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lNTRODUCTION 

Bench-scale treatability tests were conducted in late 2001 in order to investigate the 
following issues relating to fluoride removal in truck wash wastewater: · 

• Fluoride concentrations, which could be achieved by chemical treatment. 
• Chemicals and quantities, which would be required for fluoride removal. 
• Quantities of sludge that are generated with fluoride removal. · · ·.··· :··. 
• Capital and operating costs for wastewater fluoride treatment systems. 

These studies were conducted in part to generate information for use in addressing the 
industrial wastewater discharge limit of2.47 mg/L fluoride, which has been proposed by 
the City ofEffingham. The largest percentage of fluoride generated in the City of 
Effingham is sourced from truck washes (2 truck washes operated by Blue Beacon 
International and 1 truck wash operated by Truck-0-Mat). Therefore, fluoride-bearing 
truck wash wastewater was used in these studies. 

The bench-tests were developed based on a review of the literature for fluoride removal 
from industrial wastewater. A synopsis of this literature review is presented in a 
subsequent section. 

This report summarizes the procedures that were followed and results 'that were generated 
from these bench studies. 

-· 
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LITERATURE .REVIEW 

Fluoride removal from industrial wastewater has typically focused on precipitation as 
calcium fluoride using calcium-based chemicals (Le., calcium hydroxide or calcium 
chloride) or removal by sorption onto aluminum chemicals. The latter treatment methods 
have included sorption onto aluminum-based chemicals that are added to the wastewater 
solution (typically alum) or sorption onto a fixed bed such as alumina. 

Since fluoride in wastewater is a soluble ion, other removal processes include ion 
exchange or reverse osmosis (RO). However, those processes require that the wastewater 
must be pretreated to a level where essentially all oil & grease and suspended solids are 
removed before feeding to the ion exchange or RO process. 

A fluoride removal study was conducted by the Environmental Laboratory of the U.S. 
Army Engineer Waterways Experiment Station for Rocky Mountain Arsenal in 19791

. 

That study addressed the removal of fluoride from regeneration wastewater generated 
from activated alumina columns used to treat fluoride-bearing wastewat-er. The study 
report stated that the most widely used chemicals used for fluoride reni6val are alum 
coagulation and lime treatment. These chemicals are used to produce an· insoluble 
fluoride complex that may be removed from the water as a sludge. 

The subject report also concluded the following: 

1. Process selection for fluoride removal is highly dependent upon the chemical 
characteristics of the waste stream. 

2. Lime addition was reported to be the most widely used method for removal of high 
fluoride concentrations. 

3. Some correlation has been found between fluoride removal and magnesium hardness 
removal. However, if magnesium hardness is not present in the water to be treated, it 
must be added in order to accomplish the fluoride removal, which makes the process 
economically unfeasible. 

4. Alum coagulation was first investigated for fluoride removal in the mid-1930s. Exact 
chemical requirements are difficult to estimate since various studitif reported data, 
which varied greatly with respect to raw-water pH, mixing, and commercial products 
utilized. 

5. Alum is much more costly than lime. 
6. Coagulation-precipitation processes require process trains generally including 

chemical addition, rapid mix, slow mix for flocculation, precipitate settling, and 
dewatering. 

7. Ion exchange processes are not generally used on wastewaters with high 
concentrations of fluoride. 

8. Reverse osmosis processes are generally expensive and used mainly in situations 
where contaminants cannot be removed by less expensive techniques. 

Bench studies were conducted and produced the foUowing results. 
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1. Lime addition only at a dose of 4000 mg/L reduced the fluoride concentration from 
66 mg!L to 20 mg!L. 

2. Lime addition followed by alum/polymer reduced the fluoride concentration from 66 
mg/L to 9 mg!L. 

3. Calcium chloride addition at a dose of 2500 mg/L reduced the fluoride concentration 
from 101 mg/L to 51 mg/L. 

4. Lime and calcium chloride addition reduced the fluoride concentration from 101 
mg/L to 44 mg/L. 

A literature search report was prepared by the Department of the Army, Rocky Mountain 
Arsenaf That report determined the following: 

1. A full-scale removal and ultimate disposal system for treatment of concentrated 
fluoride wastewaters has not been reported in the available literature. 

2 . Precipitation of fluoride as calcium fluoride or fluorapatite and dewatering of calcium 
fluoride sludge is in commercial practice. 

3. The cost of fluoride precipitation is specific to each wastewater. 
4 . A number of full-scale industrial wastewater systems are reported to be removing 

concentrated fluoride ions by means of precipitation with lime, calcium chloride, 
tricalcium phosphate or combinations of the three. 

5. Chemical requirements to precipitate fluoride relate not only to the fluoride 
concentration in the wastewater but also to a myriad of other chemical reactions 
specific to each waste composition. 

6. Under optimum conditions for precipitation, all full-scale systems report residual 
fluoride concentrations in the supernatant of 20 mg/L ± 5 mg!L. 

In addition to published studies, numerous wastewater treatment texts (\ddress fll;loride 
removal. One such text3 states the following with respect to fluoride removal:· 

1. Calcium precipitation is a well-established and widely utilized technology. 
2. The most common calcium reagent is lime. 
3. Industrial wastewater treatment systems using lime typically reduce fluoride 

concentrations to the range of 10 to 40 mg/L. 

Finally, fluoride removal at the Wyman-Gordon Company located in Worcester, 
Massachusetts is detailed in a paper that was presented at the 1996 Purdue Industrial 
Waste Conference4 This paper discussed treatability studies, which investigated the 
efficacy of calcium, aluminum, and the combination of calcium and aluminum to remove 
fluoride. This study found that the lowest achievable fluoride concentrations using 
calcium-based chemicals were in the range of 10 to 20 mg/L. Fluoride concentrations in 
the range of 5 to 7 mg/L were achieved using combinations of lime and alum. However, 
for those cases, large chemical dosages were required and large quantities, of sludge were 
generated. · ·· .-
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TREATAB~ITYSTUDYPROCEDURES 

The subject treatability studies were developed and supervised by Shepard Engineering, 
Inc., Salina, Kansas. The bench tests were conducted by Chris Roelke, Industrial 
Wastewater Treatment Plant operator for the Blue Beacon Truck Wash in Carlisle, 
Pennsylvania. Untreated wastewater samples used in the bench tests were collected from 
the wastewater generated by the Blue Beacon of Carlisle truck wash. This wastewater is 
essentially the same as that generated in Effingham (for both Blue Beacon and Truck-0-
Mat), therefore; the results described herein are applicable for the Effingham wastewater. 

Two sets of trials were conducted - one in October, 2001 and one in December, 2001. 
For both cases, untreated wastewater samples were collected from a 20,000 gallon 
wastewater equalization tank for use in conducting the treatability studies. The 20,000 
gallon volume represents a minimum of 16 hours storage. Therefore, the treatability 
study samples are a good representation of wastewater that is generated on a daily basis. 

The primary difference between the two sets of bench test procedures that were 
conducted is the untreated fluoride concentrations. That information will be so stated in 
the summary of results. 

Specific bench test procedures are enumerated below. 

1. 1 000 ml of untreated wastewater were used in each trial. 
2. The initial pH was measured and recorded. 
3. The 1000 ml aliquot was well-mixed and the following treatment steps taken: 

Triall-A: Lime added to pH 9.0, mixed rapidly for 20 minutes, then slowly for 10 
minutes, allowed solids to settle overnight, collected supernatant sample for 
fluoride analysis. 

Trial 1-B: Lime· added to pH 10.0, mixed rapidly for 20 minutes, then slowly for 10 
minutes, allowed solids to settle overnight, collected supernatant sample for 
fluoride analysis. 

Trial 1-C: Lime added to pH 11.0, mixed rapidly for 20 minutes, then slowly for 10 
minutes, allowed solids to settle overnight, collected supernatant sample for 
fluoride analysis. 

Trial 1-D: Lime added to pH 12.0, mixed rapidly for 20 minutes, then slowly for 10 
minutes, allowed solids to settle overnight, collected supernatant sample for 
fluoride analysis. 

Trial1-E: Added 825 mg/L calcium chloride, mixed rapidly for 20 minutes, then slowly 
for 10 minutes, allowed solids to settle overnight, collected supernatant sample 
for fluoride analysis. 

Trial 1-F: Added 1650 mg!L calcium chloride, mixed rapidly for 20 rnjtjutes, then slowly 
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for 10 minutes, allowed solids to settle overnight, collected supernatant sample 
for fluoride analysis. 

Trial 1-G: Added 2475 mg!L calcium chloride, mixed rapidly for 20 minutes, then slowly 
for 10 minutes, allowed solids to settle overnight, collected supernatant sample 
for fluoride analysis. 

Trial 1-H: Added 3300 mg/L calcium chJoride, mixed rapidly for 20 minutes,· then slowly 
for 10 minutes, allowed solids to settle overnight, collected supernatant sample 
for fluoride analysis. · . '· :1. 

Trial 1-I: Added 4125 mg/L calcium chloride, mixed rapidly for 20 minutes, then slowly 
for 10 minutes, allowed solids to settle overnight, collected supernatant sample 
for fluoride analysis. 

Trial 1-J: Added 300 mg/L alum, mixed rapidly for 20 minutes, then slowly for 10 
minutes, allowed solids to settle overnight, collected supernatant sample for 
fluoride analysis. 

Trial 1-K: Added 900 mg/L alum, mixed rapidly for 20 minutes, then slowly for 10 
minutes, allowed solids to settle overnight, collected supernatant sample for 
fluoride analysis. 

Triall-L: Added 1800 mg/L alum, mixed rapidly for 20 minutes, then slowly for 10 
minutes, allowed solids to settle overnight, collected supem~tant sample for 
fluoride analysis. · '· · : 

Trial 1-M: Added 3600 mg!L alum, mixed rapidly for 20 minutes, then slowly for 10 
minutes, allowed solids to settle overnight, collected supernatant sample for 
fluoride analysis. 

Trial1-N: Added 825 mg!L calcium chloride and 300 mg/L alum, mixed rapidly for 20 
minutes, then slowly for 10 minutes, allowed solids to settle overnight, 
collected supernatant sample for fluoride analysis. 

Trial 1-0: Added 825 mg/L calcium chloride and 900 mg/L alum, mixed rapidly for 20 
minutes, then slowly for 10 minutes, allowed solids to settle overnight, 
collected supernatant sample for fluoride analysis. 

Trial 1-P : Added 825 mg/L calcium chloride and +800 mg!L alum, mixed rapidly for 20 
minutes, then slowly for 10 minutes, allowed solids to settl~¢vernight, 
collected supernatant sample for fluoride analysis. · -

Trial 1-Q: Added 825 mg!L calcium chloride and 3600 mg!L alum, mixed rapidly for 20 
minutes, then slowly for 10 minutes, allowed solids to settle overnight, 
collected supernatant sample for fluoride analysis. 
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Trial2-A: Added lime to pH = 12.0, mixed rapidly for 20 minutes, then slowly for 10 
minutes, allowed solids to settle overnight, collected supernatant sample for 
fluoride analysis. 

Trial 2-B: Added lime to pH = 12.0 and 150 mg!L alum, mixed rapidly for 20 minutes, 
then slowly for I 0 minutes, allowed solids to settle overnight, collected 
supernatant sample for fluoride analysis. 

Trial 2-C: Added li~e to pH = 12.0 and 450 mg!L alum, mixed rapidly for 20 minutes, 
then slowly for 10 minutes, allowed solids to settle overnight, collected 
supernatant sample for fluoride analysis. 

Trial2-D: Added lime to pH = 12.0 and 900 mg/L alum, mixed rapidly for 20 minutes, 
then slowly for 10 minutes, allowed solids to settle overnight, collected 
supernatant sample for fluoride analysis. 

Trial 2-E: Added lime to pH= 12.0 and 1,800 mg!L alum, mixed rapidly for 20 minutes, 
then slowly for 10 minutes, allowed solids to settle overnight, collected 
supernatant sample for fluoride analysis. 

Trial 2-F : Added 4125 mg/L calcium chloride, mixed rapidly for 20 minutes, then slowly 
for 10 minutes, allowed solids to settle overnight, collected supernatant sample 
for fluoride analysis. 

Trial2-G: Added 4125 mg!L calcium chloride and 150 mg/L alum, mixed rapidly for 20 
minutes, then slowly for 10 minutes, aiiowed solids to settle overnight, 
collected supernatant sample for fluoride analysis. · 

Trial2-H: Added 4125 mg!L calcium chloride and 450 mg/L alum, mixed rapidly for 20 
minutes, then slowly for 10 minutes, allowed solids to settle overnight, 
collected supernatant sample for fluoride analysis . 

Trial 2-I: Added 4125 mg/L calcium chloride and 900 mg/L alum, mixed rapidly for 20 
minutes, then slowly for 10 minutes, allowed solids to settle overnight, 
collected supernatant sample for fluoride analysis. 

Trial2-J: Added 4125 mg/L calcium chloride and 1800 mg/L alum, mixed rapidly for 20 
minutes, then slowly for 10 minutes, allowed solids to settle overnight, 
collected supernatant sample for fluoride analysis. 
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RESULTS 

Bench study treatability results are summarized in Table 1. Fluoride concentration data 
were measured by Continental Analytical Services Laboratory, Salina, Kansas using EPA 
Method 300.0/9056. Copies of the CAS Laboratory Reports and QNQC data are 
included as Appendix A. 
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DISCUSSION OF RESULTS 

The data summarized in Table 1 indicate that none of the treatability test trials was able 
to achieve the fluoride discharge limit of2.47 mg/L, which has been proposed by the City 
ofEffingham. The lowest fluoride concentration was achieved with trial #s 1-M and 
2-H.; these trials produced supernatant fluoride concentrations of 8 mg/L and 13 mg!L, 
respectively. Trial 1-M used an alum dosage of3600 mg/L, while trial.~-H used a 
calcium chloride dosage of 4125 mg/L in combination with an alum dosage of 450 mg!L. 

The other trials, which used varying dosages and combinations of calcium-based 
treatment chemicals (i.e., lime and calcium chloride) and alum, produced fluoride 
removals that ranged from 1 to 90 percent. 
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CONCLUSIONS 

1. A review of the literature indicates that the most common and cost-effective methods 
for (high concentration) fluoride removal from wastewater typically include the use 
of calcium and/or aluminum based treatment chemicals. 

2. Bench test treatability studies using Blue Beacon truck wash wastewater indicated 
that fluoride removal from an untreated concentration of 180 mg/L to a level in the 
range of 10 mg/L could be achieved using alum or a combination of calcium chloride 
and alum. 
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TABLE 1: BENCH TEST TREATABILITY STUDY SUMMARY OF RESULTS 

Untreated Treated 
Trial Fluoride Fluoride % Fluoride 

No. Description Cone. (mg/L) Cone." (mg/L) R~movat 

1-A lime to pH = 9.0 180 131 27.2 

1-B lime to pH= 10.0 180 141 21.7 . 

1-C lime to pH= 11.0 180 112 37.8 

1-D lime to pH= 12.0 180 . 46 74.4 

1-E 825 mg/L calciu·m chloride 180 . 95 47.2 . . 
1-F 1650 rrtg/L cal<;ium chloride 180 75 . 58.3 

1-G 2475 mg/L calcium chloride . 180 65· . 63.9 
1-H 3300 mg/L calcium chloride 180 55 . 69.4 
1-1 4125 mg/L calcium chloride 180 32 82.2 
1-J' 3.00 mg/L alum 180 179 · 0.6 
1-K 900 mg/L alum: 180 180 0.0 
1-L 1800 mg/L alum 180 160 11.1 
1-M · 3600 mg/L alum 180 . . 8 95.6 . 
1-N 825 mg/L calcium chloride and 300 m_g/1,. alum · 180 72 60.0 
1-0 . 825 mg/L calcium 'Chloride and 900 mg/L alum 180 102 43.3 
1-P 825 mg/L calcium chloricfe and 1800 ~g/l alum · 180 116 ~5.6 I 
1-Q . 825 mg/L calcium chloride and 3600 mg/L alum 180 85 52.8 
2-A lime to pH= 12.0 174 90 48.3 
2-B lime to pH - 12.0 and 150 mg/L·alum 174 79 54.6 
2-C lime to pH= 12.0 and 450 IT)gll alum 174 44. 74.7 
2-0 lime to pH·- 12.0 and 900 mg/L alum 174 54 . 69.0 -
2-E lime to pH - 12.o·and 1800 mg/L alum . 174 32 81.6 
2-F 4125 mg/L calcium chlqride · 174 20 88.5 
2-G 4125 mg/L calcium chloride and 150 mg/L alum 174 67' 61.5 
2-H 4125 mg/L calcium chloride and 450 mg/L alum · · 174 13 92.5 
2-1 4125 mg/L calcium chlpride and 900 mg/L alum 174 40 77.0 
2-J 4125 fl)g/L calcium chloride and 1800 mg/L alum 174 18 89.7 

Notes: !: 
1. # 1 trials conducted using untreated wastewater sample collected from Blu_e 'Beacon of Carlisle truck wash:eq1;1alization tank on October 19, 2001. 
2. # 2 trials conducted using untreated wastewater sample collected from Blue·seacon of Carlisle truck wash:equali_zation lank on December 27, 2001. 
3. Analyses conduct~d by CAS Laboratories. Salina, Kansas. 



Continental 

10/25/2001 

'Blue Beacon International, Inc. 
Attn: Mike Rose 
P. 0. B·ox 0 8 56 
Salina, KS 67402-0856 

Date Received:· 10/20/2001 
conti·nental· .File No·.: 5891 
Continental Order No.: 74128 
Yo1,.1;r J:l.O,/?.t::9J~c:.t .. ~9·: #42 - CA 

Dear M:t. Rose: 

This laboratory report consisting of 7 pages .contains the ·analytical· results for 
the following samples: 

CAS LAB ID # SAMPLE DESCRIPTION SAMPLE TYPE DATE. SAMPLED 

01101918 #42 - CA·Al-1 Liquid .10/19/2001 
01101919 #42 - CA Al-2 Liquid 10/19/2001 
01101920 #42 ·- CA Al-3 Liquid 10/19/2001 
01101921 #42 CA Al-4 · Liquid 10/19/2001 
01101922 #4.2 - CA CaAl-1 Liquid 10/19/2001 
01101923 #42 - CA CaAl-2 Liquid 10/19/2001. 
01101924 #4.2 - CA Ca..?..l-3 Liquid 10/B/20.01 
01101925 #42 - CA Ca.lU-4 Liquid 10/19/2001 
01101926 #42 - CA Lime 1 Liquid 10/19/2001 
Q1-101927 #42 - CA Lime 2 · Liquid 10/19/2001 
01101928 #42 - CA Lime 3 Liquid 10/19/2001 
01101929 #42 - CA Lime 4 Liqu1d 10/19/2001 
01101930 '#42 CA CaCl-1 Liquid 10/19/2001 
01101931. #42 - CA CaCl-2 Liquid 10/19/.2001 
01101932' #42 C.l\. cacl-3 Liquid 10/19/2001 
01101933 #42 CA cacl-4 'LiqUid 10/19/2001 
01101934 #42 ·- CA CaCl-5 Liquid '. 10/19/2001 

· Th~~ you for choosing Continental for this project. If you have any questions, 
please contact me at· (BOO) 535-3076 .. 

CONTI.-U ~ERVICES, 

6~Groene · 
INC. 

Project:·Manager 

Page l 

1804 Gl..ENOAI..E: RCAO.• 5At..INA, KANSAS 67401•5675 

785·827·1273 • 800:535·3076 • FAX 785·823·7830 

~~l/~ 
ETHICS 
~llu¢ 
RCilSeal of Excellence 



Client.: Blue ·Beacon International, Inc. 

Page: 2 

Dat·e· Sample Rptd: 10/2S/2001 
Date Sample Reed: 10/20/2001 
Continental File No: 5891 · 
Continental Order No: 74128 
Client P.O.: . #42 ·- CA 

Attn: Mike Rose 
P.O. Box 0856 
Salina, KS 67402-0856 

Lab Number: 01101918 
Sample Description; #42 - CA Al-l 

Analysis. Concentration 

Fluoride 179. 

Units 

mg/L 

~~te Sampled: 10/19/2001 
Time Sampled: 0900 

Date 
Analyzed Book/Page 

•10/23/2001 5055/19 

AnaJ,.ysis Prepared QC Batch Analyst Method·(s l 

Fluoride N/A 011023-1 GT 300.0/9056 

Conclusion of Lab Number: 01101918 

Lab Number: 01101919. Date Sampled: 10/19/2001 
Time Sampled: 0900 Sample Description: #42 - CA Al-2 

Analysis 

Fluoride 

Analysis 

Fluoride· 

Date 
Concentration Units Analyzed Book/Page 

180. mg/L 10/23/2001 5055/19 

Date 
Prepared QC Batch Analyst ~M~e~t~h~od~(~s~l ______ ___ 

N/A 011023-1 GT . 300.0/9056 

.Conclusion of Lab Number: 01101919 

Lab Number:. 01101920 Date Sampled: 10/19/2001 
Time Sampled: 0900 Sample Description: #42 - CA Al-3 

Analysis 

Fluoride 

Analysis 

Fluoride 

Date 
Concentration Analyzed Book/Page 

160. mg/L 10/23/2001 5055/19 

Date . 
Prepared· QC Batch Analyst ~M~e~t~h~o~d~(~s~l ________ _ 

N/A GT 

-continued-

1804 GL.E:NCAL.E: ROAC. SAL.INA, KANSAS 67401·6675 

· 785·.827•1 27::3 • 800·535··3076 • F'AX 785·823·78::30 

300.0/9056· 

.~~l/'k 
ETHICS 

~Ill)~ 
RCIL Seal of Excellence 



CONTINENTAL ANALYTICAL SERVICES, INC. 

LABORATORY REPORT 

Client: Blu·e Beacon In.ternational, Inc. 
· i. Lab Number: 01101920 

Analysis Concentration 

Conclusion of Lab Number: 

Lab Number: 01101921 
Sample Description: #42 - CA Al-4 

·Analysis· 

Fluoride 

Concentration 

87. 

Date 

Units 

01101920 

Units. 

mg/L 

Page: 3 

Date 
Analyzed Book/Page 

Date Sampled: 10/1~/2001 
Time Saffipled: 0900 

Date 
~~alyzed Book/Page 

10/23/2001 5055/19 

Analysis Prepared. QC Batch Analyst· Method{s) 

Fluoride N/A 011023-1 

Conclusion of Lab Number: 01101921 

Lab Number: 01101922 
Sample Des.cription: #42 - CA CaAl-1 

Analysis Concentration Units 

Fluo.ride 72. . mg/L 

Date 

GT .3 00. 0/9056 

Date Sampled: 10/19/2001 
Time Sa~pled: 0900 

Date 
Analyzed Book/Page 

10/23/2001 5055/19 

Analysis Prepared QC Batch Analyst Method(s) 

Fluoride N/A 011023-1 GT 300.0/9056 

Conclusion of Lab Number: 01101922 

Lab Number: 01101923 
Sample Description: #42 - CA CaAl-2 

Analysis Concentration Units 
~ 

Fluoride 102. rng/L 

Pate 

Date Sampled: 10/19/2001 
Time Sampled: 0900 

Date 
Analyzed Bdok/Page 

. 10/23/2001 5055/19 

Analysis Prepared QC Batch Analyst ~M~e~t~h~q~d~(~s~) ______ __ 

Fluoride N/A 011023-2 GT 300.0/9056 
-continued-

~:Conti-nental 
,;;;.:.-· Analytlc:81 Servlc:es. Inc:. 



CONT"!NENTAL ANALYTICAL SERVICES, INC. 

LABORATORY REPORT 

Client: Blue Beacon International, Inc. 
Lab Number: 01101923 

Conclusion of Lab Number: 01101923 

Lab Number: 01101924 
Sample Description: #42 - CA CaAl-3 

Analysis Concentration Units 

Fluoride· 116. rng/L 

Date 

Page: 

Date Sampled: 10/1.9(2001 
Time Sampled: 090Q 

Date 

4 

Analyzed Book/Page 

10/2~/2001 5055/19 

Analysis Preoared QC Batch Analyst Method.(s) 

Fluoride N/A 011023-2 GT 300.0/9056 

Conclusi·on of Lab Number·: 01101924 

Lab·Number: 01101925 
Sample Description: #42- CA·c~l-4 

Concentration Units 

Fluoride 85. rng/L 

Date 

Date-Sampled: 10/29/2001 
Time Sampled: ·osoo 

Date 
A.~alyzed Book/Page 

10/23/2001 5055/19 

Analysis Prepared QC Batch Analyst Method{s) 

Fluoride N/A . 011023-2 GT 300.0/9056 

Conclusi"on of Lab Number: 01101925 

Lab Number: 01101926 
Sample Description: #42 - CA Lime 1 

Analysis Concentration Units 

Fluoride 131. · rng/L 

Date 

Date Sampled: io/19/2001 
Time Sampled: 0900 

Date 
Analyzed Book/Page 

10/23/~001 SOSS/19 

Analysis Prepared QC Batch Analvst ~M~e~t~h~o~d~(~s~)~-------

Fluoride N/A 011023-2 GT 300 .. 0/9056 

-Continued-

~:Continental 
~-· Anal!:Jtlcal Services. Inc. 



CONTINENTAL ANALYTICAL SERVICES, INC. 

LABORATORY·REPORT 

Client: Blue Beacon International, Inc. 
Lab Number: 0~~0~926 

Conclusion of Lab Number: 'o1101926 

Lab Number: 01101927 
Sample Description: #42 - CA Lime 2 

Analysis 

Fluoride 

Concentration 

14'1. 

Date· 

Units 

mg/L 

Page: 

Date Sampled: 10/1.9/2001 
Time Sampled: 0900 

Date 

5 

Analyzed Book/Page 

10/23/2001 5055/19 

Analysis 

FluoJ::ide 

Prepared QC Batch Analyst Method(s) 

N/A 011023-~ GT 300.0/9059 

Conclusion of L~ Number: 01101921 

Lab Number: 01101928 
Sample Description: #42 - CA Lime 3 

-~alysis Concentration 'O'nits 

F;Luoric:,ie 112. 

Date· 

Date Sampled: 10/19/2001 
Time Sarnpled: 090 0. 

pate· 
Analyzen Book/Page 

10/23/2001 5055/19 

Analysis Prepared QC Batch Analyst ~M~e~t~h~od~(~s~) ________ _ 

Fluoride N/A 011023-1 

Conclusion o.f Lab Number: 01101928 

Lab Number:. 01101929 
Sample Description: #42 - CA Lime 4 

Analysis Concentration units 

Fluoride ,46. mg/L 

Date 

GT 300.0/9056 

Date Sampled: 10/19/2001 
Time Sampled; 0900 

Date 
Analyzed Book/Page 

10/23/2001 SOSS/19 

Analysis 

Fluoride 

Prepared QC Batch Analyst ~M~e~t~h~o~d~(~s~) ________ _ 

N/A OU023-1 GT 300.0/9056 

-Continued-

........ 



CONTINENTAL ANALYTICAL SERVICES, INC. 

LABORATORY REPORT 

Client: Blue Beacon International, Inc. 
Lab Number: 01101929 

Conclusion of Lab N1.unher: 01101929 

Lab Number: '01101930 
Sample Description: #42 - CA CaCl-1 

Ar1.alysis Concentration Units 

Fluoride 95. mg/L 

pate· 

Page: 

Date Sampled: 10/19/2001 
Time Sampled: 0900 

Date 

6 

Analyzed Book/Page 

10/23/2001 SpSS/19 

Analysis Prepared QC Batch ·Analyst Method(s) 

N/A 011023-1 

Conclusion of Lab Number: 01101930 

Lab Number: 01101931 
Sample Description: #42 - CA CaCl-~ 

Analysis 

Fluoride 

Analysis 

Fluoride 

·Cone lusi ori 

Lab Number: 01101932 

Concentrati.on 

75. 

Date 
Pre:Qared 

N/A 

of Lab Number: 

Sample Description: #42 - CA CaCl-3 

}l.nalysis Concentration 

Fluoride 65. 

Date 

Units 

mg/L 

QC Batch 

011023-1 

01101931 

Units 

mg/L 

GT 300.0/9056 

Date Sampled: 10/19/2001 
Time Sampled: 0900 

Date , 
Ana1yzed' Book/Pacre 

10/23/2001 5055/19 

!malyst Method {s) 

GT 300'.0/9056 

\ 

Date Sampled: 10/19/-2001 
Time Sampled: 0900 

Date 
Analyzed Book/Page 

10/23/2001 5055/19 

Analysis Prepared QC Batch Analyst ~M_e~t~h~o~d~(~s~) ________ _ 

Fluoride N/A 011023-1 GT 300,0/9056 

-continued-



CONTINENTAL ANALYTICAL SERVICES, INC. 

LABORATORY REPORT 

Client: Blue Beacon International, Inc. 
Lab Number: 01101932 

Conclusion of Lab Number: 01101932 

Lab Number: 01101933 
Sample Description: #42 - CA CaCl-4 

Page: 

Date Sampled:· 10/19/2001 
Time Sampled: 0900 

Date 

7 

Analysis 

·Fluorid~ 

Concentration Units ---...-. Analyzed Book/Page 

55. mg/L 10/23/2001 5055/19 

Date 
Analysis 'Prepared QC Batch Analyst Method(s) 

Fluoride N/A 011023-1 GT . 300.0/9056 

conclusion of Lab Number: 01101933 

Lab Numqer: 01101934 Date Sampled: 10/19/2001 
Time.Sampled: 0900 Sample Description: #42 - CA CaCl-5 

Date 
Analysis Concentration Units Analyzed Book/Page 

Fluoride· 32. mg/L 10/23/200l 5055/19 

Date 
Analysis Prepared QC Batch Analyst Method(s) 

Fluoride N/A 011023-1 GT 300.0/9056 

Conclusion of Lab Number: 01101.934 

Laboratory analyses were .. performed on samples·utilizing_procedures published in 
Title 40 of the Code of Federal Regulations, Parts 136 or 141, or in EPA 
Publication, SW-846, .3rd edition,. September, 1986 and the latest promulgated 
update. ND (), where not.ed, indicates none ·detected with the reporting limit in 
parentheses. Samples .will be re.tained for thirty days .unless other:wise notified. 

CONTINENTD ~:.ICA.L SERVICES, 

Clif~~~aker 
Technic~l~ager 

INC. 

·. ·: 



COVER SHEET 

LAB NO. 02010121 - 0126 PROJ. MNGR. MDM 

rr=;;~~;=;:=;~;;;l FILE NO: 6?55 
APPROVED BY~ DATE: ) I ~ /~ 

Not approv.ed by ____ Date: I ; · . ========·========= 

I 

I 
' 

.I 

u 

CLIENT NAME: Western Resources 
CLIENT CONTACT.: Tom Brown 
ADDRESS: . P .0. Box · 889 · 
CITY AND STATE: Topeka, . KS 66601 
DATE RECE1VED·: .<5110412002 
SAMPLE LOCATION: C-32 . 
REPORT DUE DATE: I I 
CLIENT SPECIAL INSTRUCTIONS: 

Not approved by Date: I I 
Not approved by ---- Date: I I 
Not approved PY ===: Date: I I 

AS SEMBLED ~v /> d DAT~ · ) - ~ ·. o 0:­
LOG-IN BY ~TE 1-=t-02.. 

Send original report ·with Inv. if Tom Brown Project. Sepd copy of 
report with . invoice· if no~ Tom· Brown Proj~ct. Always type 

Project Name (Ex: Hutchinson EC) . · JEC Bottom Ash - Send kit 
whe:t:l reed. 

REASON FOR NON APPROVAL 

WRONG SAMP~B DESCRIPTION ------------~----------~----------~~----­

WRONG TEST ASSIGNMENTS ' ·~------------------------------------------­

WRONG DUE DATE 

WRONG PRICES ·------------------------------------~-----------------
OTHER: 

SEND: 

.. ' . .... 

NOTHING •/ WORKSHEETS ,_., BILLING ~ COOLER REC 'T ~ORM -----

FINAL REPORT: QC REPORTS : 

FED-EX COPY 
OF QC REPORT: 

___ X___ NO QC 
____ ALL STD'. QC 

·ICVICCV 
----- LCSILCSD SUR 
____ MSIMSD SUR 
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0 l/23 /2 002 

Blue Beacon International, Inc. 
A~tn: M~ke Rose 
P.o.. Box 08% 
Salina, KS 67402-0856 

Re : Continental File Number: 5891 
Continental Order Number: 7412 8 
Continental Project Manager: Gregory J. G~oene 
Your P.O./Project No., · 1142 -CA. 

Dear ~1r. Rose: 

Enclosed ~re the Quality Control ~eports for the referenced order number. A general descr iption of the 
information contained in each ~ep?rt is presented below. 

METHOD BLANK DA.TA 
A method blartk is a matrix. similar. to that of the sample which has been prepared and analyzed by the same 
method as the sample. The method· blank is used to assure that the preparation and analysis method has not 
introduced contamination. The Method Blank Data Report proyides the analytical results far each method blank 
prepared and analyzed from t he same quality control batch as tha.t of the client's samples. 

LABdRATORY CONTROL SAMPLE/LASO~TORY CONTROL SAMPLE DUPLICATE DATA 
A. laboratory control sample is a matrix similar to that of the sample ·which has been spiked with known 
concentrations of analytes and prepared and analyzed by the ~ame method as the sample. The Laboratory control 
Sample (LCSl percent recov~ry is a measure of the accuracy of the preparation and ana~ysis method. The 
Laboratory Control Sample Duplicate (LCSO) -is a dUJ?lica'te preparation and analysis of the LCS. The LCS and 
LCSD are used to calculate the relative percent ·difference. which ks a measure of the precision of the 
preparation and analysi s method. The LCS/LCSD Reporc pr,ovides the analytical results for all lab6~atory 
control samples lilrepared and analyzed from the same quality control batch .as that. of , the client's samples. 

SURROGATE OA.Tl\, 
A sur~ogate is a compound that is similar to the compounds of interest, but is not normally found in 
environmental samples .. Surrogates are added to the sample prior to preparation and analysis . The surrogate 
percent recovery i~ a measure of the effectiveness of the preparation and analysis method on the individual 
sample. The Surrogate Data Report provides the surrogate recoveries for · each sample that required organic 
analysis. 

MATRIX SPIKE/MATRIX SPIKE, D~~LICATE DATA 
A matrix spike is an aliquot of a sample spiked wlth .compounds of interest and prepared and analyzed ~y the 
same method as the sample. -Tpe Matrix Spike (MS) p~rcent recovery is a measure of the effectiveness of the 
preparation and analysis method on ·the specific sample matrix. The Matrix Spike Duplicate (MSO) is a 
duplicate preparation and analysis of the MS. Th~ MS and t~SD are used to calculate. the relative percent . 
differen~e. which is a measure of t~e precision of the preparation and analysis method. Tne MS/ MSO Report 
provides the analytical results for all matrix spike and matrix spike duplicate analyses performed either on 
sampl~s from the client ' s orde~ or on samples from the same quality control batch as that. of the client's 
sampl e. 

POST DIGESTION SPil<E 01\.TA 
A post digestion spike (POS) is performed only on samples requiring analysis for metals. A portion of the 
sample, a~te~ preparation by digestion with acid, is spiked with known concencra~ions o! the metals of 
interest and analyz~d. Acceptable recovery. of ~he spike indicates that a matrix interference does not exist 
io the sample f~r the 'metal analyzed . 

1 804. GI..E:NOAI..E: RCAO • S....:I..INA, KANSAS 6740 1"•6675 • 

785·827• 1 273 • 800·535-3075 • F"AX 765·823· 7830 

~~t/~ 
ETHICS 

'%/lo~ 
RCIL Seal of &xcellence 



Ol./23/2002 

ACCURACY AND PRECISION LIMITS 
The accuracy and precision limits are method or laboratory determined limits indicacing acceptable accuracy or 
precision for a given matriY.. The accuracy limits are expressed with units of percent recovery. The 
precision limits are expressed with units of relative percent _ditfer.ence (RPDI . Accuracy and/or precision 
limits are provided on the LC_S/LCSO Report, MS/MSD Report and the Surrogate Data Report. 

L-

QUALITY CONTROL BATC~ 
Each batch of twenty or fewer samples of the same, matrix, prepared and analy2ed by the same method, is 
~ssigned a Quality Control Batch number. The Quality Control Batch number for each sample is provided on t he 
Laboratory Report. W~th each batch, a method blank, two laboratory control samples and a matrix spike/matrix 
spike dup).icate are prepared 'and analyzed. The analyt.ieal ' results for the method blank, laboratory control 
and matrix spike/matrix spike duplicate samples are provided o~ the Method Blank Data Repo~t, LCS/LCSD Report 
and MS/MSD Report, respectively. 

DP.T~ PRE~ARED 
The date prepared is ' the date ~he sample was extrac~ed or dige~ced in preparation for analysis. If the 
extraction or digestion is performed as ·part of the analysis, "N/A" is reported for the date ·prepared. The 
dace prepared for each sample i s pro~ded on the Laboratory Report. 

DATE ANALYZED 
The date analyzed is the date the analv.sis was performed on the sample. The date ana~yzed for each sample is 
provided on the Laboratory Report. 

If you have any questions regarding this data, please contact me or your Continental Project Manager at 
(BOO) 535 - 3076. 

CONTINENTkL ANALYTICAL SERVICES, INC. 

;~;~~G:~~ 
Enclosures 

Quality Control Reports: 
Method Bla~k Data 
Laboratory Control Sample/Laboratory Control Sample Duplicate Data 
Matrix Spike/Matrix Spike Duplicate Data . 

• I 

' I 



Continental 

Client: Blue Beacon International, Inc. 
Attn: Mike Rose 
P.O. Box 0_856 
Salina, KS 67402-0856 

QC Batch Lab Number Analysis 

01J.023-J. Oll023BLK1 ·Fluoride 

·01:1023 -2 011023BLK2 Fluoride 

AnalhJtical Service·s. ·Inc. 

QUALITY CONTROL REPORT 
METHOD BLANK DATA Page: 1 

Date Sample Reported: 01/23/2002 
Date Sample Received: 10/20/2001 
Continental File No: 5891 
Contin~tal Order No: 74128 
Client P.O.: #42- CA 

Concentration · _on its Book/Page 

ND(0.1) mg/L 5055/19 

ND(O.l) mg/L 5055/19 

Quality control analyses were performed on sa..-nples at time qf analysis in accorO.a.nce .with procedures 
Published in Title 40 of the Code of Federal Regulations, Parts 136 or 141, or in EPA publication, SW-846, 
3rd edition, Nov. 1986 a.I).d the latest promulgated update. 

CONTINENTAL ANALYTICAL SERVICES, INC. 

Ufv10 .6ok. 
~;::~t:, ~~:~ Jacqueline Cairo 

Quality Assurance Officer 

1804 GL..ENDALE ROAD • SALINA, KANSAS 67401·6675 

785·827·1 273 • 800·535·:3076 • F'AX 785·823·7830 

~~ll!k 
ETHICS 

'%/ll)~ 
RCIL Seal of gxcellenc~ 



Analh]tical Services. Inc. 

QUALITY CONTROL REPORT 
LABORATORY CONTROL SAMPLE / LABORATORY CONTROL SAMPLE DUPLICATE DATA Page: 

Client: Blue B'eacon International, Inc. 
Attn: Mike Rose 
P.O. Box 0856 
Salina, KS 67402-0856 

QC Batch Lab Number Analvsis 

'011023-1 011023LCS1 Fluoride 

011023-2 ·Ol1023LCS2 · 'F'Iuoride 

Spike 
Level Units 

10 mg/L 

10 mg/L 

LCS 

104. 

104. 

Date Samp~e Reported: 01/23/2002 
Date Sample Received: 10/20/2001 
Continental File No: 5891 
Continental Order No: 74128 
Client P.O.: #42- ~~ 

Accuracy Data 
( %' Recovery) 

LCSD Limit's 

104. 93.7-109 

104. 93:7-109 

Precision 
Data 

.RPD Lim.:..t 

0.0 4.4 

0. 0 . 

Quality control analys'es were performed on samples at time· of analysis in accordance with procedures 
Published in Title 40 of the Code of Federal· Regulations, Parts 136 or 141, or in EPA pUblication, SW-846, 
3rd edition, Nov. 1986 and the latest promulgated update. 

. . 
CONTINENTAL ANALYTICAL SERVICES, INC. 

~i(~;,)Jrr Cliff~.~k~?~ . 
Technical ~er 

J~cqueline Cairo 
Quality Assurance Officer 

1 804 Gl.ENOAL.E ROAD • SALINA, KANSAS 6740 1·6675 

785·82.7·1 2.73 • 800·535·3075 • F'AX 785·82.3·7830 

~~l/~ 
ETHICS 

~flo\& 
RCIL Seal of Excellence 
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QUALITY CONTROL RE~ORT 
" MATRIX SPIKS / ~~TRIX S~IKE DO~LICATE DATA ~ 

client• Blue Beacon International, Inc. 
Attn:Mike Rose 
P • o . Box o 8 s 6 

Salina, KS 67402-0856 

Matrix Spike!Matrix Spike Duplicate Oata ·from Samp~e Batch: 

Analysis 
QC .. ··:t~·5pike 

Batch . · Level Units 

·Fluor~de 01102:1- i 100 ·mg/L 
Fluoride 011023-2 10 mg/L 

Date Sample Reported: Ol/23/~002 
Date Sample Received: 10/20/2001 
Continen~al File No: 5891 
Continen~al Order No: 74128 
Client P.o.: 1142 - ·CA 

Accuracy Data .?reciSion 
(tr Recovery) Data · Laborato:::-y 

MS MSD Limits ?.?0 Limit Nu!n.ber 

96.6 96 : 2 81.6-1 21 0.~ 2.9 .. OU.Ol89J 

98.9 97 . 8 · 8l..8-l2l l.l 2.9 0110~820 

Quality control analyses "were performed on samples at time of .analysis in acco-rdance wi th procedures 
Published in Title 40 of the Code of Federal Regulations, Parts 136. or liH, or in EPI\. publication, SW-8415, 
3rd edition, Nov. ~986 and the latest prpmulgated update. 

CONTINENTAL AN~YTICAL SERVICES, INC. 

C:liffo~~~ ~tAL_ ~Y~--r 
Jacqueline Cai'r[' 

Technical Ma~r Quality Assurance Officer 

1 SC4 131.ENOA.t.E ROA.O • SA.I.INA., KA.NSAS 6740 1·66'75 

785-627- 127:3 • 9CJCJ•S:35·:3076 • FAX 79S-62.:3 ·79:3 C 

~~ll!k 
E-THICS 

~llu\0' 
RCIL Seal of Excellence 



Continental 

O~/H/2002 

Blue Beacon Internation~l, Inc. 
Attn: Mike Rose 
P.O. Box 0856 
salina, KS 67402-0856 

Date Received': ~2/28/2001 
continent-al File No.: sa 91 
Continental Order No.: 75675 
Your P.O.-/Project. No.: #42 - CA 

Dear Mr. Rose: 

This laboratory report consisting of ~2 pages contains the analytical results for 
the following samples: 

CAS LAB ID # SAMPLE DESCRIPTION SAMPLE TYPE DATE SAMPLED 

01122124 CA - #42 Inf Liquid ~2/27/200~ 
0~~22125 CA - #42 Lime ~ Liquid 12/27/2001 
0~122126 CA - #42 Lime 2 Liquid 12/27/2001 
01122127 CA -· -#42 Lime 3 Liquid 12/27/2001 
01122128 CA - #42 Lime 4 Liquid· ~2/27/2001 
0~122129 CA.- #42. Lime 5 Liquid ~2/27/2001 
01122130 CA - #42 CaCl 1 Liauid ~2/27/2001 
01122131 CA - #42 CaCl 2 Licruid 12/27/2001 
01U2132 c.~ - #42 CaCl 3 Liquid 12/27/2001 
0'1122133 CA - #42 CaCl 4 Liquid 12/27/2001 
01122134 CA - #42 CaCl 5 Liquid 12/27/2001 

Thank you for choosing Continental for this project. If you have any que~tions, 
please contact me at (800)535-3076. 

INC. 

Page 1 . 

1 804 GL..E~OAL..E ROAD • SAL..INA, KANSAS 67401·6675 

765·827·1 273 • Ej00·535·3Cl76 • F'AX 785·823·7830 

---· --·-----·-- --------------····· 

~~l/~. 
ETHICS 

'%/ll)\~ 
RCILSeal of Excellence 



Continental 

Client: Blue Beacon Internatio.nal, Inc. 
Attn: Mike Rose 
P.O. Box 0856 
Salina, KS 67402-'0856 

Lab Number: 01122124 
Sample Description: CA - #42 Inf 

Analysis Concentration 

Fluoride ·174 . 

. Date 

"units 

mg/L 

Page: 2 

Date Sample Rptd: 01/11/2002 
Date Sample Reed: l2/2B/20P1 
Continental File No: ·5991 
Continental Order No: 75675 
Client P.O.: #42 - CA 

Date Sampled: '12/27/2001 
Time Sampled: 1000 

Date 
Analy~ed Book/Page 

01/04/2002 5112/3 

Analysis Prepared QC Batch Analyst Method( s) 

Fluoride N/A 020103-1 MDB. 300.0/9056 

Laboratory analyses were performed on samples utilizing procedures published in 
Title 40 of the Code of Federal Regulations, Parts 136 or.14l, or ·in ·EPA 

·Publication, SW-846, 3rd edition, September, 1986 and the latest promulgated 
update. ND(}, where noted, indicates none dete·cted with the. reporting limit ih 
parentheses. Samples will be .retained for thirty days unless otherwise notif:i,ed. 

';,.G:.;>.;;t~~.t:. ..... NT-0:7:"~VICES, 

. 
M_· Clifford . Baker u. · Teclmical Manager 

INC . 

I 804 GL.ENOAL.E ROAO • SAL.INA, KANSAS 6740·1•6·67:5 

785·827•1 273 • 800·535•3076 • F'AX 785·823·78:30 

~V.t/~. 
ETHICS 

:%11o~ 
AC1L Seal of ~Ktellence 



Continent-al 
--=~~:~:~-·· Anal~tical Services. Inc. 

Client: Blue Beacon International, Inc. 
Attn: Mike Rose 
P.O. Box 0856 
Salina, KS 67402-0856 

Lab Number: 01122125 
Sample Description: CA - #42 Lime 1 

Jl.nalysis Concentration 

Fluoride 90. 

·tfate 

mg/L · 

Page: 3 

Date Sample Rptd: oi/11/2002 
Date Sample Reed: 12/28/2001 
Continental File No: 5891 
Continental Or~er No: 75675 
client ·P.O.: #42- CA 

Date Sampled: 12/27/2001 
Time Sampled: 1000 

Date 
Analyzed Book/Page 

01/08/2002"Si12/9 

Analysis Prepared QC Batch Analyst Method(s) 

Fluoride N/A 020108-l MDB J00.0/9056 

.Laboratbry analyses were performed on sa~les utilizing procedures published in 
Title 40 of the Code of Federal Regulations, Parts 136 or 141, or in EPA 
Publication, SW-846, 3rd .edition, September, 1986 and the latest promulgated 
update, ND (), where noted, indicates· none detected with the reporting limit in 

· parentheses. Samples will be retained fo~ thirty days unless· otherwise notified. 

_C':ffmmT)J.~ERVICES, INC.. . 

~~.Baker CJ Technical Manager 

1804. GLENOAL.E ROAD • 5AL.INA, KANSAS 67401•15675 

785·827·1 273 • 800·535•3076 • F"AX 785•823·7830 

~~t''k 
ETH.ICS 
~~~u~ 
RCII. Seal of &xcelle~ 



c::<· Continental 
--;;:·::;· ;;::;:;;::.>·· Anal!::Jtical Services. ·Inc. 

Client: Blue Beacon International, Inc. 
At'tn: Mike Rose 
P.O. Box 0856 
Salina, KS 67402-0~56 

Lab Number: 0~122126 
· Sample Description: CA -' #42 Lime 2 

Analysis Concentration 

Fluoride 79. 

Date 

mg/L 

Page: 4 

Date Sample Rptd: 01/1~/2002 
Date Samole Reed: 12/28/2001 
Continental File No: 5891 
Continental Order-No: 75675 
Client P.O.: #42 - CA 

Date Sampled: 12/27/2001 
Time sample~: 1000 

Date 
Analyzed Book/Pase 

01/08/2002 5112/9 

Analysis Prepared QC Batch Analyst Method(s) 

N/A 020108-1 MDB 300.0/9056 

Laboratory a.>alyses were performed on.samples utilizing procedures published in 
Title 40 of the Code of·Federal Regulations, Parts 136 or l41 1 or in EPA 
Publication, SW-846., 3rd edition, Septemb~r,. 1986 and the latest promulgated 
update. ND(), where noted, indicates none detected ~ith the reporting limit in . 

,parentheses. Samples will be retained for thirty days unless otherwise notified. 

~~~~~~~-~ICES, INC . 

. Baker 
Manager 

1 804 C3L.EN0Ap:: RCAO • SAL-INA, .KANSAS 6740 1•6575 

785·827•1 273 • 800·535·3076 • F'AX 785·823·7830 

~~lllk 
ETHICS 

-~Jll)\~· 
RCIL Seal of excelleiJO! 
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<=<Continental 
,_=;;·;,:;:..:;: ... ·· Analb)tical Services. Inc, 

Client: Blue Beacon International, Inc. 
Attn: Mike Rose 
P.O. Box 0856 
Salina, KS 674p2-0856 

Lab NUmber: 01122127 
S~ple Description: CA - #42 Lime 3 

Analysis Concentration 

Fluoride 44.• 

Date 

Onits --.-
mg/L 

Page: 5 

Date Samp~e Rptd: 01/11/2002 
Date Sample ·Reed: 12/28/2001 
Continental File ~o: 5891 
Continental Order No: 75675 
Client P.o.:··#42- CA 

Date s~~pled: 14/27/2001 
Time Sampled: lGOO 

:!Ja:e 
Analyzed ·Boo-k/Page 

01/0S/2002 5112/9 

Analysis 

Fluoride 

Prepared QC Batch Analy.st .;.;M:.;;e_;;t.;;;.:h:.;;o..;:;d'-'('-"s"") ____ _ 

N/A 020108-1 MDB 300.0/9056 

Laboratory a.J.alyses were performed on satnples utilizing .procedures published in 
Title 40 of the Code of Federal Regulations, Parts 136 or 141, or in EPA 
Publication, SW-846, 3rd edition, September, 1986 and the latest promulgated 
update. ND(), where noted, indicates none detected ~ith the reporting limit in 
parentheses. Samples will be retained for thirty days unless·otherwise notified. 

___!!!"JfoNTfLYN~E<VICES, INC, 

~~Baker 
Technical Manager 

,; 

1804 GLENOAl.E: ROAO • SALINA, KANSAS 6740 1•6675 

785·827·1273 • 800·535·3076 .• F"AX 785·823·7830 

~~t/~ 
ETHICS. 

'%/IU\\}' 
ACIL Seal ~f &xc21lence 



Continental 
~i~iiii;:;;;;;~;:::.~;.:4.- Anai!::JtiC:al Services. Inc. 

Client: Blue Beacon International, Inc. 
Attn: Mike Rose 
P.O. Box 0856 
Salina, KS 67402-0856 

Lab Number: 01122128 
Sample Description:.CA- #42 Lime 4 

An.alysis Concentration 

Fluoride 54. 

Date. 

Units 

mg/L 

Page: 6. 

Date Sample Rptd: 01/11/2002 
Date Sample Reed: 12/28/2001 
Continental File No: 5891 
Continental Order No: 75675 
Client P.O.: #42 - CA 

Date Sampled: 12/27/2001 
Time s~~pled: 1000 

Date 
k~alyzed Book/Page 

61/09/2002 5112/9 

Analysis 

Fluoride 

Pr.epared QC Batch Analyst. Hethod(s) 
~~~~~---------

N/A 020108-1 MDB 300.0/9056 

Laboratory analyses were p.erformed on samples ut:i.lizing procedures published in 
Title 40. of the Code of Federal Regulations, Parts 136 or 141, or in EPA 
Publication, SW-.846, 3rd edition, September,- 1986 and the latest promulgated. 
update. ND(), where noted, indicat~s none detected with the reporting li~t in 
parentheses. Samples will be ·retained for thirty days unless otherwise notified. 

-~ERVICES, 

. Baker 
Manag.er 

INC. 

1804 GLENCALE. ROAO • SALINA, KANSAS 67401 '6675 

785·827•1 Z7:3 • 800;535•3076 .' F'AX 785·823·7830 

~~LI!k 
ETHICS 

~~~U~-
ACIL Seal af £xcellenc.e 



·Continental 
-.iii;;:;;;;;;·;·:.»;~-;.-·' Anal~tical Services. Inc. 

Client: Blue Beacon International, Inc. 
Attn: Mike Rose 
P.O. Box o·as6 
Salina, KS 67402-0856 

Lab NuiDber: 01122129 
sample Description: CA - #42 Lime 5 

Analysis Concentration 

Fluoride 32. 

Date 

Units 

mg/L 

Page: 7 

Date.Sample Rptd: 0~/11/2002 
Date·Sample Reed: 12/28/2001 
Continental File No: S891 
Continental Order No: 75675 
Client P.o.: #42- CA 

Date Sampled: 12/27/2001 
Time Sampled: ~000 

Date 
Analyzed Book/Page 

0~/09/2002 5112/9 

Analysis Prepared QC Batch Analyst Method(s) 
----~~~---------

Fluoride N/A 020108-1 MDB 300.0/9 056 

Laboratory a...'1.aly~es were performed on samples utilizing .procedures published in 
Title 40 of the ·Code of Federal Regulations, Parts 136 or 141, or in EPA 
Publication,· SW-846; 3rd edition, Septe,mber, 1986 and the 'latest. promulgateP,. 
update .. ND(), where noted, indicates none detected with the reporting limit·in 
parentheses. Samples will be retained for thirty days unle.ss otherwise not1fied. 

~~~~~NT~. ~~RvtCES, INC. 

~ Clifford ~)IB~r 
l) Technical Manager 

1 8CI4 Gt..!':NOAL.e: Rc,.._o • Si>.L.INA, KANSAS 6740 1·567~ 

785•627·1273 • 800:535·30.76 • FAX 765·823•7930 

·~~t/~ 
ETHICS 

~flo\& 
RCilSeaJ of Excellence 



<<-· C·ontinental· 
;;;;;;;;,,,:;:;;.;; .. ,.·· Anai!::Jtical Services. Inc. 

Client: Blue Beacon International, Inc. 
Attn: Mike Rose 
P.O. Box 0856 
Saiina, KS 67402-0856 

Lab Number: 01122130 
Sample Description: CA - #42 CaCl 1 

Analysis Conce..Tltration 

Fluoride 20. 

Da:te 

units 

mg/L 

. Page: 8 

Date Sample Rptd: 01/11/2002 
Date Sample Re~d: 12/28/2001 
Continental File No: 5891 
Continental Order No: 75675 
Client P.O.: ;42 ~ CA 

Date Sampled: 12/27/2001 
Time Sampled: 1000 

Date 
Analvzed Book/Page 

01/09/2002 5112/9 

Analysis Prepared QC Batch Analyst ·~M~e~t~h~o~d~(s~)~--------

Fluoride N/:A. 020108-1 MDB .300. 0/9056 

Laboratory analyses were p·erformed on sarnpl.es utilizing procedures p~lished in 
Title 40 of the Code of Federal Regulations, Parts 136 or 141, or in BPA 
Publication, SW-846, 3rd edition, September, 1986 and·the latest promulgated 
update. ND(}, where noted, indicates none detected with the reporting limit in 
parentheses. Sa..J;nples will be retained for thirty days unless otherwise notified. 

~~::: 
~ Clifford J. Ba.'l.;:er 

(_} Technical Manager 

SERVICES, INC. 

1 904 GL.ENOAL.E ROAO • SAL.INA, KANSAS 6740 1•6675 

795•927•1 273 • 900·535•3076 • FAX 795·823·7830 

~~ll]k 
ETHICS 

'%Jlu~ 
RCIL Seal of EMce!lence 



Continental 
iii'a;;:;;;;;.~::;~-~ Analhjtical Services. Inc. 

Client: Blue Beacon Inte~national, Inc. 
Attn: Mike Rose 
P.O. BOX 0856 
Salina,_KS · 67402-0856 

Lab Number: 01122131 
·Sample Description: CA - #42 CaCl 2 

Concentration 

Fluoride 67. 

.Date 

Units 

mg/L · 

Page: 9 

Date Sample Rptd: 01/11/2002 
Date Sample Reed: 12/28/2001 
Continental File No: 5891 
Continental Order No: 75675 
Client P.O.: #42- cA 

Date Sampled: 12/27/2001 
Time Sam~led: 1000 

Date 
Analyz.ed Book/Page 

01/09/2002 5112/9 

Analysis Prepared QC Batch Analyst Method(s) 

F~uoride N/A 020ip8-1 MDB 300.0/9056 

Laboratocy analyses were_performed on samples utilizing procedures published in 
Title _.~.-o of the Code of Federal Regul?-tions, Parts 136 .or 141, or in EP.-r.. 
Pub+ication, SW-846, 3rd· edition, September; 1986 and the·latest promulgated 
update. ND(), where noted, indicates none detecte~ with the reporting limit in 
par~theses. Sampl_es will be retained for thirty days unless otherwise notified. 

~r~~:ERVICES, INC . 

.tfj Clifford J. Baker 
~- Technical Manager 

1 BD4 Gt.E:NDAt.e: ROAD. SAt.INA, KANSAS 67401•5575 

785·827•1 273 • 800·535·3075 •. F"AX 785•823·7830 

~fJll~ 
ETHICS 
~llu¢ 
RCIL Seal of Excenen~e 



c<- Continental 
iii;;;:;;;;;;···;:·.:;~> Anai!:Jtlcal Services. ·Inc. 

Client: Blue Beacon International., Inc. 
Attn·: Mike Rose 
P.O. Box 0855 
Salina, KS 67402-0856 

Lab Number: 01122132 
Sample Description: CA - #42 CaCl 3 

Analysis Concentration 

Fluoride 13. 

'Date· 

mg/L · 

I:'age: 10 

Date Sample Rptd: 01/11/2002 
Date Sample Reed: 12/28/2001 
Continental File No: 5891 
Continental Order No: 75675 
Client P.O.: #42- CA 

Date Sampled: 12/2'7'/2001. 
Time S?ffipled: 1000 

. Date 
~~alyzed Book/Page 

01/09/2002 5112/9 

Analysis. Prepared QC Batch Analyst Method(s) 

Fluoride N/A 020108-1 MDB 300.0/9056 

Laboratory analyses· were performed on samples utilizing procedures published in 
Title 40 of. the Code of Federal. Regulation~, Parts 13 6 or 14.1, or in EPA 
Publication, SW-846, 3rd edition, September, 1986 and the latest promulgated 
update. ND (), where noted, indic'?ltes none detected with the reporting limit in 
parentheses. Samples will be retained for thirty days unless otherwise notified. 

;:Jt;~ ~SERVICES, 

ClifforO.Q.. Baker . 

INC. 

Technical Manager 

1 804 GLENDALE ROAO • SAL.INA, KANSAS 5.7:40 1•5675 

785·927·1273 • 8oo:535<3075 • F"AX 785·823·7830 

~~lllk 
ETHICS 

~fll)\0' 
RCIL Seal of El!ceilence 



~<- ~_pntinental 
leliiii;;=;;;";-.::::,..·· Analb)ticat Services. Inc .. 

Client:.Blue Beacon International, Inc. 
Attn: Mike Rose · 
P .0. Box 0856 
Salina, KS 67402-0856 

Lab Number: 01l22l33 
Sample-Description: CA- #42 CaCl 4 

Analysis Concentration 

Fluoride 40. 

Date 

Units 

mg/L 

Page: J.l 

Date Sample R?td: 01/1.1/2002 
Date Sample Reed: J.2/28/200l 
Continental File No: 5B9J. 
continental Order No: 75675 
Client P.O.: #42- CA 

Date Sampled: l2/27/2001 
Time Sampled: 1000 

Date 
.Analyzed Book/Page 

01/0~/2002 5112/9 

.Analysis 

Fiuoride 

Prepared QC Batch Analyst :.;M:.:::e:.:::t:.:::h:.::o:.::d::...(>..::s::...)c___..;._ __ 

N/J>.,. 020108-1 MDB 300.0/905·6 

Laboratory w"alyses were performed on samples utilizing.procedures published in 
Title 40 of the Code of Federal Regulations, Part~ 136 br 141, or in EPA 
Publication, SW-846, 3rd edition, Sept~-nber, 1986. and the latest promulgated 
update. ND(} 1 where noted, indicates none detected with the·reporting limit in 
parentheses. Samples will be retained for thirty days unless otherwise notified.· 

_co~fi';:!J!::::.:ERVICES, INC. 

~Baker t Technical Manager · 

1 804 GLENOALE ROAO • SALINA, KANSAS c740 1•cc75 

785·827·1273 • 800·5:35·3076 • F'AX 785·823·7830 

~~t/~ 
ETHICS 

'%11u~ 
RCIL Seal of Excellence 



<<··Continental 
iii;;;;;;;;:·~::;:.~-··· Anal\::)tical Services. Inc. 

Client: Blue Beacon International, Inc. 
Attn: Mike Rose 
P.O. Box 0856 
S.alina, KS 67402-0856. 

Lab Number: 01122134. 
Sample Description: CA - #42 CaCl 5 

Anaiysis Concentration 

Fluoride 18. 

·· Bate 

Units 

mg/L 

Page: 12 

Date Sample Rptd: 01/11/2002 
Date Sample Reed: 12/28/2001 
Continental.File No: 5891 
Co~tinent~l Order No: 75675 
Client P.O.: #42- CA 

Date Sampled: 12/27/2001 
Time Sampled: 1000 

Date 
Analyzed. Book/Page 

01/09/2002 5112/9 

Analysis Prepared QC Bat.ch Analyst Method {s) 

Fluoride N I A 0 2 0 1 0 8 -1 MDB . 3 0 0 . 0 I 9 0 56 

¥abqratory analyses were performed on samples utilizing procedures published in 
Title 40 of the Code of Federa·l Regulations, Parts 136 ·or· 141, or in EPA 
Publication, SW-846, 3rd edition, ·september, 1986 and the lat·est promulgated 
update. ND ( )·, where noted, indicates none detected with the reporting limit in 
parentheses. Samples will oe retained for thirty days unless otherwise notified. 

~O?NTD~~'-<SERVICES I 

~~,/Baker 
INC.· 

t:J· Technical Manager 

1 80:4. GL.E:NOAL.E: ROAO ' .SAL.INA, KANSAS 6740 1•6675 

785·8::;!7•1273 • 800·535·3075 • F'AX 765·823·7830 

~Q.L//k. 
ETHlCS · 

~Ill)~ 
RCIL Seal of ~xcellence · 
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0~/23/2002 

Slue Beacon International, Inc. 
Attn: Mike Rose 
P.O. Box 0856 
salina, KS 67402-0856 · 

Re: Continental File Numbex: 5891 
continental Ordet: Numbe.r: 75675 
Continental Pt:oject Manager: Gregory J. Groene 
Your P.O./Pt:oject No.: ~42 - CA 

De. at: Mr. Rose : 

l- '2 ~ -0 (_ 

Enc:lpsed a.re the Quality c.ontrol .R.e.port.s for the ~:ef'erenced order number. A ·general description of the 
information contained in each report is presented belp'w. 

METHOD BLANK DF<TA 
A method blank .is a ·matrix similar .to that of the sample which has been p~epared and analyze.d by the same 
method as the sample. The me'thod blank is used to assur.e that the prepat'ation and analysis me'thod has not 
int~:oduce~ contamination. The Method Blank Data Report provides the analytical . results for each· method blank 
p1:epa1:ed and analyzed from the same quality control batch as that of the client's samples. 

LABORF<TORY CONTROL SAMPL~/LABORATORY CONTROL SAMPLE DUPLICATE DATA 
~ lab9ratory · cont~ol sample is a matrix ~imilar to that of the sample which has been spi~ed with known 
concentrations of analytes a~d p~;epared ~nd analyze~ by the same method as the sample. The Laboratory control 
Sample (LCS) percent recovery is· a measure of the ·accu~:acy of the· pr~paration and analysis method. The 
Laboratory Cont~:ol Sample Duplicate (LCSD) is a duplicate preparation and analysis of the LCS. The· LCS and 

· Lcso are used to calculate the relative pe~:cent diffe'rence, which is a measure of the pt:ecision of the 
preparation and analysis method. The LCS/LCSD Report p~:ovides the analytical tesults for all labo~:atory 
control samples prep&red and apaly~ed irOm th~ same qualicY control batch as that of the client's (samples. 

SURROGATE OJI.TA 
A su~:rogate is a compound that is simila~: to the compounds of interest, but is not normally found in 
envi~:onmental samples. Sur~:ogates are added to the sample prio~ to preparation and analysis. The surrogate 
percent recovel:)' is a measure of the effectiveness of the preparation and analysis met.hod on the individual 
sample, The Su~:~:ogate Data Report provides the surrogate recoveries for each sample that required organic 
analysis. 

MATRIX SPIKE/MATRIX SPIKE OVPLICATE DATA 
A matrix spike is an aliquot of ~ sample spik~d with compounds of interest and prepared and analyzed by the 
same me~hod as the sample : The Matrix Spike (MS) percent recovery is a measure 9f the effectiveness of the 
prepa~:ation and analysis method on the specific sample matrix. The Matrix Spike Duplicate (MSD) is a 
duplicate p~:eparation ·and analysis of the MS. The MS · and MSD · a~:e used ·to calculate the relative percent· 
difference, whlch is a measure ·of· the precision of the preparation and analysis method. The MS/MSD Report 
p~:ovides t~e analytical ~:esults for all matrix spike and matrix spike duplicate analyses performed either on 
samples from the client's order or on samples f~:qm the same quality control batch as that of the client's 
sample. 

POST DIGESTION SPIKE DATA 
A' post digestion spike (PDS) is performed only on samples requiring analy'sis for 'metals . A. portion of the 
sample, after prepa~:ation by digestion with acid, is spiked with known concent~:ations of the metals of 
interest and analyzed. Acceptable recoverY of the spike indicates that a matrix inte~:ference does not exist 
in the sample for the metal analyzed. 

1 804 Gt..&:NOALE ROAC • SALINA, KANSAS 6740);6675 

785•827· 1 273 • 800•535·3076 • F'AX 785·823· 7830 

~fJl/l:t,. 
ETHICS . 

'%/lo~ 
RCIL Seal of Em lienee 
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~~ URACY AND PRECISION LHIITS 
d accuracy and precision limits are method or laboratory determined limits indicating acceptable accuracy or 
?recision for a given matrix. The accuracy limits are expressed with units of percent recovery. The 
?("'cision limits are expressed with units of relative percent difference (R!?D). Accuracy and/or precision 
li ;its are provided on the LCS/LCSD Report, MS/MSD Report and the Surrogate Data Report. 

i 
~UALITY CONTROL BATCH 
E~r.h batch of twenty or fewer samples of the same matrix, prepared and analyzed by the same method, is 
~ :igned a Quality Control Batch number. The Quality Control Batch number for each sample is provided on the 
d lOratory Report. With each batch, a method blank, two laboratory control samples and a matrix spike/matrix 
spike duplicate are prepared and analyzed. The analytical results for the method blank, laboratory control 
9nd matrix spike/matrix spike duplicate samples are provided on the Method Blank Data Report, LCS/LCSD Report 
~ 1 MS/MSD Report, respectively. 
i 

DATE PREPARED 
1he date prepared is the date the sample was extracted or digested in preparation for analysis. If the 
e! :raction or digestion is performed as part of the analysis, "N/A" is reported for the date prepared. The 
l q :e prepared for each sample is provided on the Laboratory Report. 

DATE ANALYZED 
' 1 ~ date analyzed is the date the analysis was performed on the sample. The date analyzed for each sample is 
~ ~vided on the Laboratory Report. 

tf you have any questions regarding this data, please contact me or your Continental Project Manager at 
j 00)535-3076. 

CONTINENTAL ANALYTICAL SERVICES, INC . 

. "'~oe~r&vi.. 
Techn~cal M na er 

.closures 
Quality Control Reports: 

Method Blank Data 
Laboratory Control Sample/Laboratory Control Sample Duplicate Data· 
Matrix Spike/Matrix Spike Duplicate Data 



«Continental 

Client' Blue Beacon International, Inc.. 
Attn: Mike Rose . 
P.O. Box 0856 
Salina, KS '57402-0856 

QC Batch Lcib Number Analysis 

b20103~1 020103BLK1 Fluoride 

020108-1 020108BLKJ. Fluoride 

Analhjtical. Services. Inc. 

QUALITY CONTROL REPORT 
METHOD BLANK DATA Page! 1 

Date Sample Reported: 01/23/2002 
Date Sample Received: 12/28/2001 
Cohtinental File No: 5891 
Continental Order No: 75675 
Client P.O.: #42 - CA 

Concentration ~ Book/Page 

ND(O .1) mg(L 5 ll2/J 

ND(O.J.) mg/L 5112/9 

Quality ·control analyses were performed on samples at time of analysis in accordance with procedure's 
Published in Title 40 of the Code of Federal Regulations, Parts 136 or 141, or in EPA publication, SW-846, 
3rd edition, Nov. 1986 and the latest promulgated update. · 

CONTINENTAL ANALYTICAL SERVICES, INC. 

cliff~%~ ,A 
~r~~J~ 
Jacqueline Cairo ' 

Technical ~ger Quality Assurance Officer 

1.804 GL.E:NDAL.E: ROAD • 5AL.INA, KANSAS 6740 1•6675 

785·827·1 273. • 80q·5~5-3076 • FAX 785·823·7830 

~~t/'k 
ETHICS. 

'%flu~ 
RCIL Seal of &1<cellence 



c<- Continental.· -· iiiii;;:;;;;;~ Anal!::]tical Services. Inc. 

QUALITY CONTROL REPORT 
~ORATORY CONTROL SAMPLE / LABORATORY CONTROL SAMPLE DUPLICATE DATA Page: l 

client: Blue ·Beacon Inte=ational, Inc·. 
Attn: Mike Rose 
P.O. Box 0856 
Salina, KS 67402-0856 

QC Batch Lab Number Analysis 

020103.-1. 020103LCS1 Fluoride 

oio-108-1 020108LCS1 Fluoride· 

Spike 
Level Units 

10 mg/L 

10 mg/L 

LCS 

103. 

-94.3 

Date Sample· Reported: 01/23/2002 
Date Sample Received: ~2/28/2001 
Continental File No: 589~ 
Continental Order No: 75675 
Client P.O.: #~2- CA 

Accuracy Data Precision 
(% Recovery) Data 

LCSD Limits RPD Limit 

103. 93.7-109 . 0. 0 4.4 

96.9 93.7-109 2.7 4.4 

. Quality control analyses were per"formed on samples at time of analysis in accordance with procedures 
~~lished in Title 40 of the Code·of Federal Re~~lations, Parts 136 or 141, or in EPA-publication~ SW-8~6, 
3rd edition, Nov. 1986 and the latest promulgated update. 

CONtiNENTAL ANALYTICAL SERVICES, INC. 

Cliff~%;e?J~ 
Technical ~ger 

Jacqueline Cairo 
Quality Assurance Officer 

1 804 GLENDALE ROAO • SALINA·, KANSAS 67401-6575 

785·827·1273 • 800·535-:3075 • FAX 785·823·7830 

~~LI!k 
ETHICS 

'%Jlu\O' 
RCIL Seal af Excellence 
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QOALIT~ CONTROL REPORT 
MATRIX SPIKE / MATRIX SPI~ DUPLICATE DATA Page: l 

Client: Blue Beacon International, Inc. 
At"tn: Mike Rose 
P.O. Box 0856 
salina, KS 67402-0856 

Natrix :Spike/Mat.ri.x Spike Duplicate Data from Sample Batch: 

QC Spike 
J:~nalysis Batch Level Units 

·Fl.~ride 020103-1 1000 mgiL 
Fluoride 020108-1 1000 mg/r; 

MS 

103. 
101. 

Date Sample.Reported: 01/23/2002 
Date Sample Received: 12/28/2001 
Continental File No: 5891 
Continental Order No: 75675 
Client P.O . : ll42 - CA 

Accuracy Data Precision 
( t Recovery) Data Laboratory 

MSO Limits RPD Limit Number 

103 .·· · 81 .8 ·121 0 . 0 2.~ 011206'18· 
101. 81.8-121 0.0 2.9 011221~9 

Qua~ity control analyses were perto~ed on samples at time of an~lysis in accordance with procedures 
Pub~ished i~ Title 40 of the Code of Federal Regulations, Parts 136 or 141, or ln EPA publication, SW-846, 
Jrd edition, Nov. 198~ and the latest. promulgated update. 

CONTINENTAL ANALYTICAL SERVICES, INC • 

. D .8~ 
Cliff .~er 
Techn 1 M~er 

?~rci~~·_p!f 
Jacqueline Cairo 
Quality Assurance Officer 

1804 GI..&:NOAI..E ROAO ' SALINA, KANSAS 6740 1· 6675 

785·927· 1 273 • 800• 535·3076 • FAX 785•823: 7830 

~~L!~ 
. ETHICS 
'%flU\~ 
RCIL Seal of £xcell~~ce 



ATTACHMENTD 

REVIEW OF FLUORIDE TOXICITY DATA AND 

DEVELOPMENT OF FLUORIDE AQUATIC TOXICITY CRITERIA 

FOR THE EFFINGHAM, ILLINOIS WASTE WATER TREATMENT PLANT 



Review of Fluoride Toxicity Data · 
and Development of Fluoride Aquatic Toxicity Criteria · 
for the Effingham, Illinois Wastewater Treatment Plant 

P.r.:epared for: 

Blue Beacon 
Salina.; Kansas 

1?re12ar:ed by-: 

COMMONWEALTH BIOMONITORING 
8061 Windham Lake Drive 

Indianapolis, Indiana 46214 
.{317)297-7713 
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EXECUTIVE SOMMARY 

Blue Beacon :t;equested Commonwealth Biomonitoring make a 
scientific evaluation qf fl.uoride toxicity and potential effects of 
fluoride on the receiving stream at the Effingham, Illinoi s 
wastewater treatment plant. 

We assembled all available informati on on the toxicity of 
fluoride t o aquatic life . . The lowest concentration determin.ed in 
laboratory tests to have a long-term (chronic) effect on freshwater 

·animals present in Illinois was 3 mg/1 . This was a test on rainbow · 
tr~ut in veLY· soft water. 

· · Tests with five diff~rerit animals showed that fluoride 
toxicity is significantly reduced in the much harder water 
characteristic of Central Illinois . The Little Wabash River 
do·wnstrearo from Effingham . is very hard (greater than 300 mg/1 
during low flow conditions} . . Therefore we used a method developed 
by O.S . EPA to accoWlt for hardness effects on toxicity. The 
available data indicate that there is little likelihood that 
fluoride would be detrimental to aquatic life downstream from 
Effingham until concentrations exceed 10 mg/1. 

Field studies published in the scientific literature support 
this finding. Each study; including on~ conducted ih Illinois, 
shows , that sensitive aquatic species may exist where ·fluoride 
concentrations exceeds 5-10 mg/1. · 

. Two recent studies done at Effiu.gham also indicate .that 
fluoride in the wastewater treatment plant discharge is not causing 
any environmental harm. A bioassessment by Illinois EPA in 1999 
showed that net-spinning caddisflies, which are known to be very 
sensitive to fluoride, are the dominant group of animals in the 
receivi.ng stream a mile below the wastewater treatmen't plant . 
Also, a 'Whole effluent toxicity test in 1998 showed that the 
Efffirighameffluent had no adverse effects on Ceriodaphnia dubia or 
fathead minnow survival. 

.. . Page 2 





AGENCY BIOMONITORtNG TEST RESULTS SUMMARY 

I ~eviewer•s N<;ime: Mike He~ebFY Oa~: February 26. 1998. 
'I Facility Name: Effingham ·sTP NPDES No.: U .. OQ28622-001 Expiration Date: 08/31/98 
f -R.~ceiving Wat~r: Unnamed Tributa Salt Cr.eek Reach No.: 0512U114011loff 

'tt.lpstream 7010: 0 CFS Discharge Average {August. October~ November~ 1996) Low ~low: 2.a CFS . 
fDi!ution. Ratio: 0 lnstream Waste Concentration: 100% . Waste concentration in ~5% of dilution water: 100% 

r=acility Type: Mu. nidpal 
1Treatment Level: 
?rocess tnforrnation: RBCs. rapid sand. fitt-ers 

DID Number: CP-U49-01 

Effluent Ammonia {total): iL66 mgll 
f8t!uent Vatiabitity: . 
JM.Z. Oefineatiorr Study; · Effklent Chfonne {TRC): {LOB m /L (not dechlOrinated) 

. TOXintTY PATA 

Bioassay Date-: 0:2J04f9S Laboratory: The Advent Group, Inc. 

·Difutlon Water Source; Moderately. Hatd Rec()nstituted Water Receiving Water ToxiCity: Not tested 

Acute Bioassays: Scr~en Ceriodaphnia: N/A 
Screen Fathead Minnow: N/A 

Chronic Bioassa: s: Cerfoda nia NOEC: NfA 
.., in 100.% effluent 

Other Bloassays: 

·. 
' 

:;. Oii~~~~~\~"'~\~!::~§9MX~~:: · TestDate laboratory 

12tfJ7ES7 tEPA Unnamed Tributary Saft 
Creek 

06122/88 USEPA Unnamed Tributary Salt 
Creek 

: 05/05i9Z !EPA · Unnamed Tributary Salt 
Creek 

Q6/18/97 SF Analytical .Unnamed Tributary Salt 
forU:.PA.. Creek 

*in 100.% effltuent 

tlate of Most Rec~nt \EPA aiosurvey: Augusl, t9$6 

Definitive Ceriodaphnia: No effect 
Definitive Fathead Minnow: No effect 

Fathead Minnow NOEC: N/A 

·~ .. · ··-· 

/A~t~)P.i?~~~~Y.~,·:~,. 
.. 

: 

-~hf.onic Bioassays ···. ... :: 

No effect to. Ceriodaphnia Cedodaptmfa. NOEC = 32.% 
No effect to fathead minnow No effectto fatftead'mfnnow. 

No effect tn algae 

Not conducted No effect to Ceriodaphnia 
No eftect to fathead minnow 
No effect to algae 

' 
Ceriodaphnia LC50 = 19.1% Not conducted 
No effect to fathead minnow 

Ceriodaphnia mortality= 15% • Not conducted 
No effect to fathead minnow 

C-omments~ The 1986 biosurvey noted a slight impact to the receiving stream. Previous bioassays have found some 
acute tolddty to Cenodaphnla. No significant toxicity to. Cetiodaphnia was observed in this most recent .toxicity 
test 

Recommendations: No biomanitoring iS recommended as a permit eondition other than the routine acute definitive 
testin with Ceriodaphnia and fathead minnow Qne year before permit renewal. 

Effinghm.wpd 

Page 4 
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Review of Fluoride Toxicity Data 
and Development of Fluoride Aquatic Toxicity Criteria 
for the Effingharnr Illinois Wastewater Treatment Plant 

OBJECTIVE 

The objective of this study was to review fluoride toxicity data 
and to determine a water quality criterion which could be used to 
protect aquatic life downstream £rom the City of Effingham, 
Illinois Wastewater Treatment Plant. 

METHODS· 

We assembled· all available information on the toxicity of fluoride 
to aquatic animals. Much of this information was present in the 
USEPA database AQUIRE,· which is maintained and updated by.the EPA 
Environmental Research Labora·tory at Duluth, t-finnesota. The 
iD:form.ation was edited to include only the following: 

Data on North American and Illinois freshwater species 
Data from laboratory toxicity tests 

48 or 96-h~ acute tests 
partial life-cycle or early life stage chronic tests 

. Because muc.h of the scientific literat.ure on fluoride suggests that 
there is a relationship bet\.;een fluoride toxicity and hardness, the 
hardness values of water used in the toxicity tests was reported 
whenever• possible. 

RESULTS OF DATABASE SEARCH 

The literature search revealed acceptable. information on the 
aquatic toxicity of fluoride for twelve Illinois freshwater animal 
species. The available database was adequate for calculating water 

. quality criteria using USEPA 1 s method published in 50 F.R. 30784, 
July 29 1 1985. Acute to chronic ratios were available for three. 
species.· 

SUMMARY OF ACUTE TOXICITY EFFECTS 

A summary of the data is attached in the Appendix. The lowest 
acute effect observed for fluoride toxicity to a freshwater animal 
species was 17. mg/1 to t~e caddisfly Ceratopsyche bronta. A fish 
species (bluegill} appeared to be the most tolerant animal tested. 
Acute toxicity was reduced by water hardness for five species 
tested at different hardness values. 

Page 5 



SUMMARY OF HARDNESS-RELATED EFFECTS ON 'FLUORIDE TOXICITY 

Three species have been used in aquatic toxicity tests in which 
hardness values of the test water were significantly different in 
two or more tests. The following summary shows these effects: 

LCSO hardness 

Rainbow trout 51 .17 
128 49 
140 182 
193 385 

Daphnia magna 130 70 
154 72 
227 100 
19:0 115 
279 169 
270 18D 
340 280 

Threespine stickleback 340 78 
380 146 
46.0 300 

Fathead minnow 125 70 
134 110 
179 170 
190 260 

Ceriodaphnia dubia· 133 75. 
157 120 
178 180 
197 280 

For each of these species,. toxicity decreaseq. with increasing 
hardness. The inverse relationship between hardness and fluoride 
toxicity may be due to changes in fluoride .speciation occuring in 
high-hardness waters. Several. authors have remarked on the 
chemistry of f.;Luoride. in the presence of relatively high calcium 
concentrations (high-hardness waters). 

Page 6 



For example, Sm.ith et al. (Reference 8) observed that "combinations 
of high fluoride and moderate to high hardness caused rapid 
precipitation of finely divided solid.,. which spectorgraphic 
analysis iJ!dicated to consist of calcium and magnesium salts". In 
their tests with water of an initial hardness·of 256 mg/lr the 
hardness dropped to 12 mg/1 within a few hours after the addition 
of 400 mg/1 fluoride (as sodium fluoride). Vallin (reference 16) 
noted a formation of calcium fluoride precipitate in his fluoride 
tests with hardness values of 320 mg/1. Appar~ently, fluoride 
collbines easily with calcium in high-hardnes$ water to form the 
relatively insoluble compound calcium fluoride. Once out of 
solution, the fluoride precipitate is in a form which is not 
readily available as a toxicant. 

The· relationship between toxicity and hardness can be expressed 
mathematically using the techni.que employed by EPA in the Gold Book 
{Water Quality Criteria for Water 1986, EPA 44G/5-8b-··001}. All 
data are normalized and a least squares regression on the 
normalized data is performed. The technique produces a pooled 
slope of the regression~ by which predicted toxicity at a,ny given 
hardness value may he calculated for each species .. 

Slope.s of tne regression for. acute toxicity range from 0. 2100 fo:i 
sticklebacks to 0. 58 58 for Daphnia magna. When the available data 
from all three species are used in the analysis, the pooled sl,ope 
of the acute toxicity-hardness regression is 0. 2344.. EPA uses ... the 
-following equation to predict acute .toxicity effects at various 
hardness values for each species: 

Y = ln W - V(lnX - ~hZ) 

where y = predicted LC50 
w = geometric mean of the LCSO values available 
v = pooled slope 
X = geometric mean of all hardness values available 
'7 = selected hardness value l.J 

.At a hardness of 300 mg/1 (the approximate hardness of the Little 
Wabash River at Effinghamr Illinois) resident freshwater species 
would have the LC50 values shown in Table 1. 
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Rank 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Table 1. ACUTE AQUATIC TOXICITY INFORMATION FOR FLUORIDE 

Illinois species 
Adjusted to 300 mg/1 hardness 

Species 

Ceratopsyche 
bronta 

Cheumatopsyche 
pettiti 

Salmo 
gairdneri 

Philodina 
acuticornus 

Brachionus 
calyciflorus 

Ceriodaphnia 
dubia 

Cyprinus carpio 

Simoc.ephalus 
vetulus 

Pimephales 
promelas 

Daphnia magna 

Gambusia 
affinis 

Lepomis 
macrochiru.s 

4B or 96 
hr LCSO 
mg/l 

27 

69 

154 

164 * 

182 * 

200 

2D2 

202 * 

225 

272 

434 * 

·a61 * 

* = approximate value (hardness values in the original test 
unknown} 
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SUMMfi.RY OF CHRONIC TOXICITY EFFECTS 

\ 

Chronic toxicity information was available for three species. The 
lowest reported· chronic value to a freshwater animal species was 
2. 7 mg /1 to rainbow trout in very soft water. However, the chronic 
value in very hard water was greater than 1:00. mg/l~ · 

Acute to Chronic Ratios for these three species ranged·frorn 2 to 19 
for tests done under similar conditions of.water hardness. The 
geometric mean of thase A/C ratios was 8. 

The chronic .slopes for three species tested in a variety of.water 
ha:cd.ness condit.i.o-ns show t®t ·chr-onic toxici..ty of fluoride is also 
inversely related to hardness. The pooied chionic slope (1.1299) 
is even greater than the acute slope,· indicat~ng that water 
hardness reduces chronic tqxicity to an even greater degree than it 
does for acute toxicity. This would be expected because the 
calcium availc;~.ble to bind with fluoride would not be used up as 
quickly at lower fluoride concentrations. 

The U.S.EPA formula for calculating·a final chronic value (FCV) at 
a selected hardness value is: 

.chronic slope {ln hardness) + chronic intercept 
FCV = e 

The chronic intercept is determined by· the formula: 

intercept = ln FCV at hardness 50 - {chronic slope x ln 50) 

The FCV at hardness 50 is 1.6 mg/1 {FAV -1.3 I A~C Ratio B). 
Therefore the chronic intercept is -3.9502 and the final chronic 
equation for hardness effects on ·fluoride toxicity is: 

1~1299 {ln hardness) - 3.9502 
FCV = e 
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A CHRONIC CRITERION FOR FLUORIDE AT EFFINGHAM 

At low flow conditions, when . fluoride concentratiQns would be at 
their highest, water hardness in the Little Wabash River 
downstream from Effingham exceeds 300 rng/1. The qalculat ed 
chronic fluoride criterion at this hardness value .. is 12 mg/1. An 
NPDES permit limit of 5.0 rog/1 in Effingham efflue~t appears to 
be more. than adequate to protect downstream aquat~~ lif!=!. from the 
long- term toxic ·effects of f l uoride . . 

That 5.0 rog/1 would protect aquatic life is supported by field 
studies that show no harmful ~ffects to sensitive species where 
fluoride concen~rations are i~latively high. For e~ample,· a · 
thriving population of brown trout · (closely related to brook 
trout) exist in the Firehole River of Monta~a, whe~e fluoride 
concentrations are as high as ·14 mg/1 (reference 12) ·. Another 
field study done in ·color·ado showed that the benthic community in 
a "softwater'' Colorado stream showed no reduction .in diversity 
where fluoride averaged 3.5 rng/1 (referenc~ 14). A field study 
done in Illinois showed that hydropsychid caddisflies were . 
abundant · in a stream where fluoride concentratio_ps frequently 
exceeded 5 mg /1 (see ·attachment) . This f i eld study is especially 
important, since hydropsychid caddisflies are the most sensitive 
animal in the f l uoride toxicity database. Finallyj· a 1999 
bioassessment of the Effingham Wastewater Treatment Plant 
receiving stream showed that the stream, although·.;~rnpac.ted by low 
dissolved oxygen, was dominated by hydropsychid caddisflies 
within a mile of the Effingham discharge. Therefore, fluoride 
i n the city's effluent appeared to be having no adverse affect on 
this sensitive group of aquatic organisms. 

• "1t1 • .. .!. .• 
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AQUATIC TOXICITY INFORMATION FOR FLUORIDE 
Acute Toxicity 

Illinois spe·cies only 

Species 

Ceratopsyche bronta 

48 or 96 
hr LC50 

mg/1 

17 

Cheumatopsyche pettiti 43 

Salmo gairdneri 51 
128 
14D 
193 

Cyprinus carpio 75-91 

Daphnia magna 154 

Philodina acuticornus 

Lepomis macrochirus 

Pimephales promelas 

Gambusia affinis 

Ceriodaphnia dubia 

227 
279 
130 
190 
270 
340 

158 

861 
>239 

315 
18.0 
205 
125 
134 
179 
190 

418 

133 
157 
17.B 
197 

Brachionus calyciflorus 182 

Simoce~halus vetulus 202 

hardness 
mg/1 

40 

40 

17 
4~ 

182 
385 

10 

72 
100 
169 

70 
115 
180 
280 

20-48 
92 

256. 
70 

110 
170 
260 

75 
120 
180 
280 

reference 

20 

20 

2 
2 
2 
2 

1 

4 
5 

19 
15 
15 
15 
15 

6 

22 
7 

8 
8 
8 

15. 
15 
15 
15 

9 

15 
15 
15 
15 

23 

24 
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Rank 

1 

2 

3 

Chronic Toxicity Data 

Species 

Salmo 
gairdneri 

Ceriodaphnia 
dubia 

Daphnia 
magna 

Chronic 
Value 

mg/1 

2.7 
>100 

13 
20 
33 

47 
32 
28 

Hardness 
mg/1 

10 
320 

80 
190 
290 

236 
170 
114 

Reference 

l 
16 

15 
15 
15 

15 
15 
15 

Acute to Chronic Ratios (at equivalent hardness va~ues) 

Species Acute Chronic Hardness A/C Ratio 
mg/1 mg/1 mg/1 

Salrno 51 2.7 10-17 19 
gairdneri 193 >100 320-385 <2 

Ceriodaphnia 178 20 180-1.90 9 
dubia 197 20 280-290 10 

Daphnia 279 31 169 9 
magna 190 33 115 6 

270 ·31 180 9 
340 40 280 9 

The geometric mean of these A/C Ratios is B. 
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Acute Toxicity - Other North American Species 

Species 

Threespine 
stickleback 

Three spine 
stickleback 

Threes pine 
stickleback 

Polycelis 
nigra 

Hydropsyche 
Occidental is 

48 or 96 
hr LC50 

mg/1 

460 

380 

340 

21 

35 

hardness 
mg/1 

300 

146 

78 

40 

reference 

8 

8 

8' 

21 

23 

Additional data are available on the fo.llowing species, which do 
not occur in North America: 

Chimarra marginata 
Hydropsyche bulbifera 
Hydropsyche exocellata 
Hydropsyche lobata 
Hydropsyche pellucidulla 
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Other Data 

Species Effect Concentration 
mg/1 

Green algae 
Scenedesmus 4-day EC50 900 
subspicatus 

Green algae 
Selenastrum 4-day ECSO 122 
capricornutum 

Leopard frog 
Rana pipiens 

Brown trout 

Goldfish 

Benthos 
in Colorado 
soft'iJater 
stream 

Ceriodaphnia 

dubia 

Rainbow trout 

reduced mobility >50 
heart enlargement 

healthy specime~s 14 
in Firehole River 

mortality seen 100 
after 4 days 

no reduction 3*5 
in diversity 

48-hr LC50 

100-hr LCSO 
in wate·r with 
no 'rhardness" 

120-340 

6-22 

Reference 

10 

7 

11 

12 

13 

14 

15 

17 
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A progr~m to adjwst a mea:;;ured L.C50 value at ~~ rneasurec;j .hardnt:JSS value 
to an adJUsted LC50 value at another hardness value. · Lf') 

...-1 

The .adjustment is based on a pooted slope of the effect of hardness on toxicity. 
In th1s program, the LC5o values are adju$ted:to a hardne$s of so mg/1. · 

Q) 
c-. 
rd 
~ 

measured adjusted adjusted .actual 
Metal Species slope hardness{i) In hardness(i) · L050i . In LC50i LC50x In LOP,Ox hardnesG(>C) In hardnr 

fluoride Daphnia magna 0.2344 70 4.2485 130 4.8675 120.14 4.7667 60 3.912 
0.2344 72 4.2767 154 5.03.7 141.38 4.9515 60 3.912 
0.2344 100 4.6052 227 5.425 192.96 5.2625 50 3.912 
0.2344 115 4.7449 190 5.247 155.3 5.0518 50 3.912 

0.2344 169 5.1299 279 5.6312 209.71 5.3457 60 3.912 

0.2344 160 5.193 270 5.6984 199.97 5.2!;382 50 3.912 
0.2344 260 5.6346 340 5.82t39 227 . .04 5.4251 50 3.912 

Rainbow trout 0.2344 17 2.8332 51 3.93'18 65.674 4.1847 60 3.912 

0.2344 49. 3.8918 126 4.852 128.61 4.aaea 50 3.912 . 

0.2344 182 6.204 140 4.94'16 103.42 4.6386 50 3.912 

0.2344 365 5.9532 193 5.2627 119.61- 4.7842 50 3.912 

Stickleback 0.2344 78 4.3567 340 5.8289 306.34 5.7247 50 3.912 

0.2344 146 4.9836. 380 5.9402 295.6 5.689· 50 3.912 

0.2344 300 5.7036 460 6.'131? 302.25 5.7112 50 3.912. 

Fathead minnow 0.2344 7.0 4.2485 125 4.8283 115.52 4.7494 50 3.912 

0.2344 110 4.7005 134 4.8978 111.3Q 4.113 50 3.912 

0.2344 170' 5.1358 179 5.1874 134.~6 4.90Q5 60 3.912 

0.23.:14 260 5.5607 190 5.247 129.1 4.8606. 50 3.912 

Ceratopsyche 0.2344 40 3.6869 17 2.8~132 17.913 2.8S55 50 '3.912 

Cyprinua 0.2344 . 10 2.3026 91 4.5109 . 132.7 4.888'1 50 3.912 

Cheumatopsyche 0.2344 40 3.6889 . 43 3.7612 45.309 3.8135 50 3.912 

Ceriodaphnla 0.2344 75 4.3175 133 4:8903 120.94 4.7953 50 3.912 

0.2344 110 4. 7006. 157 5.0562 130.51 4.8714 60' 3.912 

0.23.44 170 5.13.66 178 5.1016 133.61 4.8949 50 3.912 

0.2344 197 5.2032 197 5.2H32 . 142.85 4.9618 50 3.912 

Gambusia 0.2344 200 5.2983 416 6.0355 302;03 5.7105 GO 3.912 

Philodina 0.2344 200 5.2983 158 5.0626 114.17 4.7376 50 3.912 

Lepomls 0.2344 200 5.2983 830 6.7214 599.73 6.3965 50 3.912 

8r~oh1onus 0.2344 200 5.2983 182 5.204 131.51 4.8791 50 3.912 

Slmocephalus 0.2344 200 5.2963 204~ 5.3083 14~.96 4.9&33 60 3.912 

"' hardnl;!ss values In the tests with Gambusia, Philodina, Lepomis, Br;;Jchionus, and SJmocephalus are unKnown {assur:ne 200) 



vdf\JUidUUil Ul Gn;Ult:: i:::I11U t,;IIIUIIII,; t,;l ltt:::lli::l 101 IIUUIJUe \llllr!OIS 5116-SpeCmCJ. 

Hardness = 50 mg/1 
GMCV Rank (R} lnGMAI lnGMAI''-2 P=Rin+1 SQRT P 

1 Ceratopsyche 
2 Cheumatopsyche 
3 Salmo 
4 Philodina 
5 Pimephales 
6 Ceriodaphnia 
7 Brachionus 
8 Cyprinus 
9 Simocepha!us 

10 Daphnia 
11 Gambusia 
12 Lepomis 

E (P) = 0. 769231 
ESQRT(P) = 
E (lnGMAV)= 
E lnGMAV(InGMAV}: 

T=4 

S= 
L= 
A= 

7.134595 
0.969074 
2.567223 

mg/1 
18 
45 

100 
114 
120 
130 
132 
133 
146 
170 
302 
600 

1.704667 
16.0384 
66.4841 

1 2.890372 8.354249 0.076923 
2 3.806662 14.49068 0.153846 
3 4.60517 21.20759 0.230769 
4 4.736198 22.43158 0.307692 

FAV= 13.02959 

The mean acute to chronic ratio far 3 species 8 

The estimated final chronic value at 50 mg/1 
FAV/chranic value 13/8 = 1.6 mg/1 

0.27735 
0.392232 
0.480384 

0.5547 
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Evaluation df Potential Fluoride Effects 
on the GM Powertrain Receiving Stream 

Commonwealth Biomonitoring 
Indianapolis, Indiana 
December 1992 

GM Powertrain operated a facility in Danville, Illinois. In the 
1990s[ wastewater from the facility often contained 5-10 mg/1 
fluoride. Its effluent hardness was consistently.higher than 300. 
mg/L The benthic community of the receiving stream, although 
having relatively low diversity due to effects from historic strip 
mining in the watershed, was dominated by what most aquatic 
biologists regard as ppllution-intolerant hydropsychid caddisfly 
larvae. Thes·e animals were very · abun.dant . immediately downstream 
from the discharge to a stream dominated by GM effluent. 

Table 1 .. 
Macroinvertebrate Sampling Results 

Unnamed GM Po~ertrain Receiving Stream 
Site 1 

Diptera 
Simuliidae 
Chironomida!=. 

December 4" 1992 

Psectrocladius psilopterus. 
Chironomus riparius group 
Polypedilum illinoense 

Trichoptera 
Hydroosyche betteni 

Oligochaeta (Tubificidae} 

1 

1 
1 
1 

88 
8 

CPOM (Coarse ·Particulate Organic Matter) Sample 

Shr-edders· 0 
Non-shredders (Chir.onomidae, Hydropsychidae, Tubificidae) 8 

BIOMETRICS 

Total Number of Genera - 6 
Total Number of EPT {Ephemeroptera, Plecoptera, Trichoptera) 

. Genera - 1 
Ratio of Scrapers/Filtering Collectors - 0~0 
Ratio of EPT Abundance/Chironomids - 29.3 
Ratio of Shredders/Total - 0.0 
Percent Contribution of. Dominant Taxon - 88% 
Community Loss Index- 1.7 
Hilsenhoff Biotic Index - 6.2 

Table 2. 
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Macroinvertebrate Sampling Results 

Tributary to Unnamed GM Powert.rain Receiving Stream 
Site 2 {Not Affected by Wastewater) 

December 4, l~92 

Bedrock Sample 

Dipte_ra 

Tipulidae 
Chiro'nomidae 

Parametriocnemus sp. 
Psectrocladius psilopterus 

Trichoptera 
Hydronsvche betteni 
Cheumatopsyche sp. 

Isopoda {Lirceus sp.) 
Mollusca 

Sphae.ridae 
Pbysa sp. 

7 

1 
4 

5 
3 
1 

l 
1 

* Only 23 organisms in sample, even after intensive effort 

CPOM Sample 

Shredders (Isopoda and Tipulidae} 
Non-shredders (Chironornidae & Tubificidae) 

BIOMETRICS 

Total Namber of Genera - 8 
Total Number of EPT Genera - 2 

.Ratio of Scrapers/Filtering Collectors.- O.b 
Ratio of EPT Abundance/~hironomids - 1.6 
Ratio of Shredders/Total - 0.86 
Percent Contribution of Dominant Taxon - 30% 
Community Loss Index· - 1. 3 
Hilsenhoff Biotic Index- 5.4 

l9 
3 
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Table 3. 

Macroinvertebrate Sampling Results 

Willow Creek {Reference Stream) 
Site 3 

December 4, 1992 

Bedrock Sample 

Diptera 
Simuliidae 
Chironomidae 

Cardiocladius sp. 
Diplocladius sp. 
Psectrocladius psilopterus 
Cricotopus sylvestris 
Orthocladius obumbratus 
Ablabesmyia sp. 

Trich6ptera . 
Hydropsyche betteni 
Cheumatopsyche sp. 
Cyrnellus fraternus 

Ephemeroptera 
Stenonema vicarium 
Stenacron interpunctatum 

Plecoptera {Allocapnia sp.) 

CPOM Sample 

Shredders (Filipalpia and Tipulidae} 
Non-shredders 

BIOMETRICS 

Total Number of Genera - 13 
Total Number of. EPT Genera - 6 . 
Ratio of Scrapers/Filtering Collectors.- 0.26 
Ratio.of EPT Abundance/Chironomids - 1.4 
Ratio of Shredders/Total.- 0.06 
Percent Contribution of Dominant Taxon - 24% 
Community Loss Index·- 0.0 
Hilsenhoff Biotic Index·- 5.8 

3 

21 
6 
4 
4 
2 
3 

24 
10 
10 

11 
1 
1 

7 
108 
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~able 4. 
Macroinvertebrate Sampling Results 

Diptera 
Simuliidae ·. 
Chironomidae 

DUPLICATE 
Willow Creek (Ref~rence Stre~~} 

Site 4· 
December 4, 1992 

Bedrock Samp~e 

8 

Cardiocladius sp. 31 
Diplocladius sp. 19 
Cricotbpus sylvestris 6 
Orthocladius obumbratus 1 

Trichoptera 
Hydropsyche betteni 14 
Cheuma tops yche sp. 5 
Cyrnellus fraternus 2 

Epherneroptera 
Stenonema vicarium 9 

Plecoptera 
Allocapnia sp. · 1 
Isoperla sp. 1 

Coleoptera (Elmid larvae} 2 
Amphipoda 1 

CPOM Sample (not duplicated} 
Shredders {Filipalpia and Tlpulidae) 7 
Non-shredders · 108 

BIOMETRICS 

·Total Number of Genera - 13 
Total Number ·of EPT Genera - 6 
Ratio of Scrapers/Filtering Cbllectors - 0.38 
Ratio of EPT Abundance/Chironomids - 0.56 
Ratio of Shredders/Total- 0.06 
Percent Contributiori of Dominant Taxon - 31% 
Community Loss Index - 0.0 
Hilsenhoff Biotic Index 6.0 
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Tab~e 5. 

SUMMARY OF MACROINVERTEBRATE BIOMETRICS AND 
SCORING FROM EACH SITE 

(Scores are based on comparison to reference site 3) 

BIOMETRICS 
Site No. l. 2 .l 

No. of Genera 6 8 13 
EPT Genera 1 2 6 
Scrapers/Filterers Ratio 0.0 0.0 0.26 
EPT /Chironomid Abundance. 29.3 1.6 1.4 
Percent Shredders 0.0 86 6 
Percent Dominant Taxon 88 30 24 
Community Loss Index. 1.7 1.3 0.0 
Hilsenhoff Biotic Index 6 .. 2 5.4 5.8 

SCORING 
Site No. 1. 2 3 

No. of ·Genera 2 4 6 
EPT Genera 0 0 6 
Scrap~rs/Filterers Ratio 0 0 6 
EPT/Chironomid Abundance c. 6 6 u 

Percent Shredders 0 6 6 
Percent Dominant Taxpn 0 2 4 
Community Loss Index 2 4 6 
H1lsenhoff Biotic Index 6 6 6 

Site Score 16 28 46 

Percent of Reference 35 61 100 

Impairment moderate slight· none 

1·= GM Receiving Stream 2 = Tributary 3, 4 .= Reference 

A 
2 

13 
6 

0.38 
0.56 

6 
31 
0.0 
6.0 

.1_ 

6 
6 
6 
,... 
L 

{i 

2 
6 
6 

40 

87 

none 

Sites 
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Concl.usi.ons 

Fluoride.concentrations in GM outfall 002 probably have little or 
no toxic effect on the aquatic community of the GM receiving stream 
or on the Vermilion River downstream from the outfall. 'rhis 
conclusion is based on both laboratory studies reported in the 
scientific literature (showing that 10 mg/1 in hard water is not 
chronically toxic to the most sensitive animals tested) and this 
field study {showing that benthic life. in the stream was not 
typj_cal of taxies-affected streams). 
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ATTACHMENT E 

LETTER FROM SHEPARD ENGINEERING, INC. 

TO IEPA, DATED JULY 3, 2002 



~ ~ 

'~he pard 
. " Engineering, Inc. 

719 E. Crawford • Salina, KS 67401 • (785) 825-1855 • Fax: (785) 825-5925 

July 3, 2002 

Bureau of Water 
Illinois EPA 
~Jo S~ott_Tw.£it "# 15 
1001 N. Grand Ave. East 
P.O. Box 19276 
Springfield, IL, 62794-9276 

Re: 5/29/02 City ofEffingharn Draft Petition 'for Site-Specific Regulation 
Additional Information 
SEI File No. D1-022 

Dear Scott: 

This letter will provide additional information relative to the 5/29/02 draft petition for 
Site Specific Regulation. This information was 9-isc~ssed in a June 10, 2002 conference 
c_all between Illinois EPA and Blue Beacon Intem_ationa~ tepresentatives . 

. 1. Protection of Flora \Vater Supply. 

Demonstrating that the City of Flora water supply will be protected is one of the primary 
objectives of the Petition. The Envrrorunental ProtectlonAgency (EPA) has established a 
·Maximum Contaminant Level (MCL) of 4.0 mg/L ~ith respect to fluoride for community 
water systems (40 CFR § 141.62 (b)). Also, the EPA bas established a Secondary MCL 

· for fluoride of2.0 mg/L (40 CFR §.143.3). According to the EPA, th,e Secondary MCL 
"represent reasonable goals for drinking water quality"." In order to insure a conservative 

--approac.h; the Petition is proposing that the water quality standard for that stream 
segment, which is us.ed by, the City ofFlora, will be 2.0 mg/L fluoride, i.e., the more 

• •• :"!'/':;.".•::'"';- ',: :. ~~·· • • ':1 

strmgent secondary MCL. 

A water balance and fluoride balance on the stream segments in question will 
demonstrate that the proposed standards will insure that the Flora water supply will not 
exceed 2.0 mg/L fluoride, even under low flow (i.e., 7Q10 conditions). 

"Refer to the attached Map 9 (Little Wabash Region). This ~ap shows the 7Q 10 values 
for the various stream segments. Various key points along the stream segments are 
shown on the attached Map. These stream segments are summarized below: 
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Stream Segment 
A-B 

B-C 

C-D 

Length 
(Stream Miles) 
11.1 

26.1 

7.0 

Description 
Effingham WWTP discharge point to Salt 
Creek then to confluence of Salt Creek and 
Little Wabash River 

Confluence ofSalt Creekand Little Wabash 
River to point on Little Wab~sh River 
app_r.Q:~im;:J.1~ly2.8 miles down_str~~m qf 
Louisville 

Point on Little Wabash River approximately 
2.8 miles downstream of Louisville to the· 
confluence of the Little Wabash River with 
Buck Creek 

The City of Flora water supply intak~ is located on stream segment C-D of the Little 
Wabash River. As proposed by the Petition, the fluoride water quality standard for this 
stream segment would be 2.0 mg/L, which is equal to the secondary MCL for fluoride. 
Thus; the proposed WQS would be protective ofthe City of Flora water supply. 

Next, it will be demonstrated tha,i-a fluoride water quality standard of 5.0 mg/L in stream-
segme~t A-B (which receives the disch.arge from the City of Effingham POTW) will -
result in concentration, whi'ch does riot ~xceed 2.0 mg/L in streruu segment C-D, even 
Eluring low-flow (i.e., 7Q10) conditions. 

As a conservative approach, it wi.U 8e assumed that the loss of water in stream segment 
A-B during low flow conditions, oQcurs due to evaporation and recharge from the stream . 
to the groundwater. For that case, a water.balance over stream segment A-B yields: 

Qin = Qout + E + R (I) 

Where: 

Qin = 2.1 cfs 

Qout = 0.84 cfs 

E = evaporation (in cfs )-

R =recharge to groundwater (in cfs) 

Evaporation will be estimated using pan evaporation data taken, from the Illinois State 
Water Survey web site. Th~ d(:!ta were collected. by the Illinois state Climatologist office. 
The closest locatiop. tQ the-stream segment is Carlyle, which is located approxjmatdy-60 
miles from Effingham. In 6rder.-ro produce a conservative number, the highest monthly -. -

Page 2 of7 

--



evaporation rate will be used from the subject data- 10.3 2 inches/month, which occurred 
in June of 1988 (monthly data are provided from 1980 through 2001). As indicated in the 
introduction ofthe data, most textbooks recommend that pan evaporation should be 
reduced by 25· percent to obtain a more accurate value for evaporation from a water body. 
Therefore, a daily evaporation rate of: · 

(10.32 in./month) * (0.75) * (1 mo./30 days)= 0.258 in./day 

ltisestimatedthatfuewidtb._of Salt Creek wouLd be inJhe range of 1 P ft dwinglow flow 
conditions for purposes of calculating evaporation losses. 

Using these values, the estimated evaporation loss for stream segment A-B is: 

(11.1 mi.)+(5280 ft/mi.)•(lO ft)•(0.258 in/day):(l ft/12 in)•(1 day/86400 sec) 

= 0.146 Cfs = E 

Solving equation (I) for R yields 

R = 1.114 cfs 

Letting CA-i3 =the fluoride conce-ntration leaving stream segment A-B; (lld-as~Urriihg that 
the fluoride· concentration that is being recharged to groundwater is equal-to the average 
of the initial fluoride concentration in the stream segment (5.0 mg/L) and the final 
fluoride concentration in the stream segment, allows a fluoride mass. balance to be 
completed: 

(5.0)·(2.1) = (0.84··-GA.-B) 1:- (1-.114)·(5.0 + CA-B)/(2) . 

Solving for CA-B yie_lds: 

CA-B= 5.52 mg/L 

Thus, there could theoretically be is a slight increase in the fluoride concentration in 
stream segment A-B, ifthe Effingham POTW discharged 5.0 mg/L. 

With respect to stream segment B-C, it will be assumed that the fluoride would simply be 
diluted as the floyv traverses the Little Wabash River. 

As shown on Map 9, the 7Q10 flow just downstream ofthe confluence-of Sa1t Creek and 
the Little Wabash River is 1.3 cfs. A fluoride mass balance at the confluence ofthese 
streams yields (wliere C8 .c =fluoride concentration just downstream of the confluence): 

(0.84)•(5.52) =: (1.3)•(CB.c) 

Cs.c = 3.51 mg!L· 
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Finally, with respect to stream segment C-D, the 7Q10 flow just upstream of the City of 
Flora water supply intake is 2.1 cfs. Again, the fluoride concentration will be reduced as 
a result of the flow increase from 1.3 cfs to 2.1 cfs. · The. fluoride concentration at the end 
of stream segment C-D is designated as Ce-o, and is calculated as follo~s: 

(1.3)·(3.57) = (2.l)·(Cc.o) 

Ce-o = 2.21 mg!L 

These calculations show that there is a potenticil for the Flora water supply to exhibit a 
fluoride concentration slightly above the secondary _MCL, considering evaporation losses 
in stream segment A-B. However, this can be, addressed by regulating the City of 
Effingham POTW discharge to a value, which is slightly less than 5.0 rng/L, i.e., 4.8 
mg!L. In that way, the maximum fluoride concentration at the various points shown on 
Map 9 would be (under 7Ql0 conditions): · 

A-4.5 mg/L 
B-5.0 mg/L 
C - 3.2 mg!L 
D-.2.0 mg/L . . . . .. 

. . 
·This would insure continuous protection of the City of Flora water supply, even under 
1ow (i.e., 7Q10) flow conditions. 

2. Environmental Impact on Receiving Stream. 

A. bioas.sess~ent was completed on June 20, 2002 by CQmmonwealth Biomonitoring in 
order to ·provide. additional information with respect to the environmental impact on the · 
st.J.bject receiving stream. This assessment concluded that there is no evidence that the 
fluoride in the Effingham wastewater treatment plant effluent is harming the aquatic 
cor:iirn.Unity immediately downstream from the discharge. -The study methods and results 
are summarized in Attachment A. 

3. Economic Impact of Fluoride Wastewater Treatment on Truck Wash 
Operations. 

_ As set forth in the subject petition, the estimated annual operating cost for a wastewater 
treatment system designed to remove fluori<Je to-the level of-10 to.20 mg/L is $ 200,000 

· per year. If the attempt was made to recoup this annual op·erating cost by increasing 
prices, the price of a truck wash would increase by approximately$ 5.00 per truck. This 
represents an increase of roughly 13 %. Such increa·ses-would cripple the truck wash 
operations in Effingham, particularly since there are a number of truck wash competitors 
within close proximity. · 

.-
...? .-

Page 4 of? 



I . 

r 

I 
I 

I -

l 

L 
I 
L 

4. Evaluation of R~duced Treatment Requirements. 

The IEP A requested that the Petitioners review the potential for discharging only partially 
treated wastewater to the City of Effingham POTW, thereby reducing the capital cost of a 
fluoride-removal treatment system. As a brief review; a fluoride-removal treatment 
system would consist of a wastewater equalization tank, a rapid mix tank, a slow-mix 
tank (for flocculation), ·a flash mixer, a flocculation (slow) mixer, wastewater transfer 
·pumps, chemical feed pumps, chemical storage sy.stems, an inclined plate clarifier, ~ 

sludge..thick.en.e4 and a filte&pr.ess. _ TJleJEEA.r.e.qu.e.s.~ tMJJm. .~Yaluation_should b~ 
made of the scenario whereb.y the wastewater is discharged directly to the Clty POTW 
following the addition of the calcium-based precipitation chemicals. For that case, the 
underlined equipment items would not be needed, thus reducing the system capital cost. 
However, the following analysis shows that el~minating the solids removal/de-watering 
steps would not be feasible: 

As documented in Attachment D of the subject petition, some fluoride removal is 
possible, at great expense. For example., one might expect to achieve fluoride removal 
from 57 mg/1 down to the range of 20 mg/L. However, for the sake of illustration, it will 
be assumed that all three truck wash facilities in Effingham would be ~ble to precipitate 
all of the fluoride in their wastewater, and that the initial fluoride concentration for each 
facility is 57 mg/1 (which is the average fluoride concentration aS measured by the City 
for the three facilities). In addition,:it will.be:conservatively assumed that the· 
precipitated· fluoride wiil .be in the form of calCium fluoride. Finaily, a daily flew rate of · 
24,000 gpd will be used for each truck wash facility and a total POTW flow rate of2:0 
MGD will be used. 

The total mass of fluoride discharges from the three truck wash faciliti~s (in the form of -
calcium fluoride solid) would be: · · 

(24,000 gal/day)•(3)•(100 mg/1)•(3.785. L/gal) = 1.55 x 10: mg Fluoride/day 

The theoretical (i.e., minimum) solubility-of calcium fluoride is 15 mg/1 (The Merck 
Index, 11th Edition, Merck & Co., 1989, pg. 253). Therefore, the minimum amount of 
fluoride that would be in solution is: 

(15 mg/L CaF2)f(0.48 mg F/mg CaF2) = 7.2 mg/L F 

The total concentration of fluoride ·in the City POTW would be: . . 

(1.55 x 107 mg F-)/[(2 x 1()6 g~l).(3-.785 L/gal)] + 1.0 mg/1 (background) 

= 3 mg/1 fluoride (which is well below the minimum solubility -of calcium fluoride) 

Thus, all of the fluoride that is discharged to the City POTW as insoluble calcium 
fluoride, would re-dissolv.e onee i:t was mixed with all of the other wastewater in .the ­
POTW (2 MGD). For this reason,' iCwould not be possible to only partially treat the 

-- -_ ...... 
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wastewater at the respective truck washes. Solids removal and de-watering would be 
required as part of the pretreatment system at each location. 

5. Ability to Remove Fluoride by Precipitation. 

The IEP A requested clarification regarding the reported difficulty of fluoride removal via 
precipitation, in view of the follow statements set forth in Attachment C - Review of 
Fluoride Toxicity Data: 

. . ... . 
"For example, Smith, et al. (Refereoc(f 8) observed that "combinations of high fluoride 
and moderate to high hardness caused rapid precipitation of finely divided solid, which 
spectrographic analysis indicated to consist of calcium and magnesium salts." In their 
tests with water 6f an initial hardness of256 01g/L, the hardness dropped to 12 mg/L 
within a few hours after the addition of 400 mg/1 fluoride (as sodium fluoride). Vallin 
(reference 16) noted a formation of calcium fluoride precipitate in his fluoride tests :v,rith 
hardness values ·of 320 mg/L. Apparently, fluoride combines easily with calcium in high­
hardness water to form the relatively insoluble compound calcium fluoride. Qnce o:ut of 
solution, the fluoride precipitate is in a form which is not readily available as a toxicant." 

It should be noted that the initial fluoride concentrations discussed above were in the 
range of 181 mg!L as .F.( 400 mgfL as sodium fluoride). Based on literature-~ol11bility_ 
values for .calciumfl.uoiide,:as welras, empirical_ data (e.g., Blue Beacon·l_aborat<jry 
bench· tests), it is certainly expected that some calcium fluoride would precipitate wi:th an 
initial fluoride conce~tration of 180 mg/L. However, Smith et al. did not mdicat~ a fmal 
fluoride concentration~ Most certainly there would be a re.sidual fluoride ~oncentratioh in 
solution-probably in the range of20 to 30 mg!L. Therefore, the infprmati<5:r;l set forth in 
Attachmerit·C in ·no way conflicts with the conclusion set forth in the petitionj that 
remo~a.I of fluoride to ,level~ bel<;>w 10 to 20 mg/L is neither technically nor (fcononiically 
feasible. · · 

6. Pollution Prevention/Recycle Efforts. 
.-

The truck wash petitioners implement pollution prevention activities to the greatest extent 
possible as described below. The fluoride anion is present in the truck wash wastewater 
effluent by virtue of its presence in the chemical that is used to brighten aluminum -
logically referenced as "brightener". The brightener chemical constitutes a significant 
portion of the truck wash operational cost. Therefore, the truck wash facilities are driven 
by operational cost~ to use no more brightener than necessary to achieve the desired 
finished:·product Ail truek wash operators are given extensive t;:ainirtg witl:rrespect to. 
chemical application procedur.es and rates. Also, management personnel·track ·chemical 
use on a weekly basis. Specifically, chemical use is compared to total revenue (which is 
directly related to tnick volume). Therefore, if excessive use of brightener was occurring, 
it would be quickly identified and corrected. · 

- . 
It shoulcl also be noted that Blue Beacon is conducting extensive res€arch in the area of 
wastewat~r recycle-and re-use. Unfortunately, recycle syste~s do ndt reduee the total 

-- .... -· 
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mass loading of soluble parameters such as fluoride. That is, if Blue Beacon was able to 
recycle 50 percent of their wastewater effluent, the fluoride concentration in the 
discharge would double and the total mass loading in the effluent would remain the same. 

I trust that the additional information set forth in this fetter has adequately addressed the 
technical and economic issues that have been raised by the Illinois EPA. 

Please contact me if you have any questions or need additional information. 

-- -·- -

SHEPARD ENGINEERING, INC. 

Max Shepard, P .E. 
President 

cc: Steve Miller- City of Effingham (letter and attachments) 
Mike Rose- Blue Beacon Management, Inc. (letter and attachments) 

-Rodney Pugh- Truckomat Corporation (letter and atta~hments)_ 
L . onna Dnve Hodge Dwyer Zeeman (letter an4~attac~ents) .· 
Greg Bng t- ommonwealth Biomonitoring (letter and attachments) 

- Enc; 

--
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RAPID BIOASSESSMENT OF A TRIBUTARY OF SALT CREEK 
EFFINGHAM, ILLINOIS -June 20, 2002 

INTRODUCTION- As part of an envirorunental risk assessment, Corrunonwealth 
Biomonitoring presented evidence from laboratory toxicity test information published in 
the scientific literature that current fluorjde concentrat.ions in Effingham, Iilinois 
wastewater treatment plant (WWTP) effluent were not high enough to harm aquatic life 
in the receiving stream (a small, urmamed tributary of Salt Creek). The literature predicts 
that negative effects fro~ fluoride would first be seen by the absence of net-spinning 
cadd.isflies (Hydropsychidae). 

An Illinois EPA bioassessment conducted on the Effingham WWTP discharge streams in 
1999 found that net-spinning caddisflies were abundant at site C-5, approximately 3.7 
miles downstream :(rom the WWTP during a period .in which the WWTP effluent made · 
up the entire. flow of the stream. This heips s~pport the prediction that fluoride was not 
causing any harm to ~s sensitive group. However, caddisflies were absent at several 
intervening sites. It should be noted that low dissolved oxygen concentrations were 
observed in the tributary stream segment inunediately downstream from the Effmgham 
WWTP discharge. 

Were net-spinning caddisflies absent in 1999 because of fluoride or because of some 
other water quality characteristic? During the Illinois EPA bioassessment, the Effingham 
WWTP_ efflu.ent had a rel~tiye1y_ high J?OD and the dissolv~d oxygen concentration of.the 
effluent was low. Sin-ce then; th~ WWTP has been, upgraded and effluent quality has 
improved. To }+elp clarify the risk assessment, Illinois EPA asked for updated· 
information on the aquatic community of~e receiving stream. · 

METHODS- Commonwealth Biomonitoring collected a benthic sample from. the 
WWTP receiving stream on June 20, 2002. The sample was collected •from-a -riffle at 
Illinois EPA site c-·1 (imniedi~tely downstream from the WWTP) using a timed kick-net · 
technique, returned to the lab, sorted, and identified. 

RESULTS- A comparison ofthe benthic samples collected at site C-1 in 1999 and 2002 
is shown ·below: .- · · .-

Chironomidae (non-bloodworm midges) 
Chironomidae (bloodworm midges) 
Simulidae (black.flies) 
Physidae (pouch snails) 
Hydropsycbidae (net--spinning caddisflies) 
Baetidae (mayflies) 
Oligochaetes (segmented worms) 
,Hirudinea (leeches) 

Total Abundance 
.Taxa Richriess 
MBI 

--... 

1999 2002 

24 
58 

19 

101 
~ 

9.4 

124 
3 
5 

_168 
7 

·6:2 
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The benthic community has improved since the WWTP expansion. More taxa are 
present and a decline in the MBI (macroinvertebrate biotic index) is indicative of 
decreased environmental stress. Net-spinning caddisflies are relatively abundant (11% of 
the total benthic community) in an area immediately downstream from the WWTP 
discharge. 

CONCLUSION- The absence of caddisflies at site C-1 in 1999 was probably due to low 
dissolved oxygen rather than excessive fluoride. Since the WWTP expansion, the 
macroinvertebrate community has improved and net-spinning caddisflies are relatively 
abundant. There is no evidence that fluoride in the Effingham WWTP effluent is 
harming the aquatic community immediately downstream from the discharge. 
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RAPID BIOASSESSMENT OF A TRIBUTARY OF SALT CREEK 
EFFINGHAM, ILLINOIS -June 20, 2002 . 

INTRODUCTION- As part of an envirorunental risk assessment, Commonwealth 
Biomonitoring presented evidence from laboratory toxicity test information published in · 
the scientific literature that current fl.uor:ide cqncentrations in Effingham, Illinois 
wastewater treatment plant (WWTP) effluent were not high enough to harm aquatic life 
in the receiving stream (a small, unnamed tributary ofSalt Creek). The literature predicts 
that ri~gative effects from fluoride would first be seen by the absence 'ofnet-spinning . . 
caddisflies (Hydropsychidae). 

An Illinois EPA bioassessment ·conducted on the -Effingham WWTP discharge streams in 
1999 found that net-spinning caddisfl.ies were abundant at site C-5, approximately 3.7 
miles downstream ~om the WWTP during a period .in which the WWTP efflu~nt made · 
up the entire.flow of the stream. This helps s~pporfthe prediction that fluoride was not 
causing any harm to ~s sensitive group. However, caddis'flies were absent at several 
intervening sites. It should be noted that low dissolved oxygen concentrations were 

. observed in the tributary stream segment inunediately downstream from the Effingham 
WWTP discharge. · 

Were net-spinning caddistlies absent in 1999 because of fluoride or because of some 
other water quality characteristic? During the Illinois EPA bioassessment, the Effingham 
WWTP ·efflu.ent had a reltl;tiye'lY. high J?OD and the dissolv~d oxygen concentration ofthe 
effluent was low. S'ince then; th~ wWTP·has been.upgraded and effluent qtudity-ha·s· 

· improved. To !1elp clarify the risk assessment, Illinois EPA asked for updated· 
information on the aq~atic' community of t~e receiving· stream. · . · 
. .. 

METHODS- Commonwealth Biomonitoring collected a benthic sample from. the 
. WWTP receiving strelmf on june 20, 2002. The sample ;.as collected =from.· a -riffle at 
Illinois EPA site C-1 (iinnledi~tely dovrostream from the WWTP) using a tirp.ed _kick-net · 
technique, returned to the lab, sorted, and identified. · 

RESULTS- A comparison of the benthic samples collected at site C-1 in 1999 and 2002 
is shown ·below: -- · · --

Chironomidae (non-bloodworm midges) 
Chironomidae (bloodworm midges) 
Simulidae (blackflies) 
Physidae (pouch snails) 
Hydropsychidae (ne~spinning caddisfl.ies) 
Baetidae (mayflies) 
Oligochaetes (segmented worms) 
~irudinea (leeches) 

Total Abundance 
.Taxa Ricluiess 
MBI 

-- . -· 

1999 2002 

24 
58 

19 

101 
~ 

9.4 

124 
3 

· 5 

1&-
7 
9 
2• 

_168 
7 

·6:2 . 
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The benthic community has improved since the WWTP expansion. More taxa are 
present and a decline in the MBI (macroinvertebrate biotic index) is indicative of 
decreased environmental stress. Net-spinning caddisflies are relatively abundant (11% of 
the total benthic community) in an area i:rrllnediately downstream from the WWTP 
discharge. 

CONCLUSION - The absence of caddisflies at site C-1 in 1999 was probably due to low 
dissolved oxygen rather than excessive fluoride. Since the WWTP -expansion, the 
macroinve~ebrate community has improved and net-spinning caddisflies are relatively 
abundant. There is no evidence that fluoride in the Effingham WWTP effluent is 
harming the aquatic community immediately downstream from the discharge. 
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