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SUMMARY

A multi-centre study was undertaken to: a/ determine the density of human 
semen, and b/ assess the validity of measuring semen volume either volu-
metrically or gravimetrically. Semen samples from four clinical categories 
(azoospermia following vasectomy, azoospermia without vasectomy, oligo-
zoospermia (<20×106/ml) and normozoospermia (>20×106/ml)) had similar 
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densities (one-way ANOVA: F(3,180)=1.25, not signifi cant), being close to 1.0 
g/ml when taken to one decimal place. Measurement of semen volume was then 
made with either a graduated pipette or by weighing and assuming a density of 
1 g/ml. A comparison of the two methods gave an excellent correlation, with 
a gradient of 1.0571 and a coeffi cient of determination (R2) of 0.98 (p<0.0001). 
However, it was noted that the aspiration of the ejaculate in to a graduated pi-
pette underestimated the volume by approximately 0.2 ml, but in an inconsistent 
manner making the use of a set correction factor inappropriate. The estimation 
of volume to one decimal place by weighing the collection container before 
and after ejaculation, assuming a density of 1 g/ml, would seem to be a viable 
alternative although the density of a small number of samples may deviate from 
this assumption. Whilst the relatively small underestimation of volume with 
a pipette is unlikely to have clinical signifi cance, the known reporting of inac-
curate results by a laboratory is contrary to the philosophy and key principles 
of quality management. Reproductive Biology 2010 10 2: 141-153.
Key words: semen analysis, ejaculate volume, semen density, semen weight, 
quality assurance

INTRODUCTION

Basic semen analysis has remained an essential screening test in the as-
sessment of human male fertility and the measurement of semen volume is 
an important parameter [21]. In the pioneering work of MacLeod volume 
was measured with graduated cylinders [20] and this simple method has 
been recommended in various textbooks [12, 22] and, more importantly, 
in the universally accepted standardized protocol produced by the World 
Health Organisation [28]. Another volumetric approach using graduated 
pipettes has also been proposed [22, 26]. However, both these methods are 
in marked contrast to the gravimetric use of weight of the ejaculate as an 
indicator of its volume as used in clinical studies [6, 10, 19] or proposed in 
semen analysis text books and manuals [1, 7-9] . 

The direct relationship between weight and volume hinges on the density 
of the semen being 1 g/ml. Early studies confi rmed human semen to have 
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a specifi c gravity of between 1.020 and 1.040 [2, 14] or a density of 0.970 to 
1.043 g/ml [5] suggesting that the density is close enough to 1.0 g/ml when 
working to one decimal place and that weight should be an accurate index 
of volume. A comparison of volumetric and gravimetric methods does not 
give similar results, and the use of pipettes or graduated cylinders has been 
shown to signifi cantly underestimate semen volume by up to 0.5 ml due 
to residual fl uid being left behind in the vessel [4, 5]. Indeed, some studies 
have actually applied correction factors because they have subsequently 
discovered the limitation of their volumetric method [15, 16]. 

The use of volumetric methods to measure semen volume is widespread 
despite warnings of their inaccuracy as mentioned above. In these times 
of accountability through accreditation, laboratories are coming under 
increased pressure to demonstrate the use of validated methods in order to 
comply with minimum standards [27]. Whilst a difference in a fraction of 
a millilitre when assessing semen volume may not alter clinical manage-
ment, there is a mandatory requirement for medical laboratories to verify 
the quality of the results provided to requesting clinicians [24] and also to 
determine the uncertainty of the results reported [23, 24]. The present study 
was therefore undertaken to determine the validity or otherwise of measur-
ing semen volume either volumetrically or gravimetrically, in an attempt to 
help laboratories choose the most appropriate methodology for measuring 
accurately the volume of human semen at semen analysis. This was done 
by investigating: a/ the density of human semen extended to include the full 
range of samples of different clinical categories (i.e. azoospermia following 
vasectomy, azoospermia without vasectomy, oligozoospermia (<20×106/ml) 
and normozoospermia (>20×106/ml)), and b/ the relationship between weight 
and volume to confi rm or refute the validity of a volumetric method.

MATERIALS AND METHODS

Data were collected as a collaborative multicentre study by members of the 
scientifi c group – Scientists in Reproductive Technology (SIRT) within the 
Fertility Society of Australia. Laboratories participating were located at the 
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Canberra Fertility Centre (Deakin, Australian Capital Territory), Keogh 
Institute for Medical Research (Nedlands, Western Australia), Pivet Medical 
Centre (Leederville, Western Australia), Repromed (Dulwich, South Austra-
lia), Sydney IVF (Sydney, New South Wales) and Queensland Fertility Group 
(Brisbane, Queensland). For all centres, semen was collected by masturbation 
as part of patients’ routine assessment and management. All protocols and 
equipment are validated as part of the quality management system required 
by the Australian accrediting bodies NATA (National Association of Testing 
Authorities, Rhodes, New South Wales) and RTAC (Reproductive Technol-
ogy Accreditation Committee, Port Melbourne, Victoria). All weights were 
measured to four decimal places using an analytical balance.

Semen density

The density of semen was determined in the fi rst series of 184 semen samples. 
After complete liquefaction, 0.5 ml semen was accurately dispensed into 
a pre-weighed container, the whole weighed and the weight of the semen be-
ing the difference between the two. The density in g/ml was then calculated 
as the weight (g) multiplied by 2. A volume of 0.5 ml was selected to be in 
the middle of the working range of a 1 ml pipette, and to allow inclusion of 
samples with small volumes. Sperm concentration was determined using 
either a Makler chamber or hemocytometer [28], and samples categorized 
according to the WHO criteria [28] as azoospermia following vasectomy, 
azoospermia without vasectomy, oligozoospermia (<20×106/ml) and nor-
mozoospermia (>20×106/ml).

Estimating weight by volume

A comparison of gravimetric and volumetric methods was undertaken on 
a second series of 60 semen samples ranging in sperm concentration from 
0 to 164×106/ml. All collection vessels were pre-weighed before being given 
to the patient. After semen collection and subsequent complete liquefac-
tion, the weight of the whole ejaculate in the vessel was determined and the 
volume calculated assuming a density of 1.0 g/ml. The volume was then 
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measured to the nearest 0.1 ml by drawing the whole ejaculate carefully in 
to a graduated pipette. 

Statistical analysis

Group values were expressed as means and standard error of the mean 
(±SEM), and comparisons of group values made using one-way ANOVA 
[13]. The linear regression and correlation between the volumes measured 
volumetrically or gravimetrically was calculated by least squares using Excel 
2004 for Mac (v11.5), and a comparison of the two methods made using 
a Bland-Altman plot [3]. Statistical signifi cance was taken at p<0.05.

RESULTS

The density of semen results are shown in Table 1. All the four clinical cat-
egories of semen had similar densities (one-way ANOVA: F(3,180)=1.25, not 
signifi cant) being close to 1.0 g/ml when taken to one decimal place (overall 
mean±SEM being 1.0184±0.0029 g/ml). A comparison of the volume of 60 
semen samples measured by gravimetrically and volumetrically is shown in 
Figure 1. There was an excellent correlation, with a gradient of 1.0571 and 
a coeffi cient of determination (R2) of 0.98 (p<0.0001). However, there was 

Table 1. The density of semen from samples that were found at analysis to be 
azoospermic following vasectomy, azoospermic without a vasectomy, oligozoo-
spemic or normozoospermic 

Semen category n Density (g/ml) 
(mean±SEM) 

Density range 
(g/ml)

Azoospermia (with vasectomy)
Azoospermia (without vasectomy)
Oligozoospermia
Normozoospermia

10
4
39
131

1.0409 ± 0.0051
1.0247 ± 0.0083
1.0158 ± 0.0056
1.0173 ± 0.0036

1.0100-1.0580
1.0128-1.0492
0.9510-1.1152
0.8096-1.0858

normozoospermic: >20×106 sperm per ml); oligozoospemic: <20×106 sperm per ml; one-way 
ANOVA: F(3,180)=1.25, not signifi cant
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a difference between the two methods such that extrapolation of the line of 
best fi t showed the volume of semen left after drawing all up in to a pipette 
was 0.2025 ml, whilst an examination of the individual samples showed an 
underestimation (mean±SEM) by the volumetric method of 0.40±0.03 ml. 
The individual differences are shown in Figure 2 plotted against the mean 
of the two methods. Whilst the summary statistics show an overall under-
estimate when measured volumetrically (mean bias = -0.40 ml; coeffi cient 
of repeatability = 0.53 ml), there is a wide range in the difference between 

Semen volume by volume (ml)
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Figure 1. The correlation between the volume of semen measured with a pipette 
and the inferred volume based on weight (assuming a density of 1 g/ml) of 60 
semen samples.
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volumetric and gravimetric methods ranging from +0.43 ml to -1.91 ml 
suggesting a single correction factor would be inappropriate.

DISCUSSION

Semen analysis is plagued by a lack of standardization in its performance 
and reporting [17]. Whilst small differences in the reported semen volume 
may not affect the clinical management of an infertile man, medical labo-
ratories have a mandatory responsibility to validate their methodology to 
ensure accuracy and provide an indication of the uncertainty of their re-
sults to aid clinicians with interpretation [11, 23, 24]. The measurement of 
volume may be diffi cult to control as evidenced by the lack of inclusion in 
external quality assurance schemes [18], and it would seem inappropriate to 
use methods that are known to contain major errors. The measurement of 

Average of volume and weight (ml)
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Figure 2. A Bland-Altman plot showing the difference between the volume mea-
sured by either weight or volume. This difference is plotted against the mean of 
the two methods.
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semen volume with pipettes or graded cylinders has been shown previously 
to give an underestimate [5] and yet the practice is widespread presumably 
by virtue of being recommended by authoritative texts aimed at reducing 
inaccuracy and unreliability [22, 28]. The present study has therefore made 
a systematic appraisal of weight as an alternative as previously promoted 
by Eliasson [7, 9] and others [1]. 

When using gravimetric methods, the lack of a correction factor 
would demand that the specifi c gravity (i.e. ratio of mass to the mass of 
an equal volume of water at 4°C) or density (g/ml) be 1 or 1g/ml, respec-
tively. Whilst earlier studies confi rmed the specifi c gravity to be close to 
1 [2, 14], they were limited by poor detail of how the specifi c gravity was 
determined, the treatment of semen as a single fl uid irrespective of the 
clinical background, and low numbers (e.g. only six semen samples; [14]). 
A more recent study described a range of densities of 0.970 to 1.043 g/ml 
[5], but here they only studied fertile men. The present study has for the 
fi rst time described the densities of semen of four categories according 
to the sperm concentration, namely azoospermia (with or without vasec-
tomy), oligozoospermia (<20x106/ml) and normozoospermia (>20x106/ml). 
There was no difference between the groups but it should be noted that 
the range (tab. 1) did contain a few outliers from a minimum density of 
0.8096 to a maximum of 1.1152. It would appear from the present study 
that weight would give a good approximation of volume for the major-
ity of samples but that error will occur with a minority due to biological 
differences in the composition of the seminal fl uid. This contrasts with 
errors in volumetric measurement of semen volume which occur due to 
failure to aspirate or transfer all of the ejaculate leaving some behind [5]. 
A difference between pipetted volume and volume estimated by weight 
has been previously described in the order of 0.4 ml [4] and 0.5 ml [5], 
and correction factors of 0.1 ml [16] and 0.49 ml [15] have been added 
retrospectively to samples with volume measured volumetrically because 
of this perceived shortfall. The present study showed that linear regres-
sion estimated that approximately 0.2 ml was remaining after aspiration 
of the ejaculate (fi g. 1) but that there was an average difference of 0.4 ml 
when looking at the mean of individual samples. Presumably, the physi-
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cal properties of the plastic containers will affect surface tension and the 
amount of residual semen left after aspiration. The wide range of suppliers 
worldwide means that a simple correction factor should not be applied as 
that would in itself introduce more error.

There are inevitably benefi ts and limitations with any method used, and 
a summary comparing volumetric and gravimetric methods to measure se-
men volume is given in Table 2. The cost of the volumetric method is that of 
disposable graduated pipettes and is on-going whilst a gravimetric method 
is an up-front cost of a simple balance measuring to one or two decimal 
places plus any maintenance. Whilst these costs will vary according to the 
workload and discounts available on consumables and the availability of an 
existing balance, a preliminary appraisal at a medium-sized unit without an 
existing balance would indicate that the overall costs of the two methods 
are not dissimilar. However, there are a number of advantages to measuring 
semen gravimetrically. Firstly, it eliminates the underestimation which may 
occur as a result of semen clinging to the sides of the container [5]. Secondly, 
it may reduce error associated with pipetting viscous samples. Thirdly, it has 
previously been recommended that the last few drops of semen should not 
be forcibly expelled as this may create droplets or aerosol [25, 28], which 
in itself may create an inherent underestimation of volume. Measuring se-
men gravimetrically may eliminate this potential occupational health and 
safety issue especially with samples of increased viscosity. Nevertheless, 
there are a few limitations to measuring the semen gravimetrically. It has 
been previously reported that this approach may overestimate semen vol-
ume if name labels are inadvertently placed on the container after it has 
been weighed and the sample produced [4], and that individual containers 
vary suffi ciently in weight to make the weighing before and after sample 
collection necessary [4]. Also, a gravimetrical approach may not be suit-
able where the containers are not issued by the analyzing laboratory as the 
weight of the empty container would not be possible to obtain. Finally, the 
density of some semen samples may not be close to 1 g/ml as shown in the 
present study (tab. 1) making the estimation of volume by weight unreliable 
as these samples cannot be identifi ed under routine circumstances, although 
these would be very small in number. 
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Table 2. A comparison of the benefi ts and limitations of using volumetric or gra-
vimetric methods to measure semen volume

Consideration

Method used

Volumetric Gravimetric

Cost The consumable costs are 
on-going.

The capital cost of a balance 
is up-front, and the cost 
per sample decreases with 
increased numbers.

Occupational 
health and 
safety

Involves handling and 
pipetting, with increased 
risk of potential exposure 
to pathogens.

Collection vessel is sealed 
and no contact with sample.

Viscous samples
Accurate pipetting is dif-
fi cult due to viscosity of the 
seminal fl uid.

Potentially more appropriate 
assuming density of sample 
is close to 1g/ml.

Accuracy

Underestimates the volume 
because of residual sample 
sticking to the sides of the 
container.

More accurate as vast 
majority of samples have 
density close to 1.0 g/ml.

Sample wastage
A small volume of semen 
will invariably be residual 
in the pipette.

No pipetting, hence no wast-
age here. This is particularly 
important with valuable 
samples such as those with 
low volumes from cancer 
patients presenting for se-
men storage.

Practicality

Pipetting is very easy, and 
may have to be done any-
way if the semen sample is 
to be processed for assisted 
reproductive techniques.

Very simple, though care 
must be taken to ensure the 
labelling of the container 
does not add to the weight.
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It has been known for some time that volumetric methods of measuring 
semen volume give errors [4, 5] and yet such methods remain in common 
use. Similarly, the results of the current study did come as a surprise to 
all the laboratories participating and yet several months later only one of 
the six participants use a gravimetric method although several others are 
considering a shift. Obviously, the negligible clinical impact provides very 
little motivation for change, but laboratories must address this issue to sat-
isfy requirements for accreditation as mentioned earlier, and also to know 
that the results reported are true and, if not, by how much they are not. The 
calculation of measurement uncertainty is something that medical labora-
tories must undertake as part of their quality management system [23, 24]. 
Interestingly, in Australia there is a requirement to identify both signifi cant 
sources of measurement uncertainty and the opportunities for their reduc-
tion [23], and the current study and others would make it very diffi cult for 
laboratories to justify continuing to use volumetric methods.

In summary, the measurement of semen volume is prone to error. The aspi-
ration of the ejaculate in to a graduated pipette underestimates the volume, but 
in an inconsistent manner making the use of a set correction factor inappropri-
ate. The estimation of volume to one decimal place by weighing the collection 
container before and after ejaculation, assuming a density of 1 g/ml, would 
seem to be a viable alternative for the large majority of semen samples. Whilst 
the relatively small underestimation of volume with a pipette is unlikely to have 
clinical signifi cance, the known reporting of inaccurate results by a laboratory 
is contrary to the philosophy and key principles of quality management.
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