
 
 
 
 
 
Article: A new approach to maintaining water features and reducing biological growth 
Author(s): Robert Krueger 
Source: Objects Specialty Group Postprints, Volume Seventeen, 2010 
Pages: 33-39 
Compilers: Carolyn Riccardelli and Christine Del Re 
© 2010 by The American Institute for Conservation of Historic & Artistic Works, 1156 15th 
Street NW, Suite 320, Washington, DC 20005. (202) 452-9545 
www.conservation-us.org 
 
Under a licensing agreement, individual authors retain copyright to their work and extend 
publications rights to the American Institute for Conservation. 
 
Objects Specialty Group Postprints is published annually by the Objects Specialty Group (OSG) 
of the American Institute for Conservation of Historic & Artistic Works (AIC). A membership 
benefit of the Objects Specialty Group, Objects Specialty Group Postprints is mainly comprised 
of papers presented at OSG sessions at AIC Annual Meetings and is intended to inform and 
educate conservation-related disciplines. 
 
Papers presented in Objects Specialty Group Postprints, Volume Seventeen, 2010 have been 
edited for clarity and content but have not undergone a formal process of peer review. This 
publication is primarily intended for the members of the Objects Specialty Group of the 
American Institute for Conservation of Historic & Artistic Works. Responsibility for the 
methods and materials described herein rests solely with the authors, whose articles should not 
be considered official statements of the OSG or the AIC. The OSG is an approved division of the 
AIC but does not necessarily represent the AIC policy or opinions.  



 



AIC Objects Specialty Group Postprints, Vol. 17, 2010 

A NEW APPROACH TO MAINTAINING WATER FEATURES 
AND REDUCING BIOLOGICAL GROWTH 

 
ROBERT KRUEGER 

 
 

ABSTRACT 
 

This study focused on Fountain, by Isamu Noguchi in the Nelson-Atkins Museum of Art. The difficulty in finding an 
acceptable way to control algae without endangering the artwork was the impetus for this investigation. The result lead 
to an alternative to the standard algae control products by focusing on the water chemistry and making simple 
improvements to the fountain’s mechanical system. This paper follows the changes made to the fountain and some of 
the rationale behind the approaches taken.  

 
1. INVESTIGATING ISAMU NOGUCHI’S 1987 FOUNTAIN  
 
In 2008 Isamu Noguchi’s 1987 Fountain was investigated in the Nelson-Atkins Museum of Art 
in Kansas City to resolve a problem with reoccurring algae on the basalt elements of the 
fountain. A literature study of algaecides found they all have the potential for undesirable side-
effects. Standard water chemistry tests conducted over an 11 month period revealed the condition 
of the water was causing the artwork to slowly dissolve. This study lead to a focused 
examination of the water and its constituents, as well as the layout of the fountain’s mechanical 
system, in order to find a maintenance procedure that will insure the longevity of the sculpted 
elements and reduce the potential for algae growth. 

Fig. 1. Isamu Noguchi’s 1987 Fountain (Photograph by R. Kreuger) 
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The system was comprised of a holding tank with the capacity to hold the fountain’s 
entire water supply, a distiller set up to automatically provide water to the system when needed, a 
circulation pump, supply and return plumbing, a particulate filter, a UV sanitizer and of course, 
the carved basalt artwork. Most of the system was housed in the basement, with the artwork in 
the first floor gallery. From the large polymeric holding tank the water went through the pump 
which pushed the water, via plastic supply pipes, to the sculptural elements of the fountain. After 
flowing across the sculpture the water traveled through a bead of white granite and then gathered 
in a stainless steel catch basin. The basin funneled the water to a plastic return line through 
which it traveled to the mechanical room below. Before returning to the holding tank it passed 
through a 20 micron particulate filter and then it was exposed to a UVC germicidal lamp. A 
plumbing bypass diverted the water around the particulate filter and the UVC lamp to allow the 
filter to be replaced without having to turn the fountain off.  

After studying the mechanical system the water was analyzed. The fountain’s water was 
tested using a standard lab thermometer and a Taylor Water pool and spa water chemistry test kit 
K-2006, available from most pool supply stores. The test results from the Taylor tests showed 
that there was more than algae to be concerned about. The Saturation Index portion of the test 
indicated a problem.  

The saturation index is an overall indicator of water condition. It takes into account all 
measurements taken using the Taylor test kit and determines whether the water is corrosive or if 
mineral scale will form. This is important because both conditions will damage the artwork. If 
the Saturation Index indicates a measurement of more than 0.5, then scale will form on the 
artwork and other surfaces. If the Saturation Index is –0.5 or lower, then the water is corrosive 
and will attack the artwork and other surfaces.  

The tests on the Noguchi fountain showed the water was corrosive with a saturation index 
of –2.1. Rather than treating the algae and the corrosive water separately, every aspect of the 
water chemistry and mechanical system was evaluated and considered.  

The fountain’s water supply is provided by the distiller. Distilled water is very pure and 
lacks the minerals normally found in tap water and when the water from the distiller was tested it 
was found to be acidic.  

Water molecules are commonly thought of as containing two hydrogens and one oxygen. 
In general it is fine to think of water in this way, but a balanced ratio of two hydrogens for every 
oxygen is pH neutral and not acidic. To understand how pure water can be acidic, the water has 
to be looked at differently. Water is actually made up of variations of H2O, such as H3O

+ and 
OH–. There are also three isotopes of hydrogen and three isotopes of oxygen, but for the sake of 
simplicity these can be ignored for now. When water has more H3O

+ than OH– it is acidic 
(Seager and Slabaugh 2000). This condition increases the water’s ability to dissolve and hold 
dissolved solids.  

It is normal for water to contain dissolved solids in suspension. In many parts of the 
country these dissolved solids are seen as they accumulate on the water fixtures in homes. The 
white crusts left behind are from the dissolved minerals suspended in the water. When water 
contains high concentrations of dissolved minerals it is considered hard water. Water low or 
lacking in dissolved minerals is considered soft. The treated water from the distiller is soft. 

Saturation is another term used to describe the amount of dissolved solids in water. Water 
that is unsaturated is soft and has the ability to hold more dissolved solids. Supersaturated water 
is very hard and the dissolved solids will fall out of solution and form scale. Water that is 
saturated holds the dissolved solids in solution without depositing excess or dissolving solids. 
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Mineral saturation is the goal in fountains to prevent the leaching of minerals from the basins, 
plumbing and artwork (Smethurst. 1988).   

There are several approaches that can be taken to remove the biological growth. The most 
common method for removing biological growth is to add chlorine to the water. When chlorine 
is added to water it forms hypochlorous acid. The formation of hyporchlorous acid is considered 
the most germicidal of the chlorine compounds. The current belief is that the chlorine penetrates 
the cell wall and then attacks the enzyme group within, resulting in the death of the organism 
(White 1992). Chlorine can have undesired affects, for example, leaving the gallery smelling like 
a swimming pool.  Chlorine and other halogens such as bromide can deteriorate the mechanical 
systems and the artwork in contact with the chlorinated water or vapor from these waters (Butler 
and Ison, 1976). 

Copper and silver are commonly used to control biological growth in water.  Some 
studies have shown that for particular growths, a combination of silver and copper work better. 
Copper acts as an algaestat rather than an algaecide, retarding or preventing growth, but not 
actually killing established algae. Silver is an algaecide for pink algae, but otherwise is a better 
bactericide (Young and Lisk. 1972). Pool supply companies caution that the use of metallic 
algaecides can cause staining on hard surfaces.  

Other algae killing additives were considered, but to avoid possible undesirable side-
effects, a preventative approach of using a water supply that cannot support life was explored. 
The nutrients required in large quantities for algae to grow are carbon, nitrogen, phosphorus, 
sulphur and iron (Waite 1984).  These nutrients are absorbed by plants in a fixed stoichiometric 
ratio. Limiting any one of them will limit algae’s ability to grow. Phosphate is used in the 
formation of cell walls and is a crucial part of the DNA backbone structure (Seager and Slabaugh 
2000). Limiting phosphate from the water will therefore limit organic growth (Waite. 1984). This 
should be easily accomplished because the water from the distiller does not contain phosphate. 

Ensuring the water is phosphate free will prevent future growth, however limiting 
phosphate will not kill living organisms; it will just limit the organism’s ability to reproduce. The 
system is fitted with a germicidal UVC lamp which will kill the algae. The lamp emits energy at 
a wavelength of 253.7nm. The germicidal effect happens between the wavelengths of 205 and 
265nm. When the UVC radiation penetrates the organism it disrupts unsaturated bonds, causing 
a lethal biochemical change (Huff et al. 1965). 
 
2. RECOMMENDED CHANGES 
 
When this study began, the fountain’s mechanical system allowed water to be sent through the 
bypass so the particulate filter could be changed. When the water went through the bypass, algae 
from the fountain entered the tank, contaminating the water. Even when the sculpture was 
completely cleaned of all algae, the contaminated tank water re-introduces algae to the sculpture.  

Recommendations were made to the engineering department to re-plumb the mechanical 
system. The recommendations included moving the particulate filter and UVC Water Purifier to 
the supply side of the system. Because UVC is very easy to block, even by small particulate 
matter in the water, the recommendation included a request to change from a 20 micron to a 5 
micron filter as guided by the Sanitron® Ultraviolet Water Purifier Owner’s Manual. Two filters 
can be installed in parallel, so that the water can be sent through a second stand-by filter while 
the first filter is changed. The installation of gauges was suggested on either side of the 
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particulate filter so changes in pressure caused by a clogged filter could be monitored to 
determine when the filter needed to be changed.  
 

Fig. 2. As installed (Drawing by R. Krueger) 
 
The UVC emitting lamp within the purifier has a limited life. As the lamp ages, the 

amount of UVC being produced in the germicidal range diminishes. The lamp emits some visible 
light, however this cannot be used as an indicator of effectiveness. Even when the lamp is no 
longer producing germicidal radiation, visible light is still emitted. A monitor was suggested for 
the water purifier that will indicate when the lamp needs to be replaced.  

Recommendations were made to the conservation department to monitor and test the 
water weekly and to adjust the water chemistry when needed. If the water is soft, calcium can be 
added until the water is properly saturated. If the pH is low, sodium bicarbonate can be added. 
Sodium bicarbonate will increase the pH, and also buffer against changes in the pH. Phosphate 
levels also need to be monitored using a phosphate test kit. If for any reason the water becomes 
supersaturated, the pH is too high, or if phosphate levels rise, water can be drained from the 
holding tank and replaced with distilled water. Since distilled water has a very low pH, no 
phosphate, and is lacking in minerals, this will effectively lower the pH, phosphate, and calcium 
levels within the water.  

Studies have shown that bleach or chlorine will kill most biological growth, but in some 
cases, as a stress survival response, organisms will go into reproductive mode as they are dying, 
producing spores that are immune to chlorine (Bacilkova 2006). Alcohol vapor is also an 
effective method for killing algae, but if the concentration of alcohol is too low, the stress 
response will produce spores that will later re-introduce the growth. Oddly, 100% alcohol will 
produce the same response. If a slightly dilute solution of alcohol is used everything is killed, 
even the spores. To kill the algae on the surface an alcohol solution was recommended, followed 
by a thorough cleaning using a brush, triton X-100 and distilled water for the final rinse.   

As a part of this study the alcohol treatment was performed. The sculpture was wrapped 
in plastic sheeting to form a vapor chamber. A solution of 90% ethanol in distilled water was 
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made. Cloths were saturated with the solution and placed within the plastic vapor chamber. The 
white granite directly under the sculpture was also treated within a vapor chamber. After 24 
hours of treatment the chamber and cloths were removed. Although the algae are dead, they still 
contain all the nutrients needed for new algae to grow. The entire sculpture was vacuumed after 
the alcohol treatment to remove the remaining dead algae. This treatment successfully killed the 
algae, however a white fungus began to grow on the sculpture after the treatment. It was believed 
that the fungus was living off traces of the dead algae. Dr. Johanna Bernstein at Rutgers analyzed 
a sample and confirmed that the white growth was a fungus.  

After the system is re-plumbed it was recommended that the sculpture be thoroughly 
cleaned to remove any trace of algae. The white granite bed below the sculpture and the catch 
basins under the granite will also need cleaning. It is impossible to remove all traces of the algae, 
but the dead algae will be slowly removed by the particulate filters and by the occasional 
replacement of water in the system when adjustments are made to lower the pH, phosphate levels 
or calcium.  

Fig. 3. Re-plumbed water system (Drawing by R. Krueger) 
 
As an interesting side note, Brad Masuen, the museum’s engineer, initially estimated the 

recommended changes would cost between $10,000 and $20,000 and because of the fine 
filtration requirements needed for the particulate filters he saw that the ongoing costs of filter 
replacements would also be prohibitive.  

After the system was re-plumbed Mr. Masuen reported the changes cost only about 
$3,000 including the engineer’s labor costs. After the first couple of weeks of frequent filter 
changes, the new filters require less frequent changes than before the system was re-plumbed. 
Since the filters now require less frequent changes, the overall cost of maintenance was lowered, 
making the recommended changes cost effective. One factor that increased the usable life of the 
new filters is the water is now pumped through, rather than relying on gravity as before. Because 
of the higher water pressure the filters can now hold more particulate before clogging. Another 
reason why the filters are lasting longer is because of the careful monitoring of the water 
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chemistry. Without the re-occurring outbreaks of algae, the filters are not being clogged with 
dead algae as before. 
 
3. CONCLUSION 
 
This case study is an example of new approaches to maintaining fountains. Most fountain 
mechanical systems are not set up this way. Every water feature needs to be evaluated to find the 
best maintenance plan for its associated artwork. This approach was proactive; addressing the 
fountain with a reasoned approach was more beneficial than reacting to problems. The approach 
presented for this fountain will likely extend the life of the artwork, and save the museum money 
and time.  

The distiller is an advantage for Noguchi’s Fountain. If the system was not supplied by a 
distiller, another solution would have to be found. Chelating agents are available which will 
remove phosphate from the water. The chelating agent combines with the phosphate and falls out 
of solution. If this were done in this fountain the precipitate would then have to be removed from 
the holding tank shortly after treatment because changes in pH or temperature can cause the 
phosphate to be re-released into the water.  
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