
Ceramics - Silikaty 98, s. 23-30 (1994) 23 

DETERMINATION OF LEAD AND CADMIUM IN THE SURFACE LAYERS OF 
IMPLANTS BASED ON a-Al203 
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The content of lead and cadmium in the surface layers of i11tra-body impla,1ts based on a-A/2 03 and in their 
raw materials, was determined by extracting their aq:.,eous solutions with 4% {v/v) acetic acid and Ringer's 
solution. The extracted metals in ionic form were determined electrochemically by clif]crcntial pulse stripping 
voltammetry (DP ASV) at the hanging mercury drop electrode (HMDE). The method employed is used in 
optimizing the technology of preparation of impants and assessing their appliwbility in clinical practice. 
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INTRODUCTION 

Moders surgery utilizes a number of ceramic mate
rials whose properties meet very well the exacting de
mands of modern medicine. Apart from the required 
mechanical properties, the products have to be chem
ically and biologically inactive and stable. The chem
ical and biological stabilities are closely related, be
cause corrosion of the material in the medium of a live 
organism releases ionic and neutral components into 
the body system, and there is an extensive interaction 
between the implanted material and the organisn:. 

The chemical and biological procc&ses t;aking plac:e 
"in vivo" are very poorly accessible to standard meth
ods of analytical chemistry. The conditions of the liv
ing organism can be much more easily simulated "in 
vitro", and this is also the basis of the methods u;.ed 
so far in assessing the chemical and mechanical prop
ert:es of these modern materials and prnducts. 

The evaluation of material properties of ceramic 
products for surgery is covered by a number of foreign 
standard specifications [1-8]. However, non� of those 
is concerned with the releasing of toxir. metals, such as 
lead and cadmium, from the surface in the medium of 
the living organism. The issue in question is to deter
mine lead and cadmium in the liquid medium which is 
in a dynamic equilibrium with the solid phase of the 
ceramic implant. The problem defin�d in this way can 
be resolved under laboratory conditions by creating 
the system ceramic implant - aqueous extracting so-· 
lution. Determination of lead and cadmium content 
in the surface layers of raw materials used in the man
ufacture of implants from sintered corundum, and in 
the products proper, is indispensable also from the 
standpoint of selecting suitable initial materials and 
manufacturing technology. 

The Annual Book of ASTM Standard:, of 1991 
specifies a number of extraction methods used in the 
evaluation of materials used in medicine: One ls con-
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cerned with a procedure for preparing the certificate 
on .:.nalysis of metallic orthopedic endoprostheses re
trieved from the bodies of patients [2], another with 
a proced11re for a non/specific acute test of toxicity 
used in ri.P.termining the biocompatibility of medical 
instruments on rabbits [3], another used in extracting 
plastics in media simulating the medium of the human 
body [4], i.e. a 0.85% to 0.95% solution of NaCl, veg
etable oils (sesame and cotton) and water for injec
tions, at temperatures of 37 ± 1 °C (120 hours), 50 ± 
2° c (24 hours) and 121 ± 2°C (2 hours) respectively. 
The sample size for this test is chosen with respect to 
its are°', i.e. at :-i. thi,:kness of � 0.5 mm, a minimum 
of 120 cm2 , at d thickenss of� 0.5 mm and ::; O.i 
mm, a minimum of 60 cm2

, and at a thickness of� 1 
mm, a minimum weight of 4 g. This standard and its 
stipulations may also be used in assessing the respe
ctive raw materials, intermediates and final products. 
It is employed as a reference method in the testing of 
plastics used in the health service. 

The last extraction method listed in the Annual 
Book nf ASTM is a non-specific test [5] for the de
tection of extractable substances in materials used 
in medicine. It consists of intravenous application to 
mice of extracts from the materials being tested, in 
an NaCl aqeous solution. 

The same Annual Book likewise specifies the re
quirements for sintered alumina used for surgery 
implants, namely the minimum content of Al203 
of 99.5%, and the maximum admissible content of 
Si02 of 0.1 % [6]. The procedure for determining 
the biocompatibility of non-porous implants with re
spect to muscle and bone tissues is carried out "in 
vivo" on rabbits, rats and dogs [7]. And finally, 
there is the met.hod for specifying the ccmposition of 
hydroxylapatite [8] u�ed as ceramic surgery implants, 
which stipulates the maximum concentration of trace 
elements in the initial material, i.e. hydroxylapatite. 
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Table I 

Applicability scope of current analytical methods

Method I--Concentration 
range (mole dm3)

Atomic absorption spectro1TJeiry 10-6 to 10-7
Atomic fluorescence spectrometry 10-1 to 10-8
Neutron activation analysis 10-1 to 10-10
Classical polarography 10-1 to 10-6 
Anodic dissolution voltammetry with

J
hanging mercury drop electrode 10-1 to 10-3
Anodic dissolution voltammetry with 
solid electrodes or surface-filter elect.rode

�o-9 to

-

10-10
__

Namely, the maximum admissible contents are 3 ppm
for arsenic, 5 ppm for cadmium, 5 pprn for merwry,
30 ppm for lead, and 50 ppm for the total of heavy
metals.

corundnm products intended for clinical applications,

or their parts. The initial raw material was a powder

with particles O.G to 0.8 µm in size, free of agglomer

ates, with ;_i specific surface area of 3 rn2 g- 1, chem

icaily 99.99% cr-Ah03 , sintering temperature 1550--

16000C. The oval shape of the particles free of ag-
Among the methods used in connection with

medicine there is none that would specifically stip
ulate determination of lead and cadmium in extracts
from surface layers of ceramic materials. In this con
nection, use can be made of the already standard
method of testing the extractability of glass and ce
ramic vessels intended for preserving foodstuffs [9-
11], as well as of the method for determining the re
sistance to corrosion of these materials [1]. Tn both
instances, the methods simulate the "in vivo" condi
tions, where the body tissues and liquids are substi
tuted by aqueous solutions of variou; electrolytes. 

Another possibility was to use clil,ical tests with
implants whose surfaces had been doped with cad
mium and lead atoms. Following exposure in a living
organism, the implants would be removed and the
content of both metals in the surface layer established
by the tracing method as 109Cd (soft gamma emitter)
and 210Pb (soft beta emitter). 

The use of extraction methods in controlling the
content of these toxic compounds requires analytical
met��ds exhibiting a large enriching; factor, accurc>.ry,
prec1s1on, a very low determination limit and relative
�implicity. Anodic stripping voltammetry (ASV) (16}
1s one of the methods meeting these requirements.
A survey of the most frequently employed methods
of trace analysis is given in Table I. 

EXPERIMENTAL 

Ma t e r i a l  o f t h e  s a mples

The analyses were made on two types of materi
als, i.e. the initial raw material, powder�d O'.-AhOa
(Sumitomo Chemical Co., Ltd., Japan), and sintered

glomerates is well discernible in Fig. 1. 
The character of the sintered material is shown m

Fig. 2. The mean particle size is 2.5 pm (80%), wi�h

a maximum particle diameter of 4 Jffn. The gram 

boundaries are free of any glassy phase and defects

- cf. Fig. 3). 

Ex tract i on

The surface layers of the specimens were extracted
with two agents to ISO 7086/1-2 [9, 10] and CSN �2
5520 [11}, using 4% (v /v) r.queous solution of a:et1c
acid (Suprapur, Merck) in high-purity water puri�ed
by sub -boiling distillation [12]. The time of extract1011
was 30 days at 37 ± 2° C [4]. 

Table II 

Composition of Ringer's solution [1)
--

Component (aqueous soiu tion) Parts by vol.

0.9% NaCl 94 

1.14% I<CI 4
1.22% CaCh
2.11% KihP01
3.82% MgS0.1 
1.3% NaHC03
1 mole dm-3 Na2HP01

3 

1 

1 

14
13
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Trible Ill 

Absorpt.i011 uf Pb and Cd ions in vessel walls 
-

l 
1-1

Value of signal after 1 5

D 
days 

Pb Glass 0.415 0.391 0.386 
PE (;.433 0.422 0.419 

-

lp (A x 10-8
) 

Cd 

I

GI= 0.3?7 0.3:i.3 0.305 
PE 0.307 0.295 0.290 

The second extraction agent was Ringer's solution 
[l] used in assessing the corrosion resistauce of ce
ramic implants based on Ab03 . The !,otal time of
exposure to Ringer's solution was 3 months [1]. The
composition of the solution having pH 7-7.4 is given
in Table II.

The material to be extracted was available either 
in powedered form or in that of si1!t,ered products of 
vafious shapes. In both instances, it was first carefully 
washed with high-purity water and left in the water 
overnight to release surface contamination. After rins
ing, the spec\mens were dried at 105° C to constant 
weight. The extraction was carried out with a volume 
of 20 to 60 ml of extractive agent in a thermostat 
against a blank experiment. 

P rep ara t i o n  a n d  cl e a n i n g  cf ve s s e ls 

All of the vessels employed, including the voltam
metric cells, the electrode system and the metering 
devices were cleaned by extraction with dilute HN03 

(0.3 mole dm-3) and with high-purity water. 
In view of the literary data [13] according to which 

after 5 days and at pH = 5 the walls of glass ves
sels are virtually saturated with lead ions and after 
that the lead concentration is practically .::onstant, 
the contents of both metals in glass and polythene 
vessels were monitored so as to eliminate the effect 
of absorption of ions in the vessel walls. Ar,. shown 
by the results listed in Table III, in the trace regivn 
the absorption of lead and cadmium in the wall� of 
glass (SIM AX CSN 70 4106) or polythene vessels is 
not subject to any time limit. In view of the better 
results obtained with high-density polythene vessels, 
only these were used in the extracting. The inner sur
face of the extraction vessels was kept in contact with 
high-purity water for at least 30 weeks before use. 
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A n a l y s i s  

In determining the lead and cadmium content in 
the extracts obtained by differential pulse anodic 
stripping voltammetry (DP ASV), use was wade 
of the hanging mercury drop electrode (HMDE) 
connected to r.he ECM 700 electrochemical system 
(ZWG, Berlin). The basic electrolyte was composed 
of acetate buffer with a pH of 4 to 4. 7. 

The standard solntions of lower concentrations 
were prepared from stock solutions shortly before use. 
Thanks to the several years of use of the vessels, 
a steady state between the standard solutions and 
the internal surface of the vessels in the exchange of 
Pb and Cd ions was established (13]. 

12 

,.,, ........ �····· 
D 25,9 51.S 77.7 

ng Pb 

Fig. 4. Procedure of evaluating the Pb content in the mea
suring cell by the standard addition method. 
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Table IV 

Lead and cadmium content in reference materi,tls 
BCR No. 176 and SRS014-50 

BCR No. 176 - City waste incineration ash 

Found) Relative stand. Declared 9.5% confidence 
(ppm) deviation (%) (ppm) interval 

Pb 8960 19.4 10.870 +170

__ J 
Cd 562 15.2 470 +9

----

srs014-50 - Bag house dust 

I 

Found) I 
(ppm) 

Pb 1480 

ICd 411 

Relative stand. I Declared
deviation(%) (ppm) 

---

18. 7 1914.2 
14.5 5l0 

Table V 

9.'i% confidence 
interval 

� . 
I 

L

)]5 

�-,3 __ j 

Detect.ion and determination limits of Pb and Cd in extractive agents 

4% ( v /v) acetic acid 
--

Characterictics Pb Cd 

Number of measurements n 6 6 

Peak current Ip (nA) 0.201 0.092 
Standard deviation s (nA) 0.0466 0.0066 

relative Sr (%) 23.2 7.2 
Detection limit 3 X Sr (nA) 0.140 0.0198 
Determination limit 10 X Sr (nA) 0.466 0.066 

(ng of metal per 60 ml 
of extractive solution) '145 181l 

. 

Ringer's solution 
·---

I 

Number of measurements n 6 6 
Peak current Ip (nA) 0.795 0.308 
Standard deviation s (nA) 0.0891 0.0195 

relative Sr (%) 11.2 6.3 
Detection limit 3 X Sr (nA) 0.267 0.058 
Determination limit 10 X Sr (nA) 0.891 0.195 

(ng of metal per 60 ml 
of extractive &olution) 850 197 
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Table VI 

The results of determining Pb and Cd in a.cetic acid extract [9-11], 4% (v/v), for n. �-= 6 by the DP ASV method 

�mple 

·------

Weight Volume of agent Tim,� of r!xtraction Temperature 
(g) (ml) ( days) (oc) 

--

2 14.4882 60 90 

Pb Cd 

below determination limit (i.e. 455 ng in 60 ml of below determination liroit 
extract above detection limh) extract above det.ection Jim

-

Table VII 

The resuas of determining Pg and Cd in Ringer's sdution extract (l] for n == G bv the DP ASV method 
-· ·--· 

Sample Weight Volume of agent
(g) (ml) 

1 19.6626 60 

Pb 

·-1

Time of exlmtio" j 
( d:ivs) 

·-r ·-----·

I 
90 J ·---·-- ·----

C·.i 

Temperature 
(OC) 

--

37 + 2 
---

L 
below determination limit (i.e. 850 ng in 60 rn l of bdow determination limit (i.e. 197 ng in 60 ml of 
extract .1bove the detection limit) 

Bl a n ks ,  preci s i o n  a n d  a ccur a c y

The metals were quantified by using the standard 
addition method. The F-test [14] and the Q-test [15] 
were employerl to optimize the parameters and eval
uate the results. A diagram of the standard addition 
method is shown in Fig. 4 for both basic electrolytes. 

The accuracy of the metal contP-nts determination 
was examined by comparison with the results ob
tained for th� BCR reference materids BCR No. 176
(City Waste Incineration Ash, Community Btireau 
of Reference, Brussels) and SRSO 1-1-50 (Bag Hou�e 
Dust, Fisher Scientific). The contents of the two met
als as determined for n = 6 to 12, compared to the
certified values, are listed in Table IV 

THE HESUL TS AND DISCUSSION 

St a n d a r d  d evi a t i o n ,  d e t e c t i o n  l i m i t s
a n d  d e t e r m i n a t i o n  l imi t;, 

A series of blank experiments were carried out to 
�stablish the standard deviation, the detection lim-
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extract above the detection limit) 

its and determination limit. Bot,h extractive solutions 
were placed in identically treated extraction vessels nt 
37 ± 2"C, and their content analyzed after 90 days.
The results are listed in Table V. 

The results indicate that both methods yield corn
parable values of standard deviation, not exceeding 
23%. The values of the determination limit are lower 
and therefore rnore advantageous when using dilute 
ecetic acid as the extractive agent. 

C omparison of yiel ds of ·�x tracti v e
agenr.s 

Both extractive solutions employed were applied to 
samples of sintered a-corundum of idimtical compo
sition from a single manufacturing batch. The results 
are listed in Tables VI and VIJ. 

The results given in Tables VI and VII do not allow 
to assess which of the two agents is more suitable for 
extraction. In view of the lower values of the determi
nation limits, which for the given samples amounted 
to about 31 ng lead and 132 ng cadmium per 1 g of 
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Table Viii 

The results obtained for the materials at va.rious stages of technological processing 
....-------------------r-------------------i 

Powdered a-corundum 
Weight Volume of agent 

(g) (ml)

- 4% (v/v) acetic acid
Amount of metals relca�ed by extract.ion• Pb (ng) Cd (ng) 

�-------+--------!------------ ·------

1.7680 20 below t.iet.errnillation !unit., i.e. (G4) (64) 
0.1768 20 belo•v licterrnination limit. i.e. I 

I (fi40) ('.2'.)i',\ i 
-------t----------------------1 Dish (a-corundum) 

! 
- 4% (v/v) acei.ic ;,cid __ J �-1-6-.4-19_l_T 100--T- 6.58 .:11 \ 

P,im (o-c�"nd.,m) 1-- 4% (,j,;-,,::::,:,; --1 
1.9515 I

'° t---;;----�-:-1 
•The given values relate to lg of extracted solid m;i.terial.The time of extraction was 30 days.

sample, dilute acetic acid appears to be more convenient. In ihe case of Ringer's solution, the corresponding values were 43 ng Pb and 10 ng Cd. 
T h e  res u l t s  o f  a n a l y ses u s ed tc o p t i m ize t h e  pre p ara t i o n  t echnology 

A series of anaiyses were carried out with the aim to contribute to the attainment of the most. suitable procedures for the pr�paration and manufacture of surgery implants based on a-corundum. The set of results is presented in Table VIII. The surface of the respective dish contained considerable amount of lead. Subsequent investigations showed that the specimen was fired in a furnace originally used for other purposes, among others in a study of lead crystal. It should be pointed out that the firing temperature of the corundum dish exceeded substantially the melting point of PbO, i.e. 886° C. However, the occurrence of the unusually high lead content in the surface layer of the material allowed the two extractive solutions to be compared. The results 

of extracting two samples of approximately identical surface area and weight a.re given in Table IX. 
CONCLUSION 

The results given in Tables V through IX show that dilute acetic acid and Ringer's solution provide comparable results a.s to t.hc yields of lead and cadmium in the surface layer of sintered powdered a-A.1203. The simplest �xtrac:tion system, i.e. 4% (v/v) acetic acid, exhibits a lower determin.d,ion limit., easier preparation, a lower value of t.lw standard deviation and a gcnera1ly lowtr bar:kground. Ringer's solution, intendec'. for determining the corrosion stability of cera1nics based on A l"O:i, at.Lacks more their surface, thus bring;iug about higlicr yields of the two metals on extraction. Differential pulse anodic stripping voltammetry (DP ASV) at the hanging mercury drop electrode (HMDE) is a highly sensitive method permitting, in limit cases, the determination limit of down to 7 ng Pb and 4 ng Cd per 1 ml of the extractive solution to be achieved. 
Ceramics - Silika.ty c. 1, 1994 
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Table IX Extraction of a surface layer with a high lead content.. Time of exLr;,.ction: 30 days; n = 4. 4% (v/v) acetic acid 
Weiid1t ' (g) 

11.8372 

Volume of agent (ml) 
20 

Total cone. of Pb in sample 1ng) 
588 

Released proportion (ng Pb g-1 J
l l.923] 20 603 2.1227 20 654 
j ::::

3
.�ues (ng)'

2
�-----r--- :::----

<20 <20 <20 <20 
., Rel. standard deviation b 12.1 ... 

·----Ringer's solution 
Weight Volume of agent Total cone. Released pr oportion g.:.. 1) (g) (ml) of Pb in san,ple (ng) (ng Pb 
1.7139 20 1.8288 20 2.0127 20 2.432� 20 

I �Mm •�ues (ng)' Relative standard deviaticn b 

854 773 66G 813 
396 20.2 

<2 <2 <2 <2 
·-

() u 0 0 

•The given values relate to 1 g of extracted solid material.
In none of the instances did the amounts o::-lead and cadmium transferred into the extractive solutions by extraction exceed the limits stipulated for comaincr glass intended for the preservation of foodstuffs [10], that is 2.5 mg Pb and 0.25 mg Cd per 1 litre of extcacting agents employed. References [1] ASTM C 573, Standard Methods for Chemical Analysis of Fireclay and High-Alumina Refractories, Annual Book oi ASTM Standards, Vol. 03.06, 1991.(2] ASTM F 561, Standard Practice for Analysis of Retrieved Metallic Orthopedic Implant<.s, Annua.l Book of ASTM Standards, Vo. 13.-01, 1991. [3] ASTM F 749, Standard Practice for Evaluating M�.teria.l Extracts by Intracutanous Injection in the Rab-Ceramics-· Silikaty c. 1, 1994 

bit, Annual Book of ASTM St?..ndards. Vol. 13.01, 1991. 
[4] ASTM F 619, Sta.1dar<l Practice for Extraction ofMedical Plastics, Annual Book of ASTM Standards,Vol. 13.01, 1991.[fi] ASTM F 750, Standard Practice for Evaluating M<1.terial Extracts by Systemic Injection in the Mouse, Annual Book of ASTM Standards, Vol. 13.01, 1991. (6] ASTM F 603, Standard Specification for High-Purity Dense Aluminum Oxide for Surgical Implant Application, Annual Beok of ASTM St.andards, Vol. 13.01, 1991. (7] ASTM F 08�, Standard Practice for Assessment of Compatibilit.y of Biomaterials (N onporous) for Surgical Implants with Respect to Effect of Material on Muscle and Bone, Annual Book of ASTM Standards, Vol. 13.01, 1091. [8] ASTM F 1185, Standard Specification for Compo-
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STANOVENI OLOVA A KADMIA V POVRCHOVYCH 
VRSTVACH IMPLANTATO NA BAZI a-Al2 03 

FRANTISEK SKACEL, JnH HAVRDA • 

Ustav analyticke chemie, • Ustav skla a keramiky 
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Ke stanoveni obsahu olova a kadmia v povrchove vrstve 
nitrotelnich implantatu na bizi a-Ah03 a surovin pro je
jich vyrobu b.vlo pouzito v souladu s postupem pro ovefen{ 

korozni stability kera.mickfch implantatu na bizi AbOJ 
(1] Ringerova roztoku o pH 7 -,- 7,4 ISO. Celkova. doba 
pusoben{ Ringerova roztoku na zkoumany vzorek byla 3 
mesice. Druhym extra.kcnim cinidlem byl vodny roztok 4% 
(V /V) kyseliny octove podle ISO 7086/1-2 (9, 10] a CSN 
72 5520 [11]. Doha extrakce cinila pfi teplote 37 ± 2 °C 
30 dni°1. 

z vysledk11 uvedenych V T.i.b. V az IX vyplyva, ze zfe
dena. kyselina octova i Ringeru v roztok poskytuji srovna
telne vysledky co do vyteznost: olova a kadmia v povr
chove vrstve slinuteho i pra.skoveho o--Ah03 • Jednodussi 
extrakcni system, t.j. 4% (V iV) kyselina octova., se vy
znacuje nizsi mezi st.anovitelnosti, snazsi pfipravou, nizsi 
hodnotou smerodatne odchylky, celkove nizsim pozadim 
a nizsi vyteznostf extrakce oproti Ringerovu roztoku. 

Diferencui pnlzni anodicka stripping voltametric (DP 
ASV) na staticke rtufove kapkove elektrode (HMDE) je 
velice citlivou metodou umozitujicf v limitnich ptfpadech 
dosazeni mezc stanovitelnosti az 7 ng Pb a 4 ng Cd v 1 
ml extrakcn{ho roztoku. 

M!'.ozstvi olova a kadmia pfevedene pfi extrakci do po
uzitych extrakcnich roztokt°t v zadnem ze zkoumanych pri
padu nepiekrucilo limity uvadene pro <lute sklo urcene pro 
pfechova.vani potravin (10], t..j. 2,5 mg Pb a 0,25 mg Cd 
na 1 l pouzit.ych extrakcnich i'::inidel. 

Obr. 1. Ovcilny tvar ccistic bez aglomercitu. Prciskovy f.'!
A/2 03 (Sumitomo Chemical Co., Ltd., Japonsko). 
V meritku 1 cm = 5 µ111.

Obr. 2. Hranice zrn vypcile11eho vzorku bez skelne Jcize 
a poruch. 

Obr. 3. Pnlmemci velikost znt ve vyp6.lenem vzorku. Frak
ce velikosti 2,5 11m 80%. !vfoximciln{ velikost zrna 4,0 
µm. 

Obr. 4. Postup pi'i vyhodno,:en{ obsahu Pb v merne cele 
metodou standardnich pr'idavku. 
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Fig. 1. Oval shape of the particles free of agglom
erates. Powdered a-Ali 03 (Sumitomo Chemical Co. 
Ltd., Japan). Scale: 1 cm = 4 µm. 

Fig. 2. Grain boundary of fired sample, free of glassy 
phase and defects. 

Ill 
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Fig. 3. The mean grain size in fired sample. 80% of 
fraction size 2.5 /tm. Maximum grain size 4.9 /tm. 




