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Although the detrimental health effects of occupationally gen-
erated noise (hearing loss) and vibration (Hand–Arm Vibration 
Syndrome, degenerative lumbar spine injuries, CNS, digestive 
and urogenital disturbances) have been well characterized in 
people,2,9,16,17,21,22 very little is known regarding potential health 
implications to animals. To date, published studies on animals 
have focused on laboratory rodents and have described either 
the effect that occupation-related noise and vibration might have 
on these animals in terms of health (reduced reproductive per-
formance, increased disease incidence, cardiovascular system 
changes, immunosuppression, hormonal effects)10,5,19 or noise 
perception differences between mice and humans.20

There is limited information on the effects of construction 
noise on aquatic laboratory animal species in general. How-
ever, important extrapolations and inferences can be made 
from examining the reported affects of construction noise and 
vibrations on research fish, a species that has hair cells with the 
same morphology and physiology as those in the lateral line 
of Xenopus.6 For example, repeated exposure to noise from an 
air-gun caused visible damage to the sensory epithelia of pink 
snappers (Pagrus auratus).12 In addition, this noise caused his-
tologically evident disruption of the hair cells.12 Furthermore, 
displacement stimulation of the mechanoreceptors in the skin 
generated by sound and vibrations caused significant damage to 
the hair cells of the short lateral line of clupeidae fishes (marine 
forage fishes such as herring and sardines).4 This damage caused 
overstimulation of the cupula (a structure that surrounds the 
hair cell receptors, which are sensitive to hydrodynamic flow 
in fish) and to the hair cells themselves.4

To our knowledge, no report to date specifically describes 
detrimental effects of construction noise and vibrations on the 
fully aquatic amphibian species Xenopus laevis. Here we present 
the case history and pathology findings in laboratory Xenopus 
that were exposed to vibration and noise during facility renova-
tions and construction.

Case History
The animals described in this report are part of a colony 

of sexually mature, adult female South African clawed frogs 
(Xenopus laevis) between the ages of 2 and 4 y that were used 
for egg harvesting by research laboratories as outlined in pro-
tocols that were approved by Stanford University’s IACUC. 
In Spring 2008, acute mortalities and morbidities affected 7 of 
175 (4%) previously healthy adult female Xenopus laevis after 
exposure to a short period of intermittent noise and vibration. 
The emission source was a jack hammer (Bosch Model GSH 32, 
Stuttgart, Germany) that was being used in an adjacent room 
approximately 10 ft away and resulted in a noise level of 65 to 
72 dB (determined retrospectively) and visible water rippling 
of the frog tanks. Previous jack-hammering during renovations 
earlier in the year had occurred approximately 20 ft away from 
Xenopus housing and resulted in no visible changes in the water 
or health effects on the same animals. The facility is composed 
of 12-in. thick concrete slab flooring, and each housing room is 
separated by 12-in. cinderblock walls. Animals were housed in 
floor-based, plastic bathtub-style static tanks (4 × 6 × 4 ft) filled 
with 300 L dechloraminated, potable water maintained at 23 
to 25 °C (Figure 1). Frogs were fed commercial chow (Xenopus 
Brittle, NASCO, Madison, WI) 2 to 3 times weekly. The room 
was maintained on a12:12-h light:dark cycle.

In tanks where water rippling occurred, frogs displayed 
combinations of the following clinical signs: bloating, skin 
sloughing, respiratory distress as evidenced by increases in 
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were within normal limits and were consistent with earlier 
water testing results.

Five dead frogs and 2 live affected frogs were submitted for 
necropsy. The 2 morbid frogs were unable to submerge and 
were found floating on their sides (Figure 1); they subsequently 
were euthanized with tricaine (MS222) according to AVMA 
guidelines.1 In 3 of the 5 frogs found dead and in both of the 
euthanized frogs, gross examination revealed external eversion 
of the stomach and esophagus such that both were extruding 
through the oral cavity (Figures 2 and 3). The eversion was 
severe enough to occlude the airway, resulting in secondary 
overinflation of the lungs (Figure 4). All other organs and tis-
sues were in normal gross limits in all of the found-dead and 
euthanized frogs. Microscopic examination was performed on 
all soft tissues and organs of the 2 euthanized frogs, which in 
addition revealed multifocal necrosis of pulmonary parenchyma 
of the overinflated lungs and marked congestion of the everted 
parts of the stomach and esophagus. The totality of these clini-
cal, gross, and microscopic findings resulted in a final diagnosis 
of esophageal and gastric eversion–regurgitation secondary to 
construction-related vibrations.

Discussion
To our knowledge, this report is the first to describe the 

transmission of construction-related vibrations through water 
to result in possible activation of the noxious feeding stimulus 
via the lateral line system of Xenopus and subsequent regurgita-
tion and eversion of the esophagus and stomach into the oral 
cavity. The lateral line sensory system of Xenopus is comprised 
of hair cell receptors aggregated into neuromast organs, which 
are found along the sides of the body and around the head and 
eyes (Figure 5).18 Xenopus use the lateral line to analyze water 
waves and obtain information about nearby movement in the 
water as a means of detecting prey.6 Because they are indiscrimi-
nate feeders, Xenopus frogs have evolutionarily developed the 
unique ability to regurgitate and evert their stomach, expel the 
contents, and wipe the stomach mucosa free of any accidentally 
ingested noxious substances. Although studies elucidating 
the neurophysiology and mechanics of this natural behavior 
in frogs have not yet been done, chemicals,14,15,23 radiation,13 
and mechanical stimulation8 have all been shown to induce 
this response. In addition, Xenopus frogs have been observed 
to display this behavior when stressed or stimulated too soon 
after eating.7

The stomach regurgitation reported here possibly was due to 
excessive water vibrations as a result of nearby jack-hammering, 
resulting in a powerful and prolonged central activation of the 
noxious feeding stimulus (via overstimulation of the lateral line 
system). This strong and protracted stimulation associated with 
construction vibrations may have inhibited the normal stomach 
retraction mechanism, created a partial airway obstruction, and 
prevented expulsion of air from the lungs. We also considered an 
alternate explanation for the stomach regurgitation—exposure 
to toxic substances—but this cause seemed unlikely, given that 
frogs had not been fed during the 48 h prior to the problem, 
were maintained in a secure location, lived in water that was 
verified to be of appropriate quality based on laboratory testing, 
and lacked lesions in liver, kidney, or nervous tissues—targets of 
many toxins. The underlying pathogenesis of the skin slough-
ing (for example, excessive exfoliated skin in water) remains 
uncharacterized, but possibilities include traumatic injuries, 
an underlying dermatopathy, and partial anorexia, because 
healthy frogs ingest dead skin.7 A leading cause of acute death 
and buoyancy disturbances in Xenopus—supersaturation of 

respiratory frequency and the number of frogs rising to the 
water’s surface to gulp air, buoyancy problems (including float-
ing on their sides at the water surface [Figure 2] and inability 
to submerge), and unexpected death. The jack-hammering that 
had been initiated approximately 30 min earlier was stopped 
immediately and the frogs were moved to a temporary housing 
location in another room approximately 25 ft away. In this loca-
tion, no surface rippling was observed when jack hammering 
resumed, and, although audible, the noise of jack-hammering 
was reduced approximately to the level of an ordinary conversa-
tion. Water samples were obtained from the tanks with affected 
frogs and were tested for standard water quality parameters 
including total gas pressure, pH, temperature, adjusted con-
ductivity, ammonia, nitrite, nitrate, copper, dissolved oxygen, 
monochloramine, total chlorine and free chlorine. All values 

Figure 1. Flow-through ‘pond’-style housing system for laboratory 
Xenopus. Image reproduced from reference 7 with permission.

Figure 2. Photograph of an affected X. laevis immediately after expo-
sure to construction-generated noise and vibrations. This frog floated 
on the water surface and was unable to submerge or maintain an up-
right position (lateral surface floating). Note: the picture does not de-
pict the frog’s original housing.
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Construction-related mortality in Xenopus

There are currently no published threshold recommendations 
for vibration and noise exposure levels for Xenopus.20 Xenopus 
may be especially susceptible to adverse health effects result-
ing from construction-associated vibration due to their unique 
nervous system anatomy and fully aquatic status. Vibration 
may have adverse health effects on aquatic species even when 
noise level is still considered to be safe for humans.19 Accord-
ing to the jackhammer manufacturer’s operator’s manual,11 
this device emits a sound pressure level of approximately 95 

water with gas—was ruled out quickly given that the water 
total gas pressure was within normal limits and that no gas 
bubbles (emboli) were visible under the skin of affected frogs. 
We also suggest that the proposed overstimulation of the lat-
eral line system from jack-hammering would not necessarily 
manifest in histologic damage to the lateral line, given the brief 
exposure time, intensity level of the emitted sound and vibra-
tion, and unknown sensitivity of Xenopus to various noise and 
vibration levels.

Figure 3. Photograph of a freshly euthanized X. laevis frog submitted 
to necropsy immediately after exposure to construction-generated vi-
brations. Note the external presence of everted esophageal and gastric 
mucosa through the oral cavity (black arrow). Bar, 1 cm.

Figure 4. Gross photograph of an organ pluck from a euthanized 
X. laevis frog submitted to necropsy immediately after exposure to 
construction-generated vibrations. Note the presence of everted es-
ophageal and gastric mucosa (black arrow) and overinflated lungs 
(white arrows). Bar, 1 cm.

Figure 5. The hatch marks represent a portion of the lateral line system in Xenopus. The lateral line system is composed of rows of hair cells, a 
portion of which function as mechanoreceptors that respond to water movement and vibrations. Image reproduced from reference 7 with per-
mission.
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dB and has vibration emission value to the hand of 19 m/s2. 
Hearing protection is required by operators and those in close 
vicinity during use of this tool. The Occupational Health and 
Safety Administration currently does not have published stand-
ards concerning vibration exposure limits in workers, but the 
American Conference of Governmental Industrial Hygienists 
has developed threshold limit values for vibration exposure to 
handheld tools. According to these recommendations, operators 
of devices that have a vibration emission value to the hand of 12 
m/s2 should limit exposure duration to less than 1 h daily.3,12

Given the absence of such recommendations for laboratory 
animals housed in vivaria and given consequences described 
here, aquatic species, particularly Xenopus, should be relocated 
whenever possible, before noise- and vibration-generating 
construction begins. The affect of noise and vibration on labora-
tory animals that cannot easily be relocated (aquatics) may be 
further reduced by the use of noise-dampening and antivibra-
tion materials.
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