l:'ﬂ rovh 2 208 then 5 o 100 ml 2 200 = = 4000,
Concentration of MaClin sarmple = 1714 mgfHml = 01714 2/ B ml = 001714% iy,

% v TF T T ] = XY Rk - oy T T7
' Self-test 6.3 : E R L e T | st . 8.

Frorm the thata given above cabulale the percentage of wiv of KCI in the sample.

AP LT EETD = |30 2ddRD UOHELG RS LD EILI!ll_IJ. Jandwos [LIL=R R R LA LNy s

AES is used in pharmacopoeial assays of) (1) Mo albumin solution and plasma
protein selution: (23 K, Na and banuem (Bt in caleiom acetate used o prepune
dialvsis solutions: (1) Ca in adsorbed vaccines (e_g. diphtheria and tetanus),

It is also used to determine sodium and potassium concentrations in urine,

Atomic absorptmn spectruphntometry (AAS)
KE RO, o e MR R R B I M R

- f'a. {1 PR - T

Principles

Atoms aof s metal are volatilised in a flame ond their absorption of 2 noreos bamd -of
radiagian produced by & hallow cathode lamp, coatzd with the pardeular metal being
determnel, 15 mieasured.

Applications in pharmacestical analysis

= Determination of metl residues 1o drups remaining from the manulaciuring process.

Strenpths

» More sensivive than AES. A highly specific method of analvsis useful in some aspects of
gualily conteol,

Lirnitations
» Undy applicabie o metalic clements.
« Ench element requires a ditferent holiow cathode lamp for ies determination.
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Introduction

For many atoms the energy dilfersnce hetween their ground state orbital and the
escilel state is ton great for thermal excitation of a significant number of electrons
1 (ke place, Where energy differcnces are too greal (o gel an emission reading,
AAS may be used, Metal atoms are volatilised inoa Nume and radiation s passed
thiough the flame. In this case the volatilised atoms, which are maindy in their ground
state and thus nor emitting energy, will absorb radiation with an energy correspondimg
1o the dilference between their ground state and the excited stute (Fig. 6.4), The
number ol atoms in the ground state which are available fur excitation s much greater
than the small fraction that become exeiled and croil eneryy in ARS. Thus AAS isa
much more sensitive technique than AES. Since the widih of absorption ar emission
lines i atomic specera is cxtremely narrow, the vnly source ol light where significant
ahsorplion can be observed, after it passes through the sample, is where the light 15
prodiecd by excitation of the atoms of the clement being analysed The lamp wsed 15
callesl a "hollow cathode lamp® and the cathode 1s conted with the metal which is o
be analysed. For example in the analysis of zine (Zn], 0 Zn-coaled cathode is nsed
anil the excitanon of the Zn atoms produces a narrow bund of radiation at 214 nm,
which can be efficienty absorbed by the atoms in the flame, The disadvantage of
this is that the lamp has to be changed every tme a different element is being
analysed and only one element can be analysed st a time. Modem instruments have
aboul |2 Tamps motnted on a carousel, which may be avtomatically rotated into line
wilh the [lame and improve the speed of multi-clement analyses, Further information
om the technigue can be found in the additional reading.

'y Fig. 6.4
Excitation of Zn by
absarption of the

radiation produced by a
2rni-cnated hollow
; Sl ‘ Bz bied Slate cathiode Iamp.
_i |
E Fire atasvhe mdslen i
; argre e
i
i
- o il s
Instrumentation

An aremic absorption spectrophotometar (Fig. 6.5) consists ol Lhe [ollowing
Lomponenis:

iy Leght sewrce. A hollow cathode bamp coated with the clement being analysed,

(i) Flame. The fame is wsoally airfscetvlens providing a temperatue cq 250000,
Nitrous oailefacelvlens may be tsed to produce temperatires up 1o 3000°C,
which are regoired o volatilise salts of clements such as alurmniim or caleiumn.

iy Mewrochromaror. The monochromator is osed to nareow down the width of the
band ol tadiation heing exanined and is thus set o monitor the wavelength
being emilted by the hollow cathode lamp. This cuts out inlerference by
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Flams Fig. 6.5
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radiation emitied from the flame, tronm the fller gas in the bollow cathode
larngy and Tront other elements in the sample.
(vl Plerecror, The detector is a photosensitive cell,

Examples of assays using AAS

AAS is used principally in limil tests Lor metals in dougs prior to thelr incorporation
into formulations. The sample 15 generally dissolved in 01 M niric acid tooavoid
formation of metal hydroxides from heavy metals, which are celatvely imvoduiite and
suppress the AAS reading,

Assay of calcium and magnesium in haemodialysis fluid

The caleiom {Cay and magnesium (Mgl in o haemodialysis selulion were analysed
using atomic absorption spectrophotometry as follows;

fiv  Standard solutions comtaining Caat o concentration of LT mgd LOO md of
water and containing Mg at a concentrstion of 114 mg/ 100 ml of water were
dlilited ws Mallows,

fiid  [lucion: 10 ml of both solutions were ransferved to the same 100 ml
volumetric flask and diluted to 800 ml (diluted standard solution).

() The culibration seres was prepared by diluling the diluled standard solution
with water a5 indicated in Table 6.3,

Table 6.3 Dara obtained from assay of Ca and Mg by ASS

Volume taken Readings for Ca Readings for Mg
for dilution {mi) Final volume {ml} dilution series dilution series
i} 100 0.002 0005
5 100 0.154 0.168
10 100 0.310 0,341
15 100 0.379 f.519
20 100 06819 0.685
25 1010 v 0835
Merler

= The dialvsis selution was diluted from 3 to 230 ml before unubysis ol Ca

+  Aromic obsomtion reading obtained for Ca = (0.343

¢ The dialvsis selotion was diluted from [0 e 100 ml before analvsis of Mg
*  Atomic absorption reading obtiined for Mg = 0,554

= Cla alomic weishl =40

+ Mg atomic weilght = 24

= Calewlate the concentration of Ca i the dialyvss solution i mmael |
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Calculation example 6.3

Concentration of Ca stundard aolution = 20,7 mygd 100 ml,

Tt ly both solutions were dilused 10 we 100 ml (¢ 10)

Thus the concentration of Ca in the diluted standard salution = 1.07 mg/ 100 ml,

For point 2 on the calibration curve, 5 mi of the dibured standard solution were diluted to 100 ml (= 20,

Concentration of Ca usel fur poini 2 = % = {10533 mg/ 1M mL

Points 3, 4. 5 and 6 arc x 2, % 3, % 4 i % 5, this value giving the follawing conceiitrations: 0,107, (1165, 0.2140
and (L2675 mgf 10 ml, ' :
Ir conjunction with the absorption readings these values were used 1o plot a calibration cvrve for Ca.

The copuation obtained for the calibration Tiee was:
¥ = 2,604 x - 0007,

Reading for Ca in'the diluted dizlysis solutton = 0,343,

From the equation for the calibration line the contentration of Ca in the dhiluted dialysis solntion = () 1314 maf 100 ml.
The dialvsis solution was difueed 3 to 250 ml (2 50) for Ca analysis,

Therelore concentration of Ca in the undiluted ;:!ia'l}'sis-soiurim =

5T mg/ 1N ml = 6537 mgfl = % mmeles] = 1643 mmoles/1,

T e
Lot TR

Self-test 6.4 TN
|

Frem the data glven above caloulate the concentration of mag in the haemodiabysis selation in
rmrmalesd,

| ER0WL [ 20 = B Su) uoneag e Ay o Suni agndwod wadd Sasuy

Self-test 6.5

| Zing (0] is added 1o insulin to retard its rate of absorpticn into the bloodstreamn. The total
concentratian af Zn in Znvinsulin suspension is determined by atomic a-l:lsnr“pti-;:un .
spectaphatemetry. From the following data caloulate the total concentration of Znin a Zn
insulin suspension in percentage of wiv from the following data:

* Concentratlon af Zn in the standard solution used to prepare the calibration line =
5005 rmgd 100 ml.

« Dilution 1: 5 ml of standard sclution were difuted to 500 miwith 0.00 M HO (diluted
standard solution),

# The calibration line was prepared as follows: 10, 20, 3% 40 ard 50 m! amounts of diluted
standard solution were diluted to 100 mlwith G.01 b HCIL

* The following absarpticn readings were obtained: 0.151, 0.313, 0.454, 0.60% and 0.755. 2 ml
af the Zn insulin suspension {3100 units'mi} were diluted to 200 mi with 0.01 M HC| ard the
fallowing reading was obtained: 0.595.

AN B FRE LGN LAARLE
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Some examples of limit tests employing AAS

Assay of lead in sugars
AAS 1s used in BP sssays to conduct limit tests Ror lead and nickel in sugars and
polyels. In this ease, the concentrations of the metals are very low compared with the
concentration of the sugar and thus 71 15 nol even possible to compensate for the
imtctferenee by the sugar using the method ol standand additions. Bnochis case, the
lead is extracted from a solution of the sugear by forming an organosoluble comples
with ammonium pyrrolidipedithiocarbamate (APDC) and by then extracting the
complex imo organic solvent, The sclutom of the metal complex in the organic
solvent is then assaved by AAS in comparison with o series of standards added oo the
sugar soluliva o form & calibration series based oo the method of standard additions.
A limit test for lead in munnitol (the BP limil is sel at 0.5 ppm) was careed out as

follows:

(i Asolution containing 100 g of mannile] in 250 ml of water was prepared,

(1) A standard solution conrtaining 1014 ma/100 ml of lead was prepared with
(L NG,

ity 10 ml of this solution was ditulead o TOO0 ml (diluted standard solution).

G e 50l aliguels of the mannilol solution were mised, respectively, with:
(a0, (0.5 ml, (e} 1.0 ml and (dy 1.5 mi of diluted standand solution.

(v} Each sample was then mixed with a solution of APDC and the samples were
then extracted with 1) ml 4-methy | pentan-2-cne. The orpanie layer was then
separated and was then analyvsed by AAS,

(vil The following readines were obtained; (ad (WO5T, (b (0104 (e G156 and (d)

217,

Caleulate the lead content in the mannitel in ppm: ppm = ggfe of substance.

Calculation example 6.4

1.4

Diluted Tead standard solution contains =104 mg100 ml = 00104 mg/ml = 0.4 upiml,

1014 g of mannita] were dizsolved in 230 m] of solution, theretore incach 50 ml aliguot there was 20.28 ¢,

The smaount-of lead added to the: four samples was: 0, 0.5 2 104 =352 pg. 1= 104 = 104 pg and
1.5 = 104 = 15.6 up.

The equation for the line obtained by plotting amount of kead added agains the readings 1s:
y=0.010x + 0.054 (r =099},

The negative intercept (¥ = GF wives the content of lead in the smnple.

_ 0054
T

5.4 pg of Tead is present in a solution containing 20028 g of mannitol.

54 pa

X

Tead content in the mannitol = Ll = (1265 ozl = 1.266 ppm.

128
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Self-test 6.6 e : ’ e _;)____=f-'

§rT ':_-'qé-'ei”:'-..,
o BT L

; BTN #f&i.';:

The procedure used to determing lead in mannital was also used to determine nicke! in a sample

af mannital, Caloalate the content of pickel in a sarple of mannitol from the feliowing data:

+ 100.5 g of mannitel was dissolved in 250 ml of water.

+ & standard solution containing nickel &t 1006 ppm (1006 pogiml) was used to preparne a
ralibration series by adding 0.5 ml, 1.0 ml and 1.5 ml of the standard to 50 ml aliguots af the
mannitod solution.

e The fpllwﬁr}g readings werp chtained- 0,37E, 0.543, 'I:l..?'IEr ©.:8%1. Calcu'ate the content of
nickel I porm in the sample of marnitol

widd gg g sadading

Trace metals in a silicone foam cavity wound dressing

This expandable wound dressing is prepared by mixing a silicone elastomer with an
organotin catalyst e form an expandable dressing immesdiately priov to application,
Kot of the tin is ot extractable from the dressing muoinx but a limit test for
extractable (in s carried out as follows:

i) 5 gof dressing cut into pieces is shaken wilth 30 ml o 0.9% wiv aodium
chloride for 4 h.

{iiy  The solution is fltered and (he tin s derermined by AAS vsing g niteous
oxidefacetylense Mame and measuring the absorption at 2335 nm. The limit sef
For the fin is 6 ppm (& ughe),

(iii}  The same solution 1s used 1o determine whether the sample posses 3 ppm
limits Tor cadmium, copper, lead and zinc but using an airfacetylenc flame and
using the lamps appropriate for the detection of these elements.

Applications of AAS in BP assays

AAS iy wsed 10 a number of limit wests for merallic inpurities, e.g.: magnesiom and
stromtiwm in caleium acetate; palladium in carbenicillin sodium and lead in bismuth
subgallute, It 15 also used oo assay metals in o number of ‘other preparations: zinc in
zine insulin suspension and tetracosactrin sine injection; copper and iron in ascorhis;
acid; zine in acety leyseeine; lead in bismuthsubcarbonate: silver in cisplatinem; lead
in oxyprenclol; aluminium in albumin solution and calcium, magnesium, meroury
andd zing in water used for diluting haemodialysis solutions.

Inductively coupled plasma emission spectroscopy

If high enough temperatures can be reached, any element can be excited o a level
where it will produce emission of radistion. Such high temperatures can be achieved
by uging plasma emission. A schematic disgram of an indoctively coupled plastoa
(ICE) ‘torch” is shown in Figure 6.6,

High wenperatures are achieved by heating argon wich high intensity
radiofmeguency radiaton. At such high lemperstures all elements will emit radiaiion
as they are excited and then retern o the ground stage. Do order to derive speclral
information from the process an efficient monochromator and computer processing
of the data wre required in order 1o unseramble the large number of lines that ate
derived fromm a particolar sample, ICP has been used to determine a complex ul” the
metal ion dysprosium, wlich is used oy @ magnetic resonance imaging conirasl
agenl, in sern,
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