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nnalysis were employed in a study on the calcification and oxidation processes of the copper wires 
used in Intra-Uterine Device (IUDs) contraceptives. 

A strong copper release (~ 50 µg/ day) has been observed in the first year of IUDS application, 
during the high device antifertility e任ect. The copper release is reduced with the IUD-use time, 
because of the calcification process on the surface by organic liquids. This e丘ect produces a drastic 
reduction in the contraceptive e伍ciency, and a new IUDs replacement is needed after about 2 years 
of use. 

Auge.r, X-ray spectrometry and scanning electron microscopy (SEM) have been used to investi­
ga_te t�e �ifetifne and e伍ciency o� 11,:DS in o�der to_ understand the surface modification of copper 
wire during its permanence in the intrauterine environment. 

INTRODUCTION 

It has been demonstrated by Zipper et 
al. (1) that copper ion release in the ute­
rine environment produces an antiferti­
lity effect. The copper release from intrau­
terine devices has been studied by Tatum 
(2) and the rate of pregnancy has been va­
lued during its contraceptive use. Gynae­
cological research has demonstrated that 
using the copper IUDs the pregnancy ra­
te, very low in the五rst year, became hi­
gher after 2-3 years use (Hagenfeldt (3))
testifying the poor antifertility e伍ciency
over long periods. The data in literature 
on the percentage of pregnancy yield ver­
sus copper-IUDs use-time indicates a pre­
gnancy yield of the order of 5% at 3 
years (1· 4· 5). 
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The suggestion that contraceptive e伍
ciency is reduced when there is a low 
critical amount of copper release due to 
the corrosion and/ or calcification of the 
device in the uterus was proposed by Ko­
sonen (6 ) and Gosden et al. (7) about ten
years ago. Gupta et al. (8), instead, have
described the finely granular and irregu­
lar surface of used copper IUDs as due to 
the effects of copper erosion and to the 
presence of macrophages, spindle cells, 
fibroblast, giant cells and mast cells (9).

The aim of this work is to investigate, 
with the Auger technique and X-ray mi­
croprobe analysis, the oxidation and cal­
画cation processes involved in the IUDs 
copper surface to explain the time-depen­
dence of the pregnancy yield in the和st
years of its use. 

MATERIAL AND METHODS 
A set of intrauterine devices in copper metal, 

kindly furnished by the Gynaecological Service 
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of the Monselice (Padua) Hospital, was investi­
gated. 

The copper coils analysed, 7-T-200 intrauterine 
model are wound on a polypropylene support 
9.2 mm in dia�eter. and 32 �m in _length _they 
have an exposed surface to the uterine environ­
ment of about 200 mm2. In this work a set of 
used IUDs (2-34 months), removed from pa­
tients 30-40 years old during routine visits to 
family planning clinics, and new IUDs were ana­
lysed. Before each analysis IUD copper wires 
were cut at 1 cm length, washed with distilled 
water in an ultrasonic bath, dried in nitrogen 
flux and put in the analysis chamber at high 
vacuum pressure. 

Using the laboratories of the Physics Depart­
ment of Catania University three types of in­
vestigations were performed on this subject: AES 
(Auge.r Electron Spectroscopy)，PIXE (Particle 
Inducing X-ray Emission) and SEM (Scanning 
Electron Microscopy) analysis, as reported in 
Fig. 1, for an IUDs used for one year. The first 
analysis was used to investigate the metal surface 
modification of superficial layers (~ 50 A) during 
the first period of IUDs use in the intrauterine 
environment; the second analysis was used to 
study the composition of the thick film of or­
ganic material deposited on the metal surface 
after a long period of IUDs use, and the third 
analysis was used to observe the morphology of 
the IUD surface deposited as a function of its 
permanence-time in the uterus. 

AES spectroscopy for surface elemental ana­
lysis is based on the Auger radiationless pro­
cess: when the core level of a surface atom is 
ionized by an impinging electron beam, the atom 
may decay to a lower energy state through an 
electronic rearrangment which leaves the atom 
in a doubly ionized state; the energy difference 
between these two states is given to the ejected 
Auger electron which will have a kinetic energy 
characteristic of the parent atom. When the 
Auger transition occurs within a few angstroms 
of the surface (depth escape) the Auger elec­
trons may be ejected from the surface without 
energy loss and .give rise to characteristic peaks 
in the distribution function of the secondary 
electron energy. Knowing the electron bonding 
energy in the cell structures, the energy and 
shape of Auger peaks can be used for the un­
ambiguous identification of the solid surface com­
position (middle section of Fig. 1). 

To calculate the absolute concentration of an 
element in a given matrix we will consider the 
Auger yield Ya(t), produced from a thin sur­
face layer of sample, D..t, according to the fol­
lowing relationship (IO) : 

where: (N-At) represents the number of inte­
rest atmos per cm互I(t) is the current of inci­
dent electrons; rrA (t) is the Auger emission-pro­
bability of the interest peak (cross section) at 
t depth; 0 and An represent the detector ana­
lysi� angle and t?e.soli1 a�gl� sub.tended by the 
analyser, respectively;入is the electron escape 
depth and T is the transmission of the used ana­
lyser. The exponential term represents the Auger 
electron escape probability from the surface of 
the target. Auger depth escapes are of the order 
of 10-50 A depending on the electron energy and 
matrix composition. 

AES analysis was carried out using 3 KeV 
electron beams with currents of 1 µA (spot 
10 µm in diameter) in a vacuum chamber at 
10-10 Torr. To obtain element depth profiles
y,e used togethe_r the e_lectro13- pr<?be,. a� �on 
beam to spatter the sample surface, i.e. inducing 
erosion and analysing depth layers. An argon 
beam, 4.5 KeV in energy and 100 NA current 
was sweep onto the sample surfage (spot 4 mm勾，
for time intervals ranging from 1 to 60 minutes, 
to sputter the sample surface and to obtain con­
trollable depth profiles of more important ele­
ments. Knowing the sputtering yield of argon 
ions in copper (~ 5 atoms per incident ion), in 
carbon (～0.5 ats/ion) and in calcium (～0.5 
ats/ion) it was possible correlate the element 
contents with the target depth. 

X-ray microprobe analysis and scanning elec­
tron microscopy investigations were carried out 
by using a SEM with an electron microprobe. 
Electron induced X-ray emission (PIXE) ana­
lysis is based on the following effect: after a 
vacancy is created, an electron can make a tran­
sition from another cell to fill the vacancy with 
the emission of a photon. The excited atoms 
can release their energy in a radiation process 
with the emission of characteristic X-rays. The 
identification of atmso by values of the electron 
binding energies in the cell locations can be 
reached by using Moseley's law (11). 

In our investigation 20 Ke V electron beam 
was used to hit the sample and to induce X-ray 
emission. A Si(Li) detector (FWHM = 170 eV 
at 6 KeV) was used to detect characteristic X-rays 
with energy ranging between 1-30 KeV in a va­
cuum pressure of about 10-7 torr (lower section 
of Fig. 1). 

In this case the quantitative analysis of the 
interest elements will be given by the following 
relationship (10) : 

Yx(t)=(NAt•)l(t)心(t)•e-µt/cose EA!l; (2) 
where: Yx is the X-ray yieid for the interest 
peak; rrx (t) is the probability of X-ray emission 
of the characteristic peak at t depth; µ is the 

Ya(t)=(N�t)·I(t)心(t)•e-t/cos0入T·An;
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(1) photon-absorption coefficient (cm一1) of produced


















