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Cleaning is defined as the process of making free from dirt, 
foreign, and extraneous matter, whereas disinfection is the proc-
ess of freeing from infection specifically by destroying harmful 
microorganisms.10 Maintaining good cleaning and disinfection 
procedures in a laboratory setting with zebrafish (Danio rerio) 
is crucial in preventing the spread of waterborne diseases, as 
well as reducing the build-up of waste products and biologic 
matter.4,6,5,7,12 To reach these goals, the disinfection procedures 
chosen must be effective and relevant to the individual needs 
of the laboratory.3 The cleaning and disinfection methods used 
by different zebrafish laboratories at our institution varied 
considerably. For instance, nets were either soaked in hot water 
for at least 10 min and dried11 or left to soak in a mixture of a 
commercial antimicrobial net disinfection product and reverse-
osmosis–treated (RO) water for 1 h.12 Equipment such as tanks, 
baffles, lids, and feeding apparatuses and miscellaneous items 
used by animal care personnel, researchers, and laboratory 
personnel (carboys, air lines, squeeze bottles, and so forth) 
were disinfected by one of the previously mentioned methods 
in addition to use of a 1.98% or 5% bleach disinfection bath.12 In 
one facility, spawning traps and tanks were steam-autoclaved 
instead of soaking in bleach because these high-demand items 
required a more rapid turnaround due to their more frequent 
use compared with that of standard tanks used to house fish.12

In the current study, we evaluated 2 separate zebrafish rooms, 
H lab and J lab. The standard operating procedure (SOP) used 
in these labs for cleaning and disinfection was: 1) nets were 
rinsed with RO water, soaked for at least 1 h in a commercial net 
disinfection solution, rinsed with RO water, and air dried;12 2) 
Tanks, lids, feeding apparatuses, and miscellaneous items used 
by laboratory personnel and researchers were rinsed with RO 
water, soaked for at least 1 h in a 1.98% bleach disinfection bath, 

rinsed with RO water, and air dried.12 Important differences 
between the 2 rooms were J lab’s larger size, greater number of 
tanks, and heavier traffic flow (Table 1). To reflect this differ-
ence, the SOP states that net disinfection solutions are replaced 
daily in J lab but weekly in H lab. The bleach disinfection baths 
in both rooms are exchanged weekly. The present study was 
conducted to validate the current cleaning and disinfection 
methods used by this facility.

The detection of ATP on environmental surfaces is indicative 
of the presence of organic matter including biofilm, feed resi-
due, previous animal contact, and microorganisms.3,4 Organics 
present on surfaces provide a medium for microbial growth 
and can act as a barrier to cleaning or disinfection agents.4,9 To 
assess the efficacy of cleaning and disinfection methods, we 
used bioluminescent technology to detect residual ATP and 
recorded it as relative light units (RLU) by using a luminom-
eter in conjunction with ATP testing swabs.3 ATP is present in 
the cells of all organisms and helps transport chemical energy 
within these cells.3,4,9 We selected this detection method be-
cause of its rapid turnover time in generating results, its ease 
of operation, and the low cost of the equipment and supplies 
needed relative to those of traditional culture or PCR detection 
methods.4,9 These current ATP detection systems have been 
validated as a surrogate testing method for replicate organism 
detection and counting plates; both of these methods have been 
used for several years to monitor the effectiveness of cleaning 
and disinfection procedures in hospitals, aerospace, veterinary 
surgery, and the food industry.1,2,4,8,9

In preliminary investigations, we measured RLU before and 
after cleaning and disinfection of different sized tanks (1, 3, and 
9 L), lids, and nets. From these data, we calculated the percent-
age reduction in RLU values. An average of 98.5% reduction 
in RLU was seen for both cleaning and disinfection methods, 
with a maximum of 100% reduction and a minimum of 90% 
(data not shown). Setting a specific target RLU of nearly 100% 
reduction after cleaning and disinfection proved unreasonable 
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before disinfection by soaking (Figure 1) for 1 h in a commercial 
net-disinfection solution (active ingredients, benzalkonium 
chloride and methylene blue; Net Soak, Jungle Labs, Cincinnati, 
OH) prepared according to manufacturer recommendations (1 
teaspoon [4.93 mL] product per 1 gal [3.8 L] RO water). Nets 
were then rinsed free of disinfectant with RO water.

The first experimental net was tested in the morning at no later 
than 1000; the second was tested at no later than 1500. A positive 
‘dirty’ control and a negative ‘clean’ control were included in 
the study. The positive control was a net left soaking in a tank 
with live zebrafish for at least 1 h just prior to experimental 
evaluation, and the negative control was a net that had been 
cleaned and disinfected according to the facility SOP and that 
was clean, dry, and unused before testing. All nets were identi-
fied with written labels.

RLU were measured before disinfection and after the final 
rinsing step by using dry swabs (PocketSwab Plus, Charm Sci-
ences, Lawrence, MA) and a luminometer (NovaLum, Charm 
Sciences; Figure 2). The surface sampling procedure followed 
the manufacturer’s instructions, which indicated swabbing an 
area measuring 10 cm by 10 cm for no more than 5 s. The swab 
then was inserted into the meter for analysis, and an RLU value 
was displayed. H lab was tested on Sunday, Monday, Wednes-
day, and Friday for 1 wk. J lab was tested on 2 consecutive days, 
Sunday and Monday.

Bleach bath. One experimental 3-L lid and one 3-L tank were 
tested before and after cleaning and disinfection according to 
the facility SOP. J lab was chosen for this study, although both 
labs used the exact same methods. Tanks and lids were cleaned 
by using high-pressure RO water before being soaked (Figure 
3) for 1 h in a 1.98% bleach disinfection bath (5.25% sodium 
hypochlorite, Clorox Bleach Regular, The Clorox Company, 
Oakland, CA; 1.5 L per 75.7 L [20 gal] RO water). Tanks and 
lids were rinsed free of disinfectant by using RO water. In 
addition, one 3-L lid and one 3-L tank were tested before and 

for verifying effective cleaning and disinfection in a previous 
study.9 Reduction of RLU as a percentage proved to be a more 
efficient method in determining the best cleaning and disinfec-
tion procedure.9 Effective cleaning and disinfection quality was 
verified with RLU reductions of 70% to 100%.9 For the current 
study, we defined a 90% reduction in RLU as the target value for 
an acceptable level of disinfection. We hypothesized that: 1) the 
efficacy of commercial net disinfection solution in H lab would 
decrease over the week compared with that of J lab’s, which is 
changed daily; 2) a 60-min soak in the bleach disinfection bath 
would continue to provide an average of 98.5% reduction in 
RLU over a week; and 3) a 30-min soak in the bleach disinfec-
tion bath would yield as high a percentage reduction in RLU 
as a 60-min soak.

Materials and Methods
All research conducted by the investigative groups using 

zebrafish housed in these facilities was approved by the IACUC 
of the University of Washington. The University of Washington 
has an assurance with the Office of Laboratory Animal Welfare 
and is AAALAC-accredited. All experiments were run in an 
active zebrafish animal housing facility.

Net disinfection solution. Two experimental nets (Aquatic 
Eco-Systems, Apopka, FL) were tested prior to and after cleaning 
and disinfection according to the facility SOP. Nets were soiled 
by the routine procedure of moving fish from one tank to an-
other. Nets were cleaned by high-pressure rinsing with RO water 

Table 1. Characteristics of H and J labs

H lab J lab

Fish population 13,914 19,586
Tanks 804 1103
Racks 24 29

Figure 1. Opaque 5-gallon bucket used to hold nets and disinfection solution containing benzalkonium chloride and methylene blue. The lid is 
kept on the bucket when not in active use, to decrease light exposure and minimize evaporation.
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after a 30-min soak in the same bleach bath. All tests were run 
concurrently in the same bleach bath. All experimental soiled 
tanks had been in active use for 2 wk and generally had a visible 
film of either food or debris.

Experimental testing began in the morning no later than 1000. 
A positive, ‘dirty’ control and a negative, ‘clean’ control were 
included in the study. The positive control was a visibly dirty 
(for example, debris and feed residue present), 3-L lid that had 
been used for 2 wk before being removed from a tank actively 
housing live zebrafish just prior to the experimental evaluation; 
the negative control was a 3-L tank that had been cleaned and 
disinfected according to the facility SOP and was clean, dry, 
and unused before testing. All experimental and control items 
were identified with written labels. The numbers of RLU before 
disinfection and after the final rinsing step were measured as 
described earlier. Testing was performed daily for 1 wk.

Statistical analysis. Data were grouped according to the 
described disinfection method used by room and analyzed by 
using GraphPad Prism (GraphPad Software, La Jolla, CA) and 
Microsoft Office Excel 2007 (Microsoft, Redmond, WA). Linear 
regression models were used to report the best-fit value of the 
slope and intercept in comparing the percentage reduction data 
over time. Paired t tests were used to compare RLU values col-
lected before and after cleaning and disinfection. A P value of 
less than 0.05 was considered statistically significant.

Results
Comparison of replacement frequency of commercial net 

disinfection solution. Weekly replacement of the net disinfec-
tion solution in H lab showed an average percentage reduction 
of 96.6% (Figure 4). Daily replacement of the net disinfection 
solution in J lab led to an average percentage reduction of 91.2% 
(Figure 5). Average RLU values before and after disinfection 
are summarized in Table 2 and include positive and negative 

Figure 2. Luminometer (NovaLum, Charm Sciences) with dry swab 
(PocketSwab, Charm Sciences).

Figure 3. Opaque bins used to hold the 1.98% bleach disinfection solution. The lid was kept on the bin when not in active use, to decrease light 
exposure and minimize evaporation.
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control data. A one-tailed test comparing the numbers of RLU 
before and after a 60-min soak resulted in a P value of 0.0443 
for J lab (significant) and a 0.00226 (very significant) for H lab.

Comparison of 30- and 60-min soaking in bleach solution. 
Disinfection by a 30-min soak in bleach (Figure 6) was tested 
daily for 1 wk and yielded an average percentage reduction of 
99.7%. Disinfection by a 60-min soak in bleach (Figure 7) was 
tested daily for 1 wk and showed an average percentage reduc-
tion of 97.1%. Both of these mean values reflect the variability 
between the percentage reductions of individual samples over 
the respective time periods. Average RLU values before and 
after disinfection are summarized in Table 2 and include posi-
tive and negative control data.

One-tailed tests comparing the numbers of RLU before and 
after a 30- or 60-min soak resulted in P value of less than 0.0001 
for both groups (extreme significance).

Discussion
The use of either a commercial net disinfection product or 

1.98% bleach disinfection bath sufficiently disinfected common 
laboratory items in this zebrafish facility. Weekly replacement 
of the commercial net disinfection solution led to a higher per-
centage reduction in RLU from nets (96.6%) as compared with 
daily replacement (91.2%). A 30-min soak in a 1.98% bleach bath 
showed a slightly higher percentage reduction in RLU values 
of tanks and lids (99.7%) than did the required 60-min soak 
(97.1%). To our knowledge, the effectiveness of the cleaning and 
disinfection methods used by zebrafish facilities has not been 
evaluated previously. As a result, very little is known regarding 
the standards various facilities use to choose their cleaning and 

disinfection methods and the effectiveness of these procedures. 
In the current study, we analyzed 2 specific methods for disinfec-
tion of nets (commercial net disinfection product) and tanks and 
lids (1.98% bleach disinfection bath). Preliminary investigation 
confirmed the effectiveness of the 2 methods and resulted in an 
average 98.5% (range, 90% to 100%) reduction in RLU (ATP) 
present on individual items after disinfection. For the equip-
ment sampled, the maximum value before disinfection was 
38,207,030 RLU and the minimum value after disinfection was 
0 RLU. Using these data, we considered a percentage reduction 
value of 90% or greater to be an effective indicator of adequate 
cleaning and disinfection of husbandry equipment.4 To further 
validate these results, these 2 methods, using a commercial net 
disinfection product or a 1.98% bleach disinfection bath, were 
assessed more closely in 2 different rooms.

The commercial net disinfection solutions are replaced at 
different intervals in the 2 rooms (weekly for H lab and daily 
for J lab). The daily replacement of the solution in J lab is in 
response to its higher traffic flow and greater number of fish 
and tanks compared with those in H lab (Table 1). This daily 
replacement strategy stems from the hypothesis that J lab nets 
would always be disinfected with the most effective concen-
tration of the disinfection product. In comparison, H lab nets 
are placed in an older (and perhaps less effective) solution 
as days pass and usage increases. We hypothesized that the 
weekly replacement of the net disinfection solution in H lab 
would lead to less effective disinfection compared with that 
in J lab, and we assumed that with daily replacement of the 
solution in J lab, the data collected would be similar from day 
to day and therefore fewer samples could be taken. However, 
the percentage reduction in RLU was greater for H lab (96.6%) 
than J lab (91.2%). A one-tailed test comparing the numbers 
of RLU before and after a 60-min soak resulted in a P value of 
0.0443 for J lab (significant) and a 0.00226 (very significant) for 
H lab. The results show that despite differences in the percent-
age reduction in RLU, both labs procedures can be considered 
effective in providing adequate disinfection. Differences in the 
results could be attributed to the facts that adding wet nets to 
the solution would dilute the solution and that small amounts 
of disinfectant are removed from the solution each time nets 
are removed. With a higher rate of usage, the more frequent 
addition of nets to and their removal from the commercial net 
disinfection solution in J lab potentially could reduce the final 
concentration of disinfectant and thus reduce its effectiveness. 
Finally, in the labeling of the stock bottles of this product, the 
vendor does not include a percentage value for the active disin-
fection ingredient, benzalkonium chloride. As a result, we were 
unable to determine or estimate the final concentration of this 
agent in the disinfectant solution used.

A commercial disinfection product was chosen over bleach, 
despite its higher disinfection efficacy, for use on nets for several 
reasons. Bleach is highly toxic at very low amounts to zebrafish 
(and other fish species).7 Bleach is used only on items that cannot 
absorb it, such as tanks, whereas nets potentially could absorb 
and retain this compound. As a result, the chance of fish coming 
into direct contact with bleach is minimal from exposed tanks 

Figure 5. Percentage reduction in RLU seen in twice-daily samples 
(before disinfection with solution containing benzalkonium chloride 
and methylene blue and after final rinse). Day 1, Sunday; day 2, Mon-
day.

Figure 4. Percentage reduction in RLU seen in twice-daily samples 
(before disinfection with solution containing benzalkonium chloride 
and methylene blue and after final rinse). Day 1, Sunday; day 2, Mon-
day; day 3, Wednesday; day 4, Friday.

Table 2. Average RLU values before and after disinfection

Before disinfection After disinfection

H lab nets 1,620,705 35,203
J lab nets 2,387,599 132,506
J lab lids 2,732,254 12,531.07
J lab tanks 2,697,515 10,133.86
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but not nets. In addition, the nets used are made of a very fine 
nylon mesh, which would deteriorate quickly in bleach solu-
tion. Finally, the commercial disinfection product keeps nets 
soft, which is important for reducing skin trauma (for example, 
scale loss) during the netting and transfer process.

Both rooms replace the 1.98% bleach disinfection baths every 
Monday. For this experiment, we chose to study J lab because 
of its higher animal numbers, greater traffic flow, and higher 
rate of equipment turnover, even though both rooms follow the 
same methods of cleaning and disinfection. The tests for 30 and 
60 min soaks were run concurrently in the same 1.98% bleach 
disinfection bath. The percentage reduction in RLU averaged 
99.7% for a 30-min soak and 97.1% for a 60-min soak. One-tailed 
tests comparing the numbers of RLU before and after a 30-or 
60-min soak resulted in P value of less than 0.0001 for both 
groups, indicating extreme significance. For this experiment, we 
chose 3-L tanks and lids because of the ease of sampling small 
areas and because they represented a large percentage of the 
tanks currently in use in both rooms. The results showed very 
low variability in the percentage reduction values calculated 

due to differences in soak time and that both soak times were 
effective in providing adequate disinfection. Therefore, a 30-
min soak likely would be sufficient for each laboratory’s needs. 
In addition, a 60-min contact time continued to deliver a high 
level of disinfection over 1 wk. Differences in the results could 
be due to increased agitation of the bleach bath solution during 
the placement of the items in the tank within the 30-min time 
period. Because these bleach baths typically are static (Figure 
3), the process of adding materials to these containers mixes 
the solution and therefore could provide increased removal of 
residual organic debris from the equipment, thereby increasing 
the effectiveness of the disinfection.

In conclusion, the current study reports the effectiveness 
of 2 cleaning and disinfection methods, using a commercial 
net disinfection product and a 1.98% bleach disinfection bath, 
in which disinfectant concentration and frequency of solu-
tion replacement were the variables. The results support this 
laboratory’s SOP requirements for high levels of disinfection 
and validate that these goals are indeed being met. However, 
this inquiry into the effectiveness of cleaning and disinfection 
practices for this zebrafish facility should be only the beginning. 
Many different methods used to clean and disinfect equipment 
in zebrafish facilities have yet to be evaluated. Important factors 
in deciding the appropriate cleaning and disinfection methods 
should consider several variables including, but not limited 
to, the type and frequency of equipment used, husbandry 
practices followed, number of zebrafish housed per enclosure 
or system, level of facility usage, system configuration and 
water quality, and type of research conducted.5,7 Comparisons 
between different methods likely would supply valuable data 
potentially leading to community-wide acceptable definition of 
what actually constitutes ‘effective cleaning and disinfection’ 
for zebrafish. This area of study could have important implica-
tions for the zebrafish community and researchers using other 
similar aquatic animal species.
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