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February 12, 2010 

 
 

 
Mr. Paul S. Fisher – Executive Director 

Berkeley County Public Service Water District 
PO Box 737 

Martinsburg, WV 25402-0737 

 

Subject: Dye Trace Study – Proposed North Mountain Shale 
Quarry, Gerrardstown, Berkeley County, West Virginia   
(Our 29044.01) 

 

Dear Mr. Fisher: 

GeoConcepts Engineering, Inc. (GeoConcepts) is pleased to present this geological consulting 

services summary report for the above referenced project.  These services have been performed in 

accordance with our proposal/agreement dated September 29, 2009. 

 

1.0 Executive Summary 

We have prepared this executive summary solely to provide a general overview.  Do not rely on 

this executive summary for any purpose except that for which it was prepared.  Rely only on the full 

report for information about findings, recommendations, and other concerns. 

North Mountain Shale (NMS) is currently proposing to extract weathered shale rock from an 

outcrop zone of the Martinsburg Formation located along the pediment of the eastern slope of North 

Mountain, approximately 2,000 feet south of State Route 51, west of Gerrardstown, Berkeley County, 

West Virginia. The initial permit area encompasses approximately 100 acres; mineral extraction will be 

limited to a planned 41 acre section of the overall permitted land. 

A report entitled “Groundwater and Surface Water Impacts from Surface Mining”, by North 

Mountain Shale, Berkeley County WV, dated July 15, 2009 was prepared by Charles H. Grenot, Jr., PG, 

and Gerald Ahnell, PG, on behalf of North Mountain Shale, LLC, and was received by the Berkeley County 

Public Service Water District (BCPSWD) on July 16, 2009. The report was reviewed by Robert K. Denton, 

Jr., CPG, of GeoConcepts and Joseph J. Donovan, PhD of the University of West Virginia. The reviewers 

expressed concern that water originating at the proposed quarry site might infiltrate into the regional 

karst aquifer via a losing stretch of Mill Creek located south of Gerrardstown, and possibly impact 

BCPSWD wells located at Springdale Farm, as well as regional springs which are used as domestic 

supplies and resurge into Mill Creek east of Gerrardstown. 
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In order to investigate this issue, a dye trace study was recommended by GeoConcepts and Dr. 

Donovan to determine if the losing stretch of Mill Creek has hydrologic connectivity with the karst aquifer 

supplying the Springdale Farm Wells and regional springs.  The tracer study was subsequently approved 

by the Berkeley County Public Service Water District (BCPSWD).  

Dye was introduced at two outlets planned for water leaving the final settling ponds at the 

proposed North Mountain Shale (NMS) shale quarry. Outlet #1 is planned to discharge to an unnamed 

tributary of Mill Creek which has its confluence with Mill Creek approximately 0.5 miles south of 

Gerrardstown. Outlet #2 is located approximately 600 feet to the northeast of Outlet #1, and planned for 

discharge to an unnamed tributary of Mill Creek that runs across the Prospect Hill Farm and has its 

confluence with Mill Creek on the North side of Gerrardstown. Five pounds of Eosine dye was introduced 

on November 12, 2009, at each of the two outlet receiving streams, respectively.  Dye trap collection was 

carried out at three (3) sites, weekly, for 60 days: 

1. The Springdale community wells; 

2. The Marshy Dell Spring (also known as the Douglas Miller Farm Spring); and 

3. The confluence of the Springdale and Springvale Springs (referred to hereinafter as the 
Isherwood Springs). 

 
A background (control) sampling point was also collected upstream from the dye introduction 

points, near where Dominion Road crosses Mill Creek, approximately 1.8 miles southwest of 

Gerrardstown. The control was collected concurrently with the other samplers.   

A trace of dye was recovered at the Marshy Dell Spring, with travel time estimated between 20 

and 34 days from introduction. Transport velocity was estimated within a range of 58 to 100 feet/day. 

Dye was subsequently detected at the Springdale Well, with arrival time estimated between 34 and 41 

days. Transport velocity was estimated within a range of 139 to 167 feet/day. Both dye travel times were 

in agreement with prior studies of the hydrology of Berkeley County (Jones, 1997), and fall into the 

inferred regional velocity range for transport through a diffuse, highly complex subsurface network. No 

dye was detected at either the Isherwood Springs or the control site. 

 The results of the dye trace suggest there is a hydrologic connection between the losing stretch 

of the Mill Creek, and the aquifer supplying the Springdale Wells. 

 

2.0 Hydrogeological Setting 

 The dye trace was conducted in the headwaters of the Mill Creek, near the contact of the 

Ordovician aged Martinsburg Shale at the eastern pediment of North Mountain, and the Valley 

Carbonates lying to the east. The Mill Creek flows north, roughly paralleling the course of the North 

Mountain fault, where the Valley Carbonate rocks have been pushed over the top of the geologically 
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younger Martinsburg Shale. There are several “losing” stretches within this section of the creek, where 

surface water flow is noticeably diminished as it percolates through the streambed into the subsurface.  

The Mill Creek turns abruptly eastward as it nears Gerrardstown, with several bends and 

meanders where it passes through a gap in the carbonate upland known locally as “Apple Pie Ridge”. 

Apple Pie Ridge runs parallel to North Mountain and its namesake fault, and is formed where a second, 

parallel fault has thrust the Cambrian-aged Elbrook Limestone over the top of the Ordovician-aged 

Rockdale Run Formation. Although it rises from 60 to 120 feet above the surrounding landscape, Apple 

Pie Ridge is well-known for the presence of sinkholes, small caves, and other surface karst features. It 

forms a minor divide for surface drainages, but it is unlikely that the ridge acts as a subsurface drainage 

divide due to its being riddled with solution-enlarged conduits, as evidenced by the density of surface 

karst features and the fact that it is underlain by the karst-prone Elbrook Limestone. 

Once the Mill Creek passes into the gap at Apple Pie Ridge it becomes a “gaining” stream, as its 

flow is increased incrementally by a series of springs occurring along its banks and within the channel. 

The springs increase in flow significantly as the stream leaves the eastern face of Apple Pie Ridge, with 

the largest flows (>300 gpm) being recorded at Carter Spring and Springdale/Springvale (Isherwood) 

Springs, both located just east of the ridge (Schultz, et al., 1995). 

The base flow of the entire Mill Creek drainage west of Inwood, West Virginia has been measured 

at 205 gpm/acre. It is of note that the Mill Creek west of Gerrardstown is subject to allogenic recharge 

(i.e. where the runoff originates on clastic rocks and recharges the carbonate karst aquifer). Once the 

creek passes through the gap at Apple Pie Ridge, the karst aquifer is increasingly recharged autogenically 

(i.e. from runoff originating on the carbonate terrain). The annual groundwater recharge has been 

estimated for the Valley section of Berkeley County at 10 inches, or 330 gpm/Mi2 (Jones, 1997). 

The nature of the karst aquifer in Berkeley County is complex, and not well understood. In nearly 

all of the prior dye traces in the region, the dye has been introduced into sinkholes, rather than losing 

streams. In some cases, the dye emerged from multiple resurgences, characteristic of a diffuse flow 

regime. Traces that have been conducted in Berkeley County have identified a bimodal distribution of dye 

travel rates, with “slow” velocity ranging from 32 to 155 feet/day, and a “fast” velocity ranging from 703 

to 1,879 feet/day (Jones, 1997; Hobba, 1976; Schultz et al., 1995; Field, 1996). Jones assumed the 

“slow” velocity range to be representative of diffuse transport through a relatively complex, three-

dimensional network of small, solution-enlarged fractures, fissures, with much of the flow following the 

steeply-dipping bedding-planes. The “fast” velocity range was conjectured to be representative of 

transport through discrete, solution-enlarged conduits, most of which are parallel with the strike of the 

bedrock extending generally from northeast to southwest. Subsequent studies by the United States 

Geological Survey have supported the hydrologic model proposed by Jones. (Vesper, et al., 2007; Yager, 

et al., 2008). 
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3.0 Prior Dye Trace Studies 

To our knowledge, no prior dye trace studies have been conducted in the current study area, or 

anywhere within the drainage of the Mill Creek west of Inwood, West Virginia. 

  

4.0 Procedures and Methodology 

The current study utilized standard dye tracing techniques (Aley, 1999) involving the introduction 

of fluorescent dye (Eosine) into a stream channel, and its subsequent adsorption by activated charcoal 

samplers. The samplers contained approximately 4.25 grams of activated charcoal derived from coconut 

shells, placed in an envelope-shaped fiberglass screen “trap” with 1.3 to 1.5 millimeter openings.  

The samplers were placed at four locations as follows: 

1. The BCPSWD Well (Springdale Well) 

2. Isherwood Spring Run (confluence of the Springdale Spring and Springvale Spring) 

3. The Marshy Dell Spring (also known as the Douglas Miller Farm Spring) 

4. A background (control) sampling point located upstream from the dye introduction points, near 
where Dominion Road crosses Mill Creek, approximately 1.8 miles southwest of Gerrardstown. 

 
 Two separate samplers were placed at each location. The BCPSWD well samplers were placed 

into a clean, 5-gallon plastic bucket and weighted down with a rock. A hose leading from the well 

sampler port was then placed in the bucket. When the wells were pumping a continuous stream of water 

was then introduced into the bucket at an approximate flow rate of 5 gpm. 

 The stream samplers were secured by threading a nylon zip-tie through the screening, and then 

secured to a stick which was thrust into the stream bed. The samplers were placed in such a way that 

they were positioned in the stream flow, and held at several inches below the water surface. The 

samplers were also placed in such a way as to hide them from view and prevent tampering. 

 At the time the samplers were collected, a grab sample of approximately 250 ml. of water was 

also collected. Specific locations of the sampling stations are shown on Figure 1, Appendix A. 

 The activated carbon samplers are designed to absorb, retain, and concentrate the tracer dye. 

When eluted in the laboratory these samples routinely yield dye concentrations one to two orders of 

magnitude greater than the mean dye concentrations in the water. Activated carbon samples are 

continuous samplers. Grab samples of water provide dye concentrations at a particular point in time. The 

grab samples were analyzed if the dye was detected in the associated activated carbon sampler, if an 

activated carbon sampler was lost or was not collected, or if fluorescence peaks in the associated carbon 

sampler suggested that the water sample should have been analyzed. If dye was detected at a sampling 

station in an activated carbon sampler the laboratory analyzed the two most recent previous water 

samples from that station. Because the current study involved well and perennial spring sampling, water 

was available at all sampling stations throughout the duration of the study. All samples were placed in a 
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cleaned, chilled cooler and shipped to the Ozark Underground Laboratory, Inc., (OUL) in Protem, Missouri 

for analysis. The analytical methodology is described in detail in Appendix B. Shipping coolers were 

decontaminated to remove any residual dye and sent back to GeoConcepts for re-use. 

 Dye Introduction – Two outlets are planned for water leaving the final settling ponds at the 

proposed NMS shale quarry. Outlet #1 discharges to an unnamed tributary of Mill Creek which has its 

confluence with Mill Creek approximately 0.5 miles south of Gerrardstown. Outlet #2 is located 

approximately 600 feet to the northeast of Outlet #1, and discharges to an unnamed tributary of Mill 

Creek that runs across the Prospect Hill Farm and has its confluence with Mill Creek on the North side of 

Gerrardstown. 

 Ten pounds (4.54 Kg.) of Eosine dye mixture (75% dye equivalent and 25% diluent) were 

introduced into the outlet channels, divided into two equal 5 pound (2.27 Kg.) samples. The Eosine dye 

was dissolved by gradually adding the 5 pounds in 1 pound increments into 5 gallons of water, using a 

stainless steel vortex mixer.  The dye/water mixture was stirred until all solids had dissolved, and then 

allowed to sit for 48 hours prior to use. The containers (closed carboys) were agitated once every few 

hours, and shaken vigorously prior to pouring into the stream channels. Eosine dye was chosen for this 

investigation as it was non-toxic, less visible to casual observers, and could be detected with a high 

degree of accuracy at extremely low concentrations. 

 The dye was introduced into the channels on November 12, 2009. Both streams exhibited good 

flows of water at the time; however the flow rates were not measured. Visual approximation estimated 

both streams to be flowing between 15 and 30 gpm, based on the investigator’s prior experience at 

stream gauging. The dye was introduced at locations where the streams were still flowing across the 

Martinsburg Shale, but close to the contact with the carbonate rocks.  

 The injection and sampler locations are shown on Figure 1, and are described in detail on Table 1 

as follows: 

 

Table 1. Injection Point and Sampler Location Data Table 

Site Name Site Type UTM Coordinates; Zone 17N: NAD 83 Datum Dye Information 

Outlet #1 Injection 749650 east 4361394  north Eosine, 5 lbs. 

Outlet #2 Injection 749423 east 4362424 north Eosine, 5 lbs. 

Marshy Dell Spring Sampling 750753 east 4361585 north N/A 

Isherwood Springs Sampling 751407 east 4360362 north N/A 

Springdale Well Sampling 750450 east 4360150 north N/A 

Mill Creek Control Sampling 748559 east 4359228 north N/A 
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 Sampler Collection - Background sampling was performed to detect and quantify the presence 

of tracer dyes or fluorescent compounds with characteristics similar to the tracer dye. Two background 

samples were collected from all designated sampling locations approximately 14 and 7 days prior to the 

introduction of the tracer dye. 

 Following the introduction of the tracer dye, the samplers were collected for a total of 60 days. 

During the first two weeks, samplers were collected every 4 days and then weekly thereafter. The last 

weekly sampler was collected on January 14th, 2010. A final set of samplers were placed at each station, 

and will be left in place for one month. If any dye is detected in these samplers the data will be made 

available as an addendum to this report. 

 Certificate of Analysis and Chain of Custody documentation are included as Appendix C to this 

report. 

 

5.0 Dye Trace Results and Discussion 

 The background samplers which were collected 14 and 7 days prior to the introduction of the dye 

were all negative for any fluorescence peaks in the range that would interfere with the Eosine tracer dye. 

 The results of the sampling after introduction of the dye are shown on Table 2 as follows: 

 

Table 2. Dye Sampling Results Summary 

Sampling Site 
Dye Detected 

(ppb) 

Travel Time 

(days) 

Velocity 

(feet/day) 

Marshy Dell Spring 0.777 20 - 34 58 - 100 

Isherwood Springs None Detected N/A N/A 

Springdale Well 2.39 34 - 41 139 - 167 

Mill Creek Control None Detected N/A N/A 

 

 As shown in Table 2, the tracer dye was detected at two of the downgradient sampling stations. 

The first arrival was at the Marshy Dell (Douglas Miller Farm) Spring approximately 20 to 34 days after 

the injection event on November 12, 2009. It should be noted that high water conditions prevented the 

Marshy Dell Spring from being sampled on December 9, 2009, so the samplers there were collecting 

potential dye arrivals for 14 days (as opposed to the normal 7 day interval). 

 The second arrival was at the BCPSWD well at Springdale. Dye was detected in samplers 

collected on December 23, 2009, with arrival sometime between December 16 and the collection date. 

Therefore the dye arrived at the sampling point approximately 34 to 41 days after injection. 

 Dye travel velocities ranged from 139 to 167 feet per day at the Springdale Well, to 34 to 41 feet 

per day at the Marshy Dell Spring. This is notable, in that the Marshy Dell Spring is approximately 2,000-
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feet from the center of the relevant losing stretch of the Mill Creek; whereas the Springdale Well is 

located approximately 5,700-feet from the same point.  

 The aforementioned dye transport velocities are in general agreement for published values of 

prior dye trace studies in Berkeley County, as summarized by Jones (1997) in the Karst Hydrology Atlas 

of West Virginia. Regional dye trace studies demonstrated a bimodal distribution of dye travel velocities: 

a “slow range”, with velocities ranging from 32 to 155 feet/day, with a mean velocity of 72 feet/day; and 

a “fast range” with velocities ranging from 703 to 1,879 feet/day, with a mean velocity of 1,139 feet/day. 

Nearly all of the prior tracer studies used sinkholes as the injection points, and in 4 of the 6 prior studies 

the dye emerged from multiple resurgences. The slow range was considered by Jones to be 

representative of a diffuse flow regime (i.e. where the water is flowing through a complex network of 

small, highly interconnected solution-enlarged fractures, often following the bedding of the regional 

bedrock). The fast range was considered to be representative of conduit flow (i.e. where the water is 

flowing though larger discreet conduits usually occurring parallel with the strike of the bedrock). 

  The Springdale Well, with velocities ranging from 139 to 167 feet/day, falls within the upper end 

of the slow range of transport velocities. In contrast, the Marshy Dell arrival falls within the slowest 

velocities of the slow range. Nevertheless, both tests suggest a diffuse flow regime. The higher transport 

velocity of the Springdale Well compared to the Marshy Dell Spring may be attributed to the fact that the 

pumping has produced a gradient towards the well borehole that has preferentially redirected the local 

groundwater flow. The creation of this preferential gradient is also supported by the fact that dye was 

not detected at the confluence of the Springdale and Springvale Springs, located at the Isherwood Farm 

just north of the BCPSWD wells.  

 Finally, it should be noted that the current tracer study was conducted during a relatively “wet” 

season, a pattern that fluctuates considerably from year to year. For example, during December 2009, 

the precipitation total for the recording station in Martinsburg was 5.96 inches (liquid). However in 

December 2006 it was 2.05 inches, and in 1998 only 0.58 inches. Thus, the dye transport and dilution 

was affected by a relatively large quantity of water in the injection tributaries. This condition is even 

more exaggerated during the summer months, when variations in the flow rates of the tributaries can be 

the most dramatic. The small stream leading from Outlet #2 is usually dry during the summer months, 

and the stream flowing from Outlet #1 reduces to only a fraction of its winter and early spring flows. The 

only times when large quantities of water can be seen flowing down these streams during the late spring 

and summer is after heavy thunderstorms or tropical storms, when the streams will temporarily fill to 

torrential levels. However, within days the flow diminishes drastically, and will often stop completely after 

just a week or two.  The losing stretch of the Mill Creek downstream from the Dominion Road (CR51/2) 

crossing is often completely dry, even though a substantial flow can be observed at the bridge. Flow does 

not resume in the Mill Creek until one reaches the springs at Gerrardstown. Even during the drier times of 

the year, some dewatering may be necessary at the quarry to continue operations. Thus, any water that 
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originates at the quarry outlets during the dry time of year may be expected to infiltrate rapidly through 

the streambed, and enter the subsurface karst aquifer. In addition, this water will lack any benefit of 

dilution from the streams carrying the runoff from the slopes of North Mountain. Thus, the only water 

recharging the aquifer in these locations during the “dry season” may be originating from the quarry’s 

outlets.  

 

6.0 Findings and Recommendations 

 Findings – Based on the results detailed in Section 5.0, the findings of the tracer study are 

summarized as follows: 

1. Dye introduced upstream from the losing stretch of the Mill Creek was transported by an inferred 
diffuse flow regime to both the Marshy Dell Spring and the BCPSWD well at Springdale. 

2. There is a hydrologic connection between the losing stretch of the Mill Creek and the BCPSWD 

well(s) at Springdale. 

3. The operation of the BCPSWD well(s) has most likely created a preferential gradient towards the 

boreholes which has accelerated the transport velocity relative to the average velocity within the 
diffuse flow network. 

 Recommendations – Based on the results and findings of the current tracer study, there is a 

high likelihood that water originating from the proposed outlets of the quarry’s dewatering operation will 

impact the regional aquifer; therefore, GeoConcepts provides the following recommendations to minimize 

the quarry’s impacts to the aquifer: 

• Water originating from the quarrying operations should be subjected to both sediment settling 

and chemical filtration operations. 

• Water quantity and quality from the quarry outlets should be monitored on a quarterly basis 

during the “wet” months (i.e. November through April), and monthly during the “dry” months 

(May through October). 

• In addition to the required chemical and physical parameters, the outlet water should be 

monitored for Total Suspended Solids and Turbidity. 

 Finally, the section of the Mill Creek that may potentially be impacted by the quarry’s outlets is 

only a small fraction (0.4-miles) of the main losing stretch, which extends from Gerrardstown to within 

150-yards of the Dominion Road Bridge, and encompasses nearly 2-miles of stream bed. Thus, if the 

quarry’s operations are expanded along North Mountain to the south, the dewatering outlets will impact 

every tributary that supplies water to the losing stretch of the Mill Creek. In that case, we strongly 

recommend that additional dye tracer studies be carried out to determine the relative degree of impact to 

the local karst aquifer by any potential expansion of the quarry’s permit area prior to approval of quarry 

expansion plans. 
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8.0 Closure 

 We have prepared this letter report in accordance with generally accepted geological and 

hydrogeological engineering practices. No warranties, expressed or implied, are made as to the 

professional services provided herein.  We are pleased to be of continued service for this project.  If you 

have any questions regarding this matter, please contact us. 

 

Sincerely, 

GEOCONCEPTS ENGINEERING, INC. 

 
Robert K. Denton, Jr., CPG, LRS    

Senior Geologist 

 
R. Drew Thomas, CPG    

Principal 
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PROCEDURES 

Introduction 

  This document describes standard procedures and criteria currently in use at the 
Ozark Underground Laboratory as of the date shown on the title page.  Some samples may 
be subjected to different procedures and criteria because of unique conditions; such non-
standard procedures and criteria are identified in reports for those samples.  Standard 
procedures and criteria change as knowledge and experience increases and as equipment is 
improved or up-graded.  The Ozark Underground Laboratory maintains a summary of 
changes in standard procedures and criteria.  

Dye Nomenclature 

  Fluorescein is C.I. Acid yellow 73, Color Index Number 45350.  Rhodamine WT is 
Acid Red 388; there is no assigned Color Index Number for this dye.  Eosine (sometimes 
called eosin) is Acid Red 87, Color Index Number 45380.  Sulforhodamine B is C.I. Acid 
Red 52, Color Index Number 45100.  Pyranine is Solvent Green 7 (also called D&C Green 
8), Color Index Number 59040. 

Description of the Samplers 

  The charcoal samplers are packets of fiberglass screening partially filled with 
approximately 4.25 grams of activated coconut charcoal.  The charcoal used by the Ozark 
Underground Laboratory is Calgon 207C coconut shell carbon, 6 to 12 mesh. 

  The most commonly used samplers are about 4 inches long by two inches wide.  A 
cigar-shaped sampler is made for use in very small diameter wells (such as 1 inch diameter 
wells); this is a special order item and should be specifically requested when it is needed.  
All of the samplers are closed by heat sealing. 

Placement of Samplers 

  Samplers (also called charcoal packets) are placed so as to be exposed to as much 
water as possible.  In springs and streams they are typically attached to a rock or other 
anchor in a riffle area.  Attachment of the packets often uses plastic tie wires.  In swifter 
water galvanized wire (such as electric fence wire) is often used.  Other types of anchoring 
wire can be used.  Electrical wire with plastic insulation is also good.  Packets are attached 
so that they extend outward from the anchor rather than being flat against it.  Two or more 
separately anchored packets are typically used for sampling springs and streams.  The use 
of fewer packets is discouraged except when the spring or stream is so small that there is 
not appropriate space for placing multiple packets. 

  When pumping wells are being sampled, the samplers are placed in sample holders 
made of PVC pipe fittings.  Brass hose fittings are installed at the end of the sample holders 
so that the sample holders can be installed on outside hose bibs and water which has run 
through the samplers can be directed to waste through a connected garden hose.  The 
samplers can be unscrewed in the middle so that charcoal packets can be changed.  The 
middle portions of the samplers consists of 1.5 inch diameter pipe and pipe fitting. 
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  Charcoal packets can also be lowered into monitoring wells for sampling purposes.  
In general, if the well is screened, samplers should be placed approximately in the middle of 
the screened interval.  Some sort of weight should be added near the charcoal packet to 
insure that it will not float.  The weight should be of such a nature that it will not affect 
water quality.   One common approach is to anchor the packets with a white or uncolored 
plastic cable tie to the top of a dedicated weighted disposable bailer.  We typically run 
nylon cord from the top of the well to the charcoal packet and its weight.  Do not use 
colored cord.  Nylon fishing line should not be used since it can be readily cut by a sharp 
projection in the well. 

  In some cases, especially with small diameter wells and appreciable well depths, the 
weighted disposable bailers sink very slowly or may even fail to sink because of friction and 
floating of the anchoring cord.  In such cases a stainless steel weight may be added to the 
top of the disposable bailer.  We have had good success with two to three ounce segments 
of stainless steel pipe which have an outside diameter of 1.315 inches and an inside 
diameter of 1.049 inches; such pipe weighs about 1.7 pounds per linear foot.  The weight of 
the stainless steel is approximately 497 pounds per cubic foot.  The pipe segments can be 
attached over the anchoring cord at the top of the bailer.  All weights should be cleaned 
prior to use; the cleaning approach should comply with decontamination procedures in use 
at the project site. 

  Placement of samplers requires adjustment to field conditions.  The above placement 
comments are intended as guidance, not firm requirements. 

Rinsing of Charcoal Packets Prior to Sampling 

  Charcoal packets routinely contain some fine powder that washes off rapidly when 
they are placed in water.  Since such material could remain in monitoring wells, charcoal 
packets to be placed in such wells are triple rinsed with distilled, demineralized, or reagent 
water known to be free of tracer dyes.  This rinsing is typically done by soaking.  With this 
approach, approximately 25 packets are placed in one gallon of water and soaked for at 
least 10 minutes.  The packets are then removed from the water and excess water is shaken 
off the packets.  The packets are then placed in a second gallon of water and again soaked 
for at least 10 minutes.  After this soaking they are removed from the water and excess 
water is shaken off the packets.  The packets are then placed in a third gallon of water and 
the procedure is again repeated.  Rinsed packets are placed in plastic bags and are placed at 
sampling stations within three days.  Packets can also be rinsed in jets of water for about 
one minute; this requires more water and is typically difficult to do in the field with water 
known to be free of tracer dyes. 

Collection and Replacement of Samplers 

  Samplers are routinely collected and replaced from each of the sampling stations.  The 
frequency of sampler collection and replacement is determined by the nature of the study.  
Collections at one week intervals are common, but shorter or longer collection frequencies 
are acceptable and sometimes more appropriate.  Shorter sampling frequencies are often 
used in the early phases of a study to better characterize time of travel.  As an illustration, 
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we often collect and change charcoal packets 1, 2, 4, and 7 days after dye injection.  
Subsequent sampling is then weekly. 

  Where convenient, the collected samplers should be briefly rinsed in the water being 
sampled.  This is typically not necessary with well samples.  The packets are shaken to 
remove excess water.  Next, the packet (or packets) are placed in a plastic bag (Whirl-Pak 
bags are ideal).  The bag is labeled on the outside with a permanent type felt marker pen.  
Use only pens that have black ink; colored inks may contain fluorescent dyes.  The 
notations include station name or number and the date and time of collection.  Labels must 
not be inserted inside the sample bags. 

  For most projects the Ozark Underground Laboratory supplies the Whirl-Pak bags.  
Prior to use, 1% of the new bags are randomly selected.  Each bag is soaked in the standard 
eluting solution and then analyzed for the presence of any of the tracer dyes being used.   

  Collected samplers are kept in the dark to minimize algal growth on the charcoal prior 
to analysis work.  We prefer (and in some studies require) that samples be placed on "blue 
ice" or ice upon collection and that they be shipped refrigerated with "blue ice" by overnight 
express.  Do not ship samplers packed in ice since this can create a potential for cross 
contamination when the ice melts.  Our experience indicates that it is not essential for 
samplers to be maintained under refrigeration, yet maintaining them under refrigeration 
clearly minimizes some potential problems.  A product known as "green ice" should not be 
used for maintaining the samples in a refrigerated condition since this product contains a 
dye which could contaminate samples if the "green ice" container were to break or leak. 

  New charcoal samplers are routinely placed when used charcoal packets are collected.  
The last set of samplers placed at a stream or spring is commonly not collected. 

  Water samples are often collected.  They should be collected in either glass or plastic; 
the Ozark Underground Laboratory routinely uses 50 ml research grade polypropylene 
copolymer Perfector Scientific vials (Catalog Number 2650) for such water samples.  We 
need no more than 30 ml of water.  The vials should be placed in the dark and refrigerated 
immediately after collection.  They should be refrigerated until shipment.  For most projects 
the Ozark Underground Laboratory supplies the vials.  Prior to use, 1% of the new vials are 
randomly selected.  Each vial is soaked in the standard eluting solution  and then analyzed 
for the presence of any of the tracer dyes being used.  

  When water or charcoal samplers are collected for shipment to the Ozark 
Underground Laboratory they should be shipped promptly.  We receive good overnight 
and second day air service from both UPS and Fed Ex; the Postal Service does not provide 
next day service to us.  DHL works adequately for international shipments. 

  Each shipment of charcoal samplers or water samples must be accompanied by a 
sample tracking sheet.  These sheets (which bear the title "Samples for Fluorescence 
Analysis") are provided by the Ozark Underground Laboratory and summarize placement 
and collection data.  These sheets can be augmented by a client's chain of custody forms or 
any other relevant documentation.  Figure 1 is one of our blank sample forms. 
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Figure 1.  Sample Collection Data Sheet 

 

OZARK UNDERGROUND LABORATORY, INC. 
1572 Aley Lane  Protem, MO 65733     (417) 785-4289     fax (417) 785-4290     email: oul@trioul@tri-lakes.net 

SAMPLE COLLECTION DATA SHEET for FLUORESCENCE ANALYSIS 

Project:_______________________________________________________       Week No:________ Samples Collected By:_______________________________________________ 

Samples Shipped By:______________________________________________________      Samples Received By:___________________________________________________________________ 

Date Samples Shipped:____/____/____                     Date Samples Received:____/____/____                        Time Samples Received:_____:_____                                 Return Cooler? Yes______No__ 

Bill to:_____________________________________________________________________________Send Results to: ____________________________________________________________ 

Analyze for:  Fluorescein_____Eosine_____Rhodamine WT____Other_____________Ship cooler to: _____________________________________________________________________ 
 

OUL 
use only 

Please indicate stations where dye was visible in the field 
for field technician use - use black ink only 

OUL 
use only 

#  
CHAR  

LAB 
NUMBER 

STATION 
NUMBER 

STATION NAME PLACED COLLECTED #  
WATER 

REC’D  1-4 Numbers   DATE TIME DATE TIME REC'D 
         

         

         

         

         

         

         

         

         

         

         

         

         

         

COMMENTS:____________________________________________________________________________________________________________________________________________________________
_________________________________________________________________________________________________________________________________________________________________ 
 
This sheet filled out by OUL staff? Yes__________________No__________________Charts for samples on this page proofed by OUL:________________________________________________ 
 

Page ________ of ________ 

mailto:oul@tri
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 Digital cameras can provide an independent verification of the date and time of 
sample collection.  A digital photo can be taken of each sampling location during each 
sample collection.  The photo file has a date and time created.  If the camera’s clock is set 
correctly, the photo provides an independent reference of the date and time the sample 
was collected.  It is critical that the photos be taken in the order of sampling; that is, if one 
has forgotten to take a photo of the previous station and remembers at the current 
sampling station, do not go back and take the previous station photo.  

 When we are using a digital camera for sampling documentation we initially take a 
high resolution photo of each station that shows its context broadly enough for an 
observer to distinguish it from other sampling station, but narrow enough not to include 
another sampling station.  Subsequently, we download he high-resolution photos into a 
reference folder and rename the photos to the station number and name.  We also make a 
copy of the photo to another folder and digitally draw arrows to the exact locations of the 
samplers.  During subsequent sampling events a low-resolution digital photo is taken of 
each sampling station in the order they are visited.  It is best to establish a routine of 
taking the photo upon arrival at the station.  We then download these photos into a folder 
whose name indicates the dates of the photos.  We do not rename these photos. 

 Some sites do not permit cameras.  An alternative is to collect a Global Positioning 
System (GPS) location during each visit.  GPS records the date and time each point 
(sampling station) is visited.  While these files are not as easy to review as photographs, 
they can be used with a base map to show which locations were visited at which dates 
and times.   

Receipt of Samplers 

  Samplers shipped to the Ozark Underground Laboratory are refrigerated upon 
receipt.  Prior to cleaning and analysis, samplers are assigned a laboratory identification 
number.  All samples are logged in upon receipt. 

  It sometimes occurs that there are discrepancies between the chain-of-custody 
sheets and the actual samples received.  When this occurs, a "Discrepancy Sheet" form is 
completed and sent to the shipper of the sample for resolution.  A copy of this form is 
enclosed as Figure 2.  The purpose of the form is to help resolve discrepancies, even when 
they may be minor. 

Cleaning of Samplers 

  Samplers are cleaned by spraying them with jets of clean water.  At the Laboratory 
we use unchlorinated water for the cleansing to minimize dye deterioration.  Effective 
cleansing cannot generally be accomplished simply by washing in a conventional 
laboratory sink even if the sink is equipped with a spray unit.  

  The duration of packet washing depends upon the condition of the sampler.  Very 
clean samplers may require less than a minute of washing; dirtier samplers may require 
several minutes of washing. 
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Figure 2.  Discrepancy Sheet 

OZARK UNDERGROUND LABORATORY, INC. 

DISCREPANCIES BETWEEN CHAIN-OF-CUSTODY SHEETS AND ACTUAL SAMPLES RECEIVED                                 Page ______ of ______ 

Company & Project Name:                                                                                                Date Rec'd by OUL:                                     Wk #  _____________ 

Lab # Sta # Station Name Date 
Pulled 

Problem Solution 

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

Comments: 
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Elution of the Charcoal 

    There are various eluting solutions that can be used for the recovery of tracer dyes.  
The solutions typically include an alcohol, some water, and a strong basic solution such 
as aqueous ammonia. 

  The standard elution solution now used at the Ozark Underground Laboratory is a 
mixture of 5% aqua ammonia and 95% isopropyl alcohol solution and sufficient 
potassium hydroxide flakes to saturate the solution.  The isopropyl alcohol solution is 
70% alcohol and 30% water.  The aqua ammonia solution is 29% ammonia.  The 
potassium hydroxide is added until a super-saturated layer is visible in the bottom of the 
container.  This super-saturated layer is not used for elution.  Preparation of eluting 
solutions uses dedicated glassware which is never used in contact with dyes or dye 
solutions. 

  The eluting solution we use will elute fluorescein, eosine, rhodamine WT,  
sulforhodamine B, and pyranine dyes.  It is also suitable for separating fluorescein peaks 
from peaks of some naturally present materials found in some samplers. 

  Fifteen ml of the eluting solution is poured over the washed charcoal in a disposable 
sample beaker.  The sample beaker is capped.  The sample is allowed to stand for 60 
minutes.  After this time, the liquid is carefully poured off the charcoal into a new 
disposable beaker which has been appropriately labeled with the laboratory identification 
number.  A few grains of charcoal may inadvertently pass into the second beaker; no 
attempt is made to remove these from the second sample beaker.  After the pouring, a 
small amount of the elutant will remain in the initial sample beaker.  After the transfer of 
the elutant to the second sample beaker, the contents of the first sample beaker (the eluted 
charcoal) are discarded. 

Analysis on the Shimadzu RF-5000U or RF-5301 

  The Laboratory uses two Shimadzu spectrofluorophotometers.  One is a model RF-
5000U, and the other is a model RF-5301.  Both of these instruments are capable of 
synchronous scanning.  The RF-5301 is the primary instrument used; the RF-5000U is 
primarily used as a back-up instrument except for tracing studies which were begun using 
this instrument.  The OUL also owns a Shimadzu RF-540 spectrofluorometer which is 
occasionally used for special purposes. 

  A sample of the elutant is withdrawn from the sample container using a disposable 
polyethylene pipette.  Approximately 3 ml of the elutant is then placed in disposable 
rectangular polystyrene cuvette.  The cuvette has a maximum capacity of 3.5 ml.  The 
cuvette is designed for fluorometric analysis; all four sides and the bottom are clear.  The 
spectral range of the cuvettes is 340 to 800 nm.  The pipettes and cuvettes are discarded 
after one use. 

  The cuvette is then placed in the RF-5000U or the RF-5301.  Both instruments are 
controlled by a programmable computer.  Each instrument is capable of conducting 
substantial data analysis. 
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  Our instruments are operated and maintained in accordance with the manufacturer's 
recommendations.  On-site installation of the instruments and a training session on the 
use of spectrofluorophotometers was provided by Delta Instrument Company. 

  Our typical analysis of an elutant sample where fluorescein, eosine, rhodamine WT, 
or sulforhodamine B dyes may be present includes synchronous scanning of excitation 
and emission spectra with a 17 nm separation between excitation and emission 
wavelengths.  For these dyes, the excitation scan is from 443 to 613 nm; the emission 
scan is from 460 to 630 nm.  The emission fluorescence from the scan is plotted on a 
graph.  The typical scan speed setting is "very fast" on the RF-5000U; it is “fast” on the 
RF-5301.  The typical sensitivity setting used on both instruments is "high." 

 Our typical analysis of an elutant sample where pyranine dye may be present 
includes a synchronous scanning of excitation and emission spectra with a 35 nm 
separation between excitation and emission wavelengths. For this dye, the excitation scan 
is from 360 to 600 nm; the emission scan is from 395 to 635 nm.  The emission 
fluorescence from the scan is plotted on a graph.  The typical scan speed setting is "very 
fast" on the RF-5000U; it is “fast” on the RF-5301.  The typical sensitivity setting on both 
instruments is "high." 

 Excitation and emission slit width settings vary between the two instruments.  The 
widths vary with the dyes for which we are sampling and for the matrix in which the dyes 
may be present.  Excitation and emission slit width settings are summarized in Table 1. 

Table 1.  Excitation and emission slit width settings routinely used for dye analysis.  
Units are nanometers (nm) 

Parameter RF5000U RF5301 

Excitation slit for Eos, Fl, RWT, and SRB in elutant 5 3 

Emission slit for Eos, Fl, RWT, and SRB in elutant 3 1.5 

Excitation slit for Eos, Fl, RWT, and SRB in water 5 5 

Emission slit for Eos, Fl, RWT, and SRB in water 10 3 

Excitation slit for Pyranine in elutant              5 5 

Emission slit for Pyranine in elutant 3 3 

Excitation slit for Pyranine in pH adjusted water 5 5 

Emission slit for Pyranine in pH adjusted water 3 3 

Eos = Eosine.  Fl = Fluorescein.  RWT = Rhodamine WT.  SRB = Sulforhodamine B.   

    

  The instrument produces a plot of the synchronous scan for each sample; the plot 
shows emission fluorescence only.  The synchronous scans are subjected to computer 
peak picks; peaks are picked to the nearest 0.1 nm.  All samples run on the RF-5000U and 
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RF-5301 are stored on disk and printed on normal typing paper with a laser printer; 
sample information is printed on the chart. 

All samples analyzed are recorded in a bound journal. 

Quantification 

  We calculate the magnitude of fluorescence peaks for fluorescein, eosine, 
rhodamine WT, sulforhodamine B, and pyranine dyes.  Dye quantities are expressed in 
microgram per liter (parts per billion; ppb).  On the RF-5000U and RF-5301 the dye 
concentrations are calculated by separating fluorescence peaks due to dyes from 
background fluorescence on the charts, and then calculating the area within the 
fluorescence peak.  This area is proportional to areas obtained from standard solutions. 

  Where there are multiple fluorescence peaks it is sometimes necessary to calculate 
dye concentrations based upon the height of the fluorescence peak rather that the area.  
The heights of the peaks are also proportional to dye concentrations. 

  We run dye concentration standards each day the machine is used.  Ten separate 
standards are used; the standard or standards appropriate for the analysis work being 
conducted are selected.  All standards are based upon the as-sold weights of the dyes.  
The standards are as follows: 

1) 10 ppb fluorescein and 100 ppb rhodamine WT in well water from the Jefferson City-
Cotter Formation 

2) 10 ppb eosine in well water from the Jefferson City-Cotter Formation 

3) 100 ppb sulforhodamine B in well water from the Jefferson City-Cotter Formation. 

4) 10 ppb pyranine in well water from the Jefferson City-Cotter Formation.  A sample of 
the standard is placed for at least two hours in a high ammonia atmosphere to adjust 
the pH to a value of 9.5 or greater. 

5) 10 ppb fluorescein and 100 ppb rhodamine WT in elutant. 

6) 10 ppb eosine in elutant. 

7) 100 ppb sulforhodamine B in elutant. 

8) 10 ppb pyranine in elutant. 

Preparation of Standards 

 Dye standards are prepared as follows: 

 Step 1.  A small sample of the as-sold dye is placed in a pre-weighed sample vial 
and the vial is again weighed to determine the weight of the dye.  We attempt to use a 
sample weighing between 1 and 5 grams.  This sample is then diluted with well water to 
make a 1% dye solution by weight (based upon the as-sold weight of the dye).  The 
resulting dye solution is allowed to sit for at least four hours to insure that all dye is fully 
dissolved. 

 Step 2.   One part of each dye solution from Step 1 is placed in a mixing 
container with 99 parts of well water.  Separate mixtures are made for fluorescein, 
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rhodamine WT, eosine, sulforhodamine B, and pyranine.  The resulting solutions contain 
100 mg/l dye (100 parts per million dye).  The typical prepared volume of this mixture is 
appropriate for the sample bottles being used; we commonly prepare about 50 ml. of the 
Step 2 solutions.  The dye solution from Step 1 that is used in making the Step 2 solution 
is withdrawn with a digital Finnpipette which is capable of measuring volumes between 
0.200 and 1.000 ml at intervals of 0.005 ml.  The calibration certificate with this instrument 
indicates that the accuracy (in percent) is as follows: 

At 0.200 ml, 0.90% 

At 0.300 ml, 0.28% 

At 1.000 ml, 0.30% 

 The Step 2 solution is called the long term standard.  Ozark Underground 
Laboratory experience indicates that Step 2 solutions, if kept refrigerated, will not 
deteriorate appreciably over periods of less than a year.  Furthermore, these Step 2 
solutions may last substantially longer than one year. 

 Step 3.  A series of intermediate-term dye solutions are made.   Approximately 
45 ml. of each intermediate-term dye solution is made.  All volume measurements of less 
than 5 ml are made with a digital Finnpipette. (see description in Step 2).  All other 
volume measurements are made with Rheinland Kohn Geprufte Sicherheit 50 ml. 
capacity pump dispenser which will pump within plus or minus 1% of the set value.  The 
following solutions are made; all concentrations are based on the as-sold weight of the 
dyes: 

1)   A solution containing 1 ppm fluorescein dye and 10 ppm rhodamine WT dye. 

2)  A solution containing 1 ppm eosine. 

3)  A solution containing 10 ppm sulforhodamine B dye. 

4)  A solution containing 1 ppm pyranine. 

 Step 4.  A series of eight short-term dye standards are made from solutions in 
Step 3.  These standards were identified earlier in this section.  In the experience of the 
Ozark Underground Laboratory these standards have a useful shelf life in excess of one 
week.  However, in practice, they are kept under refrigeration and new standards are made 
weekly.  

 Dilution of Samples 

 Samples with peaks that have arbitrary fluorescence unit values of 500 or more are 
diluted a hundred fold to ensure accurate quantification. 

 Some water samples have high turbidity or color which interferes with accurate 
detection and measurement of dye concentrations.  It is often possible to dilute these 
samples and then measure the dye concentration in the diluted sample. 

 The typical dilution is 100 fold.  One part of the test sample is combined with 99 
parts of water (if the test sample is water) or with 99 parts of the standard elutant (if the 
test sample is elutant).  Typically, 0.300 ml of the test solution is combined with 29.700 ml 
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of water (or elutant as appropriate) to yield a new test solution.   All volume 
measurements of less than 5 ml are made with a digital Finnpipette. which is capable of 
measuring volumes between 0.200 and 1.000 ml at intervals of 0.005 ml.  The calibration 
certificate with this instrument indicates that the accuracy (in percent) is as follows: 

At 0.200 ml, 0.90% 

At 0.300 ml, 0.28% 

At 1.000 ml, 0.30% 

All other volume measurements are made with Rheinland Kohn Geprufte Sicherheit 50 
ml. capacity pump dispenser which will pump within plus or minus 1% of the set value.    

 

 The water used for dilution is from a carbonate aquifer.  All dilution water is pH 
adjusted to greater than pH 9.5 by holding it overnight in open containers in a high 
ammonia concentration chamber. 

Quality Control 

 Laboratory blanks are run for every sample where the last two digits of the 
laboratory numbers are 00, 20, 40, 60, or 80.  A charcoal packet is placed in a pumping 
well sampler and at least 25 gallons of unchlorinated water is passed through the sampler 
at a rate of about 2.5 gallons per minute.  The sampler is then subjected to the same 
analytical protocol as all other samplers. 

 System functioning tests of the analytical instruments are conducted in accordance 
with the manufacturer's recommendations.  

 All materials used in sampling and analysis work are routinely analyzed for the 
presence of any compounds that might create fluorescence peaks in or near the acceptable 
wavelength ranges for any of the tracer dyes.  This testing typically includes 
approximately 1% of materials used.     

Reports 

 Reports are provided in accordance with the needs of the client.  We typically 
provide copies of the analysis graphs and a listing of stations and samples where dye was 
detected.  The reports indicate dye concentrations. 

 Work at the Ozark Underground Laboratory is directed by Mr. Thomas Aley.  Mr. 
Aley has 45 years of professional experience in hydrology and hydrogeology.  He is 
certified as a Professional Hydrogeologist (Certificate #179) by the American Institute of 
Hydrology.  Mr. Aley has 40 years of professional experience in groundwater tracing with 
fluorescent tracing agents. 
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CRITERIA FOR DETERMINATION OF POSITIVE DYE RECOVERIES 

Normal Emission Ranges and Detection Limits 

 The OUL has established normal emission fluorescence wavelength ranges for each 
of the five dyes.  The normal acceptable range equals mean values plus and minus two 
standard deviations.  These values are derived from actual groundwater tracing studies 
conducted by the OUL. 

 The detection limits are based upon concentrations of dye necessary to produce 
emission fluorescence peaks where the signal to noise ratio is 3.  The detection limits are 
realistic for most field studies since they are based upon results from actual field samples 
rather than being based upon values from spiked samples in a matrix of reagent water or 
the elutants from unused activated carbon samplers.  In some cases detection limits may 
be smaller than reported if the water being sampled has very little fluorescent material in 
it.  In some cases detection limits may be greater than reported; this most commonly 
occurs if the sample is turbid due to suspended material or a coloring agent such as tannic 
compounds.  Turbid samples are typically allowed to settle, centrifuged, or, if these steps 
are not effective, diluted prior to analysis. 

 Table 2 provides normal emission wavelength ranges and detection limits for the 
five dyes when analyzed on the OUL’s RF-5000U spectrofluorophotometer.  Table 3 
provides similar data for the OUL’s RF-5301.  As indicated earlier in Table 1, the 
analytical protocols used on the two instruments are somewhat different, especially in 
regard to the widths of excitation and emission slit settings.    
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Table 2.  RF-5000U Spectrofluorophotometer.  Normal emission wavelength ranges 
and detection limits for fluorescein, eosine, rhodamine WT, sulforhodamine B, and 
pyranine dyes in water and elutant samples.  Detection limits are based upon the as-
sold weight of the dye mixtures normally used by the OUL. 

Dye and Matrix Normal Acceptable 
Emission Wavelength 

Range (nm) 

Detection Limit (ppb) 

Eosine in Elutant 533.0 to 539.6 0.035 

Eosine in Water 529.6 to 538.4 0.008 

Fluorescein in Elutant 510.7 to 515.0 0.010 

Fluorescein in Water 505.6 to 510.5 0.0005 

Pyranine in Elutant 500.4 to 504.6 0.055 

Pyranine in Water* 495.5 to 501.5 0.030 

Rhodamine WT in Elutant 561.7 to 568.9 0.275 

Rhodamine WT in Water 569.4 to 574.8 0.050 

Sulforhodamine B in Elutant 567.5 to 577.5 0.150 

Sulforhodamine B in Water 576.2 to 579.7 0.040 

 

*  pH adjusted water with pH of 9.5 or greater. 

Note:  The protocols for the analysis of pyranine dye are substantially different than those 
for the other dyes.  As a result, there is less potential interference between pyranine and 
fluorescein than might otherwise be indicated by the emission wavelength values shown 
in the table. 
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Table 3.  RF-5301 Spectrofluorophotometer.  Normal emission wavelength ranges 
and detection limits for fluorescein, eosine, rhodamine WT, sulforhodamine B, and 
pyranine dyes in water and elutant samples.  Detection limits are based upon the as-
sold weight of the dye mixtures normally used by the OUL. 

Dye and Matrix Normal Acceptable Emission 
Wavelength Range (nm) 

Detection Limit (ppb) 

Eosine in Elutant 538.1 to 543.9 0.050 

Eosine in Water 533.4 to 537.9 0.015 

Fluorescein in Elutant 514.0 to 518.1 0.025 

Fluorescein in Water 508.0 to 511.7 0.002 

Pyranine in Elutant 502.1 to 508.1 0.015 

Pyranine in Water* 498.4 to 504.4 0.010 

Rhodamine WT in Elutant 565.4 to 572.0 0.170 

Rhodamine WT in Water 572.7 to 578.0 0.015 

Sulforhodamine B in Elutant 572.8 to 579.6 0.080 

Sulforhodamine B in Water 580.1 to 583.7 0.008 

 

*  pH adjusted water with pH of 9.5 or greater. 

Note:  The protocols for the analysis of pyranine dye are substantially different than those 
for the other dyes.  As a result, there is less potential interference between pyranine and 
fluorescein than might otherwise be indicated by the emission wavelength values shown 
in the table. 
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Criteria for Determining Positive Dye Recoveries 

 The following sections identify normal criteria used by the OUL for determining 
positive dye recoveries.  Beginning January 1, 2001, the primary analytical instrument in 
use at the OUL was the RF-5301; the RF-5000U was the principal backup instrument.  
Studies which were in progress prior to January 1, 2001 continued to have samples 
analyzed on the RF-5000U.  

 Except for pyranine dye, the analytical protocol used for the RF-5301 provides for 
the use of narrower excitation and/or emission slit settings than the RF-5000U protocol.  
This enhances our ability to discriminate between dyes and other fluorescent compounds.  
The protocol which is possible with the RF-5301 (as contrasted with the RF-5000U) also 
provides for a better balance in the sizes of the fluorescence peaks associated with an 
equal concentration of all of the dyes.  

Normal Criteria Used by the Ozark Underground Laboratory for Determining 
Positive Eosine Dye Recoveries in Elutants from Charcoal Samplers. 

 There is generally little or no detectable fluorescence background in the general 
range of eosine dye encountered in most groundwater tracing studies.  The following four 
criteria are used to identify fluorescence peaks which are deemed to be eosine dye. 

 Criterion 1.  There must be at least one fluorescence peak at the station in question 
in the range of 538.1 to 543.9 nm for samples analyzed by the RF-5301.  The range must 
be 533.0 to 539.6 nm for samples analyzed by the RF-5000U. 

 Criterion 2.  The dye concentration associated with the fluorescence peak must be 
at least 3 times the detection limit.  For the RF-5301, the eosine detection limit in elutant 
samples is 0.050 ppb, thus this dye concentration limit equals 0.150 ppb.  For the RF-
5000U the eosine detection limit in elutant samples is 0.035 ppb, thus this dye 
concentration limit equals 0.105 ppb. 

 Criterion 3.  The dye concentration must be at least 10 times greater than any other 
concentration reflective of background at the sampling station in question. 

 Criterion 4.  The shape of the fluorescence peak must be typical of eosine.  Much 
background fluorescence yields low, broad, and asymmetrical fluorescence peaks rather 
than the more narrow and symmetrical fluorescence peaks typical of eosine.  In addition, 
there must be no other factors which suggest that the fluorescence peak may not be 
eosine dye from our groundwater tracing work. 

Normal Criteria Used by the Ozark Underground Laboratory for Determining 
Positive Eosine Dye Recoveries in Water Samples. 

 There is generally little or no detectable fluorescence background in the general 
range of eosine dye encountered in most groundwater tracing studies.  The following 
three criteria are used to identify fluorescence peaks which are deemed to be eosine dye. 

 Criterion 1.  The associated charcoal samplers for the station should also contain 
eosine dye in accordance with the criteria listed above.  These criteria may be waived if no 
charcoal sampler exists. 
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 Criterion 2.  There must be no factors which suggest that the fluorescence peak 
may not be eosine dye from our groundwater tracing work.  For samples analyzed on the 
RF-5301, the fluorescence peak should generally be in the range of 533.4 to 537.9 nm.  
For samples analyzed on the RF-5000U, the fluorescence peak should generally be in the 
range of 529.6 to 538.4 nm. 

 Criterion 3.  The dye concentration associated with the fluorescence peak must be 
at least three times the detection limit.  Our eosine detection limit in water samples 
analyzed on the RF-5301 is 0.015 ppb, thus this dye concentration limit equals 0.045 ppb.  
For samples analyzed on the 5000U the detection limit is 0.008 ppb, thus this dye 
concentration limit equals 0.024 ppb. 

Normal Criteria Used by the Ozark Underground Laboratory for Determining 
Positive Fluorescein Dye Recoveries in Elutants from Charcoal Samplers. 

 There is often some fluorescence background in the range of fluorescein dye present 
at some of the stations used in groundwater tracing studies.  We routinely conduct 
background sampling prior to the introduction of any tracer dyes to characterize this 
background fluorescence and to identify the existence of any tracer dyes which may be 
present in the area.  The fact that a fluorescence peak is identified in our analytical results 
is not proof that it is fluorescein dye or that it is fluorescein dye from the trace of concern.  
The following 4 criteria are used to identify fluorescence peaks which are deemed to be 
fluorescein dye recoveries from our tracing work. 

 Criterion 1.  There must be at least one fluorescence peak at the station in question 
in the range of 514.0 to 518.1 nm for samples analyzed by the RF-5301.  The range must 
be 510.7 to 515.0 for samples analyzed by the RF-5000U. 

 Criterion 2.  The dye concentration associated with the fluorescence peak must be 
at least 3 times the detection limit.  For the RF-5301, the fluorescein detection limit in 
elutant samples is 0.025 ppb, thus this dye concentration limit equals 0.075 ppb.  For the 
RF-5000U, the fluorescein detection limit in elutant samples is 0.010 ppb, thus this dye 
concentration limit equals 0.030 ppb. 

 Criterion 3.  The dye concentration must be at least 10 times greater than any other 
concentration reflective of background at the sampling station in question. 

 Criterion 4.  The shape of the fluorescence peak must be typical of fluorescein.  
Much background fluorescence yields low, broad, and asymmetrical fluorescence peaks 
rather than the more narrow and symmetrical fluorescence peaks typical of fluorescein.  
In addition, there must be no other factors which suggest that the fluorescence peak may 
not be fluorescein dye from our groundwater tracing work. 
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Normal Criteria Used by the Ozark Underground Laboratory for Determining 
Positive Fluorescein Dye Recoveries in Water Samples. 

 There is commonly some fluorescence background in the general range of 
fluorescein dye at some sampling stations used in groundwater tracing studies.  The 
following criteria are used to identify fluorescence peaks which are deemed to be 
fluorescein dye in water. 

 Criterion 1.  The associated charcoal samplers for the station should also contain 
fluorescein dye in accordance with the criteria listed above.  These criteria may be waived 
if no charcoal sampler exists. 

 Criterion 2.  There must be no factors which suggest that the fluorescence peak 
may not be fluorescein dye from our groundwater tracing work.  For samples analyzed on 
the RF-5301, the fluorescence peak should generally be in the range of 508.0 to 511.7 nm.  
For samples analyzed on the RF-5000U, the fluorescence peak should generally be in the 
range of 505.6 to 510.5 nm. 

 Criterion 3.  The dye concentration associated with the fluorescence peak must be 
at least three times the detection limit.  Our fluorescein detection limit in water samples 
analyzed on the RF-5301 is 0.002 ppb, thus this dye concentration limit equals 0.006 ppb.  
For the RF-5000U the detection limit is 0.0005 ppb, thus this dye concentration limit 
equals 0.0015 ppb. 

Normal Criteria Used by the Ozark Underground Laboratory for Determining 
Positive Rhodamine WT Dye Recoveries in Elutants from Charcoal Samplers. 

 There is generally little or no detectable fluorescence background in the general 
range of Rhodamine WT dye encountered in most groundwater tracing studies.  The 
following four criteria are used to identify fluorescence peaks which are deemed to be 
Rhodamine WT. 

 Criterion 1.  For samples analyzed on the RF-5301, there must be at least one 
fluorescence peak at the station in question in the range of 565.4 to 572.0 nm.  For 
samples analyzed on the RF-5000U, there must be at least one fluorescence peak at the 
station in question in the range of 561.7 to 568.9 nm. 

 Criterion 2.  The dye concentration associated with the Rhodamine WT peak must 
be at least 3 times the detection limit.  For the RF-5301, the detection limit in elutant 
samples is 0.170 ppb, thus this dye concentration limit equals 0.510 ppb.  For the RF-
5000U, the detection limit in elutant samples is 0.275 ppb, thus this dye concentration 
limit equals 0.825 ppb. 

 Criterion 3.  The dye concentration must be at least 10 times greater than any other 
concentration reflective of background at the sampling station in question. 

 Criterion 4.  The shape of the fluorescence peak must be typical of Rhodamine 
WT.  In addition, there must be no other factors which suggest that the fluorescence peak 
may not be dye from the groundwater tracing work under investigation. 
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Normal Criteria Used by the Ozark Underground Laboratory for Determining 
Positive Rhodamine WT Dye Recoveries in Water Samples. 

 The following criteria are used to identify fluorescence peaks which are deemed to 
be Rhodamine WT dye in water. 

 Criterion 1.  The associated charcoal samplers for the station should also contain 
Rhodamine WT dye in accordance with the criteria listed above.  These criteria may be 
waived if no charcoal sampler exists. 

 Criterion 2.  There must be no factors which suggest that the fluorescence peak 
may not be Rhodamine WT dye from the tracing work under investigation.  For samples 
analyzed with the RF-5301, the fluorescence peak should generally be in the range of 
572.7 to 578.0 nm.  For samples analyzed with the RF-5000U, the fluorescence peak 
should generally be in the range of 569.4 to 574.8 nm.  

 Criterion 3.  The dye concentration associated with the fluorescence peak must be 
at least three times the detection limit.  Our Rhodamine WT detection limit in water 
samples analyzed on the RF-5301 is 0.015 ppb, thus this dye concentration limit is 0.045 
ppb.  For samples analyzed on the RF-5000U the detection limit is 0.050 ppb, thus this 
dye concentration limit equals 0.150 ppb. 

Normal Criteria Used by the Ozark Underground Laboratory for Determining 
Positive Sulforhodamine B Dye Recoveries in Elutants from Charcoal Samplers. 

 There is generally little or no detectable fluorescence background in the general 
range of sulforhodamine B dye encountered in most groundwater tracing studies.  The 
following four criteria are used to identify fluorescence peaks which are deemed to be 
sulforhodamine B. 

 Criterion 1.  For samples analyzed on the RF-5000U, there must be at least one 
fluorescence peak at the station in question in the range of 567.5 to 577.5 nm.  The 
acceptable range for samples analyzed on the RF-5301 is 572.8 to 579.6 nm. 

 Criterion 2.  The dye concentration associated with the sulforhodamine B peak 
must be at least 3 times the detection limit.  For the RF-5000U, the detection limit in 
elutant samples is 0.150 ppb, thus this dye concentration limit equals 0.450 ppb.  For the 
RF-5301, the detection limit in elutant samples is 0.080 ppb, thus this dye concentration 
limit equals 0.240 ppb. 

 Criterion 3.  The dye concentration must be at least 10 times greater than any other 
concentration reflective of background at the sampling station in question. 

 Criterion 4.  The shape of the fluorescence peak must be typical of sulforhodamine 
B.  In addition, there must be no other factors which suggest that the fluorescence peak 
may not be dye from the groundwater tracing work under investigation. 
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Normal Criteria Used by the Ozark Underground Laboratory for Determining 
Positive Sulforhodamine B dye Recoveries in Water Samples. 

 The following criteria are used to identify fluorescence peaks which are deemed to 
be sulforhodamine B dye in water. 

 Criterion 1.  The associated charcoal samplers for the station should also contain 
sulforhodamine B dye in accordance with the criteria listed earlier.  These criteria may be 
waived if no charcoal sampler exists. 

 Criterion 2.  There must be no factors which suggest that the fluorescence peak 
may not be sulforhodamine B dye from the tracing work under investigation.  For 
samples analyzed with the RF-5000U, the fluorescence peak should generally be in the 
range of 576.2 to 579.7 nm.  For samples analyzed with the RF-5301, the fluorescence 
peak should generally be in the range of 580.1 to 583.7 nm. 

 Criterion 3.  The dye concentration associated with the fluorescence peak must be 
at least three times the detection limit.  For samples analyzed on the RF-5301 the 
detection limit in water is 0.008 ppb, thus this dye concentration limit equals 0.024 ppb.  
For samples analyzed on the RF-5000U the detection limit in water samples is 0.040 ppb, 
thus this dye concentration limit equals 0.120 ppb. 

Normal Criteria Used by the Ozark Underground Laboratory for Determining 
Positive Pyranine Dye Recoveries in Elutants from Charcoal Samplers. 

 It must be remembered that the analysis protocol for pyranine dye is different than 
the protocol for the other four dyes discussed in this document.  If the other dyes are 
present in a sample analyzed for pyranine dye their emission fluorescence peaks (if any) 
will be appreciably different than the values presented above.  Because of this, there is 
very little analytical interference between fluorescein and pyranine dyes when both are 
present in a sample. 

 There is often some detectable fluorescence background encountered in the general 
range of pyranine dye in groundwater tracing studies.  The following four criteria are used 
to identify fluorescence peaks which are deemed to be pyranine. 

 Criterion 1.  For samples analyzed on the RF-5000U, there must be at least one 
fluorescence peak at the station in question in the range of 500.4 to 504.6 nm.  The 
acceptable range for samples analyzed on the RF-5301 is 502.1 to 508.1 nm. 

 Criterion 2.  The dye concentration associated with the pyranine dye peak must be 
at least 3 times the detection limit.  For the RF-5000U, the detection limit in elutant 
samples is 0.055 ppb, thus this dye concentration limit equals 0.165 ppb.  For the RF-
5301, the detection limit in elutant samples is 0.015 ppb, thus this dye concentration limit 
equals 0.045 ppb. 

 Criterion 3.  The dye concentration must be at least 10 times greater than any other 
concentration reflective of background at the sampling station in question. 
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 Criterion 4.  The shape of the fluorescence peak must be typical of pyranine dye.  
In addition, there must be no other factors which suggest that the fluorescence peak may 
not be dye from the groundwater tracing work under investigation. 

Normal Criteria Used by the Ozark Underground Laboratory for Determining 
Positive Pyranine Dye Recoveries in Water Samples. 

 It must be remembered that the analysis protocol for pyranine dye is different than 
the protocol for the other four dyes discussed in this document.  If the other dyes are 
present in a sample analyzed for pyranine dye their emission fluorescence peaks (if any) 
will be appreciably different than the values presented above.  Because of this, there is 
very little analytical interference between fluorescein and pyranine dyes when both are 
present in a sample. 

 The fluorescence of pyranine decreases below a pH of about 9.5.  Prior to analysis 
water samples are placed in a high ammonia atmosphere for at least two hours.  A 
pyranine dye in water standard is placed in the same atmosphere as the samples.  Prior to 
analysis samples are tested to insure that their pH is 9.5 or greater.  If pyranine dye 
concentrations in a sample are so great as to require dilution for quantification of the dye 
concentration the diluting water used is OUL reagent water which has been pH adjusted 
in a high ammonia atmosphere.  

 The following criteria are used to identify fluorescence peaks which are deemed to 
be pyranine dye in water. 

 Criterion 1.  The associated charcoal samplers for the station should also contain 
pyranine dye in accordance with the criteria listed earlier.  These criteria may be waived if 
no charcoal sampler exists. 

 Criterion 2.  There must be no factors which suggest that the fluorescence peak 
may not be pyranine dye from the tracing work under investigation.  For samples 
analyzed with the RF-5000U, the fluorescence peak should generally be in the range of 
495.5 to 501.5 nm.  For samples analyzed with the RF-5301, the fluorescence peak should 
generally be in the range of 498.4 to 504.4 nm. 

 Criterion 3.  The dye concentration associated with the fluorescence peak must be 
at least three times the detection limit.  For samples analyzed on the RF-5301 the 
detection limit in water is 0.010 ppb, thus this dye concentration limit equals 0.030 ppb.  
For samples analyzed on the RF-5000U the detection limit in water samples is 0.030 ppb, 
thus this dye concentration limit equals 0.090 ppb. 
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