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Introduction
It is a requirement of the Indian authorities (Method 1 of IS 8747) that infant feeding bottles made 
from polycarbonate allow a minimum of 85% of light to be transmitted. This test must be done “in 
house” by the manufacturer. The test described uses light source C and an integrating sphere. CIE 
standard illuminant C is a colorimetric illuminant, representing daylight with a correlated colour 
temperature of 6774K, defined by the CIE in terms of a relative spectral power distribution.
The percentage of light transmitted by a sample is the light transmitted by the sample divided by the 
light transmitted by the blank or reference and should not be affected by the light source, provided 
that a baseline is first stored.
To determine which equipment and software are best suited to this test, a sample of polycarbonate 
infant feeding bottles was obtained from a leading UK manufacturer. Polycarbonate has a high 
refractive index of 1.586 and transparent grades should have a transparency of over 85% in the 
visible region of the spectrum.

Instrumentation
Spectrophotometer : CE 3055 ‘ReflectAScan’ including integral printer.
Integrating Sphere:   SpectralonTM 2˝ diameter sphere with integral silicon diode detector, lever 
operated internal beam reflecting mirror, with film holder.
2020 33 00                  Solid sample or film holder, with adjustable thickness
The spectrophotometer was linked via an RS232 connector to a PC for enhanced data storage 
facilities.

Method and Results
1. An unprinted bottle was selected and a 50 x 50 mm piece was cut from one side of the bottle, 

avoiding the side seams.
2. The spectrophotometer was switched on and allowed to warm up for at least 15 minutes before 

any measurements were attempted. When the instrument was switched on the integrating 
sphere was in position with the SpectralonTM  reflectance standard in position and the sphere 
lever in the “S” position.

3. The readout on the spectrophotometer was changed to “%T” and the “Zero” button was pressed 
twice to perform a long zero. This causes the automatic setting of 0% transmission, followed by 
the automatic setting of 100% transmission.

4. The “SCAN” button was pressed and the “Store baseline” setting was selected. The baseline 
was stored between 380 and 780nm.

          Table 1 The parameters used for all scans
Start Wavelength 380 nm
End Wavelength 780 nm
Scan Speed 10 nm/sec
Averaging 2.0 nm
Bandwidth 4.0 nm

5. The bottle sample was then placed in the solid sample holder attached to the integrating sphere, 
with the convex side of the sample nearest to the entrance of the sphere.

6. A wavelength scan from 380 to 780 nm was performed, setting the lower value for transmittance 
to 0% and the upper value to 100%.

7. The scan was captured and stored using DataStream software on a PC (Figure 1).
8. To determine whether the integrating sphere was essential for these measurements, the scan 

was repeated in the absence of the integrating sphere, using a solid sample or film holder with 
thickness adjustment in place of the integrating sphere.



Figure 1

Figure 2
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9. The result of this scan is given in Figure 2. This can also be seen in Figure 3, where the two 
scans, with and without the integrating sphere can be seen overlaid. The match index is only 
800.3, indicating that the two scans are not well matched.

It is clear that the curvature of the bottle sample has scattered the incident light and that the 
integrating sphere is required to obtain a true reading of %T. If the sample had a flat surface, there 
would not have been such a marked difference between the scans.



Figure 3

Figure 4
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The second objective is to determine whether using the ‘ColourScan’ software to specify 
illuminant C has any effect on the outcome of the wavelength vs % transmission scan.
This was done by comparing the results obtained with the integrating sphere in position and 
using the ‘ColourScan’ software with results obtained using the ‘Scan’ software that is part of the 
operational software of this instrument.

10. With the integrating sphere in position, the ‘SCAN’ program and then the ‘ColourScan’ were 
selected. Within the ‘ColourScan’ program, illuminant C was selected and the 2˚ observer 
angle. This software then automatically calculated tristimulus and chromaticity values, as well 
as various  other colour co-ordinates. These values were not required for the present 
application. The plot of %T vs wavelength obtained using the ‘ColourScan program, with 
illuminant C selected, is shown in Figure 4.

11. The plot of %T obtained with the normal wavelength scan software (Figure 5) was overlaid 
with that obtained using the ‘ColourScan’ software (Figure 6) and a match index of 998.3 was 
obtained.



Figure 5

Figure 6
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Discussion
The results shown in Figure 6 show that the two spectra are an excellent match. This confirms 
that the ‘ColourScan’ software does not make an appreciable difference to the %T value. The 
scan of % transmission versus wavelength is independent of the light source, provided the 
appropriate baseline has been acquired.
When the integrating sphere was used, the values for %T were approximately 92% over the 
spectral range investigated, easily exceeding the Indian requirement of 85% transmission.
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Conclusion
To obtain reproducible and reliable results for the percentage of light transmitted through the side 
of a polycarbonate infant feeding bottle, the best instrumentation is a CE 3055 ‘ReflectAScan’ 
spectrophotometer (manufactured by Cecil Instruments Ltd., Cambridge, UK), fitted with an 
integrating sphere (SpectralonTM). It is not essential to use “Illuminant C” as the percentage of 
light transmitted through a transparent object is independent of the light source, thus the 
‘ColourScan’ software is not required.
Further details of the equipment described can be found at www.cecilinstruments.com 


