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August 15, 2025 

 

 

Jared Buck 

Linkan Engineering 

400 Corporate Circle Suite H  

Golden, CO 80401 

 

Dear Jared: 

 

Enclosed is the report for chronic biomonitoring tests performed for Linkan Engineering on 

effluent from the Schwartzwalder Mine 001A outfall. There was no statistically significant lethal 

toxicity to either test species at any effluent concentration. The effluent passes WET (Whole 

Effluent Toxicity) testing requirements for this sampling period.  

 

If you have any questions or concerns, please do not hesitate to contact me at (303) 661-9324. 

 

Best regards, 

 

 

 

 

Cat Cash  

Lab Manager 



 

 

REPORT OF CHRONIC BIOMONITORING TESTS 
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LINKAN ENGINEERING  
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Prepared for: 

 
Jared Buck 

Linkan Engineering 

400 Corporate Circle Suite H 

Golden, CO 80401 

 

 

Prepared by: 

 
Cat Cash 

SeaCrest Group 

500 S Arthur Ave. Suite 450 

Louisville, Colorado 80027-3065 

(303) 661-9324 
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Chronic Toxicity Test Summary 

 

Test: 

7-day static renewal using Ceriodaphnia dubia 

7-day static renewal using fathead minnow (Pimephales promelas) 

Client: 

 

Linkan Engineering  

Test Procedure 

Followed: 

 

Ceriodaphnia dubia: EPA/821/R-02-013. Method 1002.0 (2002) 

fathead minnow: EPA/821/R-02-013. Method 1000.0 (2002) 

Sample Number: 

 

525390.B 

Dilution Water: 

 

moderately hard laboratory reconstituted water 

Test Organism Source: 

 

SeaCrest Group 

Reference Toxicant: 

 

Sodium Chloride 

 

 

Sample 
Time of 

Collection 

Date of  

Collection 
Time of Receipt Date of Receipt 

Effluent 1 1430 08-04-2025 1500 08-04-2025 

Effluent 2 1415 08-05-2025 1500 08-05-2025 

Effluent 3 1420 08-06-2025 1500 08-06-2025 

 

 

 Ceriodaphnia dubia fathead minnow 

Test Initiation Time 1605 1530 

Test Initiation Date 08-04-2025 08-04-2025 

Test Completion Time 1600 1445 

Test Completion Date 08-10-2025 08-11-2025 
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             Abstract with Results 

Test Concentrations: Control (0%), 20%, 40%, 60%, 80%, 100% 

Number of Organisms/Concentration: 

 

10 for Ceriodaphnia dubia 

40 for fathead minnow  

Replicates at each Concentration: 

 

10 for Ceriodaphnia dubia 

4 for fathead minnow  

 

 

 

 Ceriodaphnia dubia fathead minnow 

Test vessel size/Exposure volume 30ml/15ml 500ml/200ml 

Lethal LOEL/LC25 >100%/>100% >100%/>100% 

Pass/Fail Status PASS PASS 

Temperature Range (C) 24.7 – 25.9 24.3 – 25.9 

Dissolved Oxygen Range (mg/L) 6.8 – 7.8 3.6 – 7.9 

pH Range 7.6 – 8.3 7.5 – 8.1 

 

 

  

 

Control 

(Cerio/FHM) Effluent Sample 

Hardness (mg/L as CaCO3) 91/89 6/18/3 

Alkalinity (mg/L as CaCO3) 58/58 92/116/91 

Total residual chlorine (mg/L) <0.01 <0.01 

Total ammonia (mg/L as NH3) <0.03 0.06/0.09/0.08 
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INTRODUCTION 
 

Biomonitoring provides an effective means by which the toxicity of discharges from 

municipal, industrial, and mining operations can be tested. Among the advantages of 

biomonitoring is the ability to test complex effluents containing a broad range of contaminants.  

Biomonitoring, when used in conjunction with chemical analyses, can generate data capable of 

identifying a much wider range of contaminants. 

The Colorado Water Quality Control Division requires certain NPDES permittees to 

perform acute and/or chronic biomonitoring tests. The chronic test measures significant 

differences in lethality and in reproduction (Ceriodaphnia dubia) or growth (fathead minnow – 

Pimephales promelas) between control and effluent-exposed organisms.   

The present report discusses the results of chronic biomonitoring tests conducted on 

effluent from the Linkan Engineering Schwartzwalder Mine 001A discharge. These tests were 

conducted in accordance with EPA and State of Colorado procedures in August 2025. 

 

MATERIALS AND METHODS 
 

Sample Collection  

Two gallons of the effluent were collected on three separate dates as specified in Permit 

CO-0001244.  Samples were delivered chilled to the SeaCrest lab where they were held at 0-6C.  

Chain of custody forms showing sample collection and laboratory arrival times are included 

(Appendix 1). 

 

Dilution Water 

Laboratory reconstituted water was used as both the dilution water source and the control 

for the tests.  Reconstituted water for the Ceriodaphnia dubia test was produced by adding 

sodium bicarbonate, calcium sulfate, magnesium sulfate, potassium chloride, and sodium 

selenate to deionized water.   Reconstituted water for the fathead minnow test was produced by 

adding sodium bicarbonate, calcium sulfate, magnesium sulfate, and potassium chloride to 

deionized water. 

 

Test Organisms 

The biomonitoring test used Ceriodaphnia dubia, cultured in the SeaCrest laboratory.  

The organisms are cultured in brood culture boards from which individual females are monitored 

for survival and reproduction for periods of up to two weeks.  Neonates less than 24-hours old, 

released from third or subsequent broods of eight or more within an 8-hour period, are collected 

from the brood chambers and used in tests.  The animals are fed daily with a mixture of Yeast, 

Cereal Leaves, and Trout Chow (YCT), produced in-house.  This is supplemented with cultured 

green algae (Selenastrum capricornutum) provided by Aquatic Biosystems. 

Less than one-day-old fathead minnow, cultured in the laboratory, were also used in the 

test.  Adult fish are maintained in 10-gallon aquaria where females deposit their eggs on the 

under-surface of split PVC pipe sections.  The eggs are collected daily and transferred to aerated 

containers where they hatch after three to four days.  The larval fish are fed newly hatched brine 

shrimp (Artemia sp.) at least twice per day. 
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In-house organisms are tested monthly in a reference toxicant test using sodium chloride 

to monitor overall health and test reproducibility. (Appendix 4).  

 

Test Procedures 

Upon receipt at the lab, samples were analyzed for alkalinity, ammonia, chlorine, 

conductivity, dissolved oxygen, hardness, and pH.  

Methods used in chemical analysis 

Alkalinity EPA 310.2 Hach 8203 I-2030-85.2 

Ammonia SM4500-NH3, C-E1997 ASTM D1426-08  

Chlorine SM4500-Cl D Hach 10026  

Conductivity SM2510   

Dissolved Oxygen SM4500-O Electrode: G-2001 Winkler (QC): B-F-2001 

Hardness SM2340 B or C Hach 8213  

pH SM4500-H+ B-2000   

 

 The test followed procedures in EPA3 and CDPHE4 guidelines.  Exposure concentrations 

included control (0%), 20%, 40%, 60%, 80%, and 100% mixtures, diluted with moderately hard 

laboratory reconstituted water. 

Individual Ceriodaphnia dubia were placed in 30ml plastic containers containing 

approximately 15ml of exposure medium.  Ten replicates at each concentration were used.  The 

animals were fed daily with the YCT mixture and an equal volume of the green algae 

(Selenastrum capricornutum).  The exposure medium was changed daily in each container and 

the number of young released overnight were counted and recorded.  Young were removed from 

the containers daily and discarded.  Routine measurements were made each day of temperature, 

dissolved oxygen, and pH before and after the water changes. 

Fathead minnow were exposed in 500ml plastic cups to which 250ml of media was 

replaced daily.  Four replicates were used at each concentration.  Ten fish, less than 24-hours old, 

were placed in each cup.  The fish were monitored daily for survival and fed live brine shrimp at 

least twice per day.  After seven days, the fish were removed from the cups, euthanized with 

isopropyl alcohol, and then placed in aluminum pans and dried in an oven for a minimum of six 

hours at 100ºC.  The pans were then weighed on a five-place analytical balance to determine the 

average dry weight of the fish from each replicate. 

 

Data Analysis 

Data from the tests were analyzed on a personal computer using the CETIS program 

(developed by Tidepool Scientific Software).  Statistical tests used in the analyses are shown in 

Table 1.  Test acceptability was determined using control survival and reproduction/growth 

criteria, concentration-response relationships, and percent minimum significant differences 

(USEPA 5,6).   
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Table 1.  Statistical methods used in testing for significant differences in test parameters. 

Variance Distribution 

Bartlett Equality of Variance Test Shapiro-Wilk W Normality Test 
 
 

Statistical Difference 

Species Survival Growth Reproduction IC25 

Ceriodaphnia dubia 
N/A N/A 

Dunnett Multiple 

Comparison Test ICp 

fathead minnow      
N/A 

Dunnett Multiple 

Comparison Test 
N/A 

ICp 

 

 

RESULTS 
 

Ceriodaphnia dubia Test Results 

Test results for the Ceriodaphnia dubia are summarized in Table 2 and provided on the 

data sheets located in Appendix 2.  Survival was 100% in the 100% effluent and was 100% in 

the remaining effluent concentrations. Control survival was 100%. No statistically significant 

lethality was measured in any effluent concentration when compared to the control. The LOEL 

(Lowest Observed Effect Level) for lethality was >100% and the LC25 (Lethal Concentration 25) 

for lethality was >100%. 

Average number of neonates was 9.1 in the 100% effluent concentration and ranged from 

23.6 – 27.5 in the remaining effluent concentrations. Average number of neonates in the control 

was 25.6 for statistical analyses and test acceptability criteria. Statistically significant differences 

in the number of neonates were found between the control and the 100% effluent concentration.  

The LOEL for reproduction was 100% and the IC25 (Inhibition Concentration 25) for 

reproduction was 85.1%. 

 

Table 2.  Summary of Ceriodaphnia dubia test results. An asterisk (*) denotes a statistically 

significant difference from the control. 

Concentration 

Percent 

Survival 

Mean 

Neonates Min. Max. 

Significant Difference  

Lethality Reprod. 

Control (0%) 100 25.6 21 36   

20% 100 27.5 15 38   

40% 100 25.5 15 35   

60% 100 25.1 13 40   

80% 100 23.6 16 31  
 

 
100% 100 9.1 1 18  * 
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Fathead Minnow Test Results 

Fathead minnow results are summarized in Table 3 and are provided on data sheets in 

Appendix 3.  Survival was 100% in the 100% effluent concentration and was 100% in the 

remaining effluent concentrations. Control survival was 100%. No statistically significant 

lethality was measured in any effluent concentration when compared to the control.  The LOEL 

(Lowest Observed Effect Level) for lethality was >100% and the LC25 (Lethal Concentration 25) 

for lethality was >100%. 

Average weight in the 100% effluent concentration was 0.463mg and ranged from 

0.455mg - 0.525mg per individual in the remaining effluent concentrations. Average weight for 

the control fish was 0.515mg for statistical analyses and test acceptability criteria. Statistically 

significant differences for growth were measured in the 80% and 100% effluent concentration 

when compared to the control. The LOEL for growth was 80% and the IC25 for growth was 

>100%. 

 

Table 3.  Summary of fathead minnow test results. An asterisk (*) denotes a statistically 

significant difference from the control. 

Concentration 

Percent 

Survival 

Average 

Weight (mg) Min. Max. 

Significant Difference  

Lethality Growth 

Control (0%) 100 0.515 0.502 0.528   

20% 100 0.488 0.436 0.535   

40% 100 0.525 0.492 0.560   

60% 100 0.500 0.479 0.520   

80% 100 0.455 0.425 0.498  * 

100% 100 0.463 0.441 0.491  * 

 

 

Test Acceptability 

Acceptable control survival was achieved in both tests.  Similarly, Ceriodaphnia dubia 

reproduction and fathead minnow growth in control organisms met required levels. PMSD for 

fathead minnow growth in effluent concentrations was not within the required limits for an 

acceptable test due to the presence of statistically significant toxicity in the 80% and 100% 

effluent dilutions (Table 4). 

 

Table 4.  PMSD for chronic test parameters. 

PMSD 

(% Minimum 

significant difference) 

fathead minnow growth C. dubia reproduction 

Lower bound Upper bound Lower bound Upper bound 

12 30 13 47 

9.6 26.2 
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DISCUSSION 

 

A failed test for this discharge occurs when there is a statistical difference and LC25 less 

than the IWC (Instream Waste Concentration) of 100%. The LOEL represents the lowest effluent 

concentration at which a statistically significant effect is observed. The LC25 represents an 

estimate of the effluent concentration that would cause a 25 percent reduction in survival. Since 

there was no statistically significant differences meeting this criterion, the effluent passes WET 

(Whole Effluent Toxicity) testing for this sampling period. 
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Appendix 1 – Chain of Custody with Sample Receipt Forms 
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Appendix 2 – Data Sheets for the Ceriodaphnia dubia Test 
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WET TEST REPORT FORM – CHRONIC 

Permittee: Linkan Engineering-Schwartzwalder Mine 

Permit No.: CO-0001244 

Outfall: 001A – IWC: 100% 

Test Type: Routine   Accelerated        Screen   

Test Species: Ceriodaphnia dubia 

 

Test Start Time Test Start Date Test End Time Test End Date 

1605 08-04-2025 1600 08-10-2025 

 

Test Results Lethality/TCP3B Reproduction/TKP3B 

S code: LOEL 100% 100% 

 PASS N/A 

P code: LC25/IC25 >100% 85.1% 

 PASS N/A 

T code: >100% 100% 

Test Summary 

Measurements 

Control 

(0%) 20% 40% 60% 80% 100% 

Exposed organisms 10 10 10 10 10 10 

Survival for day 1 10 10 10 10 10 10 

Survival for day 2 10 10 10 10 10 10 

Survival for day 3 10 10 10 10 10 10 

Survival for day 4 10 10 10 10 10 10 

Survival for day 5 10 10 10 10 10 10 

Survival for day 6 10 10 10 10 10 10 

Mean 3 Brood Total 25.6 27.5 25.5 25.1 23.6 9.1 

 

Hardness (mg/L) – Receiving Water: N/A Effluent: 6/18/3 Recon Water: 91 

Alkalinity (mg/L) – Receiving Water: N/A Effluent: 92/116/91 Recon Water: 58 

Chlorine (mg/L) – Effluent: <0.01 pH (initial/final) – Control: 8.1/7.8 100%: 7.7/7.6 

Total Ammonia as NH3 (mg/L) - Effluent: 0.06/0.09/0.08 

Were all Test Conditions in Conformance with Division Guidelines?  YES   NO  

If NO, list deviations from test specifications: N/A 

Laboratory:  SeaCrest Group 

Comments:   

Analyst’s Name: Lou Watkins and Katie Maranowski 

 

Signature        Date August 15, 2025    



Client: Linkan Engineering CO-0001244 SCG Project No.: 525390.B 

Site: 001A  Project: Quarterly WET 

 

 

 
SeaCrest Group  19 



Client: Linkan Engineering CO-0001244 SCG Project No.: 525390.B 

Site: 001A  Project: Quarterly WET 

 

 

 
SeaCrest Group  20 



Client: Linkan Engineering CO-0001244 SCG Project No.: 525390.B 

Site: 001A  Project: Quarterly WET 

 

 

 
SeaCrest Group  21 



Client: Linkan Engineering CO-0001244 SCG Project No.: 525390.B 

Site: 001A  Project: Quarterly WET 

 

 

 
SeaCrest Group  22 

 



Client: Linkan Engineering CO-0001244 SCG Project No.: 525390.B 

Site: 001A  Project: Quarterly WET 

 

 

 
SeaCrest Group  23 

 

 

 

Appendix 3 – Data Sheets for the Fathead Minnow Test
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WET TEST REPORT FORM – CHRONIC 

Permittee: Linkan Engineering-Schwartzwalder Mine 

Permit No.: CO-0001244 

Outfall: 001A – IWC: 100% 

Test Type: Routine   Accelerated        Screen   

Test Species: fathead minnow 

 

Test Start Time Test Start Date Test End Time Test End Date 

1530 08-04-2025 1445 08-11-2025 

 

Test Results Lethality/TCP6C Growth/TKP6C 

S code: LOEL >100% 80% 

 PASS N/A 

P code: LC25/IC25 >100% >100% 

 PASS N/A 

T code: >100% >100% 

Test Summary 

Measurements 

Control 

(0%) 12.5% 25% 50% 75% 100% 

Exposed organisms 40 40 40 40 40 40 

Survival for day 1 40 40 40 40 40 40 

Survival for day 2 40 40 40 40 40 40 

Survival for day 3 40 40 40 40 40 40 

Survival for day 4 40 40 40 40 40 40 

Survival for day 5 40 40 40 40 40 40 

Survival for day 6 40 40 40 40 40 40 

Survival for day 7 40 40 40 40 40 40 

Mean Dry Wt. (mg) 0.515 0.488 0.525 0.500 0.455 0.463 

 

Hardness (mg/L) – Receiving Water: N/A Effluent: 6/18/3 Recon Water: 89 

Alkalinity (mg/L) – Receiving Water: N/A Effluent: 92/116/91 Recon Water: 58 

Chlorine (mg/L) – Effluent: <0.01 pH (initial/final) – Control: 8.1/7.6 100%: 7.6/7.7 

Total Ammonia as NH3 (mg/L) -Effluent: 0.06/0.09/0.08 

Were all Test Conditions in Conformance with Division Guidelines?  YES   NO  

If NO, list deviations from test specifications: N/A 

Laboratory:  SeaCrest Group 

Comments:   

Analyst’s Name: Haley West, Ethan White, and Hannah Tiede 

 

Signature       Date August 15, 2025   
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Appendix 4 – QA/QC and Reference Toxicant Test Chart
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Quality Assurance Check List – Chronic Whole Effluent Toxicity Test 

 

Client: Linkan Engineering-Schwartzwalder Mine 

SeaCrest Sample No: 525390.B 

Species Tested: Ceriodaphnia dubia and fathead minnow 

 

Sample Dates 
Start Date of Test 

(Ceriodaphnia dubia) 

Start Date of Test 

(fathead minnow) 

08-04-2025 

08-05-2025 

08-06-2025 
 

08-04-2025 08-04-2025 

 

 

Sample received in lab properly preserved (0-6ºC)?   N* 

Sample received at laboratory within 36 hours of collection? Y 

Sample delivered on ice or equivalent? Y 

Test initiated within 36-hours of collection? Y 

Test protocol conforms to CDPHE guidelines (Ceriodaphnia dubia)? Y 

Test protocol conforms to CDPHE guidelines (fathead minnow)? Y 

Average test temp. ±1ºC (Ceriodaphnia dubia)? Y 

Average test temp. ±1ºC (fathead minnow)? Y 

DO level ≥4.0mg/L; no super-saturation (Ceriodaphnia dubia)? Y 

DO level ≥4.0mg/L; no super-saturation (fathead minnow)? Y 

Survival in control ≥80% (Ceriodaphnia dubia)? Y 

Survival in control ≥80% (fathead minnow)? Y 

Ceriodaphnia dubia neonates <24-hours old? Y 

Fathead minnow larvae <24-hours old? Y 

Appropriate reference toxicity test conducted? Y 

Reference toxicity test results within the confidence limits for the lab? Y 

 

* The samples were received at 8.0°C, 10.2°C and 11.2°C on the same day as sampling. 

 

 
Author        Date   August 15, 2025   

Position:   

 

Quality Control      Date   August 15, 2025   
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