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1 INTRODUCTION 

1.1 This Statement of Case (“Statement”) is submitted on behalf of the University of 
Cambridge Estates Division (the “University”), the owner of land and interests in 
land in parts of the Cambridge Biomedical Campus (“CBC”) included within the Order 
scheme (“Scheme”).  As such the University is a registered statutory objector to the 
proposed Network Rail (Cambridge South Infrastructure Enhancements) Order (the 
“Order”) which has been applied for by Network Rail.  

1.2 The University submitted its objection to the Order by letter dated 30 July 2021 
(“Objection”).    

1.3 The CBC is the largest centre of medical research and health science in Europe. As 
outlined in the Objection, whilst the University supports the broad objectives of the 
Scheme, it has serious concerns that the Scheme will cause significant harm to the 
CBC throughout all phases, including construction and operation of the Scheme. It 
therefore opposes the Scheme unless and until these concerns can be resolved.  

1.4 Network Rail has failed to sufficiently consider the impacts on the University arising 
from the Scheme and the measures that may mitigate such impacts.  The suite of 
Transport and Works Act Order 1992 application documents (the “Application”) 
does not contain sufficient information to ensure that significant harm to the interests 
of the University can be avoided or mitigated by the Scheme.   

1.5 In preparing this Statement, the University seeks further information from Network 
Rail regarding the proposed Scheme which it is hoped will enable the University to 
better assess the impacts of the Scheme on the University’s land and interests in 
land.  The level of detail provided by Network Rail in the Application on matters, 
including mitigation, is inadequate.  As such, the University cannot undertake a full 
assessment of the impacts of the Scheme.   

1.6 If the impacts of the Scheme cannot be sufficiently mitigated, the University would 
need to relocate its research facilities (assuming that such relocation is possible, as 
no alternative location exists within the CBC), in particular the world-leading research 
facility on the CBC, known as the Anne McLaren Building (“AMB”). The financial cost 
of such relocation would be extremely substantial and, notwithstanding the 
consequential detrimental impacts on the University, there is no evidence that the 
implications of any potential relocation have been considered as part of the cost 
estimations or funding for the Scheme (see Section 13 of this Statement below).   

2 BACKGROUND TO THE UNIVERSITY 

2.1 As set out in the Objection, the University has been at the heart of Cambridge for 
generations. Having been founded in 1209, it is the second oldest university in the 
English-speaking world and one of the most prestigious academic institutions in the 
world.  It is a top ranked Russell Group University and was globally ranked 3rd in the 
recently published 2022 QS World University Rankings. The 2020 Research 
Excellence Framework results place 99% of the University’s research activity to be 
“world leading”, “internationally excellent” or “internationally recognised”, with the 
University being recognised as excellent in disciplines which span the full range of 
academic research.   

2.2 The University’s core activities are world class academic teaching and research and 
its ability to provide an environment in which these activities can successfully flourish 
is therefore critical.   The AMB is a vital component of this in that it supports the wider 
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research activities of the CBC. As explained in Section 1 above, the University does 
not (nor do wider campus occupiers who use the AMB) have access to an equivalent 
facility within the CBC or the wider University estate should the AMB be unable to 
operate within its core design parameters because of the construction and operation 
of the proposed Scheme. This would lead to the loss of both direct research grant 
income to the University (see Sections 3 and 4 below) but also have a devastating 
impact upon the vital research activities that rely upon the AMB, including preventing 
projects from proceeding for a number of years (see Section 4).   

2.3 The mitigation set out in the Environmental Statement for the Application (“ES”) does 
not adequately protect this world leading and sensitive site. The University has a 
number of significant issues of concern which must be addressed to its satisfaction to 
ensure that the vital research within the AMB can continue, with particular regard to 
the significant impacts upon the AMB (and the University’s future development of 
“Plot 9” within the CBC – see section 5 below).   

2.4 As a globally recognised centre for research excellence and, as the University will 
show in its evidence, given the breadth of research activities and the specialist nature 
of the work undertaken, the AMB has specialist working requirements in respect of 
environmental laboratory conditions, with a narrow tolerance range beyond which 
research outcomes would be rendered unreliable.  The University will show how 
much of the equipment in the AMB is noise and vibration sensitive and will be 
materially adversely affected by the Scheme without specific bespoke mitigation (if 
such mitigation is possible). 

2.5 As set out in the Objection, the AMB (and Plot 9) are the closest of the University’s 
affected land interests to the Scheme, alongside tenanted space within the 
Laboratory of Molecular Biology (marked as “LMB” in Figure 1 below), but the 
University also has other interests in buildings within the CBC. The University is the 
principal leaseholder of the soon to be completed Heart and Lung Research Institute 
Building (marked “HLRIB” on Figure 1 below), which sits between the Royal 
Papworth Hospital building and Francis Crick Avenue, under which it has access and 
servicing rights along Francis Crick Avenue and Robinson Way. It also has freehold 
and leasehold interests in other property to the north of the CBC, which are accessed 
from Robinson Way. These are known as “CRUK”, “JCBM” (and are shown marked 
as such of Figure 1 below) and two car parks. 

2.6 Each of the interests noted above comprise the University’s estate (“Estate”) for the 
purposes of this Statement. Separate objections have been raised in relation to 
impacts on other buildings within the Estate (other than the AMB and Plot 9) and the 
content of those separate objections are not repeated here. 

3 THE ANNE MCLAREN BUILDING (AMB) 

Location and the University’s land interest  

3.1 The University has a long leasehold interest in the AMB.  Located immediately next 
to the AMB is Plot 9 (see Section 5 below). The location of the AMB and Plot 9 are 
shown outlined in red in Figure 1 below, together with the locations of other buildings 
within the CBC forming part of the Estate. 
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Figure 1 - Estate Plan 

3.2 The extent of the University’s interest in the AMB (both the building itself and the 
wider plot on which the AMB sits) is also shown outlined in red in Figure 2 below, 
with the AMB (i.e. the building itself) shown separately outlined in blue.  
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Figure 2 - AMB 

The importance of the AMB 

3.3 The biomedical research facility at the AMB represents a major investment in UK 
scientific research and is a one of a kind facility within the CBC.  The AMB was 
opened in October 2019 as a new biomedical research facility to help further our 
understanding of how diseases occur and in the development of new treatments for 
conditions including cancer, dementia and diabetes.  It includes a high-throughput 
centre providing material that supports globally important research activities across 
the CBC, including pioneering research into Covid-19.   

3.4 As is common in biomedicine, research at the AMB involves the use of rodents (mice 
and, to a lesser extent, rats) (“rodents”) and some fish. This necessitates a Home 
Office licence (“Licence”) to be held1, to which Establishment Licence Conditions 
attach.    

3.5 The Licence conditions dictate, but in any event the University and other occupiers of 
the AMB aim to meet, the highest standards of animal welfare, underpinned by the 
principles of the ‘3Rs2’ of animal research. This being to ensure that the AMB facility 

 
1 The University is granted such Licence under the Animals (Scientific Procedures) Act 1986 

2 The principles of the ‘3Rs’ (Replacement, Reduction and Refinement) provide a framework for performing more humane 
animal research. Since the introduction of the 3Rs 50 years ago, they have been embedded in national and international 
legislation and regulations on the use of animals in scientific procedures, as well as in the policies of organisations that fund or 
conduct animal research.  



 

247732224_9/14 Sep 2021 5  
 

consistently produces the highest possible quality and consistency of scientific 
research. The design of the AMB is bespoke and was designed specifically to house 
rodent colonies. This includes, for example, a range of air handling units (Skyflow 
and WiFlow) that will continually monitor and control the air within the housing 
system. The AMB provides the very best environment for housing rodents, 
maintaining their welfare and standardising the research environment. 

3.6 The AMB also houses (across five experimental zones) many high tech and industry 
leading pieces of specialised equipment (see below) which require specialist working 
environments. It operates 24 hours a day, 365 days a year, and is highly sensitive to 
both external noise and vibration factors. 

3.7 Whilst delays due to COVID-19 mean that the AMB is still currently expanding its 
operational capacity, the AMB is nonetheless currently hosting 119 Individual 
Research Grants (it has hosted others to date). These grants overall accounted for 
£28.1m (12%) of research activity in the School of Clinical Medicine in 20/21 and 
£6.7m (5.5%) in the School of Biological Sciences.  

3.8 The AMB itself provides unique service and support space not found anywhere else 
within the CBC. This means that the AMB researchers use it as a specialist hub, 
whilst maintaining their own labs elsewhere on the CBC, often taking samples and 
working back and forth.  

The design of the AMB 

3.9 The AMB was designed as a Home Office secure facility, with fixed vibration criteria 
as part of the embedded design built to withstand vibration impact from the existing 
operational railway.  

3.10 VC-C vibration criteria is required for Magnetic Resonance Imaging (“MRI”) and other 
imaging equipment housed within the AMB (see Section 4 below), alongside 
providing for stable laboratory conditions and the AMB has been designed to 
accommodate normal use of the building (footfall) and the railway in its current 
operation (i.e. trains passing by between Cambridge Central Station and the signals 
before Shelford Branch points where the line splits to either Kings Cross or Liverpool 
Street).  

3.11 The design of the AMB does not consider the effects of any major construction 
activity or trains / passengers at a station in close proximity to the AMB beyond the 
existing operational railway line. 

3.12 The AMB has specialist working requirements in respect of environmental laboratory 
conditions, with a narrow tolerance range beyond which research outcomes would be 
rendered unreliable.  As such, the equipment and the subjects of the research within 
the AMB are noise and vibration sensitive and will be materially adversely impacted 
by the Scheme.   

4 THE IMPACTS OF THE SCHEME ON THE AMB AND RESEARCH  

Overview 

4.1 As set out above in Section 3, the research undertaken within the AMB requires 
specialist working requirements and laboratory conditions in respect of both the 
sensitivity of equipment being used and the sensitivity of animal receptors within the 
AMB (comprising rodents and fish). 
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4.2 The AMB facility is rare. Neither the University, nor wider operators within the 
University’s Estate have access to an equivalent facility should the AMB be unable to 
operate within its core design parameters.  This would lead to the loss of both direct 
research grant income to the University in the region of £35m per annum but also 
have a devastating impact upon the vital research activities that rely upon the AMB, 
possibly preventing these from proceeding for a number of years.  This will in turn 
have a detrimental impact on a number of careers, including those of PhD students. 

4.3 The University’s concerns raised by the noise and vibration effects of the proposed 
Scheme on the AMB break down into two main categories: 

4.3.1 effects of noise and vibration on highly sensitive research equipment; and 

4.3.2 effects of noise and vibration on research outputs where rodents and fish 
are used. 

Effects of Vibration on Highly Sensitive Research Equipment 

4.4 As explained above, the AMB contains state-of-the-art equipment for high resolution 
imaging, which is acutely sensitive to vibration and noise. This includes several 
pieces of extremely valuable and specialist equipment. Notable among these are the 
AMB’s imaging equipment, including a circa £1m “3T MRI” machine and two Two-
Photon Microscopes. The imaging suite is set inside a purpose built area of the AMB 
designed to the VC-C threshold.  

4.5 University researchers at the AMB use MRI equipment for testing disease 
treatments, and to acquire sub-millimetre images in lab specimen and animals. The 
University will show that increased ground vibrations will cause image artefacts3 (i.e. 
abnormalities in the images) which in turn would render certain vital pieces of 
research useless.  It is critical that this is avoided in order for on-going research and 
experiments to be continued. 

4.6 The University’s research studies include imaging abdominal and brain cancers, 
brain aneurysms, thrombectomies, human cadaveric specimen, and cardiac and 
respiratory diseases. Work is performed with the University and Addenbrooke’s 
Hospital researchers and with pharmaceutical companies, including AstraZeneca. 
High resolution imaging with limited noise and vibration interruptions are vital to 
ensure that these studies run efficiently and with limited disruptions to ensure the 
highest clinical impact. 

4.7 MRI equipment in the AMB is in high demand and is used by researchers at the 
University throughout the week (and is expected shortly to extend into weekend use) 
with scanning sessions taking several hours at a time. 

Effects of Noise and Vibration on Research Outputs where Animals are used4 

4.8 As stated above, the AMB must meet the highest standards of animal welfare, which 
is one of the key reasons why it was so important for the University to establish a set 
standard for vibration (VC-A) wherever the rodents or fish might be located 
throughout the AMB (which accounts for approximately 75% of the operational 
floorspace within the AMB - see paragraphs 6.3 and 6.4 below). The University will 

 
3 An anomaly seen during visual representation in MRI i.e. a feature appearing in an image that is not present in the original 
object. This can affect diagnostic quality and/or be confused with pathology. 

4 The University will produce evidence in relation to effects of noise and vibration on Rodents and fish as part of its case, 
including the scientific articles listed at the back of this Statement of Case 
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show that it is vital to establish a consistency in the environment for the rodents and 
fish and minimise vibration stressors.  

4.9 Elevated levels of noise are associated with a number of adverse physiological and 
behavioural changes in rodents and fish. In relation to fish, exposure to noise and 
vibration causes stress response behaviour, increased susceptibility to disease and 
reduced survival. Intermittent or persistent noise levels also have the potential to 
affect studies and the breeding potential of the rodents within the AMB. The most 
commonly recorded consequence of elevated vibration levels is an increase in stress 
hormones with breeding animals being most sensitive.  

4.10 The University will show that, as well as affecting the welfare of the rodents and fish, 
the stress and anxiety caused by noise and vibration from the proposed Scheme 
could cause significant impact to research with these species, by substantially 
disrupting and invalidating research results. By way of illustration, the Institute of 
Metabolic Science (“IMS”) performs a considerable number of studies involving mice 
at the AMB which may be impacted by low intermittent noise and vibrations, which 
result in stress-related effects and behaviours in the mice. 

4.11 Short term concerns: The results of many procedures performed are sensitive to 
the animals’ stress levels. As noted above, IMS performs behavioural studies on 
mice (especially those that have previously undergone surgical interventions) and 
acute noise and vibration interference would have potentially very serious impacts on 
the outcome of these sensitive experiments. The University also performs continuous 
monitoring of rodent vital signs through telemetry and intermittent noise and 
vibrations may introduce errors and variability in the data.  Stress-sensitive 
parameters would need larger numbers of experimental animals to derive 
significance, since the variability of the data would increase (in conflict with the 
principles of the 3Rs).  In the worst case of interruptions, experiments may need to 
be delayed or cancelled. In addition to increased costs, this would lead to delays to 
the completion of research, publication of results and students and researchers 
failing to complete work by the end of grant deadlines. The overall implication would 
be reduced competitivity for funding for research teams and the University overall, 
which accounts for circa £35m per annum (see paragraph 4.2 above). 

4.12 Longer term concerns: Many of the readouts that IMS researchers examine are the 
result of long-term or ageing experiments.  Chronic release of stress hormones affect 
these parameters and whole body metabolic status more generally.  The net result of 
this is two-fold: 

4.12.1 Data generated during these conditions could lead to the same variability 
issues as mentioned above, requiring larger group sizes as well as 
increased costs in species and caging.  The same effect on the 
abandonment of work (as described in paragraph 4.11 above) will occur 
but with higher risk of occurance, since these experiments are long-term 
and the frequency of major interruptions will be higher.   

4.12.2 Secondly, the data becomes less comparable to that in other facilities, 
and with previously generated datasets in the AMB.   

4.13 A lack of reproducibility is a significant problem in biomedical science and with 
significant levels of interference caused by noise and vibration impacts are likely to 
cause issues with result validation. Moreover, some strains of rodents used at the 
AMB are also sensitive to stress which would result in poor breeding performance.  
Not only could there be increased litter losses, but larger numbers of rodents would 
need to be used in breeding (in conflict with the principles of the 3Rs), with the 
additional consequence of increased costs for the research.   
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4.14 Each research grant is for a period of five years on average.  Even assuming that the 
University were only to repeat the grants of the last two years to maintain consistency 
of results, that could amount to circa £60m of total grant funding.  

4.15 The University will show that the volume of the work undertaken at the AMB, its 
interdependency with the rest of the CBC, as well as the elongated time period of the 
disruption at the AMB because of the proposed Scheme, means that relocation or 
other mitigation alternatives (as well as being prohibitively expensive), will pause or 
terminate vital research for years. 

4.16 For example, any planned “short-term” disruption to allow for construction of the 
Scheme (because of the length of some studies or time to prepare them) will 
themselves turn into long term disruptions for many researchers at the AMB. 

4.17 The University will show that the impact of the proposed Scheme on numerous 
research studies will cost millions of pounds each year. Network Rail have not fully 
investigated any and all mitigation measures to ensure that the original design criteria 
for the AMB are met. 

5 PLOT 9 

5.1 The University has a long leasehold interest over Plot 9.  Plot 9 is shown outlined red 
in Figure 3 below (as well as in Figure 1 above) and currently has the benefit of 
outline planning permission (ref 16/1078/OUT) granted on 3rd July 2017 for a further 
research building to be constructed in this location (“OPP”). 

 

 

Figure 3 - Plot 9  

5.2 The AMB and the future Plot 9 development are vital components of the CBC. 

5.3 The University will demonstrate as part of its case the importance of Plot 9 to the 
strategic plan for the CBC. The grant of OPP for development of Plot 9, has 
established the principle of development on Plot 9, which is also confirmed through 
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the allocation of the site in the Cambridge Local Plan 2018 (Policy 17) for research 
and development uses.  The Plot 9 site therefore has significant development 
potential, which could include activity similar to that carried out within the AMB. 

5.4 The Scheme risks significantly interfering with the University’s future development 
options for Plot 9.  Plot 9 is likely to be developed, in due course, with a facility 
involving biomedical and/or biotechnology uses. The University is concerned that the 
Scheme will have detrimental impacts on its plans in this regard, including in relation 
to drainage (see section 8 below) and also the potential loss of developable area 
(particularly should any part of Plot 9 be permanently acquired). 

6 IMPACTS OF THE SCHEME - NOISE AND VIBRATION 

6.1 As set out in the Objection and in the sections above, there are a number of 
important buildings within the CBC which are directly adjacent to or within the vicinity 
of the proposed works for the Scheme. 

6.2 The fundamental issue is that there will be very significant noise and vibration effects 
on the AMB but the University finds itself without any measures being secured by 
Network Rail to mitigate these effects.  The AMB was designed to function in the 
context of the existing rail infrastructure near the CBC but not the proposed Scheme. 

Vibration 

6.3 The table below identifies the uses within the operational areas of the AMB.  All of 
the rooms in these operational areas are sensitive to noise and, in particular, to 
vibration. The vibration criteria for each operational area is quoted, together with the 
approximate proportion of the overall floorspace within the operational area of the 
AMB taken up by the three quoted areas: 

 

Area  Proposed vibration 
criteria  

Approx. % of operational 
floorspace  

Laboratory areas (holding and 
procedure rooms)  

VC-A  70  

Supporting Laboratory Areas 
(surgeries, staff area, corridors)  

R-4  25  

Imaging Laboratory Areas  VC-C  5  

6.4 As can be seen from the table above, approximately 75% of the operational researcg 
floorspace within the AMB is acutely sensitive to vibration. 

6.5 In order for the University to properly understand the potential impacts and scope for 
mitigation, urgent further work needs to be undertaken by Network Rail to provide 
adequate information on noise and vibration issues.  This is broken down into 
construction and operation as follows. 

6.5.1 Vibration: Construction - Assessment of Impacts 

(i) Detailed predictions of vibration from construction of the proposed 
Scheme, including durations, must be carried out by Network Rail.  
It is unclear what works are proposed by the Scheme that would 
affect the AMB and, in places, the ES is contradictory. For 
example, the assessment summary on page 17 of Chapter 6 of the 
ES (Acoustics Assessment Part 2 – Vibration) states “no use of 
vibratory piling techniques, except for at Shepreth Branch Junction 
where they may be required due to limited time periods for track 
possessions.” Yet, Table 6-2-5 of Appendix 6.2 of the ES 
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(Construction Phase Impact Assessment) presents a prediction of 
2.43 mm/s for the AMB due to vibratory piling in the Track 
Construction Zone and 0.65 mm/s due to vibratory piling in the 
Station Area Construction Zone. 

(ii) Sources of vibration are referred to which have not been 
assessed: “Compaction for the ballasted track will be carried out 
by means of a Main Line Tamper. This has a negligible impact on 
induced vibration when compared with other vibratory methods of 
compaction.” (Page 21 of Appendix 6.2). It is necessary for 
Network Rail to provide a prediction of vibration from a main line 
tamper. Tamping will be required not only during construction of 
the proposed Scheme, but periodically after completion of the 
works, including tamping on the new loop closer to the AMB.  

(iii) A prediction of vibration from each activity and item of plant likely 
to be used in constructing the Scheme on each site is also 
required from Network Rail. Worst case predictions are insufficient 
when a significant effect is likely because durations and locations 
become critical. 

(iv) It must also be clarified by Network Rail when the predictions 
presented are for the external ground surface or the internal 
building structure.  

(v) Page 22 of Appendix 6.2 of the ES states “where a potential 
significant impact is predicted for a receptor the likely effect of the 
building has been taken into account to establish if this would 
materially affect the assessment.” It is unclear whether or how this 
has been done by Network Rail. Page 28 of Appendix 6.2 makes 
the general statement that “heavyweight building will reduce 
vibration levels at ground floor but potential for amplification at 
upper levels to offset benefit. Probable reduction from Moderate to 
Minor impact but does not alter significance.” This is an insufficient 
level of prediction. 

(vi) Measurements should be carried out on site by Network Rail to 
establish the local properties of the soil layers and establish a site-
specific loss factor for the purpose of predicting the effect of 
distance on vibration. 

(vii) Measurements should also be carried out on site to establish 
transfer functions between external source locations and internal 
building structures where sensitive receptors are located. 

6.5.2 Vibration: Construction - Mitigation 

(i) Full and proper consideration of potential mitigation options for the 
AMB has not been carried out by Network Rail and is required. 
Consideration of mitigation measures is partial and incomplete.  

(ii) Alternatives to vibratory piling are not assessed, such as hydraulic 
press-in piling. Whilst “low vibration construction techniques” are 
reference on page 25 of Appendix 6.2 of the ES, these are not 
explained or assessed.  
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(iii) Vibration from all construction activities referred to should be 
predicted by Network Rail. 

(iv) A noise management, monitoring and control protocol is also 
required.  Page 25 of Appendix 6.2 of the ES mentions “vibration 
monitoring with real-time feedback”. However, a system of 
continuous monitoring of vibration is required in which warning 
levels are automatically monitored, so that the approach of critical 
levels of vibration is detected in advance. It is necessary to 
establish a site management structure capable of ensuring that 
work can be stopped immediately when critical levels are 
approached. 

6.5.3 Operation: Assessment of Impacts and Mitigation 

(i) Freight trains should be assessed by Network Rail in the ES.  
Although not all timetable train paths are used, there is a 
significant number of freight train movements in the Network Rail 
working timetable.  

(ii) The baseline vibration currently attributable to freight trains should 
be measured. Additionally, the effect of freight trains passing over 
switches and crossings should also be measured at Shepreth 
Junction (in addition to the measurements which were made 
relating to passenger services).  Moreover, future intentions 
regarding use of the proposed loops through the Scheme by 
freight trains should be made clear by Network Rail. 

(iii) Simultaneous train movements should also be taken into account 
by Network Rail in its assessment. Table 6-11 of Chapter 6 of the 
ES (“Assumptions made in the impact assessment”) states as 
follows: “the assessment was based on single train pass-by 
events. During the baseline surveys, there were periods when 
trains travelling in opposite directions passed each other in the 
CBC region, but the frequency of this occurrence was less than 5-
10% of all train pass-bys observed. The vibration levels in the as-
developed case will be dominated by the S&C locations and hence 
the chance of trains passing this location at the same time and at 
the high speeds associated with greatest impact will be lower. 
However, sometimes trains will pass over S&C simultaneously and 
may cause higher levels, but this is expected to be sufficiently 
infrequent to not warrant forming the basis of assessment”.  In the 
case of the vibration sensitive equipment, and operations in 
continual use in the AMB, exceedance of vibration criteria by any 
combination of train movements is a potential significant adverse 
effect. Predictions of maximum vibration due to all combinations of 
train operations should be provided and assessed by Network Rail 
in the ES. 

(iv) Effects of speeds and distance should also be measured on site 
by Network Rail.  It is pointed out in the ES that a line speed of 60 
mph will apply to the loop lines (compared with 90 mph on the 
current track). Measurements of the relationship between vibration 
and speed must be carried out by Network Rail on site and at 
Shepreth Junction. The actual proposed speed profiles that will 
apply (a) on the loops; and (b) on the through lines should be 
simulated.  Whilst 90 mph will not be reached in the vicinity of the 
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station by stopping trains, the proportion of stopping and non-
stopping trains (if any) should be reported by Network Rail, and 
the likely speeds of trains passing over the crossings should be 
considered and compared with the speeds of trains measured 
while passing over the crossing at Shepreth Junction. 

(v) The relationship between vibration and distance from the track 
should be measured on site so that the combined effects of speed 
changes and distance changes can be accurately predicted. 

(vi) The use of speed limits as a mitigation measure should also be 
fully considered, including further measurements at Shepreth 
Junction to establish the relationship between speed and crossing 
vibration. 

(vii) It is unclear which vibration predictions in the ES are of ground 
surface vibration outside buildings and which take account of the 
transfer function between ground surface and building structure at 
the location of sensitive equipment. Where it has been previously 
measured, the transfer function should be presented. In other 
cases site measurements of simultaneous ground surface and 
internal structural vibration should be made. 

(viii) The effect of mitigation measures mentioned but not assessed in 
the ES should be predicted or clarified by Network Rail.  VC 
curves from VC-C downwards have a flat frequency response in 
velocity terms. Of the operational mitigation measures listed in the 
ES, all but one have the effect of shifting the peak in the loaded 
track natural frequency towards a lower point in the spectrum, with 
no change in amplitude. Thus no improvement in VC levels 
results. The one measure which does reduce amplitude is the use 
of swing-nose points or movable frogs. This is dismissed in the ES 
with the comment “this option has been assessed and found not to 
be feasible given the site constraints” (Table 6-13, “Options for 
track vibration mitigation measures”).This approach is inadequate. 

(ix) The prediction of vibration in Figures 6-38 and 6-39 of Appendix 
6.3 of the ES may be exceeded when freight trains have been 
taken into account and the conclusions of “not significant” on page 
6-21 of Chapter 6 may not apply to freight trains. Paragraph 6.2.40 
of Chapter 6 states that “the south western area of the building at 
ground floor level requires VC-C to be achieved.” Whereas, Figure 
6-38 shows VC-C reached on the ground floor and Figure 6-39 
shows VC-C exceeded for the second floor of the AMB.  

(x) A full assessment of the option of installing swing-nose points and 
movable frogs should be carried out by Network Rail. Where there 
are site constraints the removal of those constraints should be fully 
considered as well. 

(xi) In the ES, “it is assumed there are no other track discontinuities 
such as joints in rails” (Table 6-11, “Assumptions made in the 
impact assessment”. However, in addition to joints, rail welds 
made using the aluminothermic process also have the effect of 
discontinuities because the metal used in the weld is softer than 
rail steel, and impulses occur when axles pass over them. There 
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has been no assessment of mitigation by way of ensuring that only 
flash-butt or arc welds are used. 

Noise 

6.6 The ES predicts a major impact on the AMB due to construction noise, yet there is no 
detailed consideration of mitigation beyond "embedded mitigation" described as site 
hoarding and the use of “Best Practicable Means”. It is stated that "Site hoarding of 
2.4m would be installed around the site perimeter, where mitigation is required and 
practicable. Guidance provided in BS 5228:2009+A1:2014 Annex B, states that a 
screen can provide 5 dB attenuation for partial line of sight from source to receiver, 
and up to 10 dB attenuation where there is no line of sight between source and 
receiver." (Paragraph 5.5.4 of Chapter 5 of the ES) 

6.7 Notably, however, where there is a clear line of site above the hoarding there is no 
noise barrier effect.  Added to this, given the height of the AMB, this will be the case 
for many parts of the building. It thus appears that the predicted noise level of 72 dBA 
may in truth be 77 dBA where there is line of sight from the noise source over the top 
of the hoarding to parts of the AMB facade. The University is therefore concerned 
that predicted noise levels may exceed those that have been assessed i.e. reach up 
to 77 dBA. Accordingly, it is necessary for Network Rail to carry out a proper 
assessment of the potential for mitigation, including more effective noise barriers 
than standard site hoarding and also the possibility of alternative plant selection.  

6.8 The University considers that Network Rail should employ an example programme 
for the Scheme construction works, based on the construction stages identified in 
Volume 3: Appendix 5.3 of the ES to indicate the likely periods when the "worst case" 
prediction will arise (and their durations) in order that the magnitude of the 
disturbance to activities in the AMB can be properly assessed.  

6.9 The sound insulation of the external facade of the AMB was selected assuming the 
continuance of the current ambient noise climate. The University is concerned that 
the predicted exterior construction noise levels are substantially in excess of the pre-
existing ambient noise climate, meaning that the noise criteria for internal spaces 
within the AMB will be exceeded. 

7 IMPACTS OF THE SCHEME - EMI 

Introduction  

7.1 Significant concerns with the Scheme have caused the University, following its 
Objection, to consider further potential effects on Electromagnetic Compatibility 
(“EMC”).  EMC is the ability of electronic and electrical equipment, systems and 
installations to operate satisfactorily in their electromagnetic environment without 
generating excessive levels of Electromagnetic Interference (“EMI”) that could 
degrade the performance and functionality of other systems operating in the same 
environment.  

7.2 The University is concerned that the Scheme could prejudice the functionality of 
systems within the AMB due to EMI, including systems degradations and loss of 
functions. The implications of this for research within the AMB could include data 
errors and interruption to research timescales. Further, potential EMI effects are not 
limited to laboratory and research equipment – there are also risks of adverse effects 
on AMB electrical services (for example emergency power supply and lighting). 

7.3 The AMB has been specially designed to accommodate the existing electromagnetic 
environment. Accordingly, all equipment within the AMB currently operates 
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satisfactorily and is compatible with the external environment. The University is 
concerned that the implementation of the Scheme could alter the electromagnetic 
characteristics of the AMB environment and cause existing electromagnetic levels to 
be exceeded (both during construction and operation of the Scheme). 

Lack of information: assessment of effects in the ES 

7.4 The only mention of EMI/EMC in the ES appears in Chapter 2 (EIA Methodology) in a 
limited section spanning paragraphs 2.2.18 – 2.2.32 entitled “Electromagnetic 
Compatibility”.  In this EMC section, Network Rail confirms that several stakeholders 
during informal scoping stage of the Application referenced the possibility of EMI 
having an effect on sensitive equipment as a result of the overhead line equipment 
and/or new track associated with the proposed Scheme.  Such stakeholders included 
the Medical Research Council Laboratory and the University.   

7.5 Network Rail acknowledges in the ES that there remains a risk that the proposed 
Scheme would have EMC effects on various receptors, including the AMB. The 
University understands that an immunisation study is proposed by Network Rail at 
GRIP Stage 4 (between April to December 2021 – see paragraph 2.2.28 of Chapter 2 
of the ES) when the outline designs for the proposed Scheme are produced. The 
University does not know anything further about this study (including whether it has 
been carried out or not) and Network Rail must share the results with the University 
as soon as possible.   

7.6 The purpose of the immunisation study is stated (at paragraph 2.2.28 of Chapter 2 of 
the ES) as being to provide an assessment of the proposed Scheme design to fulfil 
the following requirements: 

7.6.1 “verify the earthing and bonding proposed design and demonstrate that 
the design will mitigate the risks of touch voltages…; 

7.6.2 assess the impacts of the proposed design on signalling and telecom 
cables…; 

7.6.3 determine the expected magnetic fields along the line…” 

7.7 As is clear from the above, the requirements set out for the proposed immunisation 
study are focused only on increasing the protection of the railway assets, including 
safety aspects. The proposed immunisation study does not take into consideration 
the EMI impacts on the external neighbouring environment.  The immunisation study, 
as proposed, will have no effect on the EMC interaction between the railway and the 
outside world, which is of major concern to the University.   

7.8 Network Rail has failed to assess or, in the alternative, to provide any assurance in 
the ES that the EMC/EMI effects associated with the electromagnetic emissions of 
the railway environment onto the AMB and other neighbouring sensitive receptors 
during the construction and operation of the proposed Scheme will be mitigated. 

Lack of information: mitigation 

7.9 The potential for measures to reduce likely significant EMC effects on the AMB must 
be considered as early as possible.  This is due to the railway environment having 
different types of electromagnetic sources operating at different frequencies. Railway 
environments are considered “Harsh” with respect to EMC. 

7.10 Mitigation cannot simply be left to a Code of Construction Practice (“CoCP”), as is 
suggested by Network Rail in Chapter 2 of the ES (referred to in paragraphs 2.2.32 
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and 2.2.49).  Notably, there is no mention of the approach to the immunisation study 
in the CoCP. This omission suggests that the immunisation study will only provide 
protection to the railway systems (in that the study is limited to addressing EMC / 
safety interactions within the railway environment only) and has no influence on 
environmental impact outside of the immediate railway environment.  

7.11 Preliminary EMC assessments must be undertaken based on worst case 
assumptions and typical emissions data from railway studies and EMC standards5. 
Electromagnetic site survey measurements must also be undertaken by Network Rail 
at the boundary of the AMB during the construction and operational stages of the 
proposed Scheme to quantify the existing electromagnetic environment.  

7.12 Mitigation measures will be needed for the sensitive equipment within the AMB, 
should the levels measured exceed the susceptibility limits of such systems. Such 
mitigation might need to include electromagnetic shielding of rooms within the AMB 
or architectural shielding of exterior sides of the building.  

7.13 As matters stand, Network Rail has not carried out sufficient assessment work on 
EMC/ EMI effects and has failed to identify any adequate mitigation to address the 
potential effects of the Scheme.  

8 IMPACTS OF THE SCHEME - DRAINAGE 

Overview 

8.1 The impacts of the proposed Scheme on the drainage of the existing AMB and 
proposed buildings at Plot 9 at the CBC are of concern to the University, as 
highlighted in the Objection. 

8.2 The University notes from Table 3 of Network Rail’s Planning Statement (which 
contains a summary of the key features of the proposed Scheme) that (for drainage 
and culverts), reference is made to the “reconstruction of Tibbets Culvert to minimise 
flood risk and provision of additional sustainable drainage for the railway 
infrastructure and modification of several existing culverts to receive new track 
layout” but not to the surface drainage that serves AMB and Plot 9, which is part of 
the overall drainage network serving the CBC.  

8.3 As set out in the Objection, any alterations to the drainage arrangements proposed 
by the Scheme would need to be undertaken in a manner that preserves the normal 
operation of the AMB, both temporarily and permanently.  It is currently unclear what 
impacts there are upon the swale and attenuation pond that exist within the 
University’s Estate, particularly given that the limits of deviation shown on the 
Application drawings appear to straddle on site drainage infrastructure. The ES does 
not obviously assess this, nor does Network Rail commit to any mitigation measures 
which take into consideration the implications of the Scheme on the drainage 
arrangements for the AMB and Plot 9. The proposed mitigation is inadequate and the 
ES is deficient in this regard. 

8.4 As also explained in the Objection, the University must also understand the intended 
implications for the management and maintenance of drainage and landscape 
features going forward to protect future maintenance and building operations. At 
present, whilst the submitted Flood Risk Assessment (“FRA”) suggests that it is 
Network Rail’s intention to manage features within the Order Limits, there appears to 

 
5 For example BS EN 50121-2: Railway Applications – Electromagnetic Compatibility, Part 2, Emission of the Whole Railway 
System to the Outside World 
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be no further information provided in this regard to clarify which elements are 
temporary and which are permanent management issues, despite the deposited 
Application drawings suggesting that some of the University’s existing surface water 
drainage features fall within land that Network Rail is looking to compulsorily acquire. 

8.5 As confirmed in the Objection, the surface water drainage outlet from the AMB and 
Plot 9 discharges into the balancing ponds to the south of the AMB (within the control 
of Cambridge Medipark Limited). The University understands that the water from the 
balancing ponds subsequently feeds into the Hobson’s Conduit via the south ditch 
further to the south of the AMB and Plot 9 (outside of the University’s demise for 
these interests). The University has given covenants to the Hobson’s Conduit Trust 
to protect the Hobson’s Conduit from damage and contamination (“Conduit 
Covenants”). These include (inter alia) obligations on the University to control the 
flow rate into the Conduit; to liaise with the Trustees prior to any development of the 
University’s land and ensure such development does not result in pollution of the 
Conduit; and to remediate any damage or contamination caused during such 
development. The Conduit Covenants are referred to in the FRA, as set out in 
paragraph 8.10 below.  

8.6 Given the interdependency between the AMB and Plot 9 drainage design and the 
potential impact upon the Hobson’s Conduit, suitable mitigation measures must be 
put in place by Network Rail to ensure the outfall drainage from the AMB and Plot 9 
remains unaffected by the Scheme. Whilst there are protective provisions included 
(within Part 4 of Schedule 12) in the draft Order in relation to the Hobson’s Conduit 
itself, Network Rail has not committed to any specific mitigation measures to protect 
the outfall drainage from the AMB and Plot 9.  

8.7 From the information provided in the ES, it is not possible to determine how the 
efficacy of the existing drainage system will be maintained or whether any mitigation 
is proposed to offset any impacts.   

Existing Drainage Arrangements 

8.8 The AMB and Plot 9 both drain to the south via a series of pipes, swales, ditches and 
ponds and ultimately discharge to the Hobson’s Conduit as shown illustrated below in 
Figure 4: 
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Figure 4 

8.9 The drainage system is designed to maintain an agreed peak discharge rate, as well 
as maintaining the quality of runoff into the receiving watercourse. The proposed 
Scheme could reduce the effectiveness of this system by: 

8.9.1 altering or interfering with the alignment, maintenance of ditches; 

8.9.2 adding more flow into an existing network; and 

8.9.3 altering the effective capacity or operation of the ponds or ditches. 

8.10 The FRA makes reference to this in section 6.2 as below: 

“The proposed Development is partially located in the Cambridge Biomedical 
Campus and information on the drainage regime of the Campus has been gathered 
from the Surface Water Strategy report for the extension of the Campus. The existing 
drainage network for the Cambridge Biomedical Campus is served by a series of 
SuDS, ditches, gullies and attenuation features which have been designed to receive 
and attenuate flows from the wider surface water drainage system of the Campus. 
The Cambridge Biomedical Campus is covered by covenants with the Hobson’s 
Conduit Trust regarding drainage and special arrangements are in place to safeguard 
and monitor the quality of surface water entering Hobsons Brook and Hobsons 
Conduit. These covenants govern the right to access, for the purpose of carrying out 
works, the Hobsons Conduit. Discharge of surface water into Hobsons Conduit, 
through the North Ditch and/or the South Ditch and/or other ditches constructed 
through the green corridor between the Cambridge Biomedical Campus and 
Hobson’s Conduit, must also be controlled under the covenant”. 

Proposed Drainage for the Scheme 

8.11 The proposals for surface water drainage for the proposed Scheme are set out in the 
FRA, in Appendix C. In essence the runoff from the trackside components and 
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station is collected in an interceptor drain which runs southwards to a new balancing 
pond and then on to the Hobson’s Conduit via the South Ditch. The drainage layout 
in Appendix C shows the new pipe crossing the existing ditch to enter the balancing 
pond but there is no indication that this can be achieved based on the levels of the 
ditch or the pipe. 

8.12 Furthermore, there is no indication whether any activities either during construction or 
operation of the proposed Scheme would impact on the existing drainage system for 
either AMB or Plot 9 and, in particular, the swale to the west. Chapter 18 of the ES 
sets out proposed principles for surface water drainage but the University is unable to 
find the evidence that Network Rail has considered the detail of what exists and how 
it works (as explained above). 

Hobson’s Brook/Conduit 

8.13 The same basic observations apply to the impacts on the Hobson’s Conduit 
watercourse, but the University does not comment in detail as the Hobson’s Conduit 
Trust is separately represented.  

Lack of information: assessment 

8.14 There are a number of pieces of information which are lacking from Network Rail’s 
assessment. This means that the University cannot be confident as matters stand 
that the existing drainage arrangements have been considered and assessed in full. 

8.15 The ES and FRA do not include the following detail: 

8.15.1 a plan showing the detailed existing drainage scheme as exists currently. 

8.15.2 a plan showing the detail of the proposed drainage scheme with line and 
level of pipes and ponds and the intended controls to preserve water 
quality, minimum flows and maximum flows in accordance with the 
Conduit Covenants;  

8.15.3 a plan showing the extent of temporary or permanent works proposed 
within the curtilage of the University properties and in particular the 
impacts these might have on existing drainage infrastructure. 

8.16 The above information should have been included in the FRA.  Without it, it is unclear 
how Network Rail’s assertions on minimal impacts (as set out in the ES) can be 
evidenced. The University has provided information relating to paragraph 8.15.1 
above (a plan showing the existing drainage scheme) to Network Rail but there is no 
evidence that this has been considered in the ES or FRA. 

Lack of information: mitigation 

8.17 Without the above details, it is not possible to conclude that there would be minimal 
impacts on the efficacy of the existing drainage system within the ES and FRA.  
Network Rail has not provided any mitigation measures in the ES to justify the 
conclusion of “not significant” impacts, whether this might be relocating the proposed 
drainage infrastructure for the Scheme; the relocation of existing drainage 
infrastructure, or the relocation of temporary or permanent works - which could 
themselves affect the existing drainage system for the AMB and Plot 9.  

8.18 Further information is required from Network Rail to demonstrate that there are no 
likely significant effects on the drainage of the AMB and Plot 9. Specifically, the 
University is concerned with impacts of the Scheme on the swale to the west of the 
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AMB (to the extent existing drainage from the AMB or proposed drainage from Plot 9 
would be impacted) and whether Network Rail’s proposed drainage infrastructure can 
be delivered without obstructing existing drainage. If there are such impacts and/or 
obstruction, the University needs to understand what mitigation is proposed by 
Network Rail to offset these. 

9 IMPACTS OF THE SCHEME - HIGHWAYS  

Overview 

9.1 The impact of construction of the Scheme on the AMB, given the proximity of the 
proposed Scheme to the AMB, is of major concern to the University. This includes 
impacts on car parking, access to and from the AMB, as well as servicing for the 
AMB.    

9.2 The proposed works for the Scheme will include a series of major earth moving and 
major construction works during the construction period. Chapter 17 of the ES 
contains details of the proposed construction access points and quantifies the 
number of vehicles proposed to access the Scheme site, with an estimated peak in 
numbers occurring in 2023. 

9.3 Figure 5 below (an extract taken from Figure 17-1 in the ES) shows the location of 
construction site compounds in the vicinity of the AMB. The proposed main site 
compound “CC1” is located immediately west of the AMB, separated by the road 
bridge over the tracks. Figure 6 below (an extract taken from Figure 17-2 in the ES) 
shows the location of access roads in the vicinity of the AMB. Site access roads 
“AR1” and “AR2” are the closest to the AMB. 

 

Figure 5 - Location of construction compounds 
(extract taken from Figure 17-1 in the ES) 
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Figure 6 - Location of haul/access roads 
(extract taken from Figure 17-1 in the ES) 

9.4 Figure 17.1 in the ES (partially shown above in Figure 5) shows the proposed 
temporary construction compounds to build the station. As previously identified in the 
Objection, the information provided within the Application does not include the as 
built development at the AMB.  For example, the Figures above are out of date as 
much of what is shown has since been substantially further developed and/ or 
completed.  Not only does this make it difficult to interpret the extent of proposed 
temporary and permanent acquisition along the University’s property boundary, it 
also makes the highways impacts difficult to assess. 

9.5 Figure 17.2 in the ES (partially shown above in Figure 6) shows the proposed haul 
roads from the highway network to access the Scheme’s site compounds. Given that 
the track works and the proposed station buildings will be on both sides of the 
existing railway line, compounds and haul roads are proposed on both sides of the 
existing railway track. It is not clear from the ES whether possible alternative site 
compounds and haul roads, which don’t impact on the operation of the AMB (or at 
least have a lesser impact), have been considered by Network Rail. The University 
notes that the ES does not include a plan showing possible alternative site 
compounds and haul roads.   

9.6 Paragraphs 17.4.3 – 17.4.24 of Chapter 17 of the ES outline the proposed approach 
to assessing construction impacts and mitigation. In reality, this amounts to what is 
generally standard good practice and does not seem to acknowledge the special 
circumstances of the AMB. Table 17.12 in Chapter 17 of the ES contains details of 
the projected number of construction vehicles accessing the Scheme site. It is 
notable that 90% of the total predicted movements for the Scheme site as a whole 
(464 / 516) are on access roads AR1 and AR2, which are the closest in proximity of 
all the proposed access roads to the AMB. 

9.7 Proposed site compounds, haul roads and major road network connections are 
detailed in the ES but there is no real discussion of alternatives or alternative forms 
of mitigation. As noted above, the only mitigation that is proposed in the ES is good 
operational practice. Given the special characteristics of the AMB and the nature of 
the research activities undertaken, additional mitigation measures must be assessed 
and secured.  
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9.8 Whilst operational impacts are assessed in the ES, it is unclear when in the 
operational phase temporary site compound land will be returned to the land owners. 

Effects and mitigation  

9.9 Given the nature of the construction works for the proposed Scheme and their 
proximity to the AMB, it is likely that the ability to mitigate the construction impacts of 
the proposed works for the Scheme is limited. These impacts include noise and 
vibration from vehicles accessing the site. Mitigation could include restrictions on 
times of deliveries and size of vehicles used and works to be agreed in conjunction 
with the University in advance. However, the location of the site compounds and the 
haul roads mean that the likely significant effects on the AMB may not be capable of 
being fully mitigated. Accordingly, the University seeks further details of alternatives 
that have been considered for the locations of site compounds and haul roads. 

9.10 As set out in the ES, the AMB is a sensitive receptor site because equipment and 
operations within the building will be significantly impacted by vibration and noise 
including vibration and noise arising from construction vehicle movements and 
activities. The assessment carried out in the ES does not take into account the 
special nature of the AMB and the assessment is therefore deficient, not least 
because alternative locations for site compounds and haul roads do not appear to 
have been identified or assessed. The potential impacts on the AMB are such that 
alternative locations should have been assessed by Network Rail. 

10 COMPULSORY ACQUISITION POWERS 

10.1 The University will rely on the points made in its Objection, in relation to which further 
information and clarity is still awaited from Network Rail on what compulsory powers 
are sought and/or intended for the following plots: (084a, 084, 005a, 006, 006a, 
006b, 006c, 007, 008, 010, 011, 065, 064, 062, 061, 057, 056, 055, 054, 053, 052, 
020, 051, 050, 049, 048, 021, 047, 046, 045, 044, 043, 042, 041, 040, 039, 038, 022, 
037, 024, 025, 036, 035, 028, 030, 029, 008a). 

10.2 It is not clear in all cases which plots will be subject to permanent acquisition powers 
and it is important for the University to understand the full extent of land (or rights) 
being proposed to be used or taken (whether permanently or temporarily and for 
what purpose). 

10.3 Sheets 2 and 3 (refs 158454-ARC-00-ZZ-DRG-EMF-200002 Rev P02.1 and 158454-
ARC-00-ZZ-DRG-EMF-200003 Rev P02.1) of the deposited plans and sections 
include the plots of land owned by the University within the limits of deviation for the 
Works in the Draft Order. However, the University is concerned that neither drawing 
includes a sufficiently updated base map to enable a detailed comparison between 
the Scheme as proposed and the University’s Estate. Neither plan illustrates 
buildings that have been built and operational in the last 3-4 years, including the 
AMB. The University has provided additional information to Network Rail to enable a 
clearer comparison but, despite requests for this, Network Rail has not produced an 
accurate as built base plan within their Application documents that the University can 
rely on to assess the impacts on the University’s Estate. 

10.4 Whilst a number of Deemed Planning Drawings, including Sheet 1 of 5 (ref 158454-
ARCZZ-ZZ-DRG-LEP-000051) illustrate the committed AstraZeneca developments, 
the only plans that provide more detail in respect of the University’s Estate, such as 
drawing. 158454-ARC-ZZ-ZZ-DRG-LEP-000101, are at an unhelpful scale to allow 
the University to assess the implications of the Scheme.  
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10.5 The University has insufficient information to determine the impacts on the operation 
of its Estate, including upon features such as the car park to the AMB (and access to 
this), surface water drainage and landscape features which run parallel to the 
western boundary of the CBC, or the impact upon the size and functional area of Plot 
9.  Similarly, the impacts on other buildings within the Estate cannot be assessed. 
The lack of information in the Application means that the University is also concerned 
as to the impacts of the Scheme on the operation of other buildings within the Estate 
(not only the AMB).  These concerns with the clarity and precision of the drawings, 
and extent of proposed compulsory acquisition, have already been raised with 
Network Rail, but to date this information is still awaited from Network Rail. It is 
critical that this information is supplied as soon as possible to enable the University to 
understand and respond to the case being presented by Network Rail. The University 
will supplement this Statement as necessary in response to any further details that 
are received 

11 PLANNING CONTEXT 

11.1 The following headings and appraisals directly follow those in Network Rail’s 
Planning Statement (NR14).   

Background to the Proposed Development 

11.2 Network Rail’s Planning Statement submitted as part of the Application correctly 
identifies the CBC as the largest centre of medical research and health science in 
Europe (paragraph 2.2.2). Consultation and engagement in relation to the proposed 
Scheme is set out in Section 2.8 of the Planning Statement. This summarises 
consultation and engagement with the Greater Cambridge Shared Planning Service, 
Cambridgeshire County Council, Public Consultation, and Astra Zeneca. Schedule 5 
and 6 consultees (excluding land owners, tenants and lease holders) are also 
identified. There is no reference, however, to consultation and engagement with the 
University. The University had in fact raised specific concerns relating to the likely 
potential for noise and vibration impacts of the Scheme on sensitive research in the 
AMB, car parking as well as access and servicing for AMB, and drainage for AMB 
and Plot 9.  

11.3 Whilst the AMB is referred to (paragraph 3.1.4 of the Planning Statement), it is not 
identified as a noise and vibration sensitive receptor. Nor is there any obvious 
reference to Plot 9 (or for that matter certain Medical Research Council and Astra 
Zeneca development).  

Planning Context 

11.4 The Planning Statement appears to acknowledge that there is no specific planning 
support for the proposed Scheme. The University notes that a number of planning 
policies will be breached by the Scheme as proposed in the Application. The analysis 
that follows outlines the specific national and local policies of concern. 

NPPF 

11.4.1 Reference is made within the bullet points at 5.2.4 of the Planning 
Statement to a number of sections of the National Planning Policy 
Framework (“NPPF”), including “Paragraph 181 (2019)”6. Paragraph 181 

 
6 This has since been updated in July 2021, post submission of the Application and the corresponding paragraph is now 
paragraph 186 (2021) 
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provides details in relation to ground conditions and pollution, explaining 
that:  

“Planning policies and decisions should sustain and contribute towards 
compliance with relevant limit values or national objectives for pollutants, 
taking into account the presence of Air Quality Management Areas and 
Clean Air Zones, and the cumulative impacts from individual sites in local 
areas. Opportunities to improve air quality or mitigate impacts should be 
identified, such as through traffic and travel management, and green 
infrastructure provision and enhancement” 

11.4.2 However, there is no reference to paragraph 185 of the NPF, which is 
relevant for noise impact and has not been demonstrated to be satisfied 
by the Scheme: 

“Planning policies and decisions should also ensure that new 
development is appropriate for its location taking into account the likely 
effects (including cumulative effects) of pollution on health, living 
conditions and the natural environment, as well as the potential sensitivity 
of the site or the wider area to impacts that could arise from the 
development. In doing so they should: a) mitigate and reduce to a 
minimum potential adverse impacts resulting from noise from new 
development – and avoid noise giving rise to significant adverse impacts 
on health and the quality of life (emphasis added)” 

11.4.3 Similarly the Planning Statement does not make any reference to 
paragraphs 167 and 169 of the NPPF relative to sustainable drainage: 

“167. When determining any planning applications, local planning 
authorities should ensure that flood risk is not increased elsewhere. 
Where appropriate, applications should be supported by a site-specific 
flood-risk assessment. Development should only be allowed in areas at 
risk of flooding where, in the light of this assessment (and the sequential 
and exception tests, as applicable) it can be demonstrated that: a) within 
the site, the most vulnerable development is located in areas of lowest 
flood risk, unless there are overriding reasons to prefer a different 
location; b) the development is appropriately flood resistant and resilient 
such that, in the event of a flood, it could be quickly brought back into use 
without significant refurbishment; c) it incorporates sustainable drainage 
systems, unless there is clear evidence that this would be inappropriate; 
d) any residual risk can be safely managed; and e) safe access and 
escape routes are included where appropriate, as part of an agreed 
emergency plan. 

169. Major developments should incorporate sustainable drainage 
systems unless there is clear evidence that this would be inappropriate. 
The systems used should: a) take account of advice from the lead local 
flood authority; b) have appropriate proposed minimum operational 
standards; c) have maintenance arrangements in place to ensure an 
acceptable standard of operation for the lifetime of the development; and 
d) where possible, provide multifunctional benefits. (emphasis added.)”   

11.4.4 The information provided by Network Rail does not demonstrate that 
these policy objectives have been met. 
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PPG 

11.4.5 Paragraphs 001 and 002 of the National Planning Practice Guidance 
(“PPG”) (guidance for noise) are summarised in the Planning Statement, 
but not paragraph 003, which makes specific reference to significant 
adverse effects including those arising from construction activity.  Network 
Rail has not demonstrated compliance with this aspect of policy: 

“Plan-making and decision making need to take account of the acoustic 
environment and in doing so consider: 

-whether or not a significant adverse effect is occurring or likely to 
occur; 

-whether or not an adverse effect is occurring or likely to occur; and 

-whether or not a good standard of amenity can be achieved. 

In line with the Explanatory note of the noise policy statement for 
England, this would include identifying whether the overall effect of the 
noise exposure (including the impact during the construction phase 
wherever applicable) is, or would be, above or below the significant 
observed adverse effect level and the lowest observed adverse effect 
level for the given situation. As noise is a complex technical issue, it 
may be appropriate to seek experienced specialist assistance when 
applying this policy. 

Paragraph: 003 Reference ID: 30-003-20190722 

Revision date: 22 07 2019” 

Guidance for the Natural Environment 2019 

11.4.6 Similarly, brief mention is made of Guidance for the Natural Environment 
(2019) in the Planning Statement but without specific reference to 
sustainable drainage features (paragraph 004), or the management of 
flood risk (005, 006), or to paragraph 008 which contains guidance that: 

“Green infrastructure opportunities and requirements need to be 
considered at the earliest stages of development proposals, as an integral 
part of development and infrastructure provision, and taking into account 
existing natural assets and the most suitable locations and types of new 
provision” (our emphasis added). 

Cambridge Local Plan (2018) 

11.4.7 It is noted in the Planning Statement that Cambridge Local Plan (2018) 
Policy 17 ‘Cambridge Biomedical Campus (including Addenbrooke’s 
Hospital) Area of Major Change’ sets out to support the continuing growth 
and development of the CBC. However, specific land uses for biomedical 
and biotechnology research and development, related higher education 
and sui generis medical research institutes, are not referenced in the 
Planning Statement. It is common for noise and vibration sensitive 
research and equipment to be present within that group of uses, and 
therefore to maintain consistency with policy objectives it is important to 
ensure that any proposals involving noise and vibration generating 
development – including those arising from construction activity – are 
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managed and designed to mitigate negative effects on the CBC, with 
specific measures identified at an early stage. This has not been 
demonstrated by Network Rail. 

11.4.8 The Planning Statement also confirms that Cambridge Local Plan (2018) 
Policy 17 requires any proposal for development to retain and incorporate 
the existing watercourses.  This has not been demonstrated satisfactorily 
by Network Rail.  The Application includes a proposed haul road built over 
the AMB and Plot 9.  However, how drainage is provided and maintained 
(in compliance with Policy 17) has not been demonstrated by Network 
Rail contrary to policy (see section 8 above).  And whilst reference is 
made in the Planning Statement to Policy 31 ‘Integrated water 
management and the water cycle’, there has been no proper 
demonstration that specific requirements for sustainable drainage are 
satisfied,  including that: 

(i) surface water is managed close to its source and on the surface 
where reasonably practicable to do so; 

(ii) the features that manage surface water are commensurate with 
the design of the development in terms of size, form and materials 
and make an active contribution to making places for people; 

(iii) there is no discharge from the developed site for rainfall depths up 
to 5 mm of any rainfall event; 

(iv) the run-off from all hard surfaces shall receive an appropriate level 
of treatment in accordance with Sustainable Drainage Systems 
guidelines, SUDS Manual (CIRIA C753), to minimise the risk of 
pollution; 

(v) watercourses are not culverted and any opportunity to remove 
culverts is taken; 

(vi) all hard surfaces are permeable surfaces where reasonably 
practicable, and having regard to groundwater protection. 

Cambridgeshire Flood and Water SPD 

11.4.9 Whilst general reference is made to this SPD in the Planning Statement 
there is no reference to specific requirements, or to the specific 
requirement to plan in SuDS from the start (page 57 of the SPD). 

Greater Cambridge Sustainable Design and Construction SPD 

11.4.10 General reference is made to this SPD in the Planning Statement but not 
to the specific requirement that “in certain situations, for instance where 
there is a proposal for a substantial development or infrastructure project, 
a Noise and Vibration Demolition and Construction Environmental 
Management Plan, detailing the management and control of noise and 
vibration, will be required as part of planning consent” (paragraph 3.6.126 
of the SPD). 

11.4.11 There has been no sufficient Noise and Vibration Demolition and 
Construction Environmental Management Plan provided by Network Rail 
which provides sufficient detail having regard to the specific nature and 
effects of this Scheme. 
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11.5 Planning Considerations 

11.5.1 The relevant planning considerations for the proposed Development are 
examined in Section 6 of the Planning Statement and considered against 
the relevant planning and transport policies set out above. 

Noise 

11.5.2 In relation to noise impact, paragraphs 6.8.2 to 6.8.5 of the Planning 
Statement identify that it is predicted that the construction phase of the 
proposed Scheme will result in significant but temporary effects on a 
number of locations/receptors, including the AMB. It is concluded that “in 
order to appropriately control construction plant noise, the CoCP Part B 
will set out construction methodologies and methods for noise control”. 

11.5.3 This approach is not agreed. The University’s case is that a significant 
adverse effect from noise arising from construction activity, however 
temporary, will have a harmful and potentially catastrophic impact on 
research quality and outputs, funding and animal welfare (see section 4 
above). It is essential for Network Rail to demonstrate that the proposed 
Scheme can proceed without harming research operations within the AMB 
through noise impact. This requires certainty that the Scheme is capable 
of effective mitigation, through the early identification of measures 
secured in the Application in order to comply with NPPF paragraph 185, 
NPPG paragraph 003, the Greater Cambridge Sustainable Design & 
Construction SPD paragraph 3.6.126.  

Vibration 

11.5.4 In relation to vibration impact, it is stated at paragraphs 6.8.6 to 6.8.12 in 
the Planning Statement that “significant effects are predicted in relation to 
the most sensitive imaging equipment located within the Laboratory of 
Molecular Biology, however this can be reduced to acceptable levels 
through the use of mitigation measures. The approach will be developed 
in the detailed design stage of the Development and as part of ongoing 
consultation with users of the Laboratory of Molecular Biology” (paragraph 
6.8.11).  However, no reference is made to the vibration sensitive 
equipment and research in the AMB, despite the fact that, as confirmed by 
Network Rail “respective building users have been consulted in order to 
agree their sensitivity as part of the assessment” (paragraph 6.8.8).  

11.5.5 It is stated in the Planning Statement that the “approaches to mitigation of 
potential significant effects from construction activities are set out within 
ES Chapter 5 and 6, with more detail to be included within the CoCP Part 
B. The CoCP Part B will include guidance and measures to be 
implemented to reduce the vibration levels as far as practicable, and set 
out the proposed construction vibration monitoring and the consultation 
and liaison plan with neighbouring properties. These measures will ensure 
activities that have the potential to lead to significant effects are reduced 
to a minimum where achievable and communicated well in advance with 
those that could be affected”.  The University fundamentally disagrees 
with that approach. Chapter 6 of the ES (Acoustics Assessment Part 2 
Vibration Report) identifies moderate impacts for the AMB from works that 
are in close proximity, resulting in a significant adverse effect even with 
the mitigations proposed by Network Rail. A significant adverse effect 
from vibration will have a harmful and potentially catastrophic impact on 
research quality and outputs, funding and animal welfare (see section 4 
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above). It is essential for Network Rail to demonstrate that the Application 
proposals will not harm research operations within the AMB through 
vibration. This requires certainty that the Scheme is capable of effective 
mitigation, through the early identification of measures secured in the 
Application, in order to comply with NPPF paragraph 185, NPPG 
paragraph 003, the Greater Cambridge Sustainable Design & 
Construction SPD paragraph 3.6.126.  

Water Resources and Flood Risk  

11.5.6 Water is considered in section 6.20 of the Planning Statement.  This 
simply states that the CoCP (Part B), sets out best practice protocols 
which will be applied to prevent an increase in flood risk to both the site 
and the surrounding area runoff. However, as detailed in section 8 above 
there is no assessment of whether any activities (either during 
construction or operation of the proposed Scheme) would impact on the 
existing drainage system for either AMB or Plot 9 and in particular the 
swale to the west.  Moreover, there is no evidence in the Application that 
the proposals have considered the detail of what exists and how it works 
or, critically, how construction and operational impacts on drainage – 
including for the AMB and Plot 9 – can be mitigated satisfactorily.  

11.5.7 Mitigation cannot simply be deferred to the CoCP, in order to comply with 
NPPF paragraphs 167 and 169, NPPG paragraphs 005, 006 and 008, 
Cambridge Local Plan Policy 31, and the Cambridgeshire Flood and 
Water SPD page 57. 

11.6 Planning Conditions  

11.6.1 Proposed planning conditions are set out in the Request for Deemed 
Planning Permission (“Deemed Permission”) (Document NR12). This 
includes a pre-commencement condition requiring the submission and 
approval of a CoCP, to include a Noise and Vibration Management Plan 
(Condition 10).  

11.6.2 The proposed planning conditions also include a proposed pre-
commencement condition for the submission and approval of a surface 
water drainage scheme (Condition 13).  

11.6.3 For the reasons set out above, it is the University’s case that it is not 
appropriate for mitigation measures relating to noise, vibration or surface 
water drainage to be dealt with through pre-commencement conditions 
where significant adverse effects have been identified. Rather, details 
should be approved as part of the Application and be subject to conditions 
in the Deemed Permission that require implementation in accordance with 
the approved details.  

11.6.4 The Planning Statement does not therefore properly acknowledge the 
extent to which the inadequacy of information identified above causes 
conflict with planning policy.  

12 INADEQUATE CONSULTATION 

12.1 Government guidance in the form of “A Guide to Transport and Works Act 
Processes” dated 2006 (and last updated in November 2013) stresses the need for 
thorough consultation before Transport and Works Act Orders are made.  The 
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University will show that notwithstanding this clear guidance, Network Rail have not 
undertaken meaningful engagement with the University.   

12.2 As such, despite meetings having taken place with Network Rail, no meaningful 
progress has been made and Network Rail has failed to take into account the 
University’s detailed concerns.  Moreover, the University has not been provided with 
sufficient clarity by Network Rail around the proposals for the Scheme.   

12.3 Network Rail has neither understood nor fully assessed the impacts of the Scheme 
on the University. They have therefore not provided any detailed or tailored mitigation 
which is vital given the unique nature of and impacts on the University. Had Network 
Rail consulted meaningfully with the University, this may have been avoidable.    

13 COSTS AND FUNDING  

13.1 The overall estimated cost of the scheme is stated to be £183,661,399 as set out in 
Network Rail’s Estimate of Costs document (reference NR06). The Estimate of Costs 
also states that within the overall cost, acquisition of land and rights over land 
compensation is estimated to be in the sum of £7,673,614. 

13.2 As matters stand, the University has not been provided with sufficient information to 
demonstrate that impacts on the AMB have been properly addressed or could be 
satisfactorily mitigated. If the effects of the Scheme could not be demonstrated to be 
acceptable, and it became necessary to relocate the AMB, the costs of doing so 
(even assuming a suitable site could be identified) would be extremely substantial 
and likely to be significantly greater than the sum identified for compensation in the 
Estimate of Costs, even without taking into account the potential losses from 
research work, including loss of grants (as indicated in Section 4 above).   

13.3 There is no evidence that the viability of meeting the potential costs of relocation, to 
the extent that these are capable of being compensated, have been considered 
through the funding of the Scheme. 

14 CONCLUSION 

14.1 The University maintains its objection to the Scheme unless and until Network Rail 
satisfactorily addresses the issues expressed above in this Statement.  

14.2 Given the identified inadequacies in the information to support the Scheme, the 
University emphasises the importance of immediate engagement by Network Rail to 
address these serious concerns. 
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Annex A - List of Documents 

1 Network Rail’s TWAO Application Documents, including Draft Order (NR02), Funding 
Statement (NR05), Estimate of Costs (NR06) Book of Reference (NR08), Deposited 
Plans and Sections (NR08), Request for Deemed Permission (NR12), Planning 
Statement (NR14), Design and Access Statement (NR15), Environmental Statement 
(including Appendices and Figures) (NR16). 

2 Network Rail’s Cambridge South Outline Business Case. 

3 National Planning Policy Framework (2012, as updated 20 July 2021) – extracts 
appended at Appendix 1 

4 Planning Practice Guidance for Noise (2016, as updated 24 June 2021) – extracts 
appended at Appendix 2 

5 Planning Practice Guidance for the Natural Environment (2019) – extracts appended 
at Appendix 3 

6 Cambridge Local Plan (2018) – extracts appended at Appendix 4 

7 Cambridgeshire Flood and Water SPD, originally adopted in November 2016 and 
readopted by South Cambridgeshire District Council in November 2018 and 
Cambridge City Council in December 2018  – extracts appended at Appendix 5 

8 Greater Cambridge Sustainable Design and Construction SPD, adopted by South 
Cambridgeshire District Council on 8 January 2020 and Cambridge City Council on 
14 January 2020 – extracts appended at Appendix 6 

9 A Guide to Transport and Works Act Processes, 2006 (and last updated in November 
2013) – extracts appended at Appendix 7 

10 Article entitled “Comparison of Mice’ Sperm parameters exposed to some hazardous 
physical agents” - Mohammad-Bagher Abdollahi, Somayeh Farhang Dehghan, 
Faezeh Abasi Balochkhaneh3, Manouchehr Ahmadi Moghadam, Hamzeh 
Mohammadi – included at Appendix 8 

11 Article entitled “Vibration in mice: A review of comparative effects and use in 
translational research” Randall P. Reynolds, Yao Li2, Angela Garner, John N. Norton 
– included at Appendix 8 

12 Article entitled “Noise and Vibration in the Vivarium: Recommendations for 
Developing a Measurement Plan” Jeremy G Turner, Journal of the American 
Association for Laboratory Animal Science – included at Appendix 8 
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Appendix 1 – NPPF extracts 

NPPF (2019) paragraph 181 

 

NPPF (2021) paragraph 185 
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NPPF (2021) Paragraph 167 

 

 

NPPF (2021) Paragraph 169 
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Appendix 2 – PPG for Noise (2019) extracts 
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Appendix 3 – PPG for the Natural Environment (2019) extracts 
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Appendix 4 – Cambridge Local Plan (2018) extracts 

(Policy 17 & Policy 31) 
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Appendix 5 – Cambridge Flood and Water SPD extracts 

 

 

 

 

Appendix 6 – Greater Cambridge Sustainable Design and Construction SPD extracts 
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Appendix 7 – A Guide to Transport and Works Act Procedures (2013) extracts 
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Introduction 
The advancement of technology in all areas and the process of industrialization has led to the widespread use of 

different devices, tools and machinery in various industries [1]. This phenomenon has caused humans to be increasingly 

exposed to varying degrees of hazardous agents both in the workplace and in everyday life. On the other hand, in the 

preceding decades, studies on the effects of occupational exposure on the reproductive system have been expanded greatly 

[2], especially since any damage to the reproductive system can lead to permanent or temporary infertility, genetic 

mutations or hereditary cancer [3]. Research has shown that the quality of sperm has deteriorate over the past fifty years 

and this has raised questions regarding the negative effects of hazardous physical and chemical agents on it [4].  

Common harmful physical agents at workplaces and environments include microwaves, lighting, noise and 

vibration. Noise pollution is defined as exposure to unwanted or unpleasant sound [5] and is dependent on various factors 

like noise exposure duration and frequency characteristics. Exposure to noise levels exceeding occupational exposure limits 

leads to reduced efficiency among workers and the enterprise as a whole [6]. Noise exposure can cause cardiovascular, 

gastrointestinal, behavioral, psychological and sleep related disorders. It can also cause reduced hearing, visual impairment, 

disruption of the vestibular system and can affect sperm parameters [7,8,9]. The results of a study conducted by Swami et 

al. regarding the effects of noise exposure on steroidogenic hormones in men showed that exposure to noise at 100 dB(A) 

can cause a meaningful reduction in serum testosterone levels [10]. 

Vibration is another hazardous occupational agent in industrialized and developing countries that can cause 

discomfort and dissatisfaction among workers [11]. Occupational exposure to Whole Body Vibration (WBV) can be found 

among workers engaged in vibrating platforms and stone cutting machines as well as drivers [12]. The body response to 

vibration depends on many variables such as vibration frequency, vibration amplitude, exposure duration and body posture 

Abstract 
The present study was aimed to compare the effects of exposure to noise, vibration, lighting, and microwave on male 

mice’ sperm parameters. The mice were randomly assigned to five groups of eight, which comprised of the unexposed 

group and exposure groups including the lighting (1000 lux), noise (100 dB(A)), vibration (acceleration of 1.2 m/s2) and 

microwave (power density of 5 watts). The exposure groups were subjected to the four agents for 8 hours a day, 5 days 

a week during a 2-week period. Semen analysis were done according to World Health Organization guidelines. The 

highest significant mean difference in sperm count (-1.35×106/mL) had being observed between the microwave group 

and the control one (P=0.001). The highest difference in immotile percent (25.88 %) had being observed between the 

noise group and the control one (P=0.001). The highest difference in normal morphology (-27.06 %) observed between 

the lighting exposure group and the control group (P=0.001). The four agents can cause changes in different sperm 

parameters, however for definite conclusion; more laboratory and field studies are required. In total, exposure to 

microwave has had the greatest effect on sperm count and exposure to light has had the greatest effect on normal 

morphology and non-progressive motility. Moreover, exposure to noise has had the greatest effect on progressive 

motility and immotile percent, respectively.  
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[13]. The effects of vibration on sperm parameters have been proven in previous studies. The results of a study by Penkov 

et al. regarding the effects of WBV exposure on sperm morphology showed an increase in Oligospermia and Azoospermia, 

a reduction of ejaculate volume, reduced motile spermatozoa and an increase in the rate of sperm deformation in the 

exposure group [14]. 

Lighting can also be a harmful physical occupational factor, though is itself an essential element of occupational 

safety as it helps in the detection of sizes, shapes or colors, and can increase the accuracy of the workers and help prevent 

visual errors and occupational accidents [15]. An adult uses his eyes for around 16 hours each day, so the level of lighting 

must be suited to the precision of work being performed [16]. Advancements in technology and the need for extended or 

24-hour work shifts means that workers are subject to prolonged periods of exposure to high levels of lighting, especially 

in occupations requiring precision such as watch making, cartography and electronics [17]. Brandt et al. conducted a study 

on the effects of artificial lighting (300 to 350 lux) on the semen quality of adult boars. Their findings showed reduced semen 

volume and reduced number of motile sperm in the exposure group [18]. Alternative studies however, suggest that 

exposure to low intensities of visible spectrum and infra-red light can actually increase sperm motility [19].  

  Technological advancement and the ever-increasing usage of tools and devices has made exposure to 

electromagnetic fields at home, work, hospitals or industries, inevitable. This has made researchers and the public 

increasingly concerned regarding the potential biological effects of exposure to these fields [20]. The International 

Commission on Non-Ionizing Radiation Protection (ICNIRP) insists on the seriousness of the problem regarding 

electromagnetic radiation and its negative effects on human health and consider it to be a prevalent environmental risk [21]. 

Therefore, controlling the exposure to electromagnetic fields is as important as the controlling of other hazardous 

occupational and environmental agents from a health and safety perspective. The daily use of electronic devices has caused 

people to become increasingly exposed to electromagnetic waves [22]. The electromagnetic spectrum covers a wide 

frequency range among which, microwave radiation falls between 300 MHz to 300 GHz [23]. A study by Dasdag et al. 

showed that whole body exposure to microwave radiation had no meaningful effect on sperm count [24]. A study by 

Mailankot et al. however showed that exposure to microwave radiation can reduce the quality of the ejaculate [25].  

Considering the fact that workers are exposed to various occupational risk factors such as noise, vibration, lighting 

or microwave, and since the results of other studies investigating the effects of these factors on semen indices are conflicting; 

the present study was designed with the aim of comparing the effects of exposure to these hazardous agents on male mice’ 

sperm parameters. 

 

Materials and Methods 
This case-control study was conducted on 40 male adult NMRI (Naval Medical Research Institute) mice with a 

weight of 30±2 g and an age of 50 days old. The mice were provided from Neuroscience Research Center, Shahid Beheshti 

University of Medical Sciences. The mice were randomly assigned to five groups of eight, which comprised of the unexposed 

group (control group) and the lighting, noise, vibration and microwave exposure groups. The exposure groups were 

subjected to the four harmful occupational factors for 8 hours a day, 5 days a week for a total of 80 hours of exposure during 

a 2-week period. This exposure duration was chosen because the regeneration cycle for the Epithelium cells inside the 

seminiferous tubules of male mice is 8.6 days. This also better approximates the exposure conditions of workers in various 

industries.   
 

Storage and test conditions 
The test mice were initially kept at the animal house under standard conditions (22±2°C, 40-60% humidity, <35 

dB(A) background noise, 12-hour light/dark cycle, 100 lux lighting intensity during light cycle, free access to plate and water) 

[26]. All protocols were in accordance to the guidelines of the Committee for the Purpose of Control and Supervision of 

Experiments on Animals (CPCSEA) and approved by student research committee, Shahid Beheshti University of medical 

science. The storage space where the mice were kept was a box made of double-pane glass (for internal visibility) with a 

dimension of 100×90×60 cm and enough space for eight lab mice in each group. Holes were made in each box for observation, 

measurement (12 times per hour) and ventilation. The storage boxes were designed in a way as to be able to dynamically 

control the flow of air and to be able to maintain steady temperature and humidity (Figure 1). The mice were killed by the 

guillotine on the last day of exposure. 
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Figure 1. Images of the exposure chamber. 

 

Noise exposure 
The noise exposure group was subjected to compound noise with a frequency of 500 to 8000 Hz at a sound 

pressure level (SPL) of 100±3 dB(A) [27]. The noise was amplified using an AS 2000 amplifier (Taiwan) and played back 

using a pair of Microlab M563 speakers (Iran). The speakers were placed at equal distance from the four corners of the 

storage box and the sound pressure level was constantly controlled during the exposure period using a calibrated B&K 2245 

sound level meter (Denmark). 

 

Vibration exposure 
The vibration exposure group was subjected to regular intervals of vibration for a duration of 60 minutes. A 

SVANTEK 583 whole body vibration meter (Poland/USA) equipped with a triple axis frequency analyzer was used to 

monitor the vibration acceleration. The vibrating mechanism was designed in a way as to ensure a dominant Z axis affective 

vibration acceleration of 1.2 m/s2 while keeping vibration along the other axes at a minimum level (less than the maximum 

allowed threshold of RMS 0.315 m/s2).  

 

Lighting exposure 
Light intensity during exposure was 1000 lux measured by Hanger EC1 lux meter (Sweden). The amount of light 

needed for testing was only provided through a projector equipped with 400watt metallic halide bulbs with white light. 

Remarkably, the lamp was installed upside the chamber and the mice were directly exposed to lighting at a distance of 50-

cm. 

 

Microwave exposure 
The microwave exposure group was subjected to microwaves at a frequency of 850 to 960 MHz with a modulation 

frequency of 100 to 200 kHz and an output power density of 5 watts [28]. Holadays HI-1501 Microwave Survey Meter (USA) 

was used for this purpose. The radiation-emitting antenna of this device was placed above the center of the storage box as 

to ensure an equal degree of radiation dissipation. 

 

Sperm analysis  
Sperm parameters such as sperm count (106/mL) and sperm motility were analyzed manually. For this purpose, 

the epididymis tail was separated by making an incision and then placed in a phosphate buffer solution which was kept at 

37 °C. In order to further facilitate the extraction of sperm from the epididymis tail, the samples were segmented using 

forceps. After this step, the samples are placed on a warm surface for 15 to 30 minutes as this increases sperm movement 

and eases the counting of sperm and morphology assessment. Sperm counting was done using a microscopic slide and 

neubauer haemocytometry slide. A drop of the sample solution is taken using a micropipette and placed between the 

microscopic slide and the Neubauer slide. Then the sample is placed under Olympus AH2 microscope (Japan) at 400x 

magnification and the sperm count is performed. 

In order to manually measure sperm motility, a simple scaling system is used without the need for sophisticated tools. At 

least 5 microscopic fields must be studied systematically in order to categorize 200 sperm. The motility of the studied sperm 

is categorized as follows: 

a) Percentage of progressive motile sperm. 

b) Percentage of non-progressive motile sperm. 

c) Percentage of immotile or static sperm. 
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The shape of the sperm is analyzed via colorization using Diff-Quik™ staining set. Normal sperm should have no 

abnormalities at the head, neck and tail while abnormal sperm will have deformed tails, no heads, two heads or 

microcephaly of the head [29]. 

 

Data analysis 
Data was statistically analyzed using SPSS v20.0 (SPSS Inc., Chicago, Ill., USA) with descriptive statistics 

presented as mean, standard deviation and range. The Shapiro test was used to determine the normality of the data 

distribution. The one-way analysis of variance (ANOVA) test was used to compare mean sperm parameters in the studied 

groups. Dunnett's test was used to compare the mean sperm parameters of each exposure group with the control group. 

The effect size of each type of exposure on the sperm parameters was determined using univariate analysis of variance. A 

significance level of 0.05 was used in this study. 

 

Results  
(Table 1) presents mean and standard deviation for all sperm parameters in the control group and the various 

exposure ones. The results show that the mean difference for all studied sperm parameters among the various exposure 

groups is statistically significant (P=0.001). The lowest sperm count belonged to the microwave exposure group (3.16±0.55 

106/mL) and the highest sperm count belonged to the lighting exposure group (4.12±0.79 106/mL). In case of percentage of 

progressive motile sperm, it was found that all exposure groups had a lower mean compared to the control group 

(64.76±0.89 %). The lowest percentage of progressive motile sperm belonged to the noise exposure group (31.41±1.28 %) and 

the highest belonged to the lighting exposure group (60.67±0.77 %). The highest percentage of non-progressive motile sperm 

belonged to the lighting exposure group (34.01±1.51 %) and the lowest belonged to the vibration exposure group 

(31.88±1.26 %). The highest percentage of immotile sperm belonged to the microwave exposure group (36.58±1.24 %) and 

the lowest belonged to the lighting exposure group (5.31±1.66 %). The highest percentage of normal morphology belong to 

the vibration exposure group (74.11±0.64 %) and the lowest belong to the lighting exposure group (45.50±2.15%). 

The mean sperm count in all exposed groups was lower than the ones of the control group (4.51±0.22 106/mL). 

The mean percent of sperm progressive motility in all exposed groups was lower than the ones of the control group 

(64.76±0.89 %). The percentage of sperm non-progressive motility was higher among the exposure groups compared to the 

control group (26.12±1.72%). The percentage of immotile sperm was higher among the exposure groups compared to the 

control group, except for lighting one (9.11±2.22 %). The percentage of normal morphology was lower in the exposure 

groups compared to the control group (72.56±1.52%) 

 

Table 1. Mean and standard deviation of sperm parameters in each exposure scenario. 

Sperm parameters 

Mean±SD 

Control 

group Vibration Noise Microwave Lighting 

P-

value* 

Total count (106/mL) 4.11±0.25 3.23±0.76 3.16±0.55 4.12±0.79 0.001 4.51±0.22 

Progressive motility (%) 39.43±1.03 31.41±1.28 35.22±1.43 60.67±0.77 0.001 64.76±0.89 

Non-progressive motility (%) 31.88±1.26 33.58±2.55 33.27±1.96 34.01±1.51 0.001 26.12±1.72 

Immotile (%) 28.67±1.24 35.00±2.62 36.58±1.24 5.31±1.66 0.001 9.11±2.22 

Normal morphology (%) 74.11±0.64 70.30±1.41 60.10±1.59 45.50±2.15 0.001 72.56±1.52 

1 * Comparison of the mean difference of a sperm variable between different exposure groups (One-way ANOVA) 

According to (Table 2), the results of Dunnett’s test show significant difference in terms of sperm count between 

the control group with noise and microwave exposure group (P=0.001). The sperm count of the noise and microwave 

exposure group was 1.28 and 1.35 units lower than the control group, respectively. The mean difference of motility 

parameters between the control group and all of the exposure ones was statistically significant (P<0.01). The significant 

difference in terms of normal morphology between the control group with noise, lighting and microwave exposure group 

(P<0.01). 
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Table 2. A two-by-two comparison of sperm parameters in the control group and the exposure groups. 

Group 

Mean Difference (P-value*) with Control Group 

Total Count 
Progressive 

Motility 

Non-Progressive 

Motility 
Immotile 

Normal 

Morphology 

Vibration -0.40 (0.431) -25.32 (0.001) 5.76 (0.001) 19.56 (0.001) 1.55 (0.159) 

Noise -1.28 (0.001) -33.35 (0.001) 7.46 (0.001) 25.88 (0.001) -2.26 (0.020) 

Microwave -1.35 (0.001) -29.53 (0.001) 7.15 (0.001) 22.38 (0.001) -12.46 (0.001) 

Lighting -0.40 (0.431) -4.08 (0.001) 7.88 (0.001) -3.80 (0.007) -27.06 (0.001) 

1 * Dunnett's test 

The results of the one-way variance analysis used to determine the effect size of each exposure type on sperm 

parameters are presented in (Table 3). The microwave exposure had the largest significant effect size for sperm count (B=-

1.35; P= 0.001). In case of exposure to microwave, the chance that the  sperm count will be decreased comparing to the control 

group is 1.35 times. The noise exposure had the largest significant effect size for progressive motility (B=-33.35; P= 0.001). In 

case of exposure to noise, the chance that the progressive motility   percent will be decreased comparing to the control 

group is 33.35 times. The lighting exposure had the largest significant effect size for non-progressive motility (B=7.88; P= 

0.001). In case of exposure to lighting, the chance that the non-progressive motility percent will be increased comparing to 

the control group is 7.88 times. The noise exposure had the largest significant effect size for immotile percent (B=22.38; P= 

0.001). In case of exposure to noise, the chance that the immotile percent will be increased comparing to the control group 

is 22.38 times. The lighting exposure had the largest significant effect size for normal morphology (B=-27.06; P= 0.001). In 

case of exposure to lighting, the chance that the normal morphology percent will be decreased comparing to the control 

group is 27.06 times. 

 

Table 3. Results of univariate analysis of variance on the sperm parameters 

Group 

B (P-value*) 

Total count 
Progressive 

motility 

Non-progressive 

motility 
Immotile 

Normal 

morphology 

Vibration -0.40 (0.165) -25.32 (0.001) 5.76 (0.001) 19.56 (0.001) 1.55 (0.052) 

Noise -1.28 (0.001) -33.35 (0.001) 7.46 (0.001) 25.88 (0.001) -2.26 (0.006) 

Microwave -1.35 (0.001) -29.53 (0.001) 7.15 (0.001) 22.38 (0.001) -12.46 (0.001) 

Lighting -0.40 (0.165) -4.08 (0.001) 7.88 (0.001) -3.80 (0.002) -27.06 (0.001) 

 

Discussion 

The aim of this study was to assess sperm parameters including sperm count, sperm motility, and sperm 

morphology in mice after exposure to four hazardous occupational agents (noise, vibration, lighting and microwave).  

Overall, the results show that sperm count, percent of progressive motility sperm and normal morphology were 

significantly reduced in all exposure group comparing to the control group. In addition, the percent of immotile sperm and 

non-progressive motility in the all exposure groups was significantly higher comparing to the control group. 

  One of the physical agents investigated in the present study was microwave radiation. This kind of radiation can 

disrupt the spermatogenesis process and reduce the fertility of the sperm. The results of the present study confirm it and 

also, indicate that microwave, as an inducing element, can affect the motility, morphology and total count of the sperm and 

therefore create changes in spermatogenesis and consequently endanger fertility. The results of the present study show that 

the mean difference of sperm parameters in microwave exposure group had a significant difference with the ones of control 

group, and also microwave exposure had the largest significant effect size on sperm count among the studied groups. The 

results of a study carried out by an infertility clinic regarding the effects of microwave exposure on sperm parameters 
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showed that exposure to electromagnetic radiation can cause an increase in the number of abnormally shaped sperm and 

reduce sperm motility [30], which agrees with the findings of the present study. The results of Dasdag et al. regarding the 

effects of whole-body exposure to microwave radiation emitted by cellphones on sperm count in rats showed no significant 

difference in sperm count among the exposure group and the control group [24]. In another study, Kesari et al. (2010) 

assessed the effects of electromagnetic fields (EMFs) on testicular performance in Wistar rats. The results showed sperm 

morphology being more normal among the group exposed to 900MHz fields and concluded that exposure to EMFs caused 

an increase in testosterone levels, which led to a more normal sperm morphology [31]. The findings of Kesari et al. and 

Dasdag et al. did not agree with the present study, which may be due to differences in frequency, type of test animal and 

exposure duration. However, the results of a study conducted on the effects of electromagnetic fields on spermatogenesis 

showed that exposure to these fields causes reduced sperm mobility [32] which is in accordance with the present study. 

Exposure to noise can induce stress and disrupt the synthesis and release of sex hormones such as testosterone, 

which can lower the production of sperm, and other sex hormones. This reduction can be the main cause of changes in the 

testicular tissue, which is due to the increase in the concentration of the luteinizing hormone (LH) (the reduction of 

testosterone in the noise exposure group is probably the reason for reduced serum LH concentration). The increase in 

cortisol levels due to noise exposure can induce negative effects on the synthesis or testosterone, spermatogenesis and 

steroidogenesis in the testes. Studies have shown that chronic cortisol elevation can cause reduced steroidogenesis in the 

testicular tissue [33]. The results of the present study confirm that noise exposure can adversely affect sperm parameters. 

The results of the present study indicate that all the sperm parameters in noise exposure group had a significant difference 

with the ones of control group, and also noise exposure had the largest significant effect size on percent of progressive 

motility and immotile sperm count among the studied groups. A study by Abbate et al. showed that exposure to noise 

caused a reduction in sperm count [34], which agrees with the findings of the present study. Moreover, the study by Jalali 

et al. (2012) regarding the effects of noise exposure on sperm motility revealed that exposure to noise during a full 

spermatogenesis cycle causes a significant reduction in sperm motility [33]. Another research concluded that exposure to 

noise had reduced the concentration of testosterone, follicle-stimulating hormone (FSH) and luteinizing hormone (LH) 

suggesting that noise can lead to reduced sperm motility, which agrees with the findings of the present study [35].  

Vibration exposure can have negative effects on the secretions deriving from the epididymis wall tissue, 

preventing the sperm from maturing and reducing their motility [36]. Therefore, vibration exposure can affect sperm 

parameters. The results of the present study show that all the sperm parameters in noise exposure group had a significant 

difference with the ones of control group, except for total count and normal morphology.  The study by Saeed et al, in 2018 

however, showed no significant difference between the sperm count of the vibration exposure group and the control group 

[37]. The study by Penkov et al. regarding the effects of whole-body vibration on sperm morphology indices showed that 

vibration can lead to reduced sperm count [14], which agrees with the findings of the present study.  

Exposure to lighting can change the redox state of the sperm cell, which is accompanied by induced production 

of Reactive oxygen species (ROS). Changes in ROS play a vital role in the controlling of sperm movement and sperm 

fertilization capacity in mammals. Therefore, lighting exposure can affect sperm parameters by causing these changes [38]. 

The results of the present study indicate that all the sperm parameters in lighting exposure group had a significant difference 

with the ones of control group, except for total count and also lighting exposure had the largest significant effect size on 

percent of normal morphology among the studied groups. A study by Brandt et al. regarding the effects of artificial lighting 

(300 to 350 lux) on the semen quality of adult boars showed that the volume of semen and the overall number of motile 

sperm was lower in the exposure group compared to the control group [18]. Sayed et al. (2018) conducted a study on the 

effects of red, yellow, green, blue and white LED lights on testosterone concentration and sperm quality among roosters 

[39]. Their results showed that green light prevents the growth of the testes and has negative effects on almost all sperm 

characteristics monitored in their study. They also found that the green and blue exposure groups have a considerably lower 

testosterone level compared to the control group, suggesting that light can affect sperm quality, which is in agreement with 

the findings of the present study. 

Workers are at risk of many different hazardous physical agents at the workplaces and each of these factors can 

have detrimental physical and psychological health consequences depending on the nature and the conditions of exposure. 

On the other hand, the health of the sperm is a necessary factor for fertility and any endogenous or exogenous cause can 

lead to it being damaged and become infertile. This makes the study of influential factors on sperm parameters ever more 

important. Based on the results of the present study, it can be said that noise, vibration, lighting, and microwave can cause 

changes in different sperm parameters, however for definite conclusion; more laboratory and field studies are required in 

this regard. 

 

Conclusions 
 The results of the present study clearly show that exposure to noise, vibration, lighting and microwave can have 

an adverse effect on sperm count, sperm motility and sperm morphology. Among the four exposure scenarios, exposure to 

microwave has had the greatest effect on sperm count. Exposure to noise has had the greatest effect on progressive motility 
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and immotile percent and exposure to light has had the greatest effect on normal morphology and non-progressive motility. 

Investigating the exposure to different levels of noise, vibration, lighting and microwave radiation are suggested for future 

lab and field studies for a better understanding of this issue. The limitations of the present study include the short exposure 

duration, problems related to working with lab animals and maintaining environmental conditions inside the storage 

containers of mice during the exposure period. Manual assessment of sperm parameters is another limitation of the present 

study, so it is recommended for obtaining a better test reliability, the all-semen analysis have done by the computer-

automated semen analyzer. Moreover, histopathology of testis is needed to assure the effect of spermatogenesis which is 

ignored at the present study. 
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Abstract

Sound pressure waves surround individuals in everyday life and are perceived by

animals and humans primarily through sound or vibration. When sound pressure

waves traverse through a solid medium, vibration will result. Vibration has long been

considered an unwanted variable in animal research and may confound scientific

endeavors using animals. Understanding the characteristics of vibration is required

to determine whether effects in animals are likely to be therapeutic or result in

adverse biological effects. The eighth edition of the “Guide for the Care and Use of

Laboratory Animals” highlights the importance of considering vibration and its

effects on animals in the research setting, but knowledge of the level of vibration

for eliciting these effects was unknown. The literature provides information regard-

ing therapeutic use of vibration in humans, but the range of conditions to be of

therapeutic benefit is varied and without clarity. Understanding the characteristics

of vibration (eg, frequency and magnitude) necessary to cause various effects will

ultimately assist in the evaluation of this environmental factor and its role on a num-

ber of potential therapeutic regimens for use in humans. This paper will review the

principles of vibration, sources within a research setting, comparative physiological

effects in various species, and the relative potential use of vibration in the mouse as

a translational research model.

K E YWORD S

animal models, mice, translational, vibration

1 | INTRODUCTION

Translational research is commonly referred to as the combining of

various scientific disciplines and using the expertise of individuals

working within those disciplines to accelerate basic scientific findings

into advances for novel therapeutics, medical devices, and treatment

regimens for human patients.1 Basic scientific endeavors may use

various in vitro methodologies, but prior to clinical use in humans,

studies in animals are imperative to fully assess diagnostic or thera-

peutic modalities. Animals and humans share the same organ

systems, and many therapeutics and procedural regimens are compa-

rable as well. These similarities lead to the use of animals as transla-

tional models of human disease. The animal model is selected

because it is predictive of the specific disease in humans and in

whole or part, the animal model will respond to medical intervention

similar to humans.

Novel therapeutics require assessment of efficacy in animals, but

the lack of validation of the animal model can result in erroneous

interpretation of data from the model and lead to lack of predictabil-

ity during extrapolation to humans.2 Success rates of novel
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therapeutics in humans during clinical development remain low due

to the lack of relative levels of efficacy in preclinical testing, includ-

ing animal models and in humans during clinical trials.2,3 Careful

attention to the assessment of a proposed animal model is critical to

ensure species differences are identified and considered in the pro-

cess. Similarly, reproducibility and transparency of published research

using animals is imperative to ensure characterization of a model

that will be predictive of human biology and disease.4,5 Thus, it is

critical to define the criteria being assessed within the animal model

to ensure translational success in humans.

This paper reviews the current understanding of vibration in the

research setting. The most recent revision of the “Guide for the Care

and Use of Laboratory Animals” highlights the importance of consid-

ering vibration and its effects on animals in research.6 Vibration

likely elicits stress‐mediated effects, as reported in the literature, but

scant information is available on the level of vibration (threshold)

that will cause effects or on the nature of the effects in animals.

Understanding the threshold effects of vibration ultimately will assist

in the evaluation of this environmental factor and its potential role

in a number of therapeutic regimens in humans. This paper summa-

rizes the basic principles of vibration, sources within a research set-

ting, comparative physiological effects in various species and the

potential use of vibration in the mouse, relative to other species, as

a translational research model.

2 | PRINCIPLES OF VIBRATION

Sound and vibration are forms of energy that travel in waves with

sound being perceived by what we hear and vibration by what we

feel. In fact, sound is comprised of pressure waves caused by move-

ment of air particles that can be detected by either a human or ani-

mal. These waves are oscillatory in nature and have both an

amplitude and frequency. The amplitude contributes to the intensity

of the sound or vibration and is represented by how far the peak of

the wave moves past the position of equilibrium. Frequency is the

amount of time that it takes to complete one cycle from a point on

one wave to the same point on the next wave. The term “Hertz” is

used as a unit of measure for frequency and is the number of cycles

per second. One Hertz (Hz) is one cycle per second.7 The magnitude

or loudness of sound is measured in decibels, whereas the magni-

tude of vibration can be measured in relation to the amplitude by

displacement from the point of equilibrium (often measured in mil-

limeters), the velocity of wave movement (quantified in meters per

second) or acceleration past the neutral point measured in meters

per second squared (m/s2).8,9

Both the magnitude and frequency of sound and vibration are

important in the perception and potential adverse or therapeutic

effects in humans and animals. For example, the human hearing

range is from 20 Hz to 20 kHz and the mouse hearing range is from

about 1 kHz to 100 kHz.10 Likewise, an object will vibrate differen-

tially based on its physical composition and will also tend to vibrate

at some frequencies more than others. The frequency where

vibration occurs most readily and can amplify the vibration is called

the resonance frequency. The resonance frequency is located within

the resonance frequency range (RFR), where the vibration would

become greater at frequencies closer to the resonance frequency

and somewhat less at the ends of the range. These frequency ranges

are unique to an animal, a body region, or any other object and are

dependent on that subject's physical composition with regard to

“stiffness” and mass. Any object or part of an animal's body has a

resonance frequency (Fn), which is calculated by the formula Fn =

1/(2π) × √(k/m), where k is the stiffness constant, and m is the

mass.11,12 Knowledge of resonance frequencies is important because

vibration near these frequencies, compared with other frequencies,

will be perceived more strongly and ultimately will induce more

physiological effects, including those considered harmful.13 There-

fore, different species or size of animals may perceive vibration to a

lesser or greater degree depending on the frequency of the vibra-

tion. In addition to the frequency of vibration, other factors that will

determine the effects on animals include magnitude, duration,

whether the vibration is directed at the whole body or is localized,

and potentially individual variation in perception across species or

within the same species.

Because both frequency and magnitude impact the exposure

level of vibration, the interpretation of the literature with regard to

both beneficial and adverse effects of vibration can be difficult. Until

recently, only the resonance frequency of the liver had been deter-

mined in mice, which is 2‐7 Hz.14 The predicted resonance fre-

quency for the mouse was calculated11(p655) and then studied by

performing measurements in both rats and mice.15 Importantly, the

resonance frequency for a single organ is quite different than the

vibrating frequency of the entire body in cumulative. Similarly, differ-

ent body regions of a human or animal will have different RFRs. For

example, the human abdomen has a resonance frequency of 4‐8 Hz,

the thorax of 5‐10 Hz, and the head from 20 to 30 Hz.16 In rats, the

RFR was 27‐29 Hz for the abdomen, 225‐230 Hz for the thorax,

and 75‐80 Hz for the head.17 Although resonance frequencies had

not been reported for mouse anatomical regions, the predicted RFRs

for mice were 85‐92 Hz for the abdomen, 711‐727 Hz for the tho-

rax, and 237 to 253 Hz for the head when assuming equivalent

inherent stiffness of tissue is similar in mice and humans.11(p655)

Anesthetized mice that were exposed to vibration generally attenu-

ated vibration that would have been detected by a mounted

accelerometer on their back, except for vibration in the ranges of

30‐100 Hz. Instead, the magnitude of the vibration in these ranges

was either equal to or greater than the applied vibration, indicating

that the RFR for these animals lie within these ranges.15(p1963) Mice

that were exposed to vibration at 80 and 90 Hz showed increases in

blood pressure and/or heart rate, whereas no increases were

observed with frequencies 70 Hz or less or with 100 Hz or

greater.18 A recent study has demonstrated that mice show more

behavioral alterations due to whole‐ body vibration (WBV) predomi-

nantly between the frequencies of 70‐100 Hz.19 Therefore, mice

appear to be the most sensitive to vibration between frequencies of

70‐100 Hz. Within this RFR, mice should be most susceptible to low
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level vibration, which would likely most affect an animal's normal

physiological and behavioral functions.

3 | SOURCES OF VIBRATION IN RESEARCH
SETTING

Because the care of animals requires the use of mechanical systems

and equipment, vibration will be present in the animal facility to

some degree. There are three general sources of vibration: vibration

produced from mechanical systems or procedures within the animal

facility; vibration produced outside, but near the animal facility; and

vibration resulting from the transportation of animals from the ven-

dor or to locations within an animal program. Sources of vibration

that occur within the animal facility include ventilation systems,

husbandry‐associated cleaning and sterilizing equipment, ventilated

racks, and cage change stations.11(p656),20 There are several studies

regarding the numerous effects of construction noise and vibration

on rodents that have detailed effects such as increases in corticos-

terone levels and other alterations in biochemical parameters or

reproductive efficiency.21-28 Recently, studies have begun to sepa-

rate the effects of construction noise vs vibration. In one study,

dams of two strains of mice were exposed to vibration levels com-

parable to that produced in an animal facility from proximal con-

struction.23(p3) While no changes in overall fertility were noted,

nursing dams did show some alterations in normal maternal behav-

ior. The study raised several important points to consider with

regard to construction‐induced vibration. Specifically, vibration from

outside sources (ie, construction, trains) is often produced in sud-

den, intermittent bursts in contrast to vibration produced over long

continuous time periods. Intermittent vibration is thought to pro-

duce more adverse effects than continuous vibration due to its

unpredictability.23(p3) While no changes in fertility were detected in

this study, other research has demonstrated increased rates of

abortion, cannibalism, and resorptions following construction

procedures in proximity to animal facilities.29 High rates of canni-

balism were also observed in a mouse housing room located near

an active railroad.22(p737) Measurements were taken to adequately

characterize the frequency and magnitude of both the sound and

vibration produced by the passing train. While most sound that

was produced was outside the range of mouse hearing, significant

vibration of up to 0.25 m/s2 was generated. In addition, the

exposed female mice exhibited higher corticosterone levels relative

to female mice that were not vibrated.22(p737) Lastly, the transporta-

tion of animals by vehicle, by a hand‐pushed cart, or by hand has

been shown to produce a relatively high degree of vibration expo-

sure.30,31 Using an accelerometer placed inside a standard polycar-

bonate mouse cage, vibration was measured during transportation

by either hand‐carrying or with several types of carts. With trans-

port of the cage along a set pathway, vibration within the cage var-

ied by as much as 35 m/s2 between the transportation methods,

suggesting that movement of animals even between rooms and

buildings, which is common in many research environments, can

subject animals to considerable vibration.31(p544) For this reason,

animals should be provided with an opportunity to recover from

vibration exposure before being used in scientific experiments. Mice

that were transferred from their housing room to another room

across the hall and placed on a shaker apparatus, with no vibration

administered, took between 1.5 hours to approximately 24 hours

for their active behaviors (eg, locomotion, rearing, sniffing) and

inactive/maintenance behaviors (eg, sleeping, grooming, eating) to

return to pre‐transport levels.19

While it is not always possible to completely mitigate vibration

from sources such as trains, subways or proximal construction, these

factors should be taken into consideration during the design and

location site planning for animal facilities. In addition, care should be

taken to reduce vibration from cage movement and disturbances

within the animal room or between locations within an institution.

Even when rodents are exposed to movement from opening cages

for routine experiments or normal husbandry activities, animals may

be stressed. For example, rats have been shown to have higher corti-

coid metabolites in their feces following husbandry procedures.32

Appropriate training of research personnel and staff can help miti-

gate some of these effects with proper handling. Even simple mea-

sures and policies, such as limiting cell phone use in animal facilities

can have an effect. In a study with rats, exposure to intermittent

noise and vibration from cell phones increased anxiety‐like behavior

during plus maze testing.33 Vibration‐induced effects should also be

considered when obtaining materials and equipment for animal facili-

ties. For instance, most modern individually ventilated racks have a

heavy construction with clips to hold cages in place. Such racks may

be better at dampening short bursts of vibration compared to other

types of racks. In addition, in one study that looked at vibration pro-

duced by common transport carts used in a facility, metal carts with

large wheels helped to decrease vibration at the cage level. Using

padding on the carts also helped to further dampen vibration's

accelerative forces.31(p546)

4 | ADVERSE VIBRATION EFFECTS AND
POTENTIAL BENEFITS IN ANIMALS AND
HUMANS

In humans excessive vibration can cause effects on bone, joints,

nerves, muscles, and blood vessels that can be profound and debili-

tating.34,35 Because of these effects, regulations and standards have

been employed to limit vibration exposure in humans.36,37 Similarly,

animal studies have shown that vibration can have a myriad of

adverse effects in many different species, including altering the nor-

mal physiology and even cell structure. Information regarding the

adverse effects of vibration in animals and humans is summarized in

Table 1.

Stress as a result of vibration, not unexpectedly, causes increases

in heart rate in mice and humans. Conscious mice exposed to vibra-

tion can exhibit increases in heart rate (HR) and mean arterial blood

pressure (MAP). When mice were anesthetized and unconscious,
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neither HR nor MAP were elevated under the same vibratory condi-

tions, suggesting that consciousness is a requisite for these cardio-

vascular effects in mice.18(p374,375) To assess the effect of noise and

vibration on heart rate in humans, study participants were exposed

to experimentally induced vibration, equivalent to that produced

from a train, during sleep. In 79% of participants subjected to the

high‐vibration condition, an average increase of at least 3 beats per

minute per train was observed and cardiac responses were generally

higher in the high‐vibration condition than in the low vibration con-

dition.38 The increased HR in humans was characterized by an initial

and then a delayed response, indicating that a startle response was

associated with awakening and a more conscious response ensued

as the vibration continued. Similarly, the HR of participants receiving

vibration during squat training had higher HR than individuals not

receiving vibration. The HR of individuals that received vibration was

increased on the initial training day and declined during subsequent

training days, showing a rapid cardiovascular adaptation to the vibra-

tion stimulus.39 Therefore, both humans and mice may perceive

vibration as a psychological stressor and subsequently undergo

increases in HR. However, vibration may have other cardiovascular

effects that do not require consciousness since vibration at very high

magnitudes (9.8‐29.4 m/s2) caused an increase in aortic blood flow

and pressure during anesthesia in dogs and pigs.40(p386)

In larger species, vibration associated with transportation is con-

sidered one of the factors involved in transportation stress.41 Expo-

sure of swine to WBV, to mimic transportation stress, caused

behavioral avoidance of the vibration produced.42 Transportation‐
induced vibration in poultry causes stressed‐induced behaviors and

the stress‐related effects of increased heart rate and blood circula-

tion.43 Vibration levels during transport can become high, which may

contribute to observed behavioral alterations. The vibration levels

produced from routine animal facility transport methods such as

carts and hand carrying have been measured.31(p544) In some

instances, vibration magnitudes reached as high as 17.31 m/s2 for

some of the carts tested.31(p546) These levels are much higher than

ambient vibration levels of approximately 0.024 m/s2 measured in

animal rooms.11(p655)

Some studies have shown potential benefits of vibration on

bone, muscle, fat accumulation, metabolism, and in wound healing

(Table 2). The studies demonstrating the positive effects of vibration

point to exciting potential for vibration to be used in the therapy for

conditions that affect humans as well as areas for future translational

studies using animal models. Because of the potential positive

effects, vibration has been used to treat musculoskeletal diseases as

well as to increase athletic performance in humans. Work still needs

to be done, however, to determine the accelerations and frequencies

that are most beneficial.44,45 As discussed below, because the fre-

quency, magnitude, and duration of exposure can determine if vibra-

tion will have negative, positive or no effects, animal models will be

important in developing these therapeutic uses.

5 | CHALLENGES IN ANIMAL STUDY
DESIGN

Because of the varied nature of experimental design applied to WBV

studies reported in the literature, it is challenging to determine which

vibration protocol is likely to have the greatest benefit, adverse

effects, or no effects at all. For example, in studies to use vibration

exposure for promoting bone growth or maintenance, there were

acceleration ranges between 2.94 and 29.43 m/s2, frequency ranges

between 8 and 90 Hz, varied durations of exposure, as well as ani-

mal age and species.46(p1059),47(p349),44-46,48,49 Higher magnitude

WBV of 19.62 and 29.43 m/s2 was only osteogenic in ovariec-

tomized rats,50(p316) whereas low magnitude vibration applied to

osteoporotic (ovariectomized) rats at approximately 2 m/s2 reversed

some of the negative effects of osteoporosis and accelerated early

peri‑implant osseointegration.51 An evaluation of WBV effects on

TABLE 1 Adverse effects of vibration in various species

Species Adverse effect References

Mouse Decreased the number of litters born relative the number bred 22(p737)

Mouse Nursing dams exhibited noticeable agitation and disruption in nursing 23(p8-10)

Mouse Increased both heart rate and mean arterial blood pressure 18(p374,375)

Mouse Decreased the number of blood vessels per muscle fiber in the soleus muscle 66

Mouse Startle response and fear‐related behaviors 19

Mouse Increased blood levels of corticosterone 22(p737)

Mouse, Pig Changes in reproduction associated with hormonal changes with an increase in stress hormones Mouse 22(p737), Pig67

Rat Disrupted myelin in axons, decreased the arterial lumen size, and an increased arterial

smooth muscle vacuolization in the tail

68,69

Rat Altered serotonin levels in the brain 70(p15)

Rat, Dog Caused stress leukograms Rat71, Dog72

Dog Increased aortic flow rate and pulse pressure during anesthesia 40

Rabbit Alterated neuropeptides in the dorsal root ganglion associated with ultrastructural

changes in cellular structure

73
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bone formation in healthy rats using a constant acceleration and 45

or 90 Hz demonstrated that only a frequency of 90 Hz stimulated

bone formation,46 indicating that studies performed only at the low

frequencies would have yielded a different conclusion regarding the

effects of vibration. Although there have been varied experimental

regimens used in vibration research, some consistency in findings is

starting to emerge. For example, a second study has demonstrated

that WBV at 90 Hz stimulates trabecular bone cellular activity, accel-

erates cortical bone growth, and increases bone mineral density in

mice.52 The WBV of 90 Hz is consistent with our established RFR

for mice.15(p1963) Previous studies have been conducted without

regard to the RFR of the animal and thus, the results may have been

different if a frequency within the RFR had been used. Therefore,

when designing vibration studies in animals careful consideration

should be given to the frequency used as well as the magnitude.

There are also species considerations in animal study design. For

example, techniques to study the effects of vibration at the molecular

level are more available in mice than non‐rodent species. Rats, how-

ever, may be a more appropriate rodent model for some studies, such

as the study of vibration effects on the tail blood vessels and nerves,

since they are larger in size. Rats share the same advantage as mice in

that larger numbers can generally be used due to lower cost, reduced

space requirements, rapid generation time, and increased availability.

6 | USE OF VIBRATION IN ANIMAL
MODELS

The effects of vibration in animals is varied and can be either destruc-

tive or beneficial, likely depending on magnitude, duration, whole‐
body or localized, and presumably the sensitivity to the vibration for

the species. The use of the mouse as a model to study human condi-

tions has the advantage that transgenic, knock‐out and knock‐in
strains are available to delineate the function of various genes in con-

tributing to the harmful or beneficial effects of vibration in humans.

Vibration‐ induced effects in people include hand‐arm vibration

syndrome (Raynaud's phenomenon) consisting of vasospasm in hands

and fingers,53 lower back pain,54 motion sickness, bone damage, vari-

cose veins/heart conditions, stomach and digestive conditions, respi-

ratory effects, endocrine and metabolic changes, impairment of

vision/balance, and reproductive organ damage.55 In mice, vibration‐
induced effects have been demonstrated in bone, muscle, hormones,

metabolism, and reproduction as well as altering cardiovascular

parameters, causing weight loss and increasing stress.44,56 The

mouse, therefore, is a valuable model to study many of the adverse

conditions caused by vibration in humans.

In both humans and animals, diminishment of skeletal strength

and muscle atrophy can lead to decreased mobility and function.

TABLE 2 Potentially beneficial effects of vibration in various species

Species Potentially beneficial effects References

Bone

Mouse Increased bone formation on the endocortical surface of the metapaphysis during skeletal growth 74

Mouse Increased cortical bone area and cortical thickness in the femur and tibia diaphysis 75

Mouse Increased trabecular metaphyseal bone formation and percentage of mineralizing surfaces 76

Mouse Increased trabecular bone volume of the proximal tibial metaphysis 77

Rat Mitigated negative effects of bone repair and bone callus formation due to ovariectomy 78

Rat Improved fracture callus density, enlarged callus area and width, accelerated osteotomy bridging, upregulated

osteocalcin expression and suppressed osteoclast activity after ovarectomy

79

Rat Improved stiffness and increased endosteal and trabecular bone densities during fracture repair after

pharmacological induction of osteoporosis and ovariectomy

80

Rat Attenuated the loss of bone mass and trabecular bone microstructure after spinal cord injury 81

Rat Promoted migration of mesenchymal stem cells and fracture healing, upregulation of several osteogenic proteins,

up‐regulation of the expression of chondrogenesis‐, osteogenesis‐, and remodeling‐related genes

82-84

Sheep Increased femoral trabecular bone formation 47,85

Muscle

Humans Prevented a shift in myofiber type during extended bed rest 86

Humans Increased isometric muscle strength, explosive muscle strength, and muscle mass in men older than 60 y of age 87

Human Caused muscle relaxation in the neck and back 88

Other effects

Mouse (diabetic) Attenuated hyperglycemia and insulin resistance, reduced body weight, normalized muscle fiber diameter, mitigated

adipocyte hypertrophy in visceral adipose tissue, and reduced hepatic lipid content

89

Mouse (diabetic) Decreased skin wound healing time, increased wound –associated angiogenesis and granulation tissue formation,

accelerated wound closure and re‐epithelialization, and increased expression of insulin‐like growth factor‐1,
vascular endothelial growth factor and monocyte chemotactic protein‐1 in the wounds

48

Humans Increased the oxygen carrying capacity of the blood during exercise 49
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However, the musculoskeletal system responds to dynamic load in

an anabolic manner and vibration therapy may serve to augment

pharmacological therapy to strengthen bone and muscle.56 The mus-

culoskeletal system is able to tolerate a high level of vibration with-

out damage due to its inherent elasticity and plasticity of the

system, including the natural shock absorbers of the articulating

joints. As previously noted, vibration has shown positive effects on

both muscle and bone in mice, and therefore, the mouse model

would be useful in the study of muscle and bone health.

Osteoporosis or bone fracture repair is another area where

vibration may be beneficial and rodents may serve as a translational

model. However, in humans, both osteoblastic and chondroblastic

osseous repair occurs, while endochondral bone formation predomi-

nates in rodents. Fracture repair of the long bones in animal models

has been well described, but vibration was not assessed as an

adjunct to traditional intervention.44 Considerable variation in bone

morphology and healing processes exist among animal species; thus,

characterization of each model is critical to appropriately correlate

experimental outcomes to a skeletal condition in human. The bones

in larger species (eg, canine, caprine, ovine swine, and nonhuman

primates) do not undergo the continuous growth or modeling

observed in rodents, while fracture fixation methods and biome-

chanics of fractures in these larger species mimic those used in

humans.56 Thus, preclinical research is commonly performed in these

larger species instead of rodents. Despite this difference in bone

healing, 53% of animals used in fracture studies over a 10‐year per-
iod were either rats or mice and the large percentage of rodents

used correlates to their applicability to molecular biology techniques,

the ability to use a larger number of animals, and faster healing

rates.56

Experimentally induced vibration has been used commonly in

various behavioral, physiological, and psychological research models

for decades as a source of stress.57-59 In these studies, stress is

defined as a physical, chemical, or emotional factor that causes phys-

ical or mental tension.58 Often stress is a chronic condition and ani-

mal studies utilizing vibration are an important part of modeling the

pathological effects of stress. Depending on the model, use of vibra-

tion or shaker stress often may prove advantageous over other mod-

els of induced stress such as physical restraint, foot shocks, or

forced‐swim testing in rodents. Use of shaker stress in animal studies

provides a mild form of stress that has been used reliably to induce

a form of stress that results in changes in blood pressure, heart rate,

and stress hormones. Since shaker stress can be delivered remotely

to an animal's home cage, it reduces the potential for artificial

enhancement of the stress response from factors such as handling,

restraint, noise, or pain.

Some of the most common models that utilize shaker stress are

those used to study conditions such as depression and post‐trau-
matic stress disorder (PTSD).58,59(p320) PTSD affects nearly 10% of

Americans, but finding appropriate animal models is difficult due to

the co‐morbidities PTSD shares with other conditions such as anxi-

ety and depressive disorders.59 It is important for animal models to

exhibit similar underlying characteristics or components of the

corresponding disorder being studied. This allows for adequate study

of the various factors that may contribute to disease processes, such

as genetic or environmental factors. It also ensures that more reliable

predictions are made about treatment effects. A study of rats

exposed to intermittent shaker stress as part of a chronic stress

schedule assessed the effects of the chronic unpredictable stress on

anxiety‐like behavior and cognitive deficits.59(p320) In conditions such

as depression, human patients can also display cognitive

changes.60,61 Rats exposed to chronic unpredictable stress displayed

cognitive deficits and increased anxiety similar to effects seen in the

human condition. Rats also showed improvement in cognitive defi-

cits when common treatments were tested, such as selective sero-

tonin reuptake inhibitors and other drugs, indicating the

appropriateness of the model.59(p320) Because shaker stress has also

been shown to cause stress in mice and induce behavioral

changes,19 vibration in mice may also provide an appropriate stressor

for the study of anxiety and depression.

The availability and current use of many genetically altered

strains of mice offer a wide array of potential mouse models of

human disease. For example, shaker stress has been used to study

how early development factors affect the stress response in later

life. In one study, progeny from NOS‐3 knock‐out mice were

exposed to shaker stress to determine how the intrauterine environ-

ment affects the cardiovascular response to stress. NOS‐3 is an

enzyme responsible for the generation of nitric oxide in endothelial

cells. Nitric oxide is a smooth muscle relaxant that plays a vital role

in maintaining uteroplacental perfusion via vasodilation. NOS‐3 defi-

cient knock‐out mice are susceptible to hypertension and reduced

fetal growth during gestation. In the study, mature mice born to

NOS‐3 knock‐out dams had greater changes in blood pressure in

response to intermittent two‐minute shaker sessions that were

repeated over 24 hours relative to wild type mice.62 Other studies

have used shaker stress to study the interplay between circadian

patterns and cardiovascular responses to stress.63(p768) All of these

animal models are valuable tools in advancing the knowledge of the

numerous factors that determine how stress affects various disease

processes in humans.

Mice may also serve as a good model to study the potential of

vibration as a therapy for wound treatment. Because local vibration

has been shown increase blood flow in the skin of humans, it has been

proposed as a treatment for pressure ulcers or other skin wounds.64

Pressure wounds and other skin injuries may be more prevalent or of

concern in diabetics. Because wound healing time in diabetic mice

decreases when vibration exposure occurs,48 the mouse model needs

to be explored further with regard to wound healing.

There is evidence that vibration therapy may be beneficial in

many age‐related conditions.65(p319) WBV has been suggested to

attenuate muscle atrophy resulting from bed rest, and may increase

postural balance and gait. Similarly, exercise supplemented with

WBV increases muscle strength and speed in older women following

24 weeks of treatment. Mice could play a very valuable role in

studying the effects of vibration to prevent or treat conditions

related to age.
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7 | SUMMARY

Vibration experienced by animals can elicit stress‐mediated effects

and increased emphasis is being placed on vibration with regard to

the welfare of animals and as a research variable. To understand the

threshold for these effects, the sensitivity of a species to vibration is

crucial to determine the utility of the animal as a translational model

that is predictive in humans for a therapeutic effect. The mouse is a

commonly used model in biomedical research, particularly when

investigating molecular and cellular effects. This species, through

genetic engineering and humanization, is appropriate for investigat-

ing the effects of vibration in a number of therapeutic modalities.

There are numerous effects of vibration on the mouse, both those

considered adverse as well as those with the potential to be used as

a translational model for human therapeutics. Continued characteri-

zation of the effects of vibration in the mouse model will facilitate

its use as a translational model for various therapeutic endeavors.
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Noise, ultrasonic noise (sounds above 20 kHz which are not 
audible to humans, but are audible to research animals), and 
vibration are ubiquitous but seldom measured in our research 
animal vivarium and laboratory environments. As such, they 
represent largely uncontrolled, unmeasured, and unrecog-
nized confounding variables that impact research and animal 
welfare.11,16,24,29,36,37,40,41,48,49 The problem is perhaps even more 
significant when we consider that the vast majority of animals 
used in research are mice and rats, which are nocturnal, tunnel-
dwelling species that have evolved to rely heavily on their 
senses of hearing and touch/vibration.

The Guide for the Care and Use of Laboratory Animals19 
mentions the problems of noise and vibration in the animal fa-
cility 39 and 28 times, respectively. The Guide effectively warns 
stakeholders (facility managers, technicians, veterinarians, and 
scientists) that noise and vibration in the research animal facility 
can be stressors for research animals, and can skew the outcome 
of the research. The Guide offers limited guidance on how to 
manage noise and vibration concerns, how/whether such vari-
ables should be measured, and provides no hard information 
about what levels or ranges of noise and vibration are normal 
or acceptable in the vivarium. Another resource sometimes 
used by research facilities, but which focuses more on concerns 
related to construction, is the US National Institutes of Health 
Design Requirements Manual (DRM).28 The DRM also notes 

the adverse effects of noise and vibration on lab animals, and 
helps inform all stakeholders regarding key issues during the 
design, construction, and commissioning of spaces. The DRM 
suggests that vivarium environments remain below NC45, in an 
empty room with no equipment or animals. However, the NC 
(noise criterion or noise rating curve) measure of room noise is 
designed for human hearing only, overemphasizing sounds in 
the human speech frequency range and only concerned with 
sounds between 63 to 8,000 Hz. As such, NC45 offers very lit-
tle value for understanding how such noise levels are related 
to what research animals might hear. The DRM also notes that 
when animals are present or if ventilated caging or other equip-
ment is used, the acoustical consultant and head veterinarian 
must decide how loud is too loud, on a per-project basis.28 
The DRM Manual lists no specific vibration level to avoid for 
animals (other than a standard for structural velocity of floors), 
instead noting that animals are very sensitive to vibration, that 
rooms housing animals should have low noise and vibration 
tolerances, and that researchers should be consulted regarding 
vibration levels acceptable to animals.

This dearth of information means that researchers respon-
sible for animal husbandry have limited guidance on how to 
deal with noise and vibration concerns, what to measure, why 
measure it, how to measure it, and what levels to avoid. Others 
have reviewed the many problems associated with noise and 
vibration in the vivarium,11,16,24,29,36,37,40,41,48,49 so the purpose of 
the current overview is to propose a series of noise and vibration 
practices that can provide conservative guidance for facility 
management and other stakeholders until such time that the 
research literature and/or other resources can provide more 
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definitive guidelines. The recommended practices found here 
are based on both the research literature and direct experience 
with these measurements in many dozens of different research 
animal facility environments.

The problem of noise and vibration is compounded by the fact 
that every year we introduce more electronic and mechanical 
equipment into the vivarium and procedure rooms.25 While new 
technology can help to solve some problems, such as ventilated 
caging systems helping to control odor and air particulates, such 
technology can sometimes simultaneously introduce potential 
new sources of audible and ultrasonic noise, and vibration. 
As a result, the problems associated with these factors in the 
vivarium and animal research environment are of increasing 
concern and constantly evolving as new equipment enters the 
vivarium and research laboratory.

The recommended practices described in this overview 
consist of the 4 items in Figure 1, and are further described 
in the following sections. These recommended practices are 
conservative, and facilities should generally have little problem 
achieving these standards with minimal resources and planning. 
Stakeholders should be aware that future guidelines might 
reveal that even lower levels of noise or vibration are desirable 
based on either new research, or the model/species-specific 
needs of the studies at a particular site (Figure 1).

Plan
Facilities should maintain a written noise and vibration 

measurement, training, communication, and action plan. A 
written noise and vibration plan (NVP) need not be exhaus-
tive, but it should briefly articulate the institution’s position 
on staff training, regarding the recognition of aberrant noise 
and vibration levels and how to mitigate these problems. The 
plan should also describe the methods and frequency for the 
measurement of noise and vibration, and how and when those 
measurements are communicated to stakeholders. Having 
such a plan can promote open communication during normal 
operations of the facility, and particularly during the more 
stressful times associated with disease outbreak, construction, 
or equipment upgrades.

Developing a written plan for how to deal with noise and 
vibration helps create a climate of care and attention to these 
important variables. It also identifies noise and vibration as 
variables deserving attention from the institution, on par with 
others that are known to disrupt or harm animals, such as flood 
or viral outbreaks. In addition to defining what is measured, 
when, and by whom, the plan should recognize that much 
of the noise and vibration in the vivarium, based upon our 
measurements in animal facilities, is caused by personnel 
during normal vivarium operations such as cage changing 
and cleaning. Therefore, the NVP should include some annual 
training on the impacts of noise and vibration on research 
animals. In addition, the plan should recognize that noise and 
vibration concerns become most intense during construction 
or renovation projects. These typically produce high levels of 
noise and vibration that may impact animals, disrupt ongoing 
studies, and strain relationships between stakeholders and 
construction personnel. Construction projects are often blamed 
(appropriately or not) whenever any changes are observed in 
animal behavior or breeding, or when the researcher’s studies 
simply do not work out as expected. To minimize the effects of 
construction-related noise and vibration on animals, ongoing 
studies and relationships with researchers, the construction 
process should be managed very carefully. Developing a train-
ing, communication, and action plan for facility administrators, 

veterinarians, technicians, and scientists will minimize the 
effects of noise and vibration on animals and ongoing studies, 
set a standard for better communication between all stakehold-
ers, and avoid misunderstanding and unwarranted concern 
or confusion.

Implementing a communication plan for normal day-to-day 
operations is advisable, but is absolutely critical during times 
of disease outbreak, new equipment installation, or during 
construction. Such a plan can help to maintain open lines of 
2-way productive communication between all parties involved 
and help to prevent miscommunication.

Development of a master template plan for facilities has 
some appeal; however, such an undertaking is complicated 
in that every facility has different needs, different species, dif-
ferent kinds of research being conducted, different problems, 
different personalities, different administrative structures, and 
different histories. However, to aid facilities in their attempts to 
develop such a written plan, some key features of such a plan 
are provided in Figure 2.

Annual Assessment
Facilities should conduct an annual noise and vibration 

assessment. The primary purpose for this annual assessment 
is to periodically review the written NVP and to consider 
whether noise and vibration concerns have emerged in the 
facility during the last year, and if so, what could be done 
to address them. This annual assessment could take many 
forms depending on the scope of the institution, its history of 
noise and vibration complaints/concerns, and its resources. 
Some facilities might opt to conduct a thorough annual noise 
and vibration measurement to provide an annual “check-
up” of the facility. Others might elect to simply review their 
NVP and consider whether any changes need to be made to 
it, based upon the year’s experiences. Annual assessments 
could include measurements from the macroenvironment and 
from the cage-level microenvironment, to determine which 
macroenvironmental noises and vibrations are reaching the 
animal’s microenvironment. Ideally, such measurements 
could also be made in areas the animals experience during 
transit, and in laboratory spaces where animals are taken for 
procedures as these spaces often contain different sources 
of noise, ultrasonic noise and vibration (for example, com-
puters, lab testing equipment, ultrasonic mixers, ultrasonic 
motion sensors).

Collecting annual noise and vibration measurements as 
part of the assessment provides a potential dual benefit in 
that, in addition to telling us what animals are hearing and 
feeling, this would allow tracking of the mechanical health 
of the aging equipment and components, which can cause 
the production of more noise, ultrasonic noise and vibration. 
Industrial settings routinely make use of noise, ultrasonic 
noise and vibration measurements from equipment to serve 
as predictors of mechanical faults. This process is called con-
dition monitoring and is routinely used in industrial settings 
to measure the mechanical health of equipment and conduct 
data-driven, planned maintenance. This monitoring can iden-
tify if key components (pumps, blower motors, compressed 
gas leaks, etc.) need replacement to prevent the energy loss, 
downtime, and expense that comes with equipment failure.27 
For example, computers, test equipment, fluorescent lighting 
ballasts, and any equipment in the vivarium with a blower 
motor (ventilated caging, cage changing hoods) can generate 
greater noise, ultrasonic noise, and vibration as they age and 
components begin to fail.
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Changes
Facilities should conduct additional monitoring/measure-

ments when changes in the animals are observed (for example, 
breeding problems) or when the vivarium itself changes (for 
example, construction or introduction of new equipment.) Ob-
served changes in animals themselves could include changes 
in breeding, behavior suggestive of the presence of a stressor, 
changes in the general health of lab animals, or changes reported 
by PIs in their study results that might be the product of an 
environmental stressor. Intentional changes introduced to the 
vivarium itself might include the introduction of new equipment 
to the vivarium or a renovation/ construction project. While 
it is important to monitor and mitigate noise and vibration 
levels experienced by animals during any significant renova-
tion/construction process, consideration of noise and vibration 
should ideally be part of all phases of the construction process, 
from planning and design, to the choice of equipment and other 
materials, through the completed commissioning phases of the 
project to ensure that the new space is appropriate for habitation 
by research animals with respect to noise and vibration levels.

Thresholds
Thresholds of concern for animal welfare for chronic noise 

and vibration in the animal’s cage/microenvironment should 
minimally be set to 70 dB for noise and 0.025 g for vibration, 
recognizing that much lower levels of either noise or vibration 
can still be disruptive to more sensitive species, models, or as-
says (Figure 3).

70 dB Noise Threshold of Concern
Noise levels inside the cage should be maintained below 

70 dB SPL. Summaries on the problem of noise in the vi-
varium have been published elsewhere.48,49 Noise levels in 
the vivarium will vary dramatically depending upon many 

factors, including the type of equipment used. Ventilated cag-
ing blower motors, as an example, can produce considerable 
noise, as can normal room ventilation, cage changing stations, 
and other equipment such as fluorescent lights and comput-
ers. Static caging rooms would typically expect to show much 
lower levels of background noise, due to the relative lack of 
equipment producing noise and vibration. Thus, we have ob-
served that some of the most modern animal housing rooms 
have continuous background noise levels at or near 60 dB, due 
to ventilated caging blower motors. Moreover, intermittent 
sounds created by personnel in the room can be much louder 
than that.23 For example, the act of snapping lids onto cages 
or connecting ventilated cages to a rack can produce intensi-
ties easily in the 85 to 100 dB SPL range; this level of noise is 
easily loud enough to produce an acoustic startle reflex in the 
animals inside or near the cage, as startle thresholds for mice 
and rats occur around 75 to 80 dB SPL.21,34

Independent of potentially stress-inducing short duration 
noise or vibration occurrences in the vivarium, continuous noise 
levels of 70 dB or greater could be expected to affect animals in 
a range of ways. For example, this level of background noise 
might mask vocalizations or other communications among 
animals. Although the Guide notes that noise levels of 85 dB 
can have wide ranging effects on hearing and nonauditory 
stress pathways, the 85 dB level is based on research designed 
to determine acceptable noise exposure for people in a typical 
8-h human workday; applying that standard to a 24-h exposure 
period of a research animal is not appropriate. Indeed, the U.S. 
Environmental Protection Agency (EPA) recommends that hu-
mans maintain a 24-h noise exposure average of less than 70 dB 
to avoid hearing loss.52 The World Health Organization (WHO) 
confirmed and adopted the EPA’s 24-h noise exposure threshold 
of 70 dB in 1999,5 and more recently, confirmed that limit by 
conducting a comprehensive review of the human and animal 
research data.53 Both the EPA and WHO have also recognized 

Figure 1. Recommended Practices (PACT) for minimizing negative effects on research animals, ongoing research studies, and relationships with 
scientists.

Figure 2. Recommended features of a noise and vibration measurement, training, communication, and action plan.
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that chronic exposure to levels of noise much lower than this 70 
dB threshold, around 45 to 55 dB, does not cause hearing loss, 
but can have significant negative effects on a range of health 
metrics, largely impacting sleep patterns and cardiovascular 
function.5,52,53

Additional evidence from the laboratory animal hearing 
research field has demonstrated that chronic exposure to 70 
dB SPL noise can affect auditory structures and functions rang-
ing from the cochlea to the cortex, with changes in molecular 
and anatomic systems. This has implications for functional 
outcomes for any behavioral and electrophysiologic responses 
to sound.3,15,32,33,50 Some evidence further indicates that such 
low-level, 70 dB noise effects can also be complicated by sex-
specific effects.51

In addition to the direct effects on the auditory system, noise 
exposure (even sometimes at the low level of 70 dB) can activate 
a cascade of stress responses in animals, resulting in changes 
in many organ systems, including changes in reproductive ef-
ficiency.39,49 The resulting widespread biologic and behavioral 
effects have the potential to influence virtually every area of 
biomedical research, ranging from immune system function and 
sleep/wake cycle disturbances, to cancer and cardiovascular 
disease.4,10,36,39,42,53 These nonauditory effects of noise are often 
unrecognized by researchers, technicians and veterinarians and 
could represent a source of distress for animals and a potential 
design confound for many experiments.42 Even at relatively low 
intensities, such noise can be damaging to research animals and 
humans alike. For example, a thorough review of animal and 
human data reported that environmental noise levels as low 
as 45 dB (especially while asleep) and in the range from 45 to 
60 dB are associated with increased risk of a number of health 
concerns, including cardiovascular disease and hypertension.53 
Decades of human and animal research have demonstrated that 
subcritical noise levels can produce a variety of negative health 
effects due to the activation of stress pathways.4,43 In addition, 
numerous additional negative consequences of noise, includ-
ing sleep disturbances, cardiovascular stress, and learning and 
memory impairments can occur.6-8,10,13,36,46

Noise greater than 20 kHz is considered in the ultrasonic 
range and is not audible to humans. However, for many spe-
cies of research animals, thresholds are near 0 dB for hearing 
ultrasonic noise in the 20 to 40 kHz range. Ultrasonic noise is 
therefore a potential source of animal stress and a serious ex-
perimental confound. Ultrasound noise above 20 kHz should 
be kept to at least below 45 dB SPL to minimize masking of vo-
calizations/communications and to limit its potential to disrupt 

sleep. Certain ultrasound frequencies can have different effects 
on different species. For example, sound energy in the 18 to 37 
kHz range provides an anxiety-related aversion call frequency 
range in a rat, whereas higher frequency ultrasonic calls in the 
40+ kHz range serve appetitive, mating, and other prosocial 
interactions.44 Although mouse vocalizations are less well un-
derstood and are perhaps more complex and context-dependent, 
lower-frequency ultrasonic vocalizations may signal aversive or 
threatening events and higher frequency vocalizations may aid 
social communication.12,35 The laboratory environment gener-
ally contains many sources of ultrasonic noise, emanating from 
lighting, computers and other test equipment. This ultrasonic 
noise may potentially impact the animals or the tests being per-
formed. As an example, consider a classic behavioral test in the 
learning and memory research field—the Morris Water Maze. In 
the Morris Water Maze, researchers work diligently to control 
all possible extraneous variables, such as light, orientation, and 
general visual cues. However, ultrasonic noise may serve as 
an invisible cue during training or testing. Because ultrasonic 
noise is highly directional in nature, it is reasonable to assume 
that rats and mice can localize this type of noise, which is often 
produced by laboratory test equipment, computers, lights, and 
cameras, to provide a directional cue aiding their navigation in 
the maze. Moreover, because ultrasonic noise levels can vary 
both within and among laboratories, its effects on animals are 
unpredictable, and can cause inconsistent and irreproducible 
effects on any data collected.

0.025g Vibration Threshold of Concern
Vibration levels inside the cage should be maintained below 

0.025 g (RMS; see below). Note that vibration can occur in the 
x, y, or z axes and can be measured in all 3 axes or the greatest 
of the 3. Our experience is that most animal facility vibration 
reaching animals is in the z (vertical) axis. Recent work has 
identified the levels of vibration that are perceptible to rats 
and mice11,29,37 and thereby potentially capable of causing sig-
nificant biologic and behavioral impacts on research animals. 
Perhaps the most commonly reported finding in the vibration 
literature are elevated corticosterone levels.1,2,31,38 At magni-
tudes as low as 0.1 to 0.3 g, fetal pigs showed a significant 
increase in plasma cortisol and adrenocorticotropin hormone 
levels.31 Likewise, vibration levels of only approximately 
0.025 g have been shown to increase fecal corticosterone me-
tabolites in female (but not male) mice,2 and to result in overt 
behavioral responses in female mice indicative of arousal.11 
In addition to stress systems, many secondary systems are in 

Figure 3. Key noise and vibration thresholds of concern and key features of measurement details.
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turn affected by chronic exposure to vibration, as a result of 
the stress response. The effects of vibration can be observed 
in disturbances of sleep, changes in cardiovascular function, 
and even decreased pregnancy rates.2,24,47

In addition to the concern that chronic vibration presents a 
chronic stressor to research animals, vibration can also create 
an experimental confound by introducing unknown variability 
into research studies. Several studies have found significant 
biologic and behavioral changes in animals exposed to chronic 
vibration.30,45 Furthermore, different species and strains may 
react differently to a given level of vibration, and levels of vi-
bration may vary from cage to cage, rack to rack, and room to 
room, thus introducing variability within and across studies. 
Human standards for vibration preceded animal standards 
and research. International Organization for Standardization 
(ISO)20 sets an action level for vibration for an 8-h work day at 
approximately 0.05 g (0.5 m/s2); the standard describes vibra-
tion in the approximately 0.05 to 0.1 g (0.5 to 1 m/ s2) range as 
“fairly uncomfortable”, and levels over approximately 0.08 g 
(0.8 m/s2) as “uncomfortable”. While no current standards exist 
for vibration in animal facilities, the approximately 0.05 g (0.5 
m/s2) action level is likely too high to be helpful. Furthermore, 
as noted earlier, vibration accelerations at half of that level, 
as low as 0.025 g, could be potential stressors for animals and 
confounding factors for research, especially for species, strains 
and models that are more sensitive.

Normal day-to-day personnel activity in the vivarium will 
typically generate more noise and vibration than is produced 
by typical construction activities. For example, the simple act 
of connecting a cage to a ventilated rack can easily generate 
startle-inducing 85 dB SPL bursts of noise, and vibration 
levels around 0.35 g, many times greater than the recom-
mended lower limits. Similarly, animals being transported 
from a vendor or between locations on a cart can experience 
high levels of noise and vibration.18 These handling-related 
noise and vibration exposures, together with other noise 
and vibration related to daily care, are likely to produce the 
greatest sources of noise and vibration experienced by ani-
mals. Furthermore, these levels are likely to be many times 
greater than any noise and vibration produced by construc-
tion activities at a facility, which are often viewed as a major 
concern. Also, the fact that a noise or vibration is felt or heard 
in the hallway by a human, does not mean that the signals 
are in the range of detection of the animals or are reaching 
the animal’s microenvironment.

Finally, even if these signals do reach the home cage, research 
animals, like humans, demonstrate a perceptual phenomenon 
known as a just noticeable difference (JND), which is the lowest 
change in the stimulus that is reliably detectable. While these 
levels can be lower in highly controlled experimental situations, 
for more complex real-world purposes, the JND (sometimes 
measured as the intensity difference limen) for noise is approxi-
mately 3 dB,22,54 and for vibration it is approximately a 10% 
increase from the background vibration.26 Thus, any activities, 
such as construction, that do not generate an increase in the 
cage-level microenvironment of 3 dB for noise, or a 10% increase 
for vibration, might just be barely detectable by the animals, 
and can likely be considered benign. However, just because a 
stimulus is barely detectable does not mean it is meaningful, 
or that it causes problems. So individual facilities should use 
these values with interpretive caution, as it is likely that levels 
well beyond these minimum JND threshold levels would be 
needed to create a meaningful difference in the background 
that activates stress pathways or otherwise disrupts animals. 

Additional research is needed before more definitive statements 
can be applied to this JND standard.

Noise Measurement Details
A critical feature of noise measurement in both the macroen-

vironment (for example, hallways, center of vivarium room, 
outside cages) and microenvironment (inside cages) is that the 
microphone system must be capable of measuring the hearing 
frequency ranges of the species of interest. Mice, rats, and most 
other nonaquatic species used in biomedical research facilities 
can hear ultrasonic frequencies above the human upper limit 
of 20 kHz.14 Therefore, the microphone and related processing 
equipment in a typical rodent facility should be capable of meas-
uring sounds at least throughout the hearing range of a normal 
mouse, which often extends well into the 80 to 90 kHz range. 
Noise levels should be measured and reported as calibrated, 
unweighted dB sound pressure level (SPL) measurements. 
Reporting sound in dB SPL provides an absolute, calibrated 
sound level referenced to a standard pressure of 20 microPas-
cal, which is generally considered the lowest intensity signal 
that can be heard (threshold) by a healthy young person (see17 
for a review of sound measurement). This can be accomplished 
with several methods; the most often used approach is to apply 
a calibration tone of known pressure of 1 Pascal, which is the 
pressure equivalent to 94 dB SPL, from an acoustic calibrator 
that has itself been calibrated within the last 12 mo. Most noise 
meters used by occupational or environmental health and safety 
offices (for example, for OSHA-based workplace noise exposure) 
are designed for measuring sounds audible for humans and are 
A-weighted, a process that adds gain to some sound frequen-
cies and lowers gain to others, to fit the sound measurements 
to a range that is considered to be optimal for human speech. 
Although A-weighted measures are appropriate (and required) 
for determining human noise exposure, they are not appropriate 
for estimating noise exposures of animals. Noise measurements 
that are relevant for nonhuman animals remove the A-weighting 
and collect unweighted measurements (often referred to as Z-
weighting, or unweighted).

The processing and analog-to-digital sampling rate of the 
microphone and meter system must be at least twice the fre-
quency of the signal to be captured, to prevent signal loss or 
aliasing (Nyquist-Shannon Sampling Theorem;9). To measure 
a 96,000 Hz sound, one needs both a microphone with a flat 
response profile up to this frequency and a digitizer capable of 
digitally sampling the analog signal at a rate of at least 192,000 
Hz (96,000 × 2). Additional information on comparative hear-
ing across species can be found in14 and a referenced listing of 
detailed hearing ranges of different species is maintained at 
www.laboratoryforcomparativehearing.com.

Measurements of noise in the cage (microenvironment) 
should be taken to best simulate the experience of the animals, 
at the approximate head height of the animal and with bedding 
and any other elements typically present in the cage (enrich-
ment, food, water bottle). The presence of bedding and other 
items better simulates the normal experience of the animal in the 
cage by providing similar sound absorption and reverberation 
features. In our experience, and consistent with the physics of 
sound, the presence of food and bedding serve to lower noise 
reverberation and the levels of noise in the animal cage, so 
measurement taken without bedding or food, as an example, 
can provide intensity readings that can be louder than they re-
ally are for animals housed in bedded cages.

http://www.laboratoryforcomparativehearing.com
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Vibration Measurement Details
Vibration, as with noise, should be measured in both the 

macroenvironment (for example, floor, wall, rack) and the 
microenvironment (inside cages). Microenvironmental vibra-
tion measurements should be collected with normal bedding, 
enrichment items, and food in place to better simulate the real 
experience of the animal, but also because such items add more 
mass to the cage, which depending on the bedding type and 
thickness, can also help to limit/absorb some of the vibration 
(and noise). Vibration should be measured from the bottom 
middle of the cage surface itself, as species like mice and rats 
often burrow down into the bedding material such that their 
bodies directly contact the cage. In addition, vibration can 
occur in the x, y, or z axes. Some prefer to measure all 3 axes 
while others prefer to measure just the vertical (z) axis, or the 
greatest of the 3. Our experience is that the greatest vibration 
in animal facilities tends to occur in the vertical z axis under 
normal circumstances.

Many building/architectural engineers report vibration in 
terms of length of displacement of a structure, as in meters 
(m; how far the object moves), or in speed of movement of a 
structure, as in m/s (how fast the object moves). Vibration accel-
eration is change in velocity, represented in m/s/s (m/s2) or in 
the equivalent g (gravitational acceleration). The m/s/s metric 
is more commonly used in countries using the metric system 
and g is more commonly used in the United States. However, 
1 g of gravitational acceleration is = 9.81 m/s2, making conver-
sion estimates easy to accomplish by using a multiplier of 10 
(within 2% accuracy). As a result, the vibration health literature 
generally reports findings in m/s2 or g, whether the results are 
from crash tests, roller coasters or space flight, or studies on 
the effects of concussion in football, the effects of vibration on 
workers using heavy equipment, or the effects of vibration on 
research animals. We recommend use of RMS (root mean square) 
as it is a commonly used standard in vibration measurement. 
Vibration accelerations can also be measured as peak level or 
peak-to-peak levels, but which type is used should be noted, 
as conversions between the 3 can be easily estimated. RMS is 
the most commonly used standard in vibration acceleration 
measurement, because it accurately measures a time-varying 
phenomenon with positively and negatively moving waves, as 
is found in vibration. RMS is also used in sound measurement 
but it is typically not designated in the label as the dB SPL com-
putation implies/requires use of RMS data for its calculation.

As with sound, measurements of vibration must capture the 
relevant frequency content that is perceptible by that particular 
species. Fortunately, commonly used research species generally 
have a vibration perception range that is quite similar to that 
of humans, and most off-the-shelf accelerometers will easily 
accommodate this range. Vibration should minimally include 
the range of frequencies detectable by research animals, meas-
ured as Hz = number of cycles or oscillations per second. Just 
as a violin will vibrate at a different frequency than a cello, 
species with different body sizes will vibrate maximally within 
different frequency ranges. This is known as the resonance 
frequency range. For mice, the body cavity vibrates optimally 
between approximately 30–100 Hz37 and mice appear to be 
most impacted by frequencies in the 70 to 100 Hz range.41 
As the species’ body gets progressively larger (for example, 
from rat to cat to human), the resonant frequency range adjusts 
down accordingly. However, different species appear to show 
substantial overlap in touch perception sensitivity, as skin 
touch mechanoreceptors, whether in the foot pads of mice or 
on the skin surface of a human, show similar features. There-

fore, vibration measurement devices that include frequencies 
down to approximately 2Hz and up to at least 500 Hz should be 
more than adequate for most animal species used in research. 
Nevertheless, just as different frequencies of sound might have 
different behavioral or ecological significance to a species, 
different frequencies of vibration might also have differential 
effects.11 Therefore, vibration frequencies that overlap most 
with a species resonance frequency range would likely be most 
harmful to them. For a particularly thorough, recent review of 
these and related vibration effects on research animals, see.41

The recommended overall levels of noise and vibration 
proposed here focus on maintaining levels below certain key 
intensity thresholds, within the perceptible frequency range of 
the species being studied. While different frequencies of sound 
and different frequencies of vibration likely have differential im-
pacts on animals, adding such frequency-dependent qualifiers 
or some form of complicated frequency weighting system would 
unnecessarily complicate the recommendations and their im-
plementation. Indeed, the field of human noise exposure, where 
much more research is available, follows a similar principle. 
While different frequencies of sound have different auditory 
and nonauditory impacts on humans, standards set for human 
occupational settings still limit overall average noise levels for 
an 8-h workday to 85 dBA, without regard to frequency content. 
The WHO53 still argues for 45 dBA being a threshold of concern 
for sleep disruption and increased risk of health concerns. While 
the current recommended levels of noise and vibration focus 
on intensity within the perceptible frequency range of that 
particular species, all sound or vibration frequencies may not 
have the same impact on lab animals. However, building such 
qualifiers or complicated weighting systems into recommended 
levels would only serve to obscure the goals of measuring and 
limiting unnecessary noise and vibration exposure, and would 
severely hamper implementation of reasonable measurement 
practices. However, these recommended levels should also be 
considered a minimum, conservative standard. Much lower 
levels, or a frequency-dependent version of such levels, could 
best serve a particular site/program. Furthermore, with more 
widespread measurement practices, additional research will 
necessarily follow that will further refine the conservative levels 
proposed here. As with temperature, humidity, and light lev-
els, the standards published in the Guide19 are merely starting 
points and require additional information for their optimal use. 
We expect a similar path will be taken for noise and vibration 
and future work will further refine these conservative starting 
points.

Conclusion
The noise we hear, ultrasonic noise we do not hear, and vi-

bration we feel can all serve as potential stressors to research 
animals and can introduce confounds into our research studies. 
Noise and vibration are ubiquitous and vary greatly across our 
facilities, within facilities from room-to-room, and even within 
a room from rack-to-rack and cage-to-cage. This can introduce 
unrecognized variability to our research models, which plays 
havoc with our ethical goals of reduction and refinement. Stake-
holders in the laboratory animal science field should engage in 
a concerted effort to measure and manage noise and vibration 
in the vivarium to help better understand their effects on our 
model systems, and to help bring these important variables 
under control.
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