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Proposal to Trace Groundwater at Malad Gorge Springs 
By Neal Farmer IDWR 

 
Background and Objective: 
 
The new ESPAM being developed by IDWR will increase time discretization resolution to a 
monthly basis but to do this efficiently more information is needed about recharge and 
discharge from the aquifer.  Dye tracer tests directly quantify numerous hydrologic parameters 
and flow regime characteristics verse other techniques such as measuring groundwater levels 
and spring flow rates which are indirect methods to characterize changes.  Physical parameters 
compliment tracer tests and vice versa during analysis stage of a study.  The effectiveness of 
Fluorescein dye to trace canal water leakage down to the aquifer has been demonstrated at the 
“W-canal Site” northeast of Wendell where it was determined that the time of travel from land 
surface down to the aquifer (150 feet) was defined at 4 weeks but interpreted to be about 3 
weeks. 

Fluorescein was first synthesized by Adolf von Baeyer in 1871.  It is a green colored dye that is 
the most commonly used dye for both surface and groundwater tracing studies.  It is certified by 
ANSI/NSF for Standard 60 potable water and approved by the EPA as noted by a copy of the 
certification located in the appendix.  Sodium Fluorescein (Acid Yellow 73 – CAS # 518-47-8) 
can be detected in a fluorometer at very low concentrations of 0.1 ppb even in water containing 
a high percentage of natural background fluorescence such as canal water, rivers or even raw 
sewage.  Dye tracing may also be used for the analysis of blood circulation within various parts 
of the human or animal body.  For example, fluorescent angiography, a technique of analyzing 
the circulation in the retina is used for diagnosing various eye diseases.  With modern 
fluorometers, capable of tracking single fluorescent molecules, it is possible to track migrations 
of single cells tagged by a fluorescent molecule (see Fluorescein in biological research) 
(Wikipedia.com).  Tests will be designed with the goal to achieve a dye concentration at the 
sample sites ranging between 0.1-100 ppb which is well above the lab equipment detection 
limit and well below the visual detection limit of the unaided eye at 1,000 ppb.   

Fluorescent dyes make excellent tracers for a variety of reasons, including: 
1.   They are water soluble. 
2. They are highly detectable (some below 1 part per trillion). 
3. They are inexpensive. 
4. They are fairly stable in a normal water environment. 
5. They have been used successfully for tracing for over 100 years. 
6. They are not naturally found in aquifer systems and therefore no background 

interference like other tracers can be like bromide. 
7. They have extremely low toxicity ratings. The absence of toxicity from Fluorescein 

is documented as noted in the following reference by Smart (1984).   
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Figure 1.  Concentrated Fluorescein dye illuminated with a UV light (Wikipedia.com) 
 
 
The type of tracer selected for a tracer test is dependent on many factors.  One such factor 
includes the purpose of the study.  For example, if information such as the velocity of the 
ground water, porosity, and the dispersion coefficient are of interest, then a conservative tracer 
should be used.  Other factors include type of medium, available funds, the stability of the 
tracer, detectability of tracer, difficulty of sampling and analysis (availability of tracer, ease of 
sampling and availability of technology for analysis), physical/chemical/biological properties of 
tracer and public health considerations (Davis et. al., 1985).  Various components go into the 
design of a tracer test.  For tracer tests at springs in the Thousand Springs area, the following 
components were considered and evaluated: the conceptual design, down gradient receptors 
such as humans, aquaculture industry and endangered species, transient hydrologic barriers 
such as canal recharge, selection of initial mass of tracer or its concentration, observation wells, 
sampling schedule and locations, and monitoring. 
 
The transport of a conservative tracer is primarily controlled by advection and dispersion. 
Advection is the movement of the solute due to general ground water motion.  The rate of the 
flowing ground water can be evaluated based on Darcy’s Law.  Tracer migration due to 
advection is assumed to occur at the same rate as the average linear velocity of the ground 
water (Fetter, 2001).  It is important to realize that not all solute will travel at the same rate as 
the ground water.  Some solute will move slower than the mean velocity and some will move 
faster than the mean velocity.  This mechanical mixing together with ionic diffusion results in 
hydrodynamic dispersion and spreading of the solute.  It is known that dispersivity is scale-
dependent (Davis et.al., 1985), meaning that values of longitudinal dispersivity generally 
increase with increasing distance between the injection point and sampling locations (i.e. 
dispersivity increases as the plume migrates down gradient) (Anderson and Woessner, 1992).  
In fractured, non-soluble aquifers, Leibundgut and Wernli (1986) estimated about 1% of the 
dye introduced is recovered (Aley, 2002) but from a tracer study performed in a basalt perched 
aquifer under the Bell Rapids Irrigation District in Twin Falls county by Dallas (2005) up to 
28% of the dye was recovered.   
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Location and Site Conditions 
 
Most spring locations from Crystal Springs downstream to Malad Gorge will likely have 
groundwater flowing through basalt related rock types which includes pillow rubble zones.  Use 
of Fluorescein as a tracer is appropriate for this type of geology that exhibits fracture and 
conduit flow characteristics.  The well targeted for dye release at Malad Gorge State Park is 
located in the ‘Picnic Area’ as shown (central right side) in Figure 2 with a green circle.  
Sample locations are noted as red numbers.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 2.  Location of Malad Gorge and Park Picnic Well (noted by green circle).  Sample 
locations are noted with red colored numbers. 
 
Geologic Conditions and Subsurface Conceptual Flow Model 
 
Water will initially follow the easiest flow paths horizontally along basalt contact zones that are 
highly transmissive with possible ‘conduit’ type of flow path characteristics.  In tandem but at a 
slower rate, water will also flow through fractures in the massive portion of the basalt from the 
overlying flow contact zone.  Approximate horizontal groundwater flow velocities may be 
inferred from dye tracer tests by Farmer (2001) and Dallas (2005) in a basalt flow 200 feet in 

2 3 4 5 6 
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elevation beneath the Bell Rapids Irrigation District in Twin Falls County.  The range of 
horizontal groundwater velocities obtained from these studies are listed in Tables 1 and 2.       
 
The well drilling report shows open hole (10 inch diameter?) with no casing below 21 feet and 
there is broken basalt within the saturated zone of the aquifer (Figure 3).  Water level in the 
well on November 15, 2007 was 185 feet below land surface but the dye will be released into 
the upper level of the broken basalt at 212 feet below land surface.  Figure 4 shows the 
conceptual 2-D model for conditions and dye transport to the springs and river.  It is about 
1,000 feet between the well and the nearest springs.   
 

 
Figure3.  Geology and well construction for the Malad Gorge Park picnic area well.   
 
 

Test Sampling Point Distance 
(m) 

First 
Arrival 
(days) 

Time of 
Peak 

(days) 

Maximum 
Tracer 

Velocity 
(m/day) 

Average Tracer 
Velocity (m/day) 

Well NPS-2 337.4 7 17 48.20 19.85 
Well NPS-3 331.3 5 25 66.26 13.25 
Well NPS-6 272.5 5 12 54.50 22.71 
1984 spring 463.0 17 25 27.24 18.25 

1991 W. Fork spring 547.7 25 39 21.90 14.04 

NPS-
7-

2003 
 

1991 E. Fork spring 547.7 12 20 45.64 27.39 
  
 Table 1.  Table of groundwater velocity results from Dallas (2005). 
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Test Average Linear GW Flow 
Velocity (feet/day) 

Maximum Linear GW Flow 
Velocity (feet/day) 

Well NPS-2-97 140 230 
Well NPS-6-98 75 160 
Well NPS-3-99 48 150 

 

Table 2.  Table of groundwater velocities from Farmer (2001). 

 

 
 
Figure 4.  Conceptual 2-D cross section model of the tracer test at Malad Gorge. 
 
 
Based on the shape of the dye tracer break through curves from Farmer (2001) and Dallas 
(2005) the full plume of dye may take several months to completely pass through but the initial 
break through of dye is estimated at 7 days.  It is anticipated the regional aquifer will dilute the 
dye concentrations to low levels before the dye discharges from the springs into the river.  It is 
estimated there is 750 gallons of water in the borehole of the well and the initial concentration 
of the dye in the well will be approximately 180 ppm (1.5 pounds of dye) resulting in a 
resurgent concentration at the springs ranging from 1-100 ppb.  It is optimal to remove the 
pump and deploy a ‘dye mixing pump’ for at least 3 days after dye release to allow it to flow 
towards the springs.  The original pump can be re-installed and turned back on after this period 
and the well flushed of dye by simply pumping water.  Another advantage to this site is there 
are no wells in between the springs and the dye release well.   
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Proposed Approach to Trace Fluorescein Dye at Malad Gorge State Park 
 
A USGS field and lab procedural report by James Wilson (1986), a thesis by Dallas (2005) and 
recommendations by The Ozark Underground Laboratory Handbook by Tom Aley, along with 
personal experience will be used as guidance for detailed project implementation.  Based on my 
experience and review of the literature in the appendices, it is both viable and feasible to trace 
groundwater flow at Malad Gorge State Park with the following procedure: 

1. Establish 6 monitoring locations and deploy [2] charcoal packets at each location 
along with collecting [1] 50 ml water samples.  Sample site number [1] will be located 
as far up the river as reasonably possible give the geology and hazards with the goal of 
placing the sample site up stream of any potential dye discharge.  Sample sites [2,3,4,5] 
will be located at large spring discharge areas on the south side of the river with the goal 
to determine which spring discharge the most dye.  Sample site [6] will be at Idaho 
Power Co. diversion structure and functions as a downstream integrated sample that will 
be exposed to all dye passing through the river.  This will provide the concentration in 
the river as a whole and serve as a backup in case dye discharges from other unknown 
springs besides the locations of sample sites [2,3,4,5].   

 
2. Collect 2 ‘rounds’ of samples (both charcoal and water) prior to injection of dye 

from all sampling locations on a weekly basis to evaluate natural background 
fluorescence and remove this background level from the data.  IDWR and IPCo. will 
provide staff for this task.   

 
3. Inject a solution of 1.5 pounds of Fluorescein dye mixed with 3 gallons of potable 

water directly into well water through plastic tubing at the 212 foot depth level.  The 
amount of dye is based on literature review and past tracer tests performed within a 
basalt aquifer as noted in the appendix documents (Dallas 2005; Farmer and Larson, 
2001;  

• Thomas Aley states on page 13 of the 2002 Tracer Handbook “There is no 
credible standard equation for estimating dye quantities needed for groundwater 
tracing work.” and on page 14 “We seldom use less than one pound of any of the 
dyes for any particular dye introduction.  In Karst areas, most dye introductions 
use one to five pounds of the selected dye except where the dye is introduced into 
wells, borings, or backhoe pits.  When dye introductions are made into these 
man-made locations, dye quantities are most commonly in the range of five to 
ten pounds for Fluorescein or eosine and ten to twenty pounds of rhodamine WT.  
Groundwater tracing in non-karst areas typically requires two or three times 
more dye than in karst areas.” 

The existing pump will need to be pulled out and a 12 volt mixing pump deployed.  The 
mixing pump will need to be operated continuously for several days until 90% of the 
dye has flowed out of the well.  Then the mixing pump will be removed and the original 
pump lowered back into the well.  The mixing pump will need a steady 110 volt power 
outlet from the restroom facilities connected to a converter for a 12 volt supply to the 
mixing pump.  After the test is over the well can be disinfected and tested for bacteria.   
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4. Sampling frequency will change with time.  During the first two week period samples 
will be collected twice per week then weekly there after for another 4 weeks.  Then 
frequency decreased to bi-weekly for another month.  After this time period the data 
will be evaluated and a decision made if additional samples need to be collected.  The 
total test period will be approximately 12 weeks as noted below in the table and IDWR 
and IPCo. will provide staff for this task.   
 

Week # of 
Locations 

Total # of water 
samples 

Total # of 
charcoal samples 

Notes 

-1 6 6 12 Pretest sampling for background 
0 6 6 12 Pretest sampling then dye release date 
0.5 6 6 12  
1 6 6 12  
1.5 6 6 12  
2 6 6 12  
3 6 6 12  
4 6 6 12  
5 6 6 12  
6 6 6 12  
7    No sampling 
8 6 6 12  
9    No sampling 
10 6 6 12  
11    No sampling 
12 6 6 12  
     
  78 156 Total # of samples 

 
5. Analyze samples by two methods.  IDWR staff will perform the ‘in-house’ method 

with a calibrated lab fluorometer model TD-700 made by Turner Designs or a La Motte 
brand “Smart Spectro” Spectrophotometer.  The TD-700 was used by Dallas (2005) 
which is located at the IDWR office in Boise.  The “Smart Spectro” is also located at 
Boise IDWR.  Periodically, a few samples should be mailed to Ozark Underground 
Labs (OUL) to be analyzed with their equipment for additional QA/QC.  The samples 
will be selected from the first arrival of dye, maximum peak concentration and one 
during the recession of the dye breakthrough curve.  All water samples will be retained 
and stored in a refrigerator until the test is completed.   

 
6. QA/QC will be attained by submitting 3 water samples and 3 charcoal packets to a 

laboratory from the site with the highest concentration determined by the fluorometer.  
The three time periods from this one site will be from the peak concentration, first 
arrival and mid-recession.  Then the water sample and charcoal packet from the peak 
concentration from each additional location will be also sent off to the lab for a total of 
7 samples (each having both a water sample and charcoal packet) submitted to the lab.    
A blank water sample will be tested during each analysis using a fluorometer.  Natural 
background fluorescence will be determined by collecting and analyzing two rounds of 
samples from each location prior to dye injection to provide a baseline.   
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7. Date analysis and report writing will be performed at the end of the test discussing 
and describing the results and recommendations for future actions.  Copies will be made 
available.   

 
Biological Considerations 
 
Fluorescein is non-toxic, biologically degrades and photo degrades when exposed to ultraviolet 
light.  A literature search has been made to ensure that biological risks to humans, human food 
sources, and aquatic species such as fish, snails and Daphnia are taken into consideration for the 
test design and there is no known adverse effects anticipated given the project design.  Dye 
tracing has been performed at locations with endangered species (snails and shellfish), human 
food sources (trout farms), and salmon spawning beds for over half a century with the approval 
of the U.S. Fish and Wildlife Service, state agencies and other private and non-profit 
organizations (Aley, 2008).   
 
Human 
Human health and safety are addressed from the MSDS sheets provided in the appendices.  The 
dye is EPA certified to conform to the ANSI/NSF Standard 60 for use in potable public water 
supplies as set forth by the Clean Water Act (see a copy of the certification in the appendices) 
up to 10 ppb.  Smart (1984) states “Persistent dye concentrations in tracer studies should not 
cause problems provided they are below 100 ppb”.   The pump will be turned on and the system 
flushed until the water is colorless.  The water will be tested for residual dye and continued 
flushing if levels are above 10 ppb.  The resurgent concentrations from the springs and in the 
river will not be a risk to humans since there is no exposure or consumption of this water.  
 
Snails 
Endangered and non-endangered snails were considered by seeking professional 
recommendations and information.  Tom Aley has performed numerous dye tracer tests at 
locations where endangered snails are present with the blessing of the U.S. Fish and Wildlife 
Service (Aley, 2008).  A literature search was performed and numerous snail experts contacted 
about the potential risk as noted from copies of emails in the appendix.  I spoke with Dr. John 
Stark who is the director and a professor at Washington State University about snails and his 
opinion was that the dye should not pose a problem to snails if the concentration is below 300.0 
ppm.  John Stark is an ecotoxicologist who specializes in ecological risk assessment of 
threatened and endangered species (see Daphnia section below).   
 
Fish 
Two potential issues, native or indigenous populations and commercial production are 
addressed in regards to fish.  Dye tracing has been approved by federal regulatory agencies and 
performed in streams and rivers for over half a century at locations that include sensitive 
environments and endangered species such as in Salmon spawning beds with no problems or 
issues (Aley, 2008).  Resurgent dye concentrations are expected to be very low ranging from 
0.1-100 ppb from the springs and diluted after mixing with additional river water near the 
spring area above the upper IPCo. diversion structure.  Even more dilution will occur 
downstream from more spring discharge into the river where it is anticipated concentrations of 
dye will be at or below the minimum detection limits.  As a precaution, samples will be 



 

nfarmer Page 9 of 45 1/10/2009 

collected at the upper diversion structure to monitor concentrations in the river.  The endemic 
species of Shoshone Sculpin are present in the lower Malad River below the Highway 30 
Bridge (Bowler, 1992 and personal communication with Malad Gorge staff, 2008).  The dye is 
expected to be below detection limits by the time it flows through this section from the effects 
of dilution, biological degradation, ultraviolet light degradation, and absorption onto concrete 
and rock substrate.   
 
Daphnia 
Daphnia are small, planktonic crustaceans, between .2 and 5 mm in length (Figure 5). Daphnia 
are members of the order Cladocera, and are one of the several small aquatic crustaceans 
commonly called water fleas because of their saltatory swimming style (although fleas are 
insects and thus only very distantly related). They live in various aquatic environments ranging 
from acidic swamps to freshwater lakes, ponds, streams and rivers (Wikipedia, 2008).   

 

Figure 5.  Photo of Daphnia crustacean (Wikipedia, 2008).   

Dr. John Stark was contacted by IDWR staff (personal communication) and discussed the risk 
of Fluorescein dye to both snails and Daphnia.  Dr. Stark is an ecotoxicologist who specializes 
in ecological risk assessment of threatened and endangered species. He runs the WSU Salmon 
toxicology research laboratory and has recently started work on the effects of pesticides on 
endangered butterfly species. Stark is also a population modeler and has developed population-
level risk assessments based on matrix models and differential equation models.  

John D. Stark  
Director, WSU Puyallup Research & Extension Center 
and Professor, Ecotoxicology Program 
7612 Pioneer Way 
Puyallup, WA 98371-4998  

http://entomology.wsu.edu/Profiles/stark.html 

Phone: (253) 445-4519 
E-Mail: starkj@wsu.edu 

 

 
Dr. Stark provided a professional paper (Walthall and Stark, 1999) that addresses the risk of 
dyes to Daphnia and the research paper concluded there is little or no issues with dye 
concentrations below 337 (278±403) mg/liter (ppm) and the resurgent dye concentration is 
expected to be several orders of magnitude less in concentration within the range of 0.1-100 
ppb.   

http://en.wikipedia.org/wiki/Plankton�
http://en.wikipedia.org/wiki/Crustacean�
http://en.wikipedia.org/wiki/Order_(biology)�
http://en.wikipedia.org/wiki/Cladocera�
http://en.wikipedia.org/wiki/Water_flea�
http://en.wikipedia.org/wiki/Saltation�
http://en.wikipedia.org/wiki/Flea�
http://en.wikipedia.org/wiki/Insect�
http://en.wikipedia.org/wiki/Acid�
http://en.wikipedia.org/wiki/Swamp�
http://en.wikipedia.org/wiki/Fresh_water�
http://en.wikipedia.org/wiki/File:O5,3_(188222702).jpg�
mailto:starkj@wsu.edu�
http://en.wikipedia.org/wiki/File:O5,3_(188222702).jpg�
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List of Supplies and Equipment Needed for Implementation of One Dye Test 
(most equipment will be a one time cost and therefore subsequent supply cost may be 

about half of this total cost)  
 
 

Item # Description Estimated Cost
1 IDWR in-kind contribution fluorometer TD700 ($5,000) 0
2 IDWR in-kind contribution fluorometer Smart Spectro ($2,000) 0
3 Dye (2 pounds + shipping) 100
4 Bulk 500 per case 50 mL screw top vials 100
5 Charcoal packets (200) 100
6 Wash bottles 20
7 Laboratory wipes 20
8 Laboratory soapless cleaner and brushes 20
9 Black sharpie markers 20
10 "Blue Ice" packs 50
11 Aqua ammonia (29%) 100
12 Isopropyl alcohol (70%) 100
13 OUL lab analysis (7 samples @ $40 ea) 280
14 Mixing pump 12 volt (Abyss Model) 1,155
15 110 volt AC to 12 volt DC converter for pump 355
16 250 feet of 3/8" polytubing 50
17 Bacteria tests and disinfection 40
18 Pull existing pump 700
19 Miscellaneous items (tape, string, tarp, funnel, buckets, etc. 50

Subtotal $ 3260

 
 Quantity                                   

                                  DESCRIPTION 
                          Include make, model, color, etc.                        Cat. # 

 
Estimated 
  Amount 

 
1 
 
1 
 
1 
 
1 
 
1 
 
1 
 
1 
 
1 
 
1 

 
Pyrex 1000 beakers starter set                                                EG-34502-90 
 
NALGENE ®  polypropylene volumetric flask, 100 mL       K-06108-20 
 
NALGENE ®  polypropylene volumetric flask, 250 mL       K-06108-40 
 
NALGENE ®  polypropylene volumetric flask, 500 mL       K-06108-50 
 
NALGENE ®  polypropylene volumetric flask, 1000 mL      K-06108-60 
 
PYREX ®  Brand 5580 Volumetric Flask; 2000 mL              K-34560-12 
 
Pyrex ®  Brand 3022 cylinder; 10 mL                                     K-34593-01 
 
Pyrex ®  Brand 3022 cylinder; 100 mL                                   K-34593-04 
 
Pyrex ®  Brand 3022 cylinder; 250 mL                                   K-34593-05 

 
26.48 
 
25.50 
 
32.00 
 
38.00 
 
48.50 
 
74.00 
 
15.50 
 
24.50 
 
43.00 
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1 
 
1 
 
1 
 
1 
 
1 
 
1 
 
 
1 
 
 
1 
 
 
1 
 
 
1 
 
1 
 
 
1 
 
1 
 
 
1 
 
1 
 
 

 
Pyrex ®  Brand 3022 cylinder; 500 mL                                   K-34593-06 
 
Volumetric Pipettes, Class B pipettes, 20mL                          K-25561-24 
 
Volumetric Pipettes, Class B pipettes, 25mL                          K-25561-26 
 
Volumetric Pipettes, Class B pipettes, 50mL                          K-25561-32 
 
Pipette Controllers , filler, 50 mL capacity                                K-24805-10 
 
NALGENE ®  polypropylene Erlenmeyer flask, 1000 mL        K-06109-50 
(package of 2) 
 
NALGENE ®  polypropylene Erlenmeyer flask, 2000 mL        K-06109-60 
(package of 2) 
 
Nalgene ®  economy low-density polyethylene wash bottle, 250 mL 
(package of 6)                                                                             EW-62304-30 
 
Microflex ®  Ultra One ®  Latex Gloves; size, medium             EW-86231-91 
(box of 50) 
 
Potassium hydroxide, flakes c.p. (1kg)                                      EW-88247-49 
 
TEST TUBE BRUSH, 10"L X 3/4" DIAMETER, PACK OF 12 
(package of 12)                                                                           EG-84550-52 
 
Small neck bottle brush - 16-1/2"L x 3/4" to 2" dia - 1 each     EG-84550-76 
 
Burette brush, 16-1/2"L x 1/8 to 3/4" diameter, pack of 12       EG-84550-61 
(package of 12) 
 
Ohaus ®  High-Performance Hand-Held Balance                       K-11013-51 
 
NALGENE ®  UnwireTM half rack for 25-mm tubes, blue         K-06738-83 
 
 
Cole-Parmer  
625 East Bunker Court 
Vernon Hills, Illinois 60061 
 
Phone: 1-800-323-4340 
Fax: 1-847-247-2929 
E-Mail: info@Coleparmer.com 
 
www.coleparmer.com 
 
 
Estimated shipping 

 
54.00 
 
15.00 
 
15.00 
 
19.00 
 
16.50 
 
46.50 
 
 
58.00 
 
 
 
22.50 
 
11.50 
 
 
47.90 
 
 
29.50 
 
11.75 
 
35.00 
 
 
148.00 
 
17.00 
 
 
 
 
 
 
 
 
 
 
 
 
 
100 

 
                                                                            Sub Total 

 
$975 

      
20% Contingency for unforeseen costs……………………………………….…… $847 
 

mailto:info@coleparmer.com�
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Total Supplies & Equipment: about $5, 082 
 

• IDWR in-kind staff cost (1 day per week for 16 weeks)    = $3,200 
• IDWR in-kind travel cost (16 trips @ 180 miles ea @ $0.475/mile)  = $1,368 

Total IDWR In-kind  = $4,568 
 
*(note that IDWR in-kind costs are a maximum estimate and might decrease because of 
combined travel with other dye test sampling, sample analysis with other tests, etc.) 
 
Facilities Needed 
A lab environment will be needed for the duration of the test to prepare calibration standards, 
test and store samples.  A sink, bench with electrical outlet, refrigerator, and deionized water 
will need to be available at this work area.  The state of Idaho Agriculture Department or State 
Lab may have a small work area available.  I will need assistance from management to secure a 
work area.  If we can not find a work area at another facility we can still proceed with the 
project but tests will need to be done here in the office at IDWR which will be less convenient 
but workable.  
 
 
 
 
 
 
 
 
 
 
 

Appendix of Information Used for Proposed Implementation 
 

1. Certification of Approval for use in Potable Water & Safety Reference 
2. Material Safety Data Sheet for Fluorescein 
3. Flourometric Facts Bulletin - Fluorescein 
4. Technical Data Bulletin 
5. USGS Report (title page only) “Fluorometric Procedures for Dye Tracing” 
6. Groundwater Tracing Handbook by Thomas Aley 
7. Reference: Groundwater Tracer Tests at Hagerman Fossil Beds N.M. 2001 
8. Reference:  Hydrologic Study of the Deer Gulch Basalt 2005 
9. Reference:  Tracer Tests in Columbia River Basalts 1998 
10. Resume of Thomas Aley – author of Groundwater Tracing Handbook by Ozark 

Underground Laboratory. 
11. Amount of dye verses distance for two tracer tests in basalt. 
12. Email correspondence 
13. List of References 
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The NSS Bulletin - ISSN 1090-6924 
Volume 46 Number 2: 21-33 - October 1984 
A publication of the National Speleological Society 

A Review of the Toxicity of Twelve Fluorescent Dyes Used for Water Tracing 
P.L. Smart 

Abstract 

Toxicological information is reviewed for twelve fluorescent dyes used in water tracing, Fluorescent 
Brightener 28, Tinopal CBS-X, Amino G Acid, Diphenyl Brilliant Flavine 7GFF, Pyranine, Lissamine 
Yellow FF, Fluorescein, Eosine, Rhodamine WT, Rhodamine B, Sulphorhodamine B and 
Sulphorhodamine G. Mammalian tests indicate a low level of both acute and chronic toxicity. However, 
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only three tracers could be demonstrated not to provide a carcinogenic or mutagenic hazard. 
These were Tinopal CBS-X, Fluorescein and Rhodamine WT.  Rhodamine B is a known carcinogen 
and should not be used. In aquatic ecosystems, larval stages of shellfish and algae were the most 
sensitive.  Persistent dye concentractions in tracer studies should not cause problems provided they are 
below 100 µg/l. 

http://www.caves.org/pub/journal/PDF/V46/v46n2-Smart.htm 
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Amount of Dye vs. Distance for Bell Rapids Tests
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- 28% recovery rate for Dallas 2005 at 3.1 pounds
- estimate > 28% recovery rate for Farmer 2001 at ave. of 1 pound from two tests
- estimate an order of magnitude less recovery rate for other tracer tests
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EMAIL 
-----Original Message----- 
From: Kris, Michy (PIRSA) [mailto:Kris.Michy@saugov.sa.gov.au]  
Sent: Sunday, November 09, 2008 4:30 PM 
To: Farmer, Neal 
Subject: Re: Snails and fluorescent dye 
 
 
I think you would have better success searching for the information in 
America, rather than Australia. I don't know if the species mentioned 
are native to America, or introduced, but they have "American" names. 
 
I did a quick Google search about freshwater snails and the Australian 
Museum comes up several times, so the following link could provide a 
starting point: 
 
http://www.amonline.net.au/invertebrates/staff/ponder.htm 
 
 
-----Original Message----- 
From: Farmer, Neal [mailto:Neal.Farmer@idwr.idaho.gov] 
Sent: Sat 08/11/2008 05:56 
To: PIRSA:Ruralsolutions 
Subject: Snails and fluorescent dye 
  
Greetings, 
 
 I trying to find out if the dye Fluorescein has any harmful effects on 
freshwater snail species in particular: 
 
 Snake River physa 
 
Bliss Rapids snail 
 
Idaho Springsnail 
 
 Do you know of any scientific literature or sources that would discuss 
this topic? 
 
 Neal Farmer 
Special Projects Coordinator 
Idaho Department of Water Resources 
208-287-4836 
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____________________________________________ 
From: System Administrator  
Sent: Sunday, November 09, 2008 12:42 PM 
To: Farmer, Neal 
Subject: Undeliverable: Please forward to POC - Snails and Fluorescent dye topic 
 
Your message did not reach some or all of the intended recipients. 
 
      Subject: Please forward to POC - Snails and Fluorescent dye topic 
      Sent: 11/7/2008 12:33 PM 
 
The following recipient(s) could not be reached: 
 
      kwalt@frank.mtsu.edu on 11/9/2008 12:42 PM 
            Could not deliver the message in the time limit specified.  Please retry or contact your administrator. 
            <a025.idwr.state.id.us #4.4.7> 
 

 
 
 

 
From: cgnorton@stkate.edu [mailto:cgnorton@stkate.edu]  
Sent: Saturday, November 08, 2008 3:13 PM 
To: Farmer, Neal 
Subject: Re: Snails and fluorescent dye 
 
Neal - 
I did a brief search, and found very little, mostly examples of using the dye to stain 
microscopic samples or nerve cells.  You might try contacting Rob Dillon - he has a web 
site on Freshwater Gastropods of NA and knows alot about snails in general. 
  
His email is: Rob Dillon <dillonr@cofc.edu>  
  
Sorry I couldn't be more helpful. 
  
Cindy Norton 
Dr. Cynthia G. Norton 
Endowed Professor in the Sciences 
Professor of Biology and Women's Studies 
College of St. Catherine 
2004 Randolph Ave. 
St. Paul, MN 55105 
651-690-6631 
__________________________________________ 
Soon to be St. Catherine University, as of June 1, 2009 
 
"You will do foolish things, but do them with enthusiasm."  Colette 
 
 
 
 
 
 

mailto:kwalt@frank.mtsu.edu�
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From: Mark Dybdahl [mailto:dybdahl@wsu.edu]  
Sent: Friday, November 07, 2008 12:41 PM 
To: Farmer, Neal 
Subject: Re: Snails and Fluorescent dye 
 
Neal 
 
I can't help you.  I am not sure.  My guess is there would be no effect.  I could do a literature 
search if you need help with that. 
 
Mark 
 
Greetings, 
  
I'm trying to find out if the dye Fluorescein has any harmful effects on freshwater snail species 
in particular: 
  
Snake River physa 
Bliss Rapids snail 
Idaho Springsnail 
  
Do you know of any scientific literature or sources that would discuss this topic? 
   
Neal Farmer 
Special Projects Coordinator 
Idaho Department of Water Resources 
208-287-4836 
  
--  
 
******************* 
Mark Dybdahl, Assoc Prof 
School of Biological Sciences 
PO Box 644236 
Washington State University 
Pullman, WA  99164-4236 
 
Ph: 509-335-7909 
FAX: 509-335-3184 
www.wsu.edu/~dybdahl/ 
******************* 
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Reference and Sources of Information 
 

1. Aley, T., 2008, Ozark Underground Labs, personal communication voice mail.   
 

“Hi Neal this is Tom Aley with the Ozark Underground Lab.  I’m working in 
Washington State today – you can probably reach me in the morning on my cell phone 
417-251-1520.  Fluorescein is not going to cause you any problems.  We are sending 
you a journal review from the mid-80’s where they looked at biological impacts of 
Fluorescein and as I recall no problems at all - with the blessings of U.S. Fish and 
Wildlife Service - we have used Fluorescein in a number of traces to delineate the 
recharge area for the federally endangered tumbling creek cave snail.  The genus of it is 
antropia.  The cave in which they are located also has populations of  fisa jirina.  No 
problems with those.  I’ve traced a lot to salmon streams and salmon spawning streams 
in Alaska.  No problems there.  It’s not going to color fish flesh or anything like that and 
we’ve done lots of tracing in coastal Washington from on-site sewage systems in the 
marine shellfish beds again no concerns there.” 

 
2. Aley, T., 2002, Groundwater tracing handbook, Ozark Underground Labs, 44 p. 
 
3. Aley, T. 2003, Procedures and criteria analysis of Fluorescein, eosine, Rhodamine wt, 

sulforhodamine b, and pyranine dyes in water and charcoal samplers, Ozark Underground 
Labs, 21 p. 

 
4. Axelsson, G., Bjornsson, G., and Montalvo, F., 2005, Quantitative interpretation of tracer 

test data, Proceedings World Geothermal Congress, 24-29p. 
  
5. Bowler, P.A., Watson, C.M., Yearsley, J.R., Cirone, P.A., 1992, Assessment of ecosystem 

quality and its impact on resource allocation in the middle Snake River sub- basin; (CMW, 
JRY, PAC - U.S. Environmental Protection Agency, Region 10; PAB - Department of 
Ecology and Evolutionary Biology, University of California, Irvine), Desert Fishes Council 
(http://www.desertfishes.org/proceed/1992/24abs55.html) 

 
6. Field, M.S., Wilhelm R.G., Quinlan J.F. and Aley T.J., 1995, An assessment of the potential 

adverse properties of fluorescent tracer dyes used for groundwater tracing, Environmental 
Monitoring and Assessment, vol. 38, 75-96 p. 

 
7. Galloway, J.M., 2004, Hydrogeologic characteristics of four public drinking water supply 

springs in northern Arkansas, U.S. Geological Survey Water-Resources Investigations 
Report 03-4307, 68 p. 
 

8. Noga, E.J., and Udomkusonsri, P., 2002, Fluorescein: a rapid, sensitive, non-lethal method 
for detecting skin ulceration in fish, Vet Pathol 39:726–731p.  

 
9. Olsen, L.D. and Tenbus F.J., 2005, Design and analysis of a natural-gradient groundwater 

tracer test in a freshwater tidal wetland, west branch canal creek, Aberdeen proving ground, 
Maryland, U.S. Geological Survey Scientific Investigation Report 2004-5190, 116 p. 
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10. Putnam, L.D. and Long A.J., 2007, Characterization of ground-water flow and water quality 

for the Madison and minnelusa aquifers in northern Lawarence county, South Dakota, U.S. 
Geological Survey Scientific Investigation Report 2007-5001, 73 p. 

 
11. Smart, C. and Simpson B.E., 2002, Detection of fluorescent compounds in the environment 

using granular activated charcoal detectors, Environmental Geology, vol. 42, 538-545 p. 
 
12. Spangler, L.E., and Susong, D.D., 2006, Use of dye tracing to determine ground-water 

movement to Mammoth Crystal springs, Sylvan pass area, Yellowstone national park, 
Wyoming, U.S. Geological Survey Scientific Investigations Report 2006-5126, 19 p. 

 
13. Smart, P.L., 1984, A review of the toxicity of twelve fluorescent dyes used for water 

tracing, National Speleological Society publication, vol. 46, no. 2: 21-33. 
 
14. Taylor, C.J., and Greene E.A., Hydrogeologic characterization and methods used in the 

investigation of karst hydrology, U.S. Geological Survey field techniques for estimating 
water fluxes between surface water and ground water, chapter 3, Techniques and Methods 
4-D2, 71-114 p. 

 
15. Walthall, W.K., and Stark J.D., 1999, The acute and chronic toxicity of two xanthene dyes,  

Fluorescein sodium salt and phloxine B, to Daphnia pulex, Environmental Pollution volume 
104, pages 207-215. 
 

16. Wilson, J.F., Cobb, E.D., and Kilpatrick F.A., 1986, Fluorometric procedures for dye 
tracing, U.S. Geological Survey Techniques of Water-Resources Investigations of the 
United States Geological Survey, Applications of Hydraulics, book 3, chapter A12, 43 p. 
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