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ZDWHU�WUHDWPHQW�WHFKQRORJ\�WKDW�KDV�HHFWLYHO\�WUHDWHG�
water in developing countries since the concept was 

introduced by David Manz in the early 1990s. But 

this technology has a couple of features that make it 

GLɝFXOW�WR�XVH�HHFWLYHO\�
and sustainably: BSF users 

require follow-up education 

and support��DQG�WKH�ȴOWHUV�
need water from a natural 

source to regularly “feed” 

WKH�ELRȴOP�ELRWD��6LQFH�������
as part of interdisciplinary 

HRUWV�WR�LPSURYH�DFFHVV�
to clean drinking water in 

Ghana and Haiti, we have 

been exploring a new well 

construction technique 

XVLQJ�LQ�VLWX�ȴOWUDWLRQ��Ζ6)���
This technique attempts 

to duplicate the slow sand 

ȴOWUDWLRQ�DQG�ELRORJLFDO�
activity that make biosand 

ȴOWHUV�HHFWLYH�DW�UHPRYLQJ�
pathogens, while overcoming 

some of the disadvantages 

such as the heavy need for 

maintenance and technical 

support (Figure 1). 

ISF wells are constructed 

E\�ȴOOLQJ�D�QHZ�RU�H[LVWLQJ�
hand-dug well with sand 

and installing a hand-pump system. As in a BSF, 

groundwater moves through the sand into the ISF. The 

Ζ6)�SUHVXPDEO\�GHYHORSV�D�ELRȴOP�RU�VFKPXW]GHFNH�OD\HU�
(pronounced shmoots-DECK-ee) at the groundwater-well 

interface that removes pathogenic microbes from the 

groundwater��7KRXJK�Ζ6)�ZHOOV�DUH�HHFWLYH�DW�UHPRYLQJ�
pathogenic microbes from the water, there has been 

little investigation into the microbiology behind the 

technology or into their functionality in a more controlled 

environment. 

7R�EHWWHU�XQGHUVWDQG�KRZ�DQG�ZK\�WKH�Ζ6)�LV�HHFWLYH�

at removing pathogens, we excavated a test well near 

the Grand River in Allendale, Michigan (Figure 2). The 

river has consistently high levels of coliforms and E. coli, 
and these microbes seep into the nearby groundwater. 

Our hope is that by clarifying the biological and physical 

processes at work in the ISF well we can make the 

technology more widely accepted and available in 

developing countries. 
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In July 2020 we installed an ISF well 4 meters deep 

and 1.2 meters in diameter, with numerous sample 

ports. Since then, we have collected and analyzed water 

samples from the main ISF well pump, the Grand River, 

and 12 sampling ports surrounding the well (Figure 

3). Sterile 100-ml syringes and tubing were used to 

)LJXUH����6LPSOLȴHG�LQ�VLWX�ZHOO�GHVLJQ��6RXUFH��$XWKRUV�
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collect water from each sample port to prevent cross-

contamination between ports. Four groundwater 

monitoring wells were installed outside the ISF well to 

DQDO\]H�JURXQGZDWHU�OHYHOV�DQG�ȵRZ�GLUHFWLRQV��)LJXUH����
ports 9–12). Each water sample was analyzed in duplicate 

for total coliforms and E. coli most probable numbers 

using IDEXX Colilert-18 test kits (IDEXX). 

Water samples were also analyzed using an Aqua 

Troll 500 Multiparameter Sonde, which measured 

WHPSHUDWXUH��GLVVROYHG�R[\JHQ��FRQGXFWLYLW\��VSHFLȴF�
conductivity, turbidity, oxidation-reduction potential, 

resistivity, salinity, and total dissolved salts. 

Between July 16, 2020, and June 7, 2022, a total of 

350 water samples, 

UHSUHVHQWLQJ����GLHUHQW�
sample dates and 

times, were analyzed. 

Approximately 100 ml of 

each sample was frozen 

and stored at -80º C. for 

future determination of 

microbiome diversity. We 

hope the well continues 

to function for at least 

10 years and plan to 

monitor the ports 

throughout this time. 
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We analyzed 

numerous sets of 

samples during the 

initial development of 

the schmutzdecke layer 

in the ISF, which resulted 

in a steady increase in 

UHPRYDO�HɝFLHQF\�IRU�
E. coli and coliforms. 

The schmutzdecke 

layer in the ISF took 

approximately three 

weeks to reach full 

maturity and has 

maintained functionality 

for three years (or 

seasons). Over the three 

years the ISF has been in 

RSHUDWLRQ��PDQ\�ȵRRGLQJ�
events have introduced 

bacteria to the surface 

aquifer. The ISF quickly 

bounced back to full 

functionality after water 

levels receded, indicating a persistent schmutzdecke 

layer.

Analysis of groundwater chemistry and water levels is 

ongoing, but preliminary results suggest that conductivity 

will be a useful tracer for understanding groundwater 

movement, mixing, and gradients within ISF monitoring 

ports and external ports within the surface aquifer. 

Conductivity patterns are consistent with groundwater 

movement both parallel and perpendicular to the Grand 

5LYHU�GXULQJ�DQG�DIWHU�ȵRRGLQJ�DQG�SUHFLSLWDWLRQ�HYHQWV��
*LYHQ�WKDW�ELRȴOPV�LQ�ELRVDQG�ȴOWHUV�DUH�OLNHO\�

dominated by aerobic organisms, dissolved oxygen 

is another parameter of interest. Dissolved oxygen 

levels may control 

the metabolic activity 

of some organisms 

within the biolayer 

(schmutzdecke). 

Measured dissolved 

oxygen values from 

sampling ports ranged 

from 3.7 to 7.5 mg/L, 

with an average value of 

5.12 mg/L. None of these 

We hope that if we can understand the 
biological and physical processes at 

work in the ISF well, we can make the 
technology more widely accepted and 

available in developing countries.

Figure 2. ISF monitoring well construction adjacent to the Grand River near Allendale, Michigan. A) 

([FDYDWHG�ZHOO�EHIRUH�WKH�DGGLWLRQ�RI�ȴOWHU�VDQG��%��VWDELOL]DWLRQ�RI�VDPSOH�SRUWV�LQ�SUHSDUDWLRQ�IRU�DGGLQJ�
ȴOWHU�VDQG��&��LQLWLDO�VDPSOLQJ�DIWHU�EDFNȴOOLQJ�DQG�SXPS�LQVWDOODWLRQ��'��FRQFUHWH�FDSSLQJ�DQG�ȴQDO�ZHOO�
completion. Source: Peter J. Wampler.
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values approach hypoxia levels for aerobic bacteria (< 

2 mg/L). It is unclear whether these values are higher 

owing to the interaction with hyporheic water from the 

river, but dissolved oxygen could be a limiting factor 

under some groundwater and aquifer conditions.

7KH�Ζ6)�LV�HHFWLYH�DW�UHPRYLQJ�EDFWHULD�IURP�
groundwater based on samples taken outside and inside 

the well (Figure 3). What remains to be determined is the 

portion of the pathogen removal that can be attributed 

to schmutzdecke formation at the groundwater-well 

interface. There is likely some contribution from 

SK\VLFDO�ȴOWUDWLRQ�SURYLGHG�E\�WKH�VDQG�DQG�WKH�SK\VLFDO�
FRPSRQHQWV�RI�WKH�ELRȴOP�

To better understand the microbiome diversity 

and composition of the ISF before, during, and after 

the formation of the schmutzdecke layer, we plan to 

conduct genetic analysis on the preserved samples. 

Comparing the microbiome composition will give us 

insight into how schmutzdecke layers mature and how 

to foster their development. Furthermore, comparing 

microbiome diversity in the 

ISF schmutzdecke layer with 

that in other characterized 

schmutzdecke layers from 

GLHUHQW�UHJLRQV�RI�WKH�ZRUOG�
will help us understand the 

fundamental functionality 

of the schmutzdecke. For 

example, what are the 

major microbial populations 

for archaea, bacteria, and 

eukaryotic protists? Are there 

microbial genera common 

to all schmutzdecke layers? 

Could these dominant 

microbial populations 

EH�DUWLȴFLDOO\�DGGHG�WR�D�
developing schmutzdecke 

layer to speed its maturation? 

Is dissolved oxygen a primary 

FRQWURO�RI�Ζ6)�HHFWLYHQHVV"
Additional research will involve the intentional 

GHVWUXFWLRQ�RI�ELRORJLFDO�ȴOPV�LQ�WKH�ZHOO��:H�KRSH�WR�
accomplish this by injecting chlorinated water into the 

test ports to “reset” the biological activity so that physical 

and biological contributions can be evaluated. Resetting 

the ISF will allow us to make predictions and test 

hypotheses on how the schmutzdecke layer redevelops. 

It will also give us greater insight into the biological 

contribution to the removal of fecal coliforms from 

contaminated groundwater.

Our preliminary research on and monitoring of 

WKH�Ζ6)�ZHOO�FRQȴUP�WKDW�LW�LV�DQ�HHFWLYH�PHDQV�RI�
treating shallow groundwater. This technology can 

be implemented with local materials and expertise in 

most developing countries. There is also potential for 

the removal of some inorganic contaminants with the 

DGGLWLRQ�RI�RWKHU�PDWHULDOV�WR�WKH�Ζ6)�ȴOWHU�PHGLD���!
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Figure 3. Sampling port design, with E. coli results from July 13, 2021. The Grand River is located on the 
left side of the diagram. Source: Authors.

Our preliminary research on and 
monitoring of the ISF well confirm 

that it is an effective means of 
treating shallow groundwater.
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