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SERIES INTRODUCTION

Like most museums, only about 25% of the holdings of the Oesper Collections 
in the History of Chemistry are on public display at a given time. In order to make 
the remaining 75% available in some form, it was decided to initiate a series of 
short museum booklets, each dedicated to a particular instrument or laboratory 
technique of historical importance to the science of chemistry. Each booklet would 
include not only photographs of both displayed and stored museum artifacts re-
lated to the subject at hand, but also a short discussion of the history of the instru-
ment or technique and of its impact on the development of chemistry as a whole. 
Several of these booklets are expansions of short articles which have previously 
appeared in either the bimonthly series Museum Notes, which is posted on the 
Oesper website, or the series Ask the Historian, which appeared in the Journal of 
Chemical Education between 2003 and 2012.

William B. Jensen
Cincinnati, OH

April 2014





The M. G. Mellon Filter Photometer Collection

As indicated in the previous booklet in this se-
ries, the Oesper Apparatus Museum contains a 
large selection of visual colorimeters, filter 
photometers and spectrophotometers based on 
collections of these instruments donated in 
1990 by the late Melvin Guy Mellon (figure 1) 
of Purdue University. Though additional in-
struments have subsequently been added, each 
of these collections has been named in Mel-
lon’s honor in recognition of his initial gift. The 
M. G. Mellon colorimeter collection was the 
subject of booklet No. 4 in this series. The pre-
sent booklet (No. 5) deals with his filter pho-
tometer collection, and booklet No. 6 will deal 
with his spectrophotometer collection. 

! Unlike the visual colorimeters, many of the instruments described here 
were sold directly by the companies that made them rather than through standard 
laboratory supply houses, in part because the latter often produced their own com-
peting in-house instruments. As a consequence, many are untraceable using stan-
dard laboratory supply catalogs. Fortunately Mellon also provided the Oesper Mu-
seum with a large collection of manufacturer’s advertisements, brochures, cata-
logs, and instruction manuals which has greatly facilitated the task of identification 
and characterization. Unhappily much of this material is also undated. As a result, 
the dating of many of the individual instruments is often only approximate and 
should be considered as accurate only to the nearest decade at best.

Colorimeters versus Photometers

Writing in 1952, Mellon noted that, when it came to consistent nomenclature, the 
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Figure 1.  Melvin Guy Mellon
(1893-1993)



field of colorimetry was still subject to “a rugged individualism.”1 Thus most 
chemists use the term “colorimetry”  to denote the determination of the concentra-
tion of a sample via measurement of its color intensity, irrespective of the type of 
instrument being used. However, since physicists also use this term, but in a very 
different sense to denote the measurement of color as color, rather than concentra-
tion as color, yet others have suggested that the term “absorptiometry”  would be a 
more accurate descriptor of the chemist’s particular interest.  Likewise, though we 
have restricted the term “colorimeter” to the classical visual comparators described 
in booklet No. 4 in this series, many of the manufacturers of the photometers de-
scribed in the present booklet persisted in referring to their instruments as either 
“photoelectric colorimeters,” or as “abbreviated spectrophotometers,” even though 
they measured something quite different from the classical visual colorimeter and 
lacked the monochromatic wavelength selection characteristic of a true spectro-
photometer.
! In essence, a classical visual colorimeter or comparator measures the color 
intensity of a solution of unknown concentration (Iu) relative to that of a standard 
(Is) of known concentration for the same species, or the ratio Iu/Is, whereas a true 
photometer measures the color intensity of the sample of unknown concentration 
relative to that of the intensity (I0) of the initial light source before passage through 
the solution, or the ratio Iu/I0, otherwise known as the transmittance (T) of the so-
lution. As may be recalled from the previous booklet, Beer’s law may be written as 

log(Iu/I0)  = - !bc  =  log(T)                                                                                    [1]

where b is the thickness of the solution, otherwise known as the path length, c is 
the concentration of the solute of interest in moles per liter, and ! is the extinction 
coefficient for the species in question and varies with both wavelength and tem-
perature. This means that equation 1 will be rigorously followed only if mono-
chromatic light of a single wavelength is used. This restriction does not apply in 
the case of the classical visual colorimeter since both I0 and ! cancel as part of the 
comparison. As a consequence these instruments are able to employ polychromatic 
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white light. In the case of true photometers, however, this is no longer true. Be-
cause true spectrophotometers contain a monochromator of some sort (e.g. a prism 
or a diffraction grating), they do in fact obey Beer’s law, whereas the filter pho-
tometers described here can only approximate the law through use of colored glass 
filters to select various restricted bandwidths rather than individual wavelengths.

Dual-Channel Visual Filter Photometers

In these devices the light source is divided into two beams by means of either slits 
or mirrors – one of which passes through the sample solution and other through a 
reference cuvette containing the solvent alone. The transmitted beams are then 
combined into a split optical field by means of a prism system similar to that found 
in a Duboscq colorimeter and passed through an appropriate color filter before be-
ing observed by the human eye in the instrument’s eyepiece. The intensity of the 
reference beam is then mechanically attenuated to match that of the sample beam 
either by altering the area of its corresponding slit or by interposing a glass wedge 

of varying thickness. The greater 
the attenuation required, the 
smaller the transmittance of the 
sample. Comparison with a calibra-
tion curve of transmittance versus 
concentration for a series of solu-
tions of known concentration then 
allows one obtain the concentration 
of the sample under investigation.  
! An example of such an instru-
ment is the visual photometer in-
troduced by Carl Pulfrich in 1925 
(figure 2) and manufactured by the 
Carl Zeiss Company of Jena2 in 
which attenuation of the beams 
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Figure 2.  A Pulfrich dual-channel visual pho-
tometer with light and cell attachments suitable 
for colorimetry measurements.



was achieved by altering the areas of the light slits using diaphragms independ-
ently controlled by means of two graduated drums located either side of the in-
strument (figure 3). The photometer itself came with a wide variety of alternative 
light and cell attachments which allowed it to be used not only as a colorimeter, 
but as a turbidimeter, a nephelometer, a 
reflectance meter, a gloss meter, and a 
fluorimeter.3 
 ! Yet a second dual-channel visual 
filter photometer (figure 4) was intro-
duced by the American Instrument Com-
pany (AMINCO) of Silver Springs MD in 
the late 1930s.4 In this instrument the ref-
erence beam was attenuated by means of 
a neutral glass wedge (figure 5) and the 
result translated directly into a percent 
transmittance on a linear scale displayed 
on the front of the instrument above the 
eyepiece. But, however clever these vis-
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Figure 3.  Diagram of a Pulfrich photometer with the cell and light attachments shown in 
figure 2. 

Figure 4.  An AMINCO neutral wedge 
dual-channel visual photometer.



ual instruments, they were essentially doomed to extinction by the gradual intro-
duction of photoelectric tubes and photocells in the 1930s. Thus, writing in 1948, 
the Snells, in their comprehensive review of the field, predicted that:5

It does not appear probable that visual filter photometers have any really signifi-
cant place in the future development of the art. Rather, in an electronic age, even 
the colorimeters have gone electronic and results indicate that the trend is a desir-
able one.

Dual-Channel Photoelectric Filter Photometers

In a photoelectric photometer the human eye and accompanying optical system are 
replaced with either alkali-metal emissive photoelectric tubes (figure 6) or with 
selenium barrier-layer photocells (figure 7). A simplified schematic for a dual-
channel photoelectric instrument employing separate sample and reference photo-
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Figure 5.  Diagram of an AMINCO neutral wedge dual-channel visual filter photometer. 
For some reason no reference cell is indicated.



cells is shown in figure 8. The greater the voltage difference between the two cells, 
the smaller the transmittance of the sample. This is measured by balancing the two 
cells using a variable resistor and a galvanometer to indicate the null point. Most, 
but not all, early instruments contained the variable resistor (usually a slide wire 
pot or potentiometer) within the  photometer itself which was calibrated to read 

directly in percent transmittance, 
but required connection to an exter-
nal galvanometer. In later models 
the galvanometer was also incorpo-
rated directly into the instrument. 
! A curious transitional instru-
ment between the dual-channel vis-
ual and photoelectric photometers is 
the “Scopometer”  (figure 9) de-
signed by William Exton in 19326 
and briefly produced by the Bausch 
& Lomb Optical Company of Roch-

OESPER MUSEUM BOOKLETS

- 6 -

Figure 8.  A simplified schematic of a dual-
channel photoelectric filter photometer: A is the 
light source, B a lens, C the double slit divider, 
D the reference and sample cuvettes, E the fil-
ters, F the photocells, G a galvanometer, H and 
I variable resistances for balancing the output 
of the two photocells.

Figure 6 (left): A circa 1940 alkali metal emissive 
phototube. Figure 7 (above): A circa 1955 sele-
nium barrier photocell. Both items are from the 
Oesper Collections in the History of Chemistry. 



ester, NY.7 This contained the galva-
nometer within the instrument but no 
variable resistor, since the two photocells 
were balanced mechanically by altering 
the area of the reference slit.
! Other early dual-channel photoelectric 
instruments, also dating form the late 
1930s, include the “Aminco Type F Pho-
tometer”  (figure 10) and the “Aminco 
Type V Photometer”  (figure 11) made by 

the American Instrument Company of 
Silver Springs MD.4 Both instruments 
contained a slide wire resistor pot to bal-
ance the cell voltages but originally re-
quired use of an external galvanometer to 
indicate the null point, though this was 
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Figure 10. An early dual-channel “Aminco 
Type F Photometer”  with an external galva-
nometer for null point detection. 

Figure 9.  An early version of the “Exton 
Universal Electro-Scopometer”

Figure 11.  A later version of the dual-
channel “Aminco Type V Photometer” 
with the galvanometer incorporated into 
the instrument.



eventually incorporated into the 
instrument itself in later versions 
of the Type V model.
! Yet a third variation on this 
type of instrument was the dual-
channel “Lumetron Colorimeter 
402-E”  (figure 12) made by the 
Photovolt Corporation of New 
York City.8 This also required 
use of an external galvanometer, 
but did not balance the two pho-
tocells mechanically, as in 
the Exton Scopometer” or elec-
trically, as in the two Aminco 
instruments, but rather optically 
by rotating the reference photocell relative to the reference beam.  

Single-Channel Photoelectric Filter Photometers

As suggested by its name, instruments of this type contain only one cell compart-
ment and one photocell. A simpli-
fied schematic is shown in figure 
13. Here the galvanometer is not 
used to indicate when the sample 
and reference photocells are bal-
anced but to directly measure the 
output of the single photocell, and 
this output is taken to be directly 
proportional to the transmittance of 
the sample. Consequently no vari-
able resistor is required. A cuvette 
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Figure 12. A circa 1945 dual-channel “Lumetron 
Colorimeter 402-E”  with an external galvanome-
ter and assorted sample cells.

Figure 13.  A simplified schematic of a single-
channel photoelectric filter photometer: A is the 
light source, B the lens, C the slit, D the cuvette, E 
the filter, F the photocell, and J the galvanometer.



containing just the solvent is first placed in 
the cell compartment and the output of the 
galvanometer adjusted to correspond to 
100% transmittance. This is then replaced 
by an identical cuvette containing the sam-
ple of interest and its corresponding trans-
mittance is read and matched to a calibration 
curve for the species in question. 
! One disadvantage of the single cell in-
strument is that variations in voltage, and 
consequently of light intensity, are not 
automatically compensated for as in the 
case of two-cell instruments. Consequently the 

one-cell instrument also requires use of either 
a DC battery or of a voltage regulator of 
some sort, which may be either external or 
incorporated into the instrument itself.   
! Examples of single-channel photoelec-
tric photometers dating from the late 1930s 
and early 1940s include the “Yoe Photoelec-
tric Colorimeter” made by the American In-
strument Co (AMINCO) of Silver Springs, 
MD (figure 14),9 and the “Evelyn Photoelec-
tric Colorimeter” made by the Rubicon 
Company of Philadelphia (figure 15),10 
! Moving into the late 1940s and early 
1950s we encounter single-channel photoe-
lectric filter photometers such as the “Rouy 
Photrometer” made by the E. Leitz Company 
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Figure 14. A circa 1936 single-
channel Yoe Photoelectric Color-
imeter” with internal galvanometer.

Figure 15.  A single-channel “Evelyn 
Photoelectric Colorimeter”  with ex-
ternal galvanometer. 



of New York City (figure 17)11 and the 
“Monochromatic Colorimeter, Model 
35,” made by the Bausch & Lomb Opti-
cal Company of Rochester, NY (figure 
17).12, 13

Hybrid Instruments

In closing, mention should be made of 
three “hybrid instruments”:  the “KWSZ 
Photometer” made by the Wilkens-Ander-

son Company of Chicago (figure 18),14, 15 
the extremely popular “Klett-Summerson 
Photoelectric Colorimeter”  made by the 
Klett Manufacturing Company of New 
York City (figure 19)16, 17 and the “Kro-
matol Photometer”  made by the Will 
Corporation of Rochester. NY (figure 
20).18 At first glance these would appear 
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Figure 16. A circa 1948 single-channel 
“Rouy Photrometer” 

Figure 17. A circa 1953 single-channel 
“Monochromatic Colorimeter Model 35.”

Figure 18. A single-channel “KWSZ Pho-
tometer”  which required both an external re-
sistance box and galvanometer.



to be single-channel instruments since 
there is only one working cell into 
which the reference, standard and un-
known are successively inserted in 
keeping with the procedure for a typi-
cal single-channel instrument. How-
ever, in actual fact both were dual-
channel instruments in which the sec-
ond photocell was used solely to 
compensate for voltage fluctuations, 
thus eliminating the necessity of using 
either a DC power source or an exter-
nal voltage regulator.     

Museum Holdings

The Mellon Filter Photometer Collection 
contains examples of instruments roughly 
spanning the period 1935-1955. Though 
many other varieties were also produced 
during this period, the collection is never-
theless fairly representative of the gradual 
transition between the classical visual 
colorimeter, on the one hand, and the fully 
developed spectrophotometer, on the other. 
The only serious omissions for this period 
are surviving examples of instruments 

made by the standard laboratory supply houses, including the “Cenco-Sheard-
Sanford Photelometer,”  made by Central Scientific of Chicago, the “Eimer and 
Amend Photoelectric Colorimeter”  made by Eimer and Amend Laboratory Appara-
tus and Chemicals of New York City, and the “Fisher Electrophotomer A. C. Model” 
made by Fisher Scientific of Pittsburgh.
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Figure 20.  A circa 1945 “Kromatrol 
Photometer”

Figure 19.  A circa 1940 “Klett-Summerson 
Photoelectric Colorimeter.”
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Figure 21.  A circa 1940 (19”  x 19”  x 10”) Pulfrich photometer with an attachment for 
turbidity measurements made by the Carl Zeiss Company of Jena. Serial No. 47109. This 
is a dual channel visual photometer. The left-most eyepiece is a blind to rest the eye not 
being used for actual observation. The large dial immediately beyond of the true eyepiece 
on the far right is used to select the proper filter. The dial or drum for the left slit is visible 
just before the turbidity attachment. Compare with figure 2.

M. G. Mellon Filter Photometer Collection
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Figure 22.  A circa 1935 (18” x 11.5”  x 7”) “Aminco Neutral Wedge Photometer”  made 
by the American Instrument Company of Silver Springs, MD. Serial No. 20787. This is a 
dual channel visual photometer developed by P. A. Clifford of the Federal Drug and Food 
Administration. The neutral wedge used to equalize the two light paths is controlled by 
the knob on the right and translates the result directly into percent transmittance on the 
linear scale above the eyepiece. The various filters are clipped directly on the eyepiece 
and the sample cell is accessed via the upper side door. Compare with figure 4.

M. G. Mellon Filter Photometer Collection
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Figure 23.  A circa 1935 (17”  x 11.5”  x 9.25”) “Exton Photo-Electric Scopometer”  made 
by the Bausch and Lomb Optical Company of Rochester, NY with one of the caps re-
moved to show one of the large alkali-metal photoelectric tubes. Serial No. 1794222. The 
dial-scale combination on the right controls the diaphragm for the reference beam. The 
scale for the built-in galvanometer is visible between the two phototubes. Compare with 
figure 9.

M. G. Mellon Filter Photometer Collection
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Figure 24.  A circa 1935 (13”  x 11.5”  x 7”) “Aminco Type F Photometer”  made by the 
American Instrument Company of Silver Springs, MD. Serial No. 7611. This is a dual-
channel photoelectric photometer and must be connected to an external galvanometer. 
The large dial-knob combination at the top controls the variable slide-wire resistor or po-
tentiometer, the smaller knob in the center is used to select the proper filter, and the knobs 
on the left and right at the bottom are used to zero adjust the two photocells. Compare 
with figure 10.

M. G. Mellon Filter Photometer Collection
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Figure 25.  A circa 1935 (13.5”  x 13”  x 9.25”) “Aminco Type V Photometer” made by 
the American Instrument Company of Silver Springs, MD. This is a dual-channel photoe-
lectric instrument and must be connected to an external galvanometer. Except for its 
shape, it is essentially identical to the previous example. The large dial and knobs on the 
top control the variable resistor pot or potentiometer, and the knobs on the left and right 
in front are used to zero adjust the two photocells. In later models the galvanometer was 
built into the instrument and rectangular cells were used instead of test tubes. Compare 
with figure 11.

M. G. Mellon Filter Photometer Collection
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Figure 26.  A circa 1940 (15.25”  x 11.25”  x 5.75”) “Lumetron Colorimeter 402-E”  made 
by the Photovolt Corporation of New York City. Serial No. 366. This dual-channel pho-
toelectric photometer requires an external galvanometer and is balanced optically by rota-
tion of the reference photocell rather than electrically by means of a variable resistor. The 
large dial controlling the orientation of the reference photocell is calibrated directly in 
percent transmittance. Compare with figure 12.

M. G. Mellon Filter Photometer Collection
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Figure 27. A circa 1935 (13.75”  x 12.75”  x 7.5”) “Yoe Photoelectric Colorimeter”  made 
by the American Instrument Co (AMINCO) of Silver Springs, MD. This is a single-
channel instrument with a built-in micro-galvanometer. The light source is powered by 
means of an external lead storage battery and monitored by means of a built-in volt me-
ter. Large (100 mL) Duboscq-like cells are used inside the cylindrical sample chamber. 
The dial on top of the chamber alternately rotates either the sample or the reference into 
the light beam. Compare with figure 14.

M. G. Mellon Filter Photometer Collection
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Figure 28.  A circa 1937 (12” x 8.25”  x 8”) “Evelyn Photoelectric Colorimeter”  made by 
the Rubicon Company of Philadelphia. Serial No. 13806. This is a single-channel photoe-
lectric photometer requiring an external galvanometer and a chart for conversion of the 
galvanometer readings into percent transmittance. Compare with figure 15.

M. G. Mellon Filter Photometer Collection
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Figure 29.  A circa 1948 (15.5”x 8.75”  x 6.75”) “Rouy Photrometer”  made by the E. 
Leitz Company of New York. Serial No. 8672. This is a single-channel photoelectric 
photometer. The dial on the right side controls the selection of the appropriate filter and 
the knob on the front is the adjustment for the galvanometer, which is calibrated to read 
directly in percent transmittance. Compare with figure 16. This is one of two such in-
struments in the museum collections.

M. G. Mellon Filter Photometer Collection
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Figure 30.  A circa 1951 (14.75”  x 7.75”  x 6”) “Monochromatic Colorimeter”  made by 
the Bausch and Lomb Optical Company of Rochester, NY. It is a single-channel photoe-
lectric filter photometer with a built-in galvanometer calibrated to read directly in percent 
transmittance and requires the use of an external voltage regulator. The slide mechanism 
on the left side is for inserting the glass filters.

M. G. Mellon Filter Photometer Collection
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Figure 31.  A circa 1953 (14.75”  x 7.75”x 6”) “Monochromatic Colorimeter Model 35” 
made by the Bausch and Lomb Optical Company of Rochester, NY. It is a single-channel 
photoelectric filter photometer with a built-in galvanometer calibrated to read directly in 
percent transmittance. By changing the opening to the cell compartment, it can employ 
either test tubes or rectangular cuvettes. A box of glass filters is shown at the left. It was 
marketed as an improved version of the previous instrument. Unlike the earlier model, 
the glass filters were inserted in the slit directly in front of the scale. Compare with fig-
ures 17 and 30.

M. G. Mellon Filter Photometer Collection
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Figure 32.  A circa 1940 (18”  x 7.75”  x 6”) “KWSZ Photometer”  made by the Wilkens-
Anderson Company of Chicago as developed by H. R. Kraybill, R. B. Withrow, C. L. 
Shrewsbury, and F. P.  Zscheile of Purdue University. Though, like a single-channel in-
strument, it uses only one working cell, it is actually a dual channel instrument in which 
the second reference phototube is used to compensate for any voltage variations. It con-
sists literally of just the light source, cell compartment, filter holder, and two phototubes 
and thus required both an external variable resistor and galvanometer for actual opera-
tion. This example has been modified to accommodate a test tube rather than rectangular 
cells and is therefore missing the original cover. Compare with figure 18.

M. G. Mellon Filter Photometer Collection
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Figure 33.  A circa 1940 (17.5”  x 8.5”  x 6.25”) “Klett-Summerson Photoelectric Color-
imeter”  made by the Klett Manufacturing Company of New York City. Serial No. 7544. 
Though, like a single-channel instrument, it uses only one working cell, it is actually a 
dual channel instrument in which the second reference photocell is used to compensate 
for any voltage variations. The large dial on the front is for the potentiometer and the nar-
row scale on the top is for the galvanometer. Compare with figure 19. This one of ten 
such instruments in the museum collections.

M. G. Mellon Filter Photometer Collection
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Figure 34.  A circa 1959 Model 800-3 “Klett-Summerson Photoelectric Colorimeter” 
made by Klett Manufacturing Company of New York City. Serial No. 30593. Except for 
streamlining the case and changing the finish, this is essentially identical to the previous 
instrument. According to the internet, numerous vendors still offer this instrument for sale 
in a form that is all not that different looking from the above example.

M. G. Mellon Filter Photometer Collection
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Figure 35.  A circa 1945 (15”  x 9.5”  x 7.75”) “Kromatrol Photometer”  made by the Will 
Corporation of Rochester, NY. Serial No. 112. Though, like a single-channel instrument, 
it uses only one working cell, it is actually a dual channel instrument in which the second 
reference photocell is used to compensate for any voltage variations. Both the potenti-
ometer and galvanometer are built into the instrument.  One of its unique features is its 
exposed rotatable “carousel”  of ten colored glass filters with the light source mounted in 
the center. Compare with figure 20.

M. G. Mellon Filter Photometer Collection
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Figure 36.  Various accessories for filter pho-
tometers. Top left: Several collections of col-
ored glass filters. Top right: a collection of 
mounted colored glass filters intended for use 
in the the Model 35 “Monochromatic Color-
imeter”  made by the Bausch & Lomb Optical 
Company of Rochester New York (recall figure 
31). Bottom left: A collection of rectangular 
cuvettes or cells with covers for use with the 
colorimeter attachment for the Pulfrich visual 
photometer shown in figure 2.



The Filter Photometer’s Significance in the History of Chemistry

The filter photometer, and especially its various photoelectric forms, was consid-
ered to be an advance over the traditional visual colorimeter or comparator, both in 
terms of accuracy and efficiency. However, the resulting change in instrumentation 
had little impact on the chemistry of the various colorimetric tests themselves. The 
process of designing new tests based on the discovery of new colored complexes, 
and the attendant issues of specificity and removal and/or masking of interfering 
species, remained unchanged whether the resulting tests were used in conjunction 
with a traditional colorimeter or with a photoelectric photometer. Indeed, it is the 
vast increase in the number of proposed colorimetric tests, rather than changes in 
instrumentation, that accounts for the rapid increase in the size of the various edi-
tions of the reference work by the Snells outlined in the previous booklet. All of 
this means that the discussion of the significance of the traditional colorimeter 
given in booklet No. 4 can serve equally well for the filter photometers discussed 
here. 
! Nevertheless, it is of some interest to track the impact of the newer photoe-
lectric instruments using the literature cited in the previous booklet. Not surpris-
ingly, no mention of true photometers – whether visual or photoelectric – is to be 
found in the early books on colorimetry by Krüss (1891),19, 20 Snell (1921),21 or 
Yoe (1929),22 all three of which discuss only traditional visual colorimeters. True 
photometers are first mentioned in the second edition (1936) of Snell,9 which de-
scribes both the Pulfrich visual photometer and the Yoe photoelectric photometer. 
By 1948, when the first volume of the third edition of Snell was published, the 
situation had radically changed.5 Here an entire chapter is devoted to the Pulfrich 
and AMINCO neutral wedge visual photometers, and two chapters to photoelectric 
filter photometers, including detailed descriptions of eleven different commercial 
instruments. All of this confirms the impression mentioned earlier, that, though 
photoelectric filter photometers first make an appearance in the 1930s, it is not un-
til the 1940s that they begin to seriously impact on everyday laboratory practice.
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