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5.7.2 Water Quality Monitoring Program Strategy for Comal Springs and San Marcos 
Springs 

This workplan details the sampling strategy and protocols for water quality monitoring in 2021 for 
the Edwards Aquifer Habitat Conservation Plan (EAHCP) (Section 5.7.2) implemented by the 
Edwards Aquifer Authority (EAA).   Water quality monitoring of the Comal and San Marcos 
springs complexes and their associated surface waters has occurred since 2013 under 
implementation of the EAHCP.  During this time period, the program has employed a variety of 
sampling strategies: stormwater, surface water, sediments, fish tissue, and passive samplers aimed 
at a range of environmental contaminants.  
 
The Water Quality monitoring program underwent a formal review as part of the National 
Academy of Sciences (NAS) Report 1 (2015) containing recommendations for EAHCP’s 
Monitoring, Modeling and Applied Research programs, including the Expanded Water Quality 
Monitoring Program.  Subsequently, a work group was formed in 2016 to assess recommendations 
presented in the NAS report.  The result was a scope of work that was executed from 2017 – 2020. 
 
Beginning in 2021, additional refinements to the program are being implemented.  The primary 
changes from the previous implementation include discontinuing stormwater and passive 
sampling, adding surface water sampling, and modifying the analyte list.  Table 1 presents an 
overview of the core activities comprising the EAHCP Water Quality monitoring program.  
Additionally, as needs arise, other water quality sampling activities may occur as developed 
through the EAHCP committees and included in the Annual Work Plan. 
 
Target for 2021: 
 
Water quality monitoring activities for 2021 include sampling activities for surface water, 
groundwater, and fish tissue in addition to operation of the real-time network.  Specific actions for 
each sample type are discussed below.  Analyte lists and maps can be found in Appendix A.  All 
samples will be collected following the EAA’s Field Sampling Plan and analyzed by a NELAP 
accredited contract laboratory.   
 
Groundwater sampling 
 
Groundwater samples will be collected from Spring 1, Spring 3, Spring 7 (Comal), Deep and Hotel 
(San Marcos) springs during the Spring and Fall under normal flow conditions (Figures A1 and 
A2).  Groundwater samples will be collected by directly filling a bottle or using a previously 
decontaminated peristaltic pump with the intake portion of the pump placed in the spring orifice 
to minimize surface water contamination.  Samples will be submitted to a contract laboratory for 
analysis of cations, anions, nutrients, metals, VOCs, SVOCs, herbicides and pesticides, bacteria, 
TOC, PCBs, and PPCPs. The analyte list for laboratory analyses along with the methods are shown 
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in Table A1.  During the collection event, field parameters will be collected that include dissolved 
oxygen, pH, conductivity, temperature and alkalinity.   
 
In addition to the biannual groundwater sampling, sucralose will be measured on a monthly basis 
at Spring 3 and Hotel.  These samples will be collected by directly filling bottles at the source of 
spring flow.  During the collection event, field parameters will be collected that include dissolved 
oxygen, pH, conductivity, and temperature.   
 
Table 1. EAHCP Water Quality monitoring program core activities. 

 
 
Surface water sampling 
 
Surface water samples will be collected from upper and lower river stations at both systems.  For 
Comal Springs, Landa Lake near Spring Island will serve as the upper location, and the lower 
station is downstream of the Old and New Channel confluence.  In San Marcos, Spring Lake near 
Hotel spring will serve as the upper location, and the downstream location is located at the most 
downstream real-time water quality monitoring station.  Samples at each location will be collected 
on a biannual basis during normal flow conditions in conjunction with the Biological Monitoring 
program (Spring and Fall).  Water samples will be taken from flowing parts of the stream on the 
upstream side of the sample collector.  A previously decontaminated Kemmerer or similar device 

Sample Type Activity
Twice annual sampling in conjunction with Biological Monitoring activities

Laboratory analyses are focused on bacteria and nutrients

Locations include upper and lower stations at each spring system

Twice annual sampling in conjunction with EAA springs sampling activities

Laboratory analyses are focused on geochemical analytes and industrial, commercial, 
and emerging contaminants.  The analytes include cations, anions, nutrients, metals, 
VOCs, SVOCs, herbicides, pesticides, bacteria, TOC, PCBs, and PPCPs

Locations include Spring 1, Spring 3, Spring 7 (Comal), Hotel, and Deep (San Marcos)
Every other year sampling in even numbered years

Laboratory analyses are focused on PAHs

Locations include 6 San Marcos and 5 Comal stations 

Every other year sampling in odd numbered years

Laboratory analyses are focused on metals and PPCPs in two fish species

Locations include upper and lower stations at each spring system

Continuous, telemetered measurements

Analytes include temperature, dissolved oxygen, conductivity, and pH

Locations include 4 San Marcos and 5 Comal stations

Surface water

Groundwater

Sediment

Fish Tissue

Real-time 
network
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will be used to collect samples at approximately mid-depth in the water column. Samples will be 
submitted to a contract laboratory for analysis of nutrients, chlorophyll a, and bacteria (Table A2).  
During the collection event, field parameters will be collected that include dissolved oxygen, pH, 
conductivity, and temperature.   
 
Fish tissue sampling 
 
Fish collections from the Comal and San Marcos rivers will be conducted during the spring 
Biological Monitoring survey.  For both systems, fish will be collected at locations near the surface 
water sampling locations described above. 
 
At each site, gambusia and largemouth bass will be collected.  For each sample, whole body 
organisms will be combined to create a composite sample for tissue analysis.  The length, weight, 
and sex of the individual fish will be recorded prior to creating the homogenate.  Tissue samples 
will be submitted to a contract laboratory and analyzed for metals and PPCP contaminants listed 
in Table A3.    
 
Real Time Instrument Water Quality Data Logging  
 
Continuous water quality monitoring stations will continue in 2021 at five locations in the Comal 
and four locations in San Marcos (Figures A3 and A4).  The network consists of Eureka Manta+ 
30s measuringdissolved oxygen, conductivity, temperature, and turbidity (Sessom Creek only).  
Measurements are collected every fifteen minutes and telemetered in real-time. The Sessom Creek 
site logs data on five-minute intervals to support turbidity measurements at this location.    
 
Quality control procedures: 
 
Field collection methods and quality control procedures for the discrete sampling types are guided 
by the EAA’s Field Sampling Plan.  The anticipated number of samples and field quality control 
samples sent for analyses in 2021 are shown in Table 2.  Brief descriptions of the intent of the 
quality control tests are described below. 
 
Table 2.  Sample amounts for 2021 water quality activities. 

 
Both equipment blanks and DI blanks use reagent grade ASTM II deionized water to assess 
external contamination of environmental samples.  Equipment blanks examine the contamination 

Sample type Samples
Equipment 

blank DI blank
Lab 

duplicate
Field 

duplicate
Total 

samples
Groundwater 10 2 2 4 18
    Sucralose 24 8 8 40
Surface water 8 2 2 4 4 20
Fish tissue 8 2 10
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introduced through the sampling procedure.  These are conducted by transferring the deionized 
water through equipment that has been decontaminated for field use.  DI blanks consist of 
deionized water sent directly to the laboratory and are designed to examine sample container and 
other laboratory contamination. 
 
Lab and field duplicates are intended to assess the precision and repeatability of the analytical 
procedure and homogeneity of the environmental sample type.  Laboratory duplicates consists of 
a single well-mixed sample split into two samples for analysis.  Field duplicates consists of a 
second sample collected immediately after an initial sample.   
 
Additionally, all laboratory quality control data including matrix spikes and surrogate blanks will 
be reported. 
 
Reporting and record keeping: 
 
A summary report presenting the 2021-year findings will be prepared by EAA staff and included 
in the EAHCP annual report. The report will include an evaluation of the analytical data and its 
quality, discussions of results, and a description and rationale for any deviations from the Work 
Plan described here. The report will be completed in February 2022.   
 
Data collected as part of the 2021 EAHCP Water Quality monitoring program will be kept 
electronically with the EAA.  Data from quality controlled discrete sample types (surface water, 
groundwater, and fish tissue) will be housed by EAHCP staff in delimited file types that include 
all discrete measurements from the program beginning in 2013. Quality controlled time series data 
associated with the real-time network are housed with existing aquifer time-series data by the 
EAA.   
 
Budget: 
 
Costs for laboratory analyses are shown in Table 3 and are based on estimates provided by 
commercial laboratories in 2019-2020.  Real-time network costs displayed in Table 3 cover 
purchase of two new units, supplies for routine calibration and maintenance, and telemetry 
expenses.  Equipment costs in Table 3 cover field collection and analysis equipment including a 
handheld multi-probe, calibration standards, and Kemmerer device. 
 
 
 
 
Table 3. 2021 EAHCP Water Quality monitoring program costs. 
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Sample type
Total 

samples
Cost per 
sample Total Costs

Groundwater 18 1000 18000
  Sucralose 40 250 10000
Surface water 20 225 4500
Fish tissue 10 750 7500
Real-time network 30000
Equipment 5000

$75,000
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Appendix A. Sample location maps and analyte lists 
 

 
Figure A1. Groundwater sampling locations for Comal. 
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Figure A2. Groundwater sampling locations for San Marcos. 
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Table A1. Analytical parameters for groundwater samples. 
 

Analyses 
Volatile Organic Compounds (VOCs)  
Semi-volatile Organic Compounds (SVOCs)  
Organochlorine Pesticides  
Polychlorinated Biphenyls (PCBs)  
Organophosphorous Pesticides  
Herbicides  
Metals (Al, Sb, As, Ba, Be, B, Cd, Cr (total), Cu, Fe, Pb, Mn, Hg, Ni, Se, Ag, Tl, V, and Zn) 
General Chemistry (GWQP) Total Alkalinity (as CaCO3), Bicarbonate Alkalinity (as CaCO3), Carbonate 
Alkalinity (as CaCO3); (Cl, Br, NO3, SO4, Fl, pH, TDS, TSS, Ca, Mg, Na, K, Si, Sr, CO3,)), and Total Suspended 
Solids (TSS).  Phosphorus (total)  
Total Organic Carbon (TOC),  
Dissolved Organic Carbon (DOC) 
Kjeldahl Nitrogen 
Bacteria Testing (E coli) 
PPCPs  

Method   Method Description    Protocol  
8260B   Volatile Organic Compounds  (GC/MS) SW846  
8270C   Semivolatile Organic Compounds   (GC/MS) SW846  
8081B   Organochlorine Pesticides   (GC) SW846  
8082A   Polychlorinated Biphenyls (PCBs)   by Gas Chromatography SW846  
8141A   Organophosphorous Pesticides   (GC) SW846  
8151A  Herbicides     (GC) SW846  
6010B  Metals    (ICP) SW846  
6020   Metals     (ICP/MS) SW846  
7470A   Mercury     (CVAA) SW846  
300.0   Anions,     Ion Chromatography  
340.2   Fluoride     MCAWW  
365.4   Phosphorus,    Total EPA  
9040C   pH     SW846  
9060   Organic Carbon,    Total (TOC) SW846  
SM 2320B   Alkalinity     SM  
SM 2540C   Solids,     Total Dissolved (TDS) SM  
SM 2540D   Solids, Total Suspended (TSS)   SM  
351.2   Nitrogen, Total Kjeldahl    MCAWW 
1694  PPCPs    LC-MS/MS 
Protocol References: 
EPA = US Environmental Protection Agency 
MCAWW = "Methods For Chemical Analysis Of Water And Wastes", EPA-600/4-79-020, March 1983 And Subsequent Revisions. 
SM = "Standard Methods For The Examination Of Water And Wastewater", 
SW846 = "Test Methods For Evaluating Solid Waste, Physical/Chemical Methods", Third Edition, November 1986 And Its Updates. 
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Table A2. Analytical parameters for surface water samples 
 

Analyses 
Chlorophyll a 
Soluble Reactive Phosphorous 
Phosphorus (total)  
Total Organic Carbon (TOC),  
Dissolved Organic Carbon (DOC) 
Kjeldahl Nitrogen 
Bacteria Testing (E coli) 
Nitrates and Ammonium  

Method   Method Description    Protocol  
365.4   Phosphorus,    Total EPA  
9060   Organic Carbon,    Total (TOC) SW846  
351.2   Nitrogen, Total Kjeldahl    MCAWW 
445.0  Chlorophyll a   Fluorescence 
8141a  Organophosphates   SW846 
353.2  Nitrates     
350.3  Ammonia     
 
Protocol References: 
EPA = US Environmental Protection Agency 
MCAWW = "Methods For Chemical Analysis Of Water And Wastes", EPA-600/4-79-020, March 1983 And Subsequent Revisions. 
SM = "Standard Methods For The Examination Of Water And Wastewater", 
SW846 = "Test Methods For Evaluating Solid Waste, Physical/Chemical Methods", Third Edition, November 1986 And Its Updates. 

 
Table A3. Analytical parameters for fish tissue samples 
 

Analyses 
Metals (Al, Sb, As, Ba, Be, B, Cd, Cr (total), Cu, Fe, Pb, Mn, Hg, Ni, Se, Ag, Tl, V, and Zn) 
PPCPs  

Method   Method Description    Protocol  
6010B  Metals    (ICP) SW846  
6020   Metals     (ICP/MS) SW846  
7470A   Mercury     (CVAA) SW846  
1694  PPCPs    LC-MS/MS 
Protocol References: 
EPA = US Environmental Protection Agency 
MCAWW = "Methods For Chemical Analysis Of Water And Wastes", EPA-600/4-79-020, March 1983 And Subsequent Revisions. 
SM = "Standard Methods For The Examination Of Water And Wastewater", 
SW846 = "Test Methods For Evaluating Solid Waste, Physical/Chemical Methods", Third Edition, November 1986 And Its Updates. 
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Figure A3. Real-time sampling locations for Comal. 
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Figure A4. Real-time sampling locations for San Marcos. 
 


