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Please find enclosed, a copy of the report on the pilot study on field use of the
Sievers Model 800 organic carbon auto-analyzer at the Hood field facility. The study was to
evaluate the Sievers equipment's ability to provide representative data during automated
field operation over an extended period of time. The Sievers Model 800 is intended for
bench-top use in a lab setting.

The analyzer-was purchased and installed atthe Hood Field Station on the
Sacramento River. Initial operation and testing of the unit began in January 1999.
Preliminary tests on the analyzer and.its.system components were con·ducted for
approximately five months. Various operational modifications and changes in system
components wereimplem'enteclduring this period to refine and improve the performance of
the analyzer. The initial evaluation indicated thatthe analyzer, the connected components,
and the water delivery system were dependable and operating satisfactorily.

The next step in the study was to begin a year-long pilot study to evaluate the ability
of the analyzer to provide representative data overa sustained period of automated
operation. During this pilot study a series of samples were collected weekly to evaluate the
accuracya,nd reliability ,ofthe auto-analyzer and performance of the water delivery system.
The attached report contains details ofhowthis pilot study was conducted, with a
discussion of the sample data collected for the study and an evaluation ofthe Sievers
equipment's performance in field use. -

The study showed the Sievers analyzer to be a generally dependable instrument
capable of providing consistently representative data. However, some limitations were
encountered with the analyzer, most critically, the instrument's inability to accommodate raw
high turbidity surface water. This instrument continues to be in operation at the Hood Field
Station and the analytical data it produces is now uploaded weekly and is available on the
California Data Exchange Center web site.
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INTRODUCTION

History of Organic Carbon Issues
Natural organic matter (NOM).in the waters of the Sacramento-San·JoaquinDelta is an
important issue for the health of aquatic ecosystems and for the production of quality
drinking water. The aquatic ecosystems depend ona combination of photosynthesis
and NOM to initiateel'lergy transference through the trophic levels of the food chain. In
this application, the organic matter is considered a beneficial water quaHtycomponent of
the aquatic system.

Organic matter can create problems in the production of drinking water. Organic matter,
in the form of organic carbon, with bromide ions adversely impacts drinking water
quality because they act as precursors to the formation of trihalomethanes (THMs) and
other disinfectionbyproducts(DBPs).Thesebyproductsareformed during the
treatment of water with chlorine or ozone to remove harmful microorganisms.1

,2 OSPs
are undesirable products in drinking water because they are potential carcinogens in
humans and are regulated by State and federal regulation.s.The higher the amounts of
organic carbon and bromide in the source water, the greater the amount of pre
treatment conditioning required prior to chlorination/ozonation to minimize DBP
formation.

Identifying the contributing sources of organic carbon in the Delta and estimating the
relative amountfro.m these sources is a complex process. One way is to measure
organic carbon in the Sacramento and San Joaquin Rivers that flow into the Delta and
also to evaluate the processes at work within the Delta that contribute organic carbon to
the system. Numerous studies have shown that factors such as the physical design.
soil composition, biological organisms, agricultural practices, urban development, and
hydrological processes play critical roles in the water quality and carbon cycle of the
Delta.

The Municipal Water QuaHty Investigations Program was established in 1990 to monitor
organic carbon and·other parameters of concern for drinking water in Delta channels
and agricultural drains that provide source water forthe State Water Project. Through
the years, MWQI has compiled extensive water quality data from a number of Delta
sites. Most of the organic carbon occurrence and distribution data in the Delta are
based on monthly sampling events with the exception of a few studies that were based
on weekly events. A monthly or a weekly grab sample cannot provide a representative
picture of the variability or pulses in organic carbon loading that result from storm
events, agricultural or urban discharges. or other activities thatcan affect water quality.
To get this data. samples would have to be collected daily or hourly. The associated
additional costs from the reqUired increased staff time and analytical fees wQuldprohibit
such a high frequency grab sample collection schedule.

1 Krasner, S.W., at. al. June 1996. Three approaches for characterizing NOM. Journal of American
Water Works Association.
2 Parnes. Michael, et al. 1999..DBPformation potential of aquatic humic substances. AWWA Journal,
Vol. 91
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Selection of Analyzer
To provide more continuous real-time total organic carbon (TOC) data, it was proposed
that MWQI staff investigate the feasibility of using portabl.e TOCanalyzers at sites within
the Delta. The criteria for the analyzerwere that it baable to operateinan unattend.ed
autosampling mode, employ an approved Environmental Protection Agency method of
TOCanalysis,have telemetry capabilities, allow routine clilibrationand maintenance to
be performed in the field by staff, and be easily moved from site to site ifneeded. After
reviewing the set-up and operation requirements of models meeting the criteria
available at the time of this study, the Sievers Model 800 was selected for this project.

The instrument is manufactured by Sievers Instruments. When purchased in 1996, the
instrument was considered state of the art for a portable organic. carbon analyzer. It
uses a digestion method of analysis that is based on the oxidation· of organic
compounds to form carbon dioxide by adding an oxidizing agent (ammonium
persulfate), an acid (phosphoric acid) to lower the pH,and UV radiation. During an
analysis, the instrument first measures the total inorganic carbon, then determines the
total carbon content of the sample after oxidation of the organic compounds. The total
organic carbon concentration is calculated by measuring the difference between the
total carbon and total inorganic carbon concentrations (TOe =TC -TIC). .

After an·analysis, the unit will immediately repeat the analytical procedure on a' new
sample and continue this process for the duration of the sampling program that has
been entered by the operator. Theinstrumentcanpertormone analytical cycle every
six minutes. The instrument can be configured to operate in an on-line flow-through
mode where it·is.connected·toa·pressurized water deliveryUnet.or in a grab sample
mode where ~an .operator manually provides samples to the analyzer.

Another important consideration was how this instrument would be field operated
compared with how it would be routinely used in standard applications. The target
applications for the instrument are in the pharmaceutical and electronic chip
manufacturing sectors and others areas that require high quality finished water. DWR's
application used the instrument in the analysis of raw surface water. Because this was
the first time this model was used in this application, staff worked closely with Sievers to
ensure optimal field performance of the analyzer. Several meetings were held with
Sievers technicians and representatives to discuss the type of water thatwould be
analyzed and to request advice on the best way to install and operate the instrument.
The manufacturer prOVided assistance in planning the initial equipment installation and
operational design of the study and it was decided to take a conservative approach in
the initial operational stageof the study.

The main concern was the unknown effect of running unfiltered raw water through the
analyzer for an extended period. It was not known if suspended material and sediment
in the water, especially during storm events, would be problematic to the instrument or
clog the small-bore tubing and analytical components of the analyzer. Although the
analyzer is factory equipped with a 60 micron (Jlrn) on-line filter, the Sievers
representatives thought it best to begin the study with a 1 J.1m on-line filter unit before
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the water entered the analyzer. This change was recommended because of the small
size and limited capacity of the analyzer's on-line filter. The Sievers representatives
suggested that filters of larger pore size be tried later if the instrument operated
successfully with the 1 ~m filter.

Monitoring Site Selection and Requirements
Another important issue was selecting the location to install the analyzer. The site had
to meet criteria to assure the proper installation and operation of the unite These criteria
included:

• Security - The instrument had to be installed in a structure that had a high degree
of resistance to trespassers and vandalism. DWR has experienced the loss of,
and damage to expensive equipment because of vandals~

• Availability of Utilities and Climate Control ... At a minimum, the site needed
dependable electrical service and access to telephone service or some system that
could be used for the telemetry of data. The structure needed to have heating and
air conditioning.

• Site Location and Accessibility ~ Because this was a pilot study that would require
frequent visits, a site was needed with a minimum commute time from the DWR
field office in West Sacramento. The site also needed to have access especially
during severe weather with little risk of floodinga

• Easy Access to Surface Water Source ... The site needed a source of surface water
that was easily accessible for the installation of a water delivery system to the
analyzer.

While investigating the feasibility of potential sites, it was learned that DWR's
Environmental Services Office was building' a permanent monitoring facility at the DWR
site on the Sacramento River in the town of Hood. This site and facility met all the
criteria needed for the analyzer. An agreement was made with ESO to allow MWQI to
use this facility for the installation of the analyzer.

Field facility at Hood located on the Sacramento River
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Study Objective
Because this instrument model had never been used for raw water analysis, MWQI
conducted a pilot study to assess the field performance of the instrument and the quality
of TOC data it produced. This information was needed before operating the instrument
in a telemetered mode. This study was designed to address multiple issues about the
performance of this instrument and determine whether an organic carbon analyzer
could function at a remote DWR operational facility and produce reliable results and
rePresentative dataQ

The first objective was to evaluate the reliability of the instrumento MWQI needed to
.know if the instrument would successfully perform the programmed sampling regime
over an extended period when sampling raw water. This included evaluating the
instrument's mechanical and electronic components and its ability to maintain
calibration.

The second objective was to see if the system used in deli.vering water from the river to
the instrument affects the TOC content of the sample. The water would need to pass
through approximately 21 meters of line and tubing to reach the intake port of the
analyzer. The water would also need to pass through a filtering device installed into the
system. If the water delivery system and filtration device introduced bias into the data, a
determination was needed whether the bias was consistent and predictable, or random
in nature.

Finally, MWQI wanted to assess the instrument's ability to provide data that were
comparable to the data from corresponding river grab samples and be more cost
effective than data produced from river grab samples collected by field staffo

The ability of the analyzer to perform successfully and provide quality data in this pilot
study could verify the feasibility of installing similar instruments at key locations in the
Delta. A network of field stations equipped with autoanalyzers connected to telemetry
could provide the scientific and water utility communities with access to continuous real
time TOC data. This data could have multiple impacts on such issues as understanding
temporal patterns of carbon loading from watersheds and rivers that flow into the Delta
and agricultural drainage discharge within the Deltao

INSTRUMENTATION INSTALLATION AND OPERATION

Water Delivery System
The TOC analyzer was installed at the Hood facility in January 19990 The facility is
equipped with a pressurized water delivery manifold connected to a submersible pump
positioned 1 meter below the river surface. This pump provides water to the system at
a pressure that does not exceed 10 pounds per square inch. This pressurized system
provides water to the TOC analyzer and to other instrumentation at the facility that
monitors and records various water quality parameterso

6



Analyzer System Components
Installing the analyzer required additional components be incorporated lntothe system
design to allow the required operation of the instrument. These components included
an electronic timer for programming the sampling event schedule, a solenoid valve for
controlling the water flow to the analyzer, and a filter for controlling the size of particles
entering the analyzer (see Figure 1).While the analyzer is capable of continuous
analysis when installed in the on-line operation mode,. this routine was not considered
appropriate for this application. There was concern that if the filter was installed to a
continuous flow-through system, the filter could load to its filtering capacity in a short
time. This would require field staff to make frequent site visits for filter changes to
prevent a clogged filter from blocking water flow to the analyzer.

Staff decided that the best way to resolve this problem wasta control the sampling
events of the analyzer with a remote timer and solenoid valve. ·The timer was
programmed to start and stop the analyzer; it determined the duration and frequency of
the sampling events. When the timer signals the start of a sampling event, it actuates
the solenoid valve, opening the flow of water through the filter unit and into the analyzer.
-When a sensor on the analyzer detects pressure in the water tine, the analyzer shifts
from pause mode to analyze mode.
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Figure 1. Real-Time TOe Monitoring
System at the Hood Field Station
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At the end of the scheduled sampling event, the timer signals the solenoid valve to
close, stopping the water flow to the analyzer. When the analyzer senses the lack of
pressure in the line, it enters the pause mode until the next sampling event is triggered.
When the analyzer is in the pause mode, the water continues to flow through the line by
means of a Y connector installed in the line just before the filter unit. The solenoid valve
stops the water flow through the arm of the Y connector that is attached to the filter unit,
bypassing and extending the life of the filter. The water line attached to the other arm of
the Y connector.is left open to allow water to continuously flow through the return drain
line where it is discharged into the river. This minimizes the sedimentation and
deposition of particulates within the water line.

After the system had been operating for a few months, the solenoid valve developed a
problem with closing after the timer had turned off the system. It was necessary to
clean the--solenoid va.lve every two weeks to remove the fine silts and particles clogging
the water ports in the valve, which shut the valve when given a signal from the solenoid.
To correct this p'roblem, the location of the solenoid valve was moved and positioned
after the filter. The move enabled the filter to remove the silts and fines before the
water entered the valve. After switching the location, there were no further problems

. with the solenoid valve and timer.

Selecting an appropriate filter and housing was critical to the study's success. A filter
was needed that ·had the capacity to accommodate a large volume of water before
clogging and did not contribute organic carbon to the water. The filter housing also
could not contribute to the carbon load of the sample.

After researching the composition of available filters and housings, a filter housing and
three different filters were selected for testing. They were tested for the ability to filter
water without contributing a significant amount of organic carbon to the sample water.
Two filter media and the filter housing were selected 'that were clean of orga'nic carbon
leaching. The two 1 J.!m filters were the standard 10-inch cylindrical types. One filter
was constructed of baked wound-glass yarn and the other was a melt-blown
polypropylene filter. The filter housing was made of virgin polypropylene. The filtering
capacity of these filters requires replacement once a week during times of peak river
turbidities, and every two weeks with lower turbidities.

During the first months of monitoring, high concentrations of inorganic carbon were
detected in the source water. The difference between the organic and inorganic carbon
in the Sacramento River fluctuates throughout the year. When the difference between
the organic and inorganic is greater than 10 to 1, the analyzer posts a warning message
on the display screen. This warning indicates that the difference exceeds
recommended operating ratios between the two carbon sources. This could cause the
instrument to produce erroneous data. The Sievers representative recommended
installing an inorganic carbon remover. After the leR was installed, the inorganic
carbon level went from 12.0 - 14.0 mg/L down to 20.0 }lg/L and this resulted in
eliminating the warning message.
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Operation of Analyzer
The analyzer and timer were programmed to run four sampling events every 24 hoursa
The sampling event was timed to allow the analyzer to perform six analyses during each
eventG The results of the first two analyses of each sampling event were discarded to
provide time for the filtration system to purge water in the system that remained from the
previous sampling event. This provided four analyses in each event that represented
fresh river water, and these were used in the data analysis process. -

Because of the need for a filter, it was necessary to know the size range of the particles
suspended in the river water, which could provide information on the percentage of
particles retained by the 1aO-micron filter. River water samples were collected for
particle size analysisG The samples were sent to Core Labs IneG in Bakersfield,
California for analysis by laser diffraction methodologyG To ensure the data collected
were not biased by the filtration media, seasonal particle size analyses were collected.
The samples were initially collected seasonally (in June and August 1999, and in
November 1999), then switched to a weekly collection on January 21, 2000G The first
heavy rains in 2000 started during the third week of January and continued for several
weeks into February.

Front view of Sievers 800 organic carbon analyzer with inorganic
carbon removal unit located to the right ofanalyzer.

Automated timer located in upper left corner.
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Side view of analyzer showing inorganic carbon
removal unit, filtration unit, and solenoid valve.

Staff programming analyzer for sampling event
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The weekly particle size analyses continued weekly through the end of March then
switched to monthly analyses in April 2000 and were continued over the summer
months. These analyses provided information on the size of the particles present and
the percentage each size category represents of the total suspended load in the
sample. Monthly samples continue to be collected until the next heavy rainstorms when
the schedule will change to accommodate a more intense sampling regimen.

The results from the Sacramento River at the Hood facility exhibited a range of turbidity.
Turbidity measurements are made in the field by staff with a Hach model 21 OOP
Turbidity Meter. The turbidity increased as the flows of the Sacramento River inc"reased
during high flows and rainfall. From June 1,1999, through June 30, 2000, the turbidities
ranged between 5.5 NTU and 81.1 NTU during peak rains. A comparison of the
Sacramento River particle Size and turbidity shows the seasonal and weather pattern
changes. This data is shown in Table 1.

Water Delivery System Modifications
The filter component of this study is important because of the issue of "how to classify
the resulting analytical data. It was uncertain whether to treat the Sievers analysis as
TOe or dissolved organic carbon (DOC) data. DOC is the fraction of TOC that will pass
through a O.45JJ,m filter. The higher the percentage of particles retained by the filter, the
greater the instrument analyses would reflect a DOC value. Conversely, the greater the
percentage of particles >O.45lJ,m passing through the filter, the more the analysis
reflected a true TOC value. The TOe and DOC grab sample data were compared to
the Sievers analyzer data to determine effects the 1J,tm filter may have had on the
samples results.
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Table·1. Sacram.ento River Particle Size vs. Turbidity

Date Sacramento River Mean Particle Size,
Turbidity (microns)

Particle· Size,Range
(microns)

6/22/99 24.6 1.7

9/10/99 11.4 1.8

11/16/99 10.2 1.7

1/21100 8.4 5.3

1/28/00 12.2 7.7

2/4/00 8.3 19.4

2/t1/00 8.2 7.4

2/18/00 7.4 6.2

2/25/00 40.7 5.0

3/3100 31.9 1.7

3/10/00 32.1 3.0

3/20100 24.1 3.6

3/24/00 22.0 1.8

3/31/00 24.0 1.8

4/28/00 13.5 1.7

5/26/00 14.0 1.7

6/30100 14.5 1.8

13

0.2 - 3.5

0.2 - 3.5

0.2 - 3.6

0.4 - 10.7

0.5- 15.6

0.7 - 60.8

0.5- 15.5

0.3- 14.9

0.4-10.4

0.2 - 3.6

0.2 - 7.2

0.3- 7.4

0.2- 3.6

0.2 - 3.6

0.2 -3.6

0.2-3.5

0.2 -.3.5



The 1.0J.1m filters were replaced on December 10, 1999 with a 50.0Jj,m (nominal) filter.
The50.0J1m filter was selected to replace the 1.0Jjm filter when the mean particle size of
suspended material in the water did notexc.eed20.0J,lm.The change to a larger pore
sized fi.lter helps clarify the question of the whether the data represents TOe or DOC.
Since the mean particle sizes did not exceed the 50J.1m filter pore size, it was assumed
the dataean be used as TOC. The results of the particle size analys.is indicated that the
possibility of particles >50J.Lmentering the analyzer existed only during periods of heavy
storm events.. The Sievers analyzer has a maximum allowable particle size limit of
60.0JA,m. The manufacturer considers particles >60~m to have an adverse impact on
the instrument's ability to perform properly. This 50J,.tmfilter was still below the pore size
of the60J,tm on-line filter that came factory i'nstalled on the analyzer from Sievers. The
50.0-m.icronfilter would protect the analyzer from particles >60.0J.!,m and not impart
organic carbon into the system.

Besides changes in the filtercomponentt a silt trap was added to the water delivery line.
The silt trap was a standard 10-inchfilterhousingwithout a filter. This allowed a place
for larger suspended particles to settle'out instead of depositing in the water delivery
line. The silt trap is removed and cleaned weekly. Before the silt trap is replaced the
waterline is turned on and flushed at maximum flow rate. This flushes and cleans the
water line from the pump intake to the silt trap valve. After flushing the water line, the
silt trap is replaced. This process has helped reduce the amount of sedimentation in the
line and reduce the turbidity of the water entering the solenoid valve and filter.

Sample Criteria
A series of preliminary tests were conducted on the water delivery system, timer, and
analyzer to assess the equipment's ability to perform the programmed· sampling
scenario forthe required duration. These tests evaluated the filtering capacity of the
filters to determine how often they would have to be changed. These tests were
conducted for a one-month period during the winter storm season to confirm the
equipment performed to our requirements and to provide the high turbidity water
needed to test the filters.

After determining the operational ability of the delivery system and analyzer, a
scheduled grab sampling study was initiated to compare and evaluate the Sievers
instrument's analytical results to the grab samples analyzed by Bryte Chemical
Laboratory. All data produced by the Sievers analyzer were from the on-line water
delivery configuration with filter in place unless noted. The grab samples were collected
to provide data for a series of evaluations. The grab sample results were compared to
the Sieversan~lyzerdata to determine if the 21 meters of water delivery line affected
the TOe levels in the water. The grab samples were collected from three locations to
evaluate components of the water delivery system. The first location was adjacent to
the intake pump that provides river water to the delivery system for the analyzer. River
grab samples were collected with a stainless steel bucket attached to a stainless steel
cable. This river grab sample site provided background data on the water before
entering the delivery system, and also served as a direct comparison to the on-line data
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produced·by the Sievers analyzer and the corresponding Bryte Chemical Laboratory
river grab sample analysis. The other two sampling sites were located on the water
delivery line to the analyzer. One sampling port was located before the filter assembly
unit. This site provided an.evaluation of the system up to the fUtrationdevice. The other
site was located after the filter assembly and before the water line enters the analyzer.
This site.9valuated possible TOe contributions from the filtration device.

This series of grab samples provided data for the evaluation of the performance the
Sievers analyzer and its ability to provide representative data. These.samples were
collected to compare the Bryte Chemical Laboratory analyses of water samples from
the pump intake site with the Sievers· instrument's analyses of the water after it had
passed through the entire delivery system. These grab samples also provided an
evaluation and a means to monitor the water delivery system.

Because a 1.0 Jlrn filter was in place before water entered the analyzer d.uring the first
six months of this study, the.analyses during that period did not reflect a true TOC
value. Therefore, it was necessary to analyze the grab samples for total and dissolved
organic carbon.. The results of these grab sample analyses from the Bryte Chemical
Laboratory were compared to the on-line analyses of the Sievers instrument to
determine the degree ofchange, if any, the filtration process had on the TOe value.
The grab sample data and Sievers analyzer data are discussed in the Results section of
this report.

Initially, a set of9rab samples was collected twice a week to monitor the stability of the
water delivery system,·to detect problems associated with filter loading, and to evaluate
the instrument performance. This schedule was followed through June 1999. At that
time, the sampling schedule was reduced to once a week because of the consistency of
the data, and the reliability of system components.

QUALITY ASSURANCE/QUALITY CONTROL
Components of Quality Assurance/Quality Control were incorporated into the study to
ensure the quality of data produced. These" components included the development of
the Quality Assurance Project Plan to establish the Quality Control criteria for the study.
This plan included the Data Quality Objectives for the study. Another feature of the
Quality Control program was the scheduled maintenance including the replacement of
date-specific components and the calibration checks recommended by the manufacture.
Duplicate samples were collected with each grab sample event to evaluate the precision
of the laboratory analyses. The filtering equipment used to collect the DOC samples
was evaluated on each grab sampling event bypassing deionized waterthrough the
equipment and collecting a sample of the filtered water. A sample of the unfiltered
deionized water was also collected for comparative analysis.

Quality Control Samples
Many series of Quality Contre)1 samples were analyzed by the Sievers instrument and
Bryte Chemic~1 Laboratory to evaluate the performance of the analyzer and to acquire a
statistical comparison of the analytical results by the two analyzers. All Bryte Chemical
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Laboratorysamples,including the Quality Control samples and field grab samples, were
analyzed on an 011 Analytical model 101 0 organic carbon analyzer that uses the
digestion· method of analysis similar to the Sievers instrument.

To analyze the Quality Control samples, the Sievers instrument was disconnected from
the pressurized water delivery line and re.configured to the grab sample mode. While in
the grab sample mode it was programmed to perform a fixed number of replicate
analyses foreach·Quality Control sample.

Two sets of performance evaluation TOCsamples supplied by Environmental Research
Associates, a commercial vendor of quality control samples, were analyzed by the
Sievers autoanalyzer and by the Bryte Chemical Laboratory. One set contained
certified commercially prepared stock samples,and the otherset contained blind matrix
spike samples prepared by ERA. Duplicate check standards prepared by Bryte
Chemical Laboratory were analyzed by tn'eSi!vers analyzer and by the Bryte Chemical

,Laboratory instrument for performance comparison. The check standards were
prepared by Bryte Chemical·Laboratory.chemiststo specified concentrations and
evaluated by both analyzers. The standards are made up with potassium hydrogen
phthalate, or KHP, which is an accepted calibration standard for organic carbon
.analyzers. The calibration checks were another way of validating the data quality.

For further Quality Control and performance testing, three sets of surface water samples
were collected for analysis. Bryte Chemical Laboratory analyzed each sample three
times and achieved a result that was reported. The .Sievers 800 analyzer was
disconnected from the on-line mode and placed into the grab sample mode to analyze
five replicates for each sample. The results of the first two analyses of the five were
rejected. The water from the first two analyses is for purging the system before to
accepting the results of the remaining three analyses.

To evaluate the analytical intra-variability of Bryte Chemical Laboratory results, samples
from varying matrix waters were collected in four sets of ten replicates. The purpose of
these analyses was to evaluate the·precision of the Bryte Chemical Laboratory
instrumentation. The four sets of ten replicates were submitted to Bryte Chemical
Laboratory as single blind samples to determine the variability within each set of ten
samples and to evaluate the precision of the laboratory's instrumentation. The matrix of
these samples ranged from blank water to Sacramento River water with relatively low
TOC levels (1.6 mg/L).

Bryte Chemical Laboratory blank water was also evaluated forthis set of analyses. One
set·of unfiltered blank water was evaluated and· one set of filtered blank water was
evaluated with the Sacramento River water to evaluate the range of results. The results
of the Quality Control sample analysis are shown in the Results section of this report.

Data Assessment
This study measured agreement in the data produced by the autoanalyzer with the grab
sample data provided by Bryte Chemical Laboratory. This determined if the
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autoanalyzerproduceddata thatwere representative of the river water. The method
used to determine the agreement in these data was to calculate the relative percent
difference between the Sievers autoanalyzer and Bryte Chemical Laboratory data. The
relative percentage difference is a measure of precision, which compares two values
based on the mean of the two values,and is reported as an absolutevalue.3 The
highertheRPD value, the greater the amount of difference or error in the data.
TheRPD was calculated using the following equation:

RPD = {CI-CZ} where;
(Cl+C2)/2

C1=the larger of the two observed values
C2= thesmaUer of the two observed values

The Bryte Chemical Laboratory established the maximum·acceptableRPDlevelof
precision between the 0'1 Analytical model 1010 and Sievers T..800 autoanalyzer was
not to exceed 30 perc~nt.Thisfigure was derived from Bryte Chemical Laboratory
statistical analysis of data from. samples· collected during the first three months. of this
project and prior to the start of this study.

RESULTS/DISCUSSION

The purpose of the study was to determine whether an organic carbon autoanalyzer
could function at a DWR remote operational facility and produce reliable and repeatable

" results, and representative data. The analyzer data from the first six months of this
study were obtained with a 1.0Jjm filter in place. After comparing the results of the TOe
and DOC grab sample data to this six months of analyzer data, no significant relative'
percentage differences were observed in the Bryte Chemical Laboratory TOC data and
Sievers'analyzer data. Therefore, for this study, all the data produced by the Sievers
analyzer are reported as Toe with the caveat that a 1.0Jjm filter was in use for the first
six months.

Average Daily Results
The data collected from June 1, 1999 through June 30, 2000 show the TOC data trend
for a typical water year. The daily averages of the· analyzer are shown in Figure 2. This
figure displays the raw daily average of TOCdata analyzed and compiled by the
Sievers analyzer. To see more detail in the daily and monthly changes of organic
carbon after storm and environmental changes in the Sacramento River, four months of
winter data were isolated and expanded to show the responses to these events. These
data are shown in Figure 3. Each data point represents the simple mean of the four
SUb-samples of each daily sampling event. Four sampling events per day result in four
mean data points. Figure 3 shows the analyzer's ability to detect and record abrupt and
gradual changes in the river's TOC content.

3 Wagner R.E.,et.al. 1992. Guide to environmental analytical methods. 2nd
• Ed. Genium Publishing Corp.

Appendix 0-9
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Rainfall daily totals for the firstthree monthsQf 2000 were compared with the daily TOC
levels in the river. Three months of rainfall data was chosen due to the number of days
rainfall was detected by the weather station for the first months of the year. Table 2
shows the days' rainfall as measured by the National Weather Service in Sacramento,
and compares it to. the daily average ofToe· from the· Sievers analyzer in the
Sacramento River. Figure.4 showsthe·time between the onset· of the rainfall to the time
the analyzer picks up the change in TOe levels atthe Hood facility. This series of
tables and graphs .demonstrates the responsiveness of the Sievers analyzer to detect
the changes in the TOClevels in the river during storm events. During the study,itwas
made evident that there was a direct correlation between the amount of rainfall and
TOe levels 1n the Sacramento River. These data are incidental to the primary purpose
of this study, yet they illustrate the ability of the Sievers analyzer at the Hood facility to
act as an early-warning station to th,e· TOClevelsin sQurcedrinking waters.
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Table 2. Three Month Daily Precipitation Total vs.
Daily TOe Average, 1/1/2000 through 3/31/200

Date Daily Precipitation total, Daily TOe Average, (mg/L)
inches

1111/00 0.42 2
1/15/00 0.15 1.98
1/16/00 0.35 2.05
1/17/00 0.23 2.45
1/18/00 0.72 2.6
1/19/00 0.'13 3.39
1/22/00 0.02 3.46
-1/23/00 1.15 3.95
1/24/00 3.11 4.53
1/25/00 0.02 4.77
1/30/00 0.86 3.11
1/31100 0.04 3.09
2/3/00 0.41 3.72
2/4/00 0.01 3.41
2/5/00 0.03 3.34
2/9/00 0.11 3.47
2/10/00 0.69 3.26
2/11/00 1.26 3.23
2/12/00 0.34 3.64
2/13/00 1.13 4.21
2/14/00 0.83 4.23
2/16/00 0.5 4.29
2/17/00 0.01 4.32
2/20/00 0.53 3.4
2/21/00 0.02 3.11
2/22/00 1.05 2.8
2/23/00 0.25 2.73
2/24/00 0.01 3.61
2/26/00 0.91 3.3
2/27/00 0.38 3.19
2/29/00 0.44 3.42
3/2/00 0.06 3.05
3/4/00 0.28 2.82
3/5/00 0.66 2.68
3/7/00 0.39 3.12
3/8/00 0.53 2.88
3/9/00 0.32 3.37

3/10100 0.01 3.15
3/11/00 0.01 2.85
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Grab Sample Results
Three types of grab samples were routinely collected for comparison with the data
produced by the. Sievers analyzer.

1. River GrabSampJe vs. Filter Outlet Comparison
The filter outlet grab sample represents the water that is entering the Sievers analyzer.
The filter outletTOCgrab sample is a measure of the water after it has passed through
the entire water delivery system, including the filter. The river grab samples provide the
baseline data of the TO'C level in the waterbefore it enters the water delivery system. A
comparison of the river grab sample and filter outlet grab sample analysis for TOC level
from the Bryte Chemical Laboratory was made to determine the effects, if any, the water
delivery system imparts on the TOC concentration of the water. Comparisons of these
data are shown in Table 3. These data are in close agreement, as shown in Figure 5,
and are a good.Jndicator that the water delivery system does not provide significant
impacts to the TOC content of the water. The 30 percentRPD acceptance level was
never exceeded during this study.
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Table 3. Comparison of Bryte Chemical Laboratory Analysis
of River Grab and Filter Outlet Grab Samples to EvaluateTOC

Influence the Water Delivery System has on Water Quality

Date Filter Outlet River TOe River/Outlet
TOC-mg/L mg/L TOC- RPD

6/4/99 . 1.5 1.6 6.45%
6/7/99 1.6 1.7 6.060/0

6/11/99 1.5 1.4 6.900/0
6/14/99 1.6 1.6 0.000/0
6/18/99 1:6 1.5 6.450/0
6/21/99 1.6 1.7 6.060/0
6/25/99 1.55 1.52 1.950/0
6/28/99 1.78 1.69 5.190/0
7/2/99 1.39 1.54 10.24%
7/9/99 1.53 1.64 6.94%

7/16/99 1.6 1.51 5.79%
7/23/99 1.3 1.4 7.410/0
7/30/99 1.4 1.3 7.41%
8/6/99 1.5 1.4 6.90%

8/13/99 1.7 1.7 0.000/0
8/20/99 1.7 1.7 0.000/0
8/27199 1.6 1.7 6.06%
9/3/99 1.8 1.8 O.OO°A>
9/10/99 1.9 1.8 5.41 0/ 0
9/17/99 2 2 0.000/0
9/24/99 1.7 1.6 6.060/0
10/1/99 1.4 1.5 6.900/0
10/8/99 1.4 1.4 0.00%

10/15/99 1.5 1.6 6.45%
10/22/99 1.4 1.4 0.00%
10/29/99 2 2.2 9.52%
11/5/99 2.1 2 4.880/0

11/12/99 2.4 2.4 0.00%
11/19/99 2.6 2.6 0.00%
12/3/99 2.1 2 4.88°10
12/10/99 1.9 1.8 5.41%
12/16/99 2 1.9 5.13%
12/23/99 1.9 1.9 0.00%

1/7/00 1.7 1.7 O.Oook
1/14/00 1.9 1.7 11.110/0
1/21/00 3.4 3.3 2.990/0
1/28/00 3.2 3.1 3.170/0
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Table 3 continued. Comparison of Bryte Chemical Laboratory
Analysis of River Grab and Filter Outlet Grab Samples
to Evaluate TOC Influence the Water Delivery System

has on Water Quality

Date

2/4/00
2/11/00
2/18/00
2/25/00
3/3100
3/10100
3/17/00
3/24/00
3/31/00
4/7/00

4/14/00
4/21/00
4/28/00
5/5/00
5/12/00
5/19/00
5/26/00
6/2/00
6/9/00

6/16/00
6/23/00
6/30100

Filter Outlet
TOC-mg/L

2.8
2

3.45
3.1
2.6
2.4
1.8
1.7
1.6
1.5
1.7
2.2
1.3
1.4
1.6
2

1.6
1.6
1.7
2

1.5
1.5

River TOe
mg/L
2.8
2.3
3.8
3.1
2.6
2.7
1.7
1.8
1.5
1.5
1.7
2.4
1.4
1.6
1.6
2.2
1.6
1.6
1.7
1.9
1.5
1.6

25

River/Outlet
TOC-RPD

0.00%
13.95%
9.66°/0
0.00°/0
0.000/0
11.760/0
5.71°/0
5.71 0

/ 0

6.450/0
0.00°/0
0.000/0
8.70%
7.41°10
13.33%

0.00%
9.52%
0.00%
0.00%
0.00°/0
5.13%
0.00°/0
6.45%



Figure 5. Comparison of River Grab and Filter Outlet Grab Samples to
Evaluate TOe Influence the Water Delivery System has on Water Quality
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2. River Grab Samples vs. Autoanalyzer
River grab sample data were compared with the autoanalyzer sample data. The river
grab sample data set used here isacompilation ofthe samples coUected for this pilot
study and other river grab sample data collected at the same site for other studies. The
collection times forthese other grab samples were within two hours of the date and time
ofthe corresponding analyzer data. Comparing th.e river grab sample data, which
served as the baseline, with the analyzer data provided information on whetherthe
analyzer data were representative of the TOe concentrations in the river as measured
by the instrumentation of Bryte Chemical Laboratory. First, a comparison was made of
the Bryte Chemical.·Laboratory DOC and TOe river grab sample data with the analyzer
on-line data. This comparison w~s nec~ssary to see. if the on-line filter to the analyzer

• created a bias In the on-line data to make it resemble the DOC data rather then the
TOC data. Examining these data showed that the filtering device did not reduce the
TOC concentration of the water. These data are shown in tabular form including the
relative percentage difference in Table 4 and in Figure 6. Ina more direct comparison,
only the TOCdata from the Bryte Chemical Laboratory river grab samples were
compared with the corresponding on-line analyzer data to determine the relative
percentage difference. This comparison reveal~d that the maximum.8l1owable RPD of
30 percent had been exceeded twice during the year of monitoring. These data are
shown in Table 5 and in Figure 7.
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Ta,ble.4. Relative Percent Difference 1n Analysis of River Grab Samples by
the Bryte Chemical Laboratory and Sievers Analyzer On-line Analysis

Collection Date Bryte -River Bryte • River Sievers Bryte DOC- Bryte I Sievers
TOC Sievers TOC TOC

DOCmg/L TOC mg/L mg/L RPD RPD
06/01/99
06/04/99
06/07/99
06/11/99
06/14/99
06/14/99
06/18/99
06/21/99
06/25/99
06/28/99
07102/99
07/07/99
07/09/99
07/16/99
07/19/99
07/23/99
07/30/99
08/04/99
08/06/99
08/09/99
08/13/99
08/16/99
08/20/99
08/23/99
08/27/99
08/31/99
09/03/99
09/07/99
09/10/99
09/13/99
09/17/99
09/20/99
09/24/99
09/27/99 .
10101/99
10106/99
10108/99

1.5 1.6 1.77 16.28°1'<> 9.860/0
2 1.6 1.8 10.69% 11.60%

1.6 1.7 1.89 16.62°1b 10.58%

1.6 1.4 1.86 15.03% 28.22%
1.4 1.6 1.69 18.77% 5.47%
1.7 1.6 1.75 2.90°/0 8.96%

1.7 1.5 1.76 3.470/0 15.95°/0
1.6 1.7 1.71 6.650/0 0.590/0
1.69 1.52 1.92 12.74% 23.26%
1.58 1.69 2.07 26.850/0 20.21 %

1.43 1.54 1.63 13.04% 5.650/0
1.51 1.63 1.87 21.30% 13.71%
1.5 1.64 1.59 5.830/0 3.10%
1.72 1.51 1.79 3.990/0 16.970/0
1.4 1.6 1.6 13.33% 0.00°/0
1.5 1.4 1.69 11.99°k 18.85%

1.4 1.3 1.63 14.97% 22.32%
1.5 1.6 1.68 11.300/0 4.86°/0
1·.4 1.4 1.72 20.600/0 20.600/0
1.5 1.6 1.72 13.410/0 6.97%
1.6 1.7 1.81 12.10% 6.050/0
1.8 1.9 1.84 2.240/0 3.17°/0
1.8 1.7 2.02 11.59°10 17.270/0
t.7 1.8 1.91 11.57% 5.86%
1.8 1.7 1.94 7.45% 13.15%
1.8 1.8 1.85 2.92% 2.92%
1.9 1.8 1.99 4.81% 10.210/0
1.9 1.9 2.05 7.68'0/0 7.680/0
2.1 1.8 2.12 0.750/0 16.130/0
2 2.1 2.25 11.69% 6.82%
2 2 2.14 6.70% 6.70%

1.9 1.9 1.94 2.13% 2.130/0
1.9 1.6 2.04 7.20°10 24.27%
1.8 1.6 1.85 2.52°10 14.270/0
1.6 1.5 1.87 15.73% 22.12%
1.9 1.5 1.66 13.59% 10.02%
1.4 1.4 1.65 16.19°/0 16.19%
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Table 4 continued. Relative Percent Difference in Analysis of
River Grab Samples by the Bryte Chemical Laboratory and

Sievers Analyzer On-line Analysis

Collection Date Bryte - River Bryte· River

10112/99
10/15/99
10/19/99
10/22/99
10/25/99
to/29/99
11102/99
11/05/99
11/08/99
11/12/99
11/15/99
11/19/99
11/22/99
11/29/99
12/03/99
12/06/99
12/10/99
02/18/00
02/22/00
02/25/00
02/28/00
03/03/00
03/06/00
03110/00
03/13100
03/17/00
03/20/00
03/24100
03/27/00
03/31/00
04/03/00
04/07/00
04/10/00
04/14/00
04/17/00

DOCmg/L
1.5
1.7
1.5
1.5
1.6
1.8
1.9
2

"\

2.4
2.3
2.7
2.6
2.7
2.5
2

2.6
1.8
3

1.9
2.7
2.6
2.2
2.2
2.4
2

1.6
1.5
1.'8
1.6
1.6
1.6
1.4
1.5
1.6
1.6

TOC mg/l
1.6
1.6
1.6
1.4
1.5
2.2
2
2

2.3
2.4
3

2.6
2.7
2.6
2
3

1.8
3.8
2.4
3.1
3.1
2.6
2.5
2.7
2.4
1.7
2.2
1.8
1.7
1.5
1.6
1.5
1.7
1.7
1.8

29

Sievers
TOe
mall
1.55
1.67
1.56
1.66
1.73
1.83
2.1
2.27
2.3
2.63
2.48
2.82
3.34
2.72
2.61
3.01
2.33
4.55
2.77
3.68
3.45
3.08
2.94
3.01
2.64
2.25
2.71
2~08

2.1
1.91
1.91
1.72
1.83

2.
1.87

Bryte DOC
Sievers TOe

RPD
3.390/0
1.860/0
4.180/0
10.360/0
7.80%
1.85%
10.040/0
12.640/0
4.200/0
13.500/0
8.38°~

8.15%
21.130/0
8.39%

26.290/0
14.51 0

/ 0

25.60%
40.990/0
37.28%
30.680/0
28.100/0
33.33%
28.840/0
22.53%
27.410/0
33.960/0
57.420/0
14.520/0
26.830/0
17.610/0
17.830/0
20.280/0
19.64%
22.35%
15.49%

Bryte I Sievers
TOC
RPD

3,060/0
4.200/0
2.28%
17.23°/0
14.230/0
18.170/0
4.920/0
12.640/0
0.060/0
9.260/0
18.86°/0
8.15%

21.13°/0
4.47°10
26.290/0
0.230/0

25.60°/0
17.900/0
14.33%
17.07°""
10.69%
16.90%
16.22%
10.840/0
9.35%

28.040/0
20.70%
14.520/0
20.860/0
23.99%
17.830/0
13.430/0
7.18%
16.350/0
3.740/0
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TableS. .Relative Percent Difference.in TOC Analysis by
Bryte Chemical Laboratory of River Grab SampJes and

the Sievers Analyzer On-line Analysis

Collection Date

06/01/99
06/04/99
06/07/99
06/11/99
06/14/99
06/14199
06/18/99
06/21/99
06/25/99
06/28/99
07/02/99
07/07/99
07/09/99
07/16/99
07119/99
07/23199
07/30/99
08/04/99
08/06/99
08/09/99

. 08/13/99
08116/99
08/20/99
08/23/99
08/27/99
08/31/99
09/03/99
09/07/99
09/10/99
09/13/99
09/17/99
09/20/99
09/24/99
09/27/99
10/01/99
10106/99
10108/99

Bryte TOe
mg/L
1.6
1.6
1.7
1.4
1.6
1•••.6
1.5
1.7

1.52
1.69
1.54
1.63
1.64
1.51
1.6
1.4
1.3
1.6
1.4
1.6
1.7
1.9
1.7
1.8
1.7
1.8
1.8
1.9
1.8
2.1
2

1.9
1.6
1.6
1.5
1.5
1.4

Sievers·TOe
mg/L
1.77
1.8

1.89
1.86
1.69
1.75
1.76
1.71
1.92
2.07
1.63
1.87
1.59
1.79
1.6

1.69
1.63
1.68
1.72
1.72
1.81
1.84
2.02
1.91
1.94
1.85
1.99
2.05
2.12
2.25
2.14
1.94
2.04
1.85
1.87
1.66
1.65
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Bryte TOe-Sievers TOC
RPD

9.86%
11.60%
10.58%
28.22%
5.47%
8.96%
15.950/0
0.59%

23.26%
20.21%
5.65%
13.710/0
3.10°1'<>
16.97%
0.000/0
18.85%
22.32%
4.86%
20.600/0
6.970/0
6.05%
3.17°A>
17.27%
5. 86°J'c,
13.15°/0
2.92%
10.21%
7.68%

16.13%
6.820/0
6.700/0
2.130/0

24.270/0
14.27%
22.12%
10.02%

16.190/0



Table 5 continued. Relative Percent Difference in TOC Analysis
by Bryte Chemical Laboratory of River Grab Samples and

the Sievers Analyzer On-line Analysis

Collection Date

10/12/99
10/15/99
10/19/99
10/22/99
10/25/99
10/29/99
11/02/99
11/05/99
11/08/99
11112/99
11115/99
11/19/99
11/22/99
11/29/99
12/03/99
12/06/99
12/10/99
12/13/99
12/16/99
12/20/99
12/23/99
12/27/99
01/03/00
01/07/00
01/14/00
01/18/00
01/21/00
01/24/00
01/28/00
01/31100
02/04/00
02/07/00
02/11/00
02/18/00
02/22100
.02/25/00
02/28100

Bryte TOe
mg/L
1.6
1.6
1.6
1.4
1.5
2.2
2
2

2.3
2.4
3

2.6
2.7
2.6
2
3

1.8
1.9
1.9
1.9
1.9
1.8
1.8
1.7
1.7
2.1
3.3
4.1
3.1
2.5
2.8
2.9
2.3
3.8
2.4
3.1
3.1

Sievers TOe
mg/L
1.55
1.67
1.56
1.66
1.73
1.83
2.1

2.27
2.3
2.63
2.48
2.82
3.34
2.72
2.61
3.01
2.33
2.3
2.3
2.13
2.09

2.
2.03
2.03
2.18
2.58
4.15
4.74
4.1
3.13
3.37
3.3

3.25
4.55
2.77
3.68
3.45

32

Bryte TOe-Sievers TOe
RPD

3.06°10
4.200/0
2.280/0
17.230/0
14.230/0
18.17%
4.92°10
12.64°J'c>
0.06°/0
9.26°10
18.86%
8.15°/0

21.13%
4.47°/0
26.29°k
0.230/0

25.600k
18.950/0
19.060/0
11.530/0
9.360/0
10.450/0
11.920/0
17.730/0
24.85%
20.670/0
22.80%
14.560/0
27.890/0
22.280/0
18.500/0
12.890/0
34.240/0
17.90%
14.33%
17.07%
10.69%



Table 5 continued. Relative Percent Difference in TOC Analysis
by Bryte Chemical Laboratory of River Grab Samples and

the Sievers Analyzer On-line Analysis

Collection Date

03/03/00
03/06/00
03/10/00
03/13/00
03/17100
03/20/00
03/24/00
03/27/00
03/31/00
04/03/00
04/07/00
04/10/00
04/14/00
04/17100
04/21/00
04/24/00·
04/28/00
05/01/00
05/05/00
05/08/00
05/12/00
05/15/00
05/19/00
05126/00
05/30/00
06/02/00
06/05/00
06/09/00
06/12/00
06/16/00
06/19/00
06/23/00
06/26/00
06/30/00

Bryte TOC
mglL
2.6
2.5
2.7
2.4
1.7
2.2

.8
1.7
1.5
1.6
1.5
1.7
1.7
1.8
2.4
2

1.4
1.3
1.6
1.5
1.6
1.7
2.2
1.6
2.6
1.6
1.7
1.7
2.1
1.9
1.6
1.5
1.7
1.6

Sievers TOe
mg/L
3.08
2.94
3.01
2.64
2.25
2.71
2.08
2.1
1.91
1.91
1.72
1.83
2.

1.87
2.58
2.02
1.78
1.69
1.48
1.76
2.32
2.17
2.08
1.89
1.93
1.9

1.87
1.98
2.36
2.07
1.83
1.77
1.89
1.92

33

Bryte TOC-Sievers TOC
RPD

16.90%
16.22%
10.84%
9.35°16

28.04%
20.70°16
1-4.·520/0
20.860/0
23.990/0
17.83%
13.43°/0
7.18%
16.35%
3.74%
7.04%
0.77%

24.10%
25.84%
7.51%
15.68%
36.70°/0
24.15%
5.61%
16.40%
29.480/0
17.050/0
9.47%
15.390/0
11.58°~

8.63%
13.29°/0
16.58°A>
10.63%
18.320/0
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3. Filter Inlet vs. Filter,Outlet Comparison
This comparison provided an evaluation of the DOC and TOe levels in the water at the
point before' it entered the filter and after passing through the filter. This evaluation was
performed to determine any effects the filter might have had on the TOe and DOC
levels in the water, and to evaluate the influence the water delivery lines may have had
on the water before it entered the filter. This comparison revealed a new component
that was not apparent from observing previous data. The comparison of the filter inlet
and filter outlet DOC da'ta showed strong agreement in the two data sets (Table 6 and
Figure 8). Additional confirmation of this agreement continues when the DOC
comparison includes the river DOC grab sample data. The data show little variation in
the DOC' concentration of the water as it travel's from the river and through the water
delivery system. This comparison is shown in Figure 9. However, when the filter inlet
and outlet grab sample TOe data were plotted, a different pattern was revealed.· The
data shown in Figure 10 indicate events· of considerable TOe differences· in the filter
inlet and filter outlet water. The maximum allowable RPD of 30 percent was exceeded
three times and theRPD warning level of 25 percent was exceeded three times. A
comparison of the DOC and TOe data values and·their associated relative percentage
differences for these samples is shown in Table 7. Since the comparison of the river
grab samples to the filter outlet grab samples showed the water delivery system after
filtration did not contribute TOe to the water, then other factors priorto filtration must be
responsible for the
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Table 6. .Comparisonof Bryte Chemical Laboratory DOC
Analysis of Filter Inlet and Filter Outlet Grab Samples

Collection Date Filter Inlet Filter Outlet DOC Inlet Vs Outlet RPD
DOC - mglL DOC- mglL

06/04/99 2 2.2 9.52°/0
06/07/99 1.9 1.8 5.41 °/0
06/11/99 1.8 1.6 11.760/0
06/14199 2.1 1.8 15.380/0
06/18/99 2 1.8 10.530/0
06/21/99 1.8 1.9 5.41%
06/25/99 1.85 1.74 6.130/0
06128/99 1.73 1.79 3.41%
07/02/99 1.5 1.55 3.28°A>
07/09/99 1.65 1.52 8.200/0
07/16/99 1.64 1.56 5.000/0
07/23/99 1.5 1.6 6.450/0
07/30/99 1.5 1.4 6.900/0
08/06/99 1.4 1.4 0.000/0
08/13/99 1.6 . 1.6 0.000/0
08/20/99 1.8 1.8 0.00%
08/27/99 1.8 1.7 5.71 0/0
09/03/99 1.9 1.9 0.00%
09/10/99 2 2.5 22.22°A,
09/17/99 2.2 2.2 0.00%
09/24/99 2.4 2 18.180/0
10/01/99 1.8 1.6 11.760/0
10/08/99 1.5 1.5 0.000/0
10/15/99 2.2 2.2 0;000/0
10/22/99 1.5 1.6 6.45%
10/29/99 1.8 1.7 '5.710/0
11/05/99 2.1 2 4.880/0
11/12/99 2.2 2.2 0.00%
11/19/99 2.6 2.8 7.41 ok
12/03/99 2 2.1 4.88°k
12/10/99 1.8 1.9 5.41°k
12/16/99 1.9 1.9 0.00%
12/23/99 1.7 1.7 0.00%
01/07/00 1.6 1.7 6.06-°t'cl
01/14/00 1.7 1.7 0.00%
01/21/00 3.3 3.3 0.00%

01/28/00 3.2 3.2 0.00%
02/04/00 2.9 2.7 7.14%
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Table 6 continued. Comparison of Bryte Chemical Laboratory
DOC Analysis of Filter Inlet and Filter Outlet Grab Samples

Collection Date

02111/00
02/18/00
02/25/00
03/03/00
03/10/00
03/17/00
03/24/00
03/31/00
04/07/00
04/14/00
04/21/00
04/28/00
05/05/00
05/12/00
05/19/00
OS/26/00
06/02/00
06/09/00
06/16/00
06/23/00
06/30100

Filter Inlet
DOC -mg/L

1.8
2.92
2.8
2.2
2.3
1.7
1.6
1.6
1.4
1.6
2.2
1.3
1.4
1.6
1.7
1.5
1.7
1.8
1.6
1.7
1.6

Filter Outlet
DOC -mg/L

1.8
2.92
2.8
2.2
2.3
1.8
1.7
1.6
1.4
1.6
2

1.4
1.3
1.7
1.7
1.5
1.6
1.7
1.6
1.7
1.6
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DOC InlelVs· Outlet RPD

O.OO°A>
0.000/0
0.00%
0.000/0
0.00%
5.710/0
6.06%
0.00%
0.000/0
0.000/0
9.520/0
7.41%
7.41%
6.06%

0.000/0
0.00%
6.06%
5.710/0
0.000/0
0.00%
0.000/0
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Table 7. Comparison of Bryte Chemical Laboratory DOC and TOe Analysis of Grab Samples from Filter Inlet and Outlet to River Grab Samples to
Evaluate Water Quality Impacts of Water Delivery System

I Date -I-Filter-intet-I-Filter Outlet· I River DOC I Inlet/Outlet I River/Outlet I _River/Inlet I Filter Inlet I Filter Outlet I River TOe I Inlet/Outlet I River/Outlet I, River/Inlet I
DOC-mg!L. DOe-~ _ _ ro~-.POC -.Rf'O_ Doe .. RPD DOC - RPD TOC-mglL TOC-mg/L mg/l Toe - RPD Toe .. RPD Toe .. RPD

06/04/99
06/07/99
06/11/99
06/14/99
06/18/99
06/21/99
06/25/99
06/28/99
07/02199
07io9/99
06/25/99
07/23/99
07/30199
08/06/99
«58/13/99
08/20199
08/27/99
09/03/99
09/10/99
09/17/99
09/24/99
10/0-1/99
10/08;99
10/15/99
10/22199
10/29/99
11/05/99
11/12/99
11/19/99
12103/99
12110/99
12/16/99
12/23/99
01/07/00
01/14/00
01/21/00
01/28/00
02J04ioo

2 2.2 --2 9.520/0 9.52()k~- 0.00% 1.7 1.5 1.6 1-2.50% 6.45% 6.06%
1.9 1.8 1.6 5.410/0 11.76% 17.14% 1.8 1.6 1.7 11.76% 6.06% 5.71%
f8 1.6 1.6 11.76% 0.000/0 11.76% 1.6 1.5 1.4 6.45% 6.90% 13.33%
2.1 1.8 1.7 15.38% 5.71% 21.05% 1.6 1.6 1.6 0.00% 0.00% 0.00%
2 1.8 1.7 10.53% 5.71% 16.22% 1.6 1.6 1.5 0.00% 6.45% 6.45%

1.8 1.9 1.6 5.41% 17.14% 11.76% 1.7 1.6 1.7 6.06% 6.06% 0.00%
1.85 1.74 1.69 6.13°A, 2.92% 9.04% 1.57 1.55 1.52 1.28% 1.95% 3.24%
1.73 1.79 1.58 3.410/0 12.46% 9.06% 1.77 1.78 1.69 0.56% 5.19% 4.62%
1.5 1~55 t43 3.28% 8.05% 4.78% 1.39 1.39 1.54 0.00% 10.24% 10.24%

1.65 1.52 1.5 8.20% 1.32% 9.52% 1.67 1.53 1.64 8.75% 6.94% 1.81°t'o
1.64 1.56 1.72 5.00% 9.76% 4.76% 1.64 .1.6 1.51 2.47% 5.79% 8.25%
1.5 1.6 1.5 6.45% 6.450/0 0.00% 1.5 1.3 1.4 14.29% 7.41% 6.90%
1.5 1.4 1.4 6.900/0 0.00% 6.900/0 1.4 1.4 1.3 0.00% 7.41 % 7.41 %
1.4 1.4 1.4 0.()0% 0.00% 0.00% 1.4 1.5 1.4 6.9Cio/O 6.90% 0.00%
1.6 1.6 1.6 0.00% 0.00% 0.00% 1.6 1.7 1.7 6.06% 0.00% 6.06%
1.8 1.8 1.8 0.00% 0.00% 0.00% 2 1·.7 1.7 16.22% 0.00% 16.22%
1.8 1.7 1:8 5.71% 5.71% 0.00% 1.6 1.6 1.7 0.000/0 6.060/0 6.060/0
1.9 1.9 1.9 0.00% 0.000/0 0.00% 1.8 1.8 1.8 0.00% 0.000/0 0.00%
2 2.5 2.1 22.220/0 17.39% 4.88% 1.8 1.9 -1.8 5.4f% 5.41 % 0.00%

2.2 2.2 2 0.00% 9.52% 9.52% 2.3 2 2 13.95% 0.00% 13.95%
2.4 2 1:9 18.1·8% 5.13°,4. 23.26% 1.9 1.7 1.6 11.11% 6.06% 17.14%
1.8 1.6 1.~ 1.1.~60/0 0.00% 11.76% 1.5 1.4 1.5 6.90% 6.90% 0.00% ~
1.51.5 1.4 0.00% 6.90% 6.90% 1.5 1.4 1.4 6.90% 0.00% 6.90%
2.2 2.2 1.7 0.00% 25.64% 25.64% 1-.5 1.5 1.6 0.00% 6.45% 6.45%
1.5 1.6 1.5 6.45% 6.450/0 0.00% 1.3 1.4 1.4 7.41% 0.00% 7.41%
1.8 1.7 1.8 5.71% 5.71% 0.000/0 3.1 2 2.2 43.14% 9.52% 33.96%
2.1 22- 4.88% 0.00% 4.88% 2.1 2.1 2 0.00% 4.88% 4.88%
2.2 2.2 2.3 0.00% 4.44% 4.44% 2.3 2.4 2.4 4.26% 0.00% 4.26%
2.6 2.8 2.6 7.410/0 7.410/0 0.00% 2.6 2.6 2.6 0.00% o.cjO% 0.00%
2 2.1 2 4.88% 4.88°k 0.00% 2.2 2.1 2 4.650/0 4.88% 9.52%

1.8 1.9 1.8 5.41% 5.41% 0.00% 1.8 1.9 1.8 5.41% 5.41% 0.00% -
1.9 1.9 1.9 0.00% O.OOOk 0.00°4 2 2 1.9 0.00% 5.f3% 5.13%
1.7 1.7 1.7 0.00% 0.00% 0.00% 1.9 1.9 1.9 0.00% 0.00% 0.00%
1.6 1~7 1.6 6.060/Cf 6.06% 0.00% 1.7 1.7 1.7 0.00% 0.00% 0.00%
1.7 1.7 1.7 0.00% 0.00% 0.00% 1.8 1.9 1.7 5.41%11.11% 5.71%
3.3 3.3 3.2 0.000/0 3.08% 3.08% 3.3 3.4 3.3 2.99% 2.99% 0.000/0
3.2 3.2 3.2 0.00% 0.00% 0.00% 3.4 3.2 3.1 6.06% 3.170/0 9.23%
2.9 2.7 2.8 7.14% 3.64% 3.51-% 2.8 2.8 2.8 O.Oook 0.00% 0.00%



Table 7 continued. Comparison of Bryte Chemical Laboratory DOC and TOe Analysis of Grab Samples from Filter Inlet and Outlet to River Samples
to Evaluate Water Quality Impacts.ofWater Delivery System

I Date I Filter Inlet I Filter Outlet ,. River DOC I Inlet vs Outlet IRiver vs Outletl River vs Inlet I Filter Inlet I Filter Outlet I River TOe IInlet vs Outlet IRiver vs OutletI River vs Inlet I
DOC-mglL DOe-mglL mg/l DOC .. RPD DOC-RPD DOC-RPD TOC-mgll TOC-mglL mg/l TOC-RPD TOC-RPD TOC-RPD

02/11/00 1.8 1.8 1.8 0.00% 0.00% 0.00% 2.2 2 2.3 9.52% 13.95% 4.44%
02118/0·0 2.92 2.92 3 0.00% 2.70% 2.70% 3.72 3.45 3.8 7.53% 9.66% 2.13%
02/25/00 2.8 2.8 2.7 0.00% 3.64% 3.64% 3.1 3.1 3.1 0.00% 0.00% 0.00%
03/03/00 2.2 2.2 2.2 0.00% 0.00% 0.00% 2.6 2.6 2.6 0.000/0 0.00% 0.00%
03/10iob 2.3 2.3 2.4 0.00% 4.26% 4.26% 2.6 2.4 2.7 8.000/0 11.76°,4 3.77%
03/17/00 1.7 1.8 1.6 5.71% 11.76% 6.06% 1.8 1.8 1.7 0.000/0 5.71% 5.71%
03/24/00 1.6 1.7 1.8 6.06% 5.71% 11.76°k 1.7 1.7 1.8 0.00% 5.71% 5.71%
03/31/00 1.6 1.6 1.6 0.00% 0.00% 0.00% 1.7 1.6 1.5 6.06% 6.450/0 12.50%
04/07/00 1.4 1.4 1.4 0.00% 0.00°1'0 0.00% 1.6 1.5 1.5 6.450/0 0.000/0 6.45%
04114ioo 1.6 1.6 1.6 0.00% 0.000/0 0.00°.41 2.2 1.7 1.7 25.64% 0.000/0 25.64%
04/21/00 2.2 2 2 9.52% 0.00% 9.52% 2.9 2.2 2.4 27.45% 8.70% 18.87%
04/28/00 1.3 1.4 1.4 7.41% 0.00°1'0 7.41% 2.1 1.3 1.4 47.06% 7.41% 40.00%
05/05/00 1.4 1.3 1.4 7.41% 7.41% 0.00% 2.2 1.4 1.6 44.44% 13~33% 31.58%
05/12100 1.6 1.7 1.6 6.06% 6.06% 0.00% 2 1.6 1.6 22.220/0 0.00% 22.22%
05/19100 1.7 1.7 1.7 0.00% 0.00% 0.00% 2.3 2 2.2 13.950/0 9.52% 4.44%
OS/26/00 1.5 1.5 1.5 0.00% 0.00% 0.00% 2.1 1.6 1.6 27.03% 0.00% 27.03°1'0
06/02iOO 1.7 1.6 1.6 6.06°A, 0.00% 6.06% 2.1 1.6 1.6 27.030/0 0.00% 27.03%
06/09/00 1.8 1.7 1.7 5.71%' 0.00% 5.71% 1.9 1.7 1.7 11.11% 0.00% 11.11%
06/16100 1.6 1.6 1.6 0.000/0 0.00% o.ob% 2.2 2 1.9 9.52% 5.13% 14.63%
06/23100 1.7 1.7 1.5 0.00% 12.50% 12.50% 1.(? 1.5 1.5 6.45% 0.0'00/0 6.45% N

06/30/00 1.6 1.6 1.6 0.00% 0.00% O~OO% 1.6 1.5 1.6 6.45% 6.450/0 0.00%
~



differences in TOe values seen in the filter inlet and filter outlet grab samples. It was
concluded that. the probable cause for the higher TOCvalues in the filter inlet samples
was due to algae and other organic matter suspended in the inlet water line. This was
based on the observation of large amounts of algae and other organic matter thalwas
expelled from the water line during routine maintenance and servicing which included
cleaning the silt trap and changing the filter. The data show that the incidences and the
degree of these differences increase over time. The continued build-up of algae growth
and other organic matter on the inside wall of the water lines would reach a paint where
some of the material would slough-off the wall surface and become suspended in the
water flow. The filter was sufficient in retaining these particles of algae and matter while
not impacting the TOe content of the water prior~o its entering the autoanalyzer. '

The type and quality of the carbon present was.notinvestigated as in the form of UVA
254 or THMFP analyses. Evaluating the type or quality of carbon present was nota
goal of this study, which was designed to assess the adequacy of the equipment.
Further studies could be designed to evaluate carbon quality. Figure 11showslhe
comparison of the TOe values in the filter inlet,filter outlet, and river grab samples
where the increased filter inlet TOe values were observed. In summary, although the
water delivery system at times appeared to contribute to increased TOe levels in the
water,.thefilter device was efficient in removing these system contributions without
impacting the measured TOC concentrations of the riverwater.
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4. Filter Outlet vs. Autoanalyzer
Another component of our evaluation was the comparison of the on-line river water data
collected by the Sievers.analyzer to the Bryte Chemical Laboratory analysis of filter
outlet grab sample data. These grab samples were collected while the analyzer was in
active sampling mode so they could be considered duplicate samples to the analyzer
on-line analysis. The Sievers·analyzer on-line data were compared with the
corresponding filter outlet DOC and TOCgrab sample data. This was done to check if
the.filtration device had any effect on the TOC levels in the.water going into the
autoanalyzer. A review of the data shown in Table 8 and Figure 12 indicates the filter
did not create a bias in the autoanalyzerdata. ·The data shows occasions where·the
DOC values are greater than the TOe. These differences in values are most likely the
resultofa combination of factors..These factors eQuid include, contamination
introduced in the fieldsampUng procedure or from the equipment or filtering material,
the naturaLvariability inherent in the riverwater,and to some extent, the variability
within laboratory analytical procedures.

When just the Sievers analyzer on-line TOe data are compared to the filter outlet TOe
grab sample data,it is found that the maximum acceptable RPD value of 30 percent
was exceeded only once during the year of the study. This occurred during storm
events with the corresponding increased turbidity and higher TOC values. The Sievers
analyzer consistently reported TOe values higher than the Bryte Chemical Laboratory
during these storm events. These data are shown in Table 9 and F.igure 13.
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Table 8. Comparison of Weekly Duplicate Filter Outlet Grab Sample
TOCand DOC Analysis by the Bryte Chemical Laboratory

and the Sievers Analyzer On-line Analysis

Collection Date ISievers
I

Bryte Bryte IBryte DOC/SieversI Bryte I Sievers
Toe DOC Toe Toe Toe
mg/L mg/L mg/L RPD RPD

06/04/99
06/11199
06/18/99
06/25/99
'07/02/99
07/09199
07/16/99
07/23/99
07/30/99
08/06/99
08/13/99
08/20/99
08/27/99
09/02/99
09/10/99
09/17/99
09/24/99
10/01/99
10108/99
10/15/99
10/22/99
10/29/99
11/05/99
11/19/99
12/03/99
12/16/99
12/23/99
01/07/00
01/14/00
01/21/00
01/28/00
02/04/00
02/11/00
02/18/00
02/25/00
03/03/00

1.8 2.2 1.5 20.16% 18.020/0
1.86 1.6 1.5 15.030/0 21.430/0
1.76 1.8 1.6 2.250/0 9.52%
1.93 1.74 1.55 10.35°/0 21.840/0
1.63 1.55 1.39 5.00°/0 15.860/0
1.56 1.52 1.53 2.600/0 1.94°A,
2.06 1.56 1.6 27.62% 25.14%
1.69 1.6 1.3 5.55% 26.17%
1.63 1.4 1.4 14.97% 14.97%
1.75 1.4 1.5 21.99°/0 15.15%
1.8 1.6 1.7 11 ~69% 5.64%

2.02 1.8 1.7 11.59% 17.270/0
1.94 1.7 1.6 13.15% 19.17%
1.9 1.9 1.8 0.17°10 5.570/0

2.11 2.5 1.9 16.77% 10.620/0
2.14 2.2 2 2.83°10 6.70%
2.04 2 1,.7 2.080/0 18.280/0
1.f37 1.6 1.4 15.73% 28.91 %

1.65 1.5 1.4 9.320/0 16.19%
1.67 2.2 1.5 27.47% 10.65%

1.65 1.6 1.4 3.19% 16.50%

1.83 1.7 2 7.560/0 8.680/0
2.27 2 2.1 12.640/0 7.77%
2~57 2.8 2.6 8.570/0 1.160/0
2.72 2.1 2.1 25.88% 25.88%
2.31 1.9 2 19.500/0 14.41%
2.09 1.7 1.9 20.42% 9.360/0
2.03 1.7 1.7 17.73% 17.730/0
2.01 1.7 1.9 16.87% 5.790/0
4.15 3.3 3.4 22.80% 19.85%
4.1 3.2 3.2 24.77% 24.77%
3.37 2.7 2.8 22.10% 18.50%
3.25 1.8 2 57.43% 47.630/0
4.55 2.92 3.45 43.58% 27.43%
3.7 2.8 3.1 27.69% 17.64%
3.08 2.2 2.6 33.33% 16.90%
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Table 8 continued. Comparison of Weekly Duplicate Filter Outlet
Grab Sample TOC and DOC Analysis by the Bryte Chemical

Laboratory and the Sievers Analyzer On-line Analysis

Collection Date

03/24/00
03/31/00
04/07/00
04/14/00
04/21/00
04/28/00
05/05/00
05/12/00
05/19/00
OS/26/00
06/02/00
06/09100
06/16/00
06/23/00
06/30/00

Sievers
TOe
mg/L
2:08
1.89
1.76
1.98
2.58
1.75
1.48
1.85
~.08

1.82
1.91
1.9

2.07
1.77
1.86

Bryte
DOC
mg/L
1.7
1.6
1.4
1.6 .
2

1.4
1.3
1.7
1.7
1.5
1.6
1.7
1.6
1.7
1.6

Bryte
TOC
mg/L
1.7
1.6
1.5
1.7
2.2
1.3
1.4
1.6
2

1.6
1.6
1.7
2

1.5
1.5
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Bryte DOC/Sievers
TOC
RPD

20.19%
16.39%
22.93%
21.33°/0
25.35%
22.090/0
13.230/0
8.610/0
20.10°/0
19.390/0
17.650/0
10.940/0
25.680/0
4.100/0
14.830/0

Bryte1Sievers
TOe
RPD

20.19%
16.39°A,
16.10°A,
15.320/0
15.92%
29.38°A,
5.840/0
14.65°10
3.91%
12.980/0
17.65%
10.940/0
3.51%

16.58%
21.23%
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Table-9. Results of Weekly Duplicate Filter Outlet Grab Sample
TOCAnalysisby the Bryte Chemical Laboratory and theSeivers

Analyzer On-line Analysis

Collection Date

06/04/99
06/11/99
06/18/99
06/25/99
07/02/99
07/09/99
07/16/99
07/23/99
07/30/99
08/06/99
08/13/99
08/20/99
08/27/99
09/02/99
09/10/99
09/17199
09/24/99
10101/99
10/08199
10115/99
10/22/99
10/29/99
11/05/99
11/19/99
12/03/99
12/16/99
12/23/99
01107/00
01/14/00
01/21/00
01/28/00
02/04/00
02/11/00
02118/00
02/25/00
03/03/00
03117/00

Sievers Anal zer TOC
mg/L
1.8
1.86
1.76
1.93
1.63
t.56
2.06
1.69
1.63
1.75
1.8

2.02
1.94
1.9

2.11
2.14
2.04
1.87
1.65
1.67
1.65
1.83
2.27
2.57
2.72
2.31
2.09
2.03
2.01
4.15
4.1
3.37
3.25
4.55
3.7

3.08
2.19
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e- .. Outlet TOC
mg/L-
1.5
1.5
1.6

1.55
1.39
1.53
1.6
1.3
1.4
1.5
1.7
1.7
1.6
1.8
1.9
2

1.7
1.4
1.4
1.5
1.4
2

2.1
2.6
2.1
2

1.9
1.7
1.9
3.4
3.2
2.8
2

3.45
3.1
2.6
1.8

e TOC/Sievers T'OC
RPD

18.02°A,
21.43%
9.520/0

21.84%
15.86%
1.94%

25.14%
26.17%
14'.97°A>
15.15%
5.64°1'<>
17.27%
19.17%
5.57%
10.620/0
6.70%

18.28%
28.910/0
16.19%
10.650/0
16.500/0
8.68%
7.77%
1.16%

25.88%
14.41%
9.36%
17.730/0
5.79%

19.850/0
24.770/0
18.500/0
47.630/0
27.430/0
17.640/0
16.900/0
19.53%



Table 9 continued. Results of Weekly Duplicate Filter Outlet Grab
Sample TOC Analysis by the Bryte Chemical Laboratory and the

Seivers Analyzer On-line Analysis

Collection Date

03/24/00
03/31/00
04/07/00
04/14/00
.04/21/00
04128/00
05/05/00
05/12/00
05/19/00
05/26/00
06/02/00
06/09/00
06/16/00
06/23/00
06/30100

Sievers Anal zer TOC
mg/L
2.08
1.89
1.76
1.98
2.58
1.75
1.48"
1.85
2.08
1.82
1.91
1.9

2.07
1.77
1.86
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e - Outlet TOe
mg/L
1.7
1.6
1.5
1.7
2.2
1.3
1.4
1.6
2

1.6
1.6
1.7
2

1.5
1.5

e TOC/Sievers TOC
RPD

20.19%

16.39%

16.10%
15.32%
15.92%
29.38%
5,84%

14.65%
3.910/0

12.98%
17.650/0
10.940/0
3.51%

16.58%
21.23%
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5. Estimation of RPD Range
Finally, an· analysis of the data from two .key components· allowed estimation of range in
the RPDbetweenthe river grab sample analysis data from the Bryte Chemical
Laboratory and the Sievers on-line analysis data. These river grab data are from
samples collected while the Sievers analyzer was in active sampling mode so a direct
comparison could be made to the Sievers data. The river grab sample data was
selected because it represents the background water that is the common factor in all
components of this sample investigation. The Sievers analyzer data are included
because they are the object of interest in thispilotstudy.RPD normally expresses the
difference between measurement as a percent. To calculate the RPDspread, each
RPDwas converted to a± range expressed in mg/L.

This analysis shows the range in the spread of the RPD values to be1mg/L or less for
85 percent of the data. The occurrence of when the spread in RPD range value is
greater than1mg/L is predominately during periods of storm events. These data are
shown in Figure 14. The data for the estimation of RPD and RPD range are shown in
Table 1o. These analyses provide support in the ability of the Sievers analyzer to

'provide representative data while in operation at a field facility.
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Figure 14. Estimated Range in RPD Between Bryte Chemical Laboratory TOe
Analysis·of River Grab Sample and Sievers Analyzer On-line Analysis
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Table 10. Comparison of Sievers Analyzer On-line Analysis to
Bryte Chemical Laboratory Filter Outlet and River Grab Sample

TOC Results for Estimation of 2 Standard Deviations Using
One Way ANOVA Analysis of Variance

Collection Sievers Bryte- Bryte - Average ANOVA Point Estimate Spread
Date Analyzer Outlet River TOC mg/L Variance of2 Std. of Std.

TOCmg/L TOC mg/L TOC mg/L Deviations Deviation
mg/L

6/4/99 1.80 1.50 1..60 1.63 0.02 0.30 0.60
6/11/99 1.86 1.50 1.40 1.59 0.06 0.48 0.97

-6/18/99 1.76 1.60 1.50 1.62 0.02 0.26 0.52
6/25/99 1.93 1.55 1.52 1.67 0.05 0.46 0.91
7/2/99 1~63 1.39 1.54 1.52 0.01 0.24 0.48
7/9/99 1.56 1.53 1.64 1.58 0.00 0.11 0.23
7/16/99 2.06 1.60 1.51 1.72 0.09 0.59 1.18
7/23/99 1.69 1.30 1.40 1.46 0.04 0.41 0.81
7/30/99 1.63 1.40 1.30 1.44 0.03 0.33 0.67
8/6199 1.75 1.50 1.40 1.55 0.03 0.36 0.71
8/13/99· 1.80 1.70 1.70 1.73 0.00 0.11 0.23
8/20/99 2.02 1.70 1.70 1.81 0.03 0.37 0.74
8/27/99 1.94 1.60 1.70 1.75 0.03 0.35 0.70
9/2/99 1.90 1.80 1.80 1.83 0.00 0.12 0.24
9/10/99 2.11 1.90 1.80 1.94 0.03 0.32 0.64
9/17/99 2.14 2.00 2.00 2.05 0.01 0.16 0.32
9/24/99 2.04 1.70 1.60 1.78 0.05 0.46 0.93
10/1/99 1.87 1.40 1.50 1.59 0.06 0.50 1.00
10/8/99 1.65 1.40 1.40 1.48 0.02 0.28 0.57

10/15/99 1.67 1.50 1.60 1.59 0.01 . 0.17 0.34
10/22/99 1.65 1.40 1.40 1.48 0.02 0.29 0.58
10/29/99 1.83 2.00 2.20 2.01 0.03 0.37 0.73
11/5/99 2.27 2.10 2.00 2.12 0.02 0.27 0.55

11/19/99 2.57 2.60 2.60 2.59 0.00 0.03 0.07
12/3/99 2.72 2.10 2.00 2.27 0.15 0.79 1.57
12/16/99 2.31 2.00 1.90 2.07 0.05 0.43 0.86
12/23/99 2.09 1.90 1.90 1.96 0.01 0.22 0.43

1/7/00 2.03 1.70 1.70 1.81 0.04 0.38 0.76
1/14/00 2.01 1.90 1.70 1.87 0.03 0.32 0.63
1/21/00 4.15 3.40 3.30 3.62 0.22 0.93 1.86
1/28/00 4.10 3.20 3.10 3.47 0.31 1.11 2.21
2/4/00 3.37 2.80 2.80 2.99 0.11 0.66 1.32
2/11/00 3.25 2.00 2.30 2.52 0.43 1.31 2.61
2/18/00 4.55 3.45 3.80 3.93 0.31 1.12 2.24
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Table 10 continued. Comparison of Sievers Analyzer On-line Analysis to
Bryte-Chemical Laboratory Filter Outlet and River Grab Sample

TOCResultsforEstimation of 2 Standard Deviations Using
One Way ANOVA Analysis of Variance

Collection Sievers Bryte - Bryte- Average ANOVA Point Estimate Spread
Date Analyzer Outlet River TOe mg/L Variance of2·Std. of Std.

TOC mg/L TOCmg/L TOCmg/L Deviations Deviation
mg/L

2125/00 3.70 3.10 3.10 3.30 0.12 0.69 1.39
3/3100 3.08 2.60 2.-60 2.76 0.08 0.55 1.11

3/17100 2.19 1.80 1.70 1.90 0.07 0.52 1.03
3/24/00 2.08 1.70 1.80 1.86 ······",9,,04 0.40 0.79
3/31/00 1.89 1.60 1.70 1.73 0.02 0.29 0.58
4/7/00 1.76 1.50 1.50 1.59 0.02 0.30 0.61

4/14/00 1.98 1.70 1.70 1.79 0.03 0.33 0.65
4/21/00 2.58 2.20 2.40 2.39 0.04 0.38 0.76
4/28/00 1.75 1.30 1.40 1.48 0.06 0.47 0.94
5/5/00 1.48 1.40 1.60 1.49 0.01 0.20 0.40

5/12/00 1.85 1.60 1.60 1.68 0.02 0.29 0.58
5/19/00 2.08 2.00 2.20 2.09 0.01 0.20 0.40
.5/26/00 1.82 1.60 1.60 1.67 0.02 0.26 0.51
6/2/00 1.91 1.60 1.60 1.70 0.03 0.36 0.72
6/9/00 1.90 1.70 1.70 1.77 0.01 0.23 0.45
6/16/00 2.07 2.00 1.90 1.99 0.01 0.17 0.34
6/23/00 1.77 1.50 1.50 1.59 0.02 0.31 0.63
6/30/00 1.86 1.50 1.60 1.65 0.03 0.37 0.74
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Quality Control Samples

The series of Quality Control sample analyses in this study provided a high degree of
assurance that the performance of th.eS,ievers analyzer and the datail produces are of
acceptable precision, accuracy, and quality.

Performance Evaluation Samples
Results from the performance evaluation (PE) sample analysis provided insight into the
analytical accuracy and precision of the Sieversanafyzer. In both rounds of PE sample
analysis, the results of the Sievers analyzer were within the established acceptable
range of recovery for all samples analyzed. The results of these analyses are
presented in Tables 11 and 12. These data show the close agreement in the results and
the low standard deviation between the analyses. For both calibration checks,all the
results were belowthe maximum acceptable 30 percent RPDlevel for precision
between the Sievers analyzer and the Bryte Chemical Laboratory's 011 Analytical 1010
analyzer.T.he first calibration check was completed on June 18, 1999. The first check
standards were made to concentrations of1.25 mg/L of carbon and 1.0 mg/L of carbon.
The1.25mg/L standard had a RPD of 11 percent and the 1.0 mg/L standard had a
RPDof 10
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Table 11. Round 1 • Performance Evaluation TOC Sample
Results between the Sievers Analyzer and the Bryte

Chemical Laboratory 011 Analytical 1010 Analyzer

11/22/99

Sievers 800

Mean/Avg
Standard Deviation

11/22/99

Bryte Lab 011 1010

Mean/Avg
Standard Deviation

ERA Certified Value
ERA Acceptance Range

PE Sample #1 (mg/L)

3.47
3.46
3.46
3.46
3.46

0.005

3.1
3.1
3

3.07
0.058

3.12
2.34· 3.91

57

PESample #2 (mglL)

0.811
0.797
0.792
0.789
0.797
0.009

0.7
0.7
0.6

0.67
0.058

0.569
0.427 -0.714

PE Sample
#3 (mg/L)

6.02
6.04
6.06
6.07

. 6.05
0.022

5.5
5.6
5.5

5.53
0.058

6.06
4.27 - 7.11



Table 12. Round 2 • Performance Evaluation TOC Sample
Results between the Sievers Analyzer and the Bryte Chemical

Laboratory 011 Analytical 1010 Analyzer

6/23/00 Matrix Spike Sample #1 Matrix Spike Sample #2 (mg/l)
(mg/L)

Sievers 800 Run 1 Run2 Run 3 Run 1 Run 2 Run 3

5.0 4.8 4.8 6.2 6.2 6.2
5.0 4.8 4.8 6.2 6.2 6.3
5.0 4.8 4.8 6.2 6.9 6.3

Mean/Avg 4.9 6.3
Standard Deviation 0.1 0.2

6/23/00

Bryte Lab 011 1010
5.6 5.7 5.8 8.7 8.8 8.5

Mean/Avg 5.7 8.7
Standard Deviation 0.1 0.2

ERA Certified Value 4.8 7.8
ERA Acceptance Range 3.8 -5.9 6.3· 9.4
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percent when analyzer results were compared. The second calibration check standard
was completed on June 9.2000. The second check standards were made to
concentrations of 1.05 mg/L of carbon and 5.20mg/L of carbon. The 1.05 mg/L
standard produced aRPD of 21 percent and the 5.20 mg/L standard had a RPDof
6 percentwhen analyzerresults were compared.

Thethree Sacramento River sets demonstrated a consistent difference between the
sets of samples between the two analyzers.. Three sets were collected at the Hood
facility for three consecutive weeks in October and November 1999. The grab-sample
sets from the Sacramento River analyzed by the Sievers instrument revealed RPDs of
20 percent, 18 percent, and 20 percent when compared to the samples analyzed by
Bryte Chemical Laboratory.

Another sample set was coUected from Barker Slough to evaluate the analyzer's
performance with higher turbidity water. The turbidity of the Barker S'lough sample
analyzed by Bryte Chemical Laboratory and the Sievers analyzer was 41.9 NTU
(compared to Sacramento River samples ranged from 15NTU to 20 NTU). Barker
Slough results had an RPD of 8 percent between the Sievers analyzer and Bryte
Chemical Laboratory. Both analyzers demonstrated little variability within the results of
each-sample set collected and analyzed 'as turbidity increased.

The results of the replicate variability analysis from the 011 Analytical carbon analyzer at
Bryte Chemical Laboratory produced precise measurements. The mean and the

• standard deviation of the mean of these analyses are shown in Table 13. These data
showed. little variability within each sample group. This set of samples supports the
quality of the data collected by the Sievers analyzer and the grab samples analyzed by
the 011 Analytical 1010 attha Bryte Chemical Laboratory.

CONCLUSIONS AND RECOMMENDATIONS

The Sievers organic carbon analyzer has demonstrated the ability to operate
consistently and reliably with the water from the Sacramento River at the Hood facility.
The analyzer has provided data of acceptable precision and quality, although the
analysis of raw surface water is outside the realm of normal application for this
instrument. This study demonstrated th.at the amountof data afield-dedicated analyzer
can economically generate exceeds any amount that field staff can obtain by collecting
grab samples. The information gathered from the remote installation and operation of
this analyzer provides credence to the proposal to establish a series of real-time TOC
monitoring stations in the Sacramento-San Joaquin Delta. The Sievers analyzer has
proven itself to be dependable and reliable. The instrument has not experienced any
breakdowns or required major repairs outside of routine maintenance since it was put
into service. The few problems observed were a result of the water delivery system
modifications and not with the analyzer itself. The MWQI Program has
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Table 13. Bryte Chemical Laboratory Replicate Analysis
Variability of DOC and TOe Samples

Sample Type Sample Purpose Collection TOC/DOC
Date mgll

TOe Unfiltered Blank Water 7/24/03 <0.1
TOC Unfiltered Blank Water 7/24/03 < 0.1
TOe Unfiltered Blank Water 7/24/03 <0.1
TOC Unfiltered Blank Water 7/24/03 < 0.1
TOe Unfiltered Blank Water 7/24/03 < 0.1
TOC Unfiltered Blank Water 7/24/03 < 0.1
TOC Unfiltered 13lankWater 7/24/03 0.1
TOe Unfiltered Blank Water 7/24/03 < 0.1
TOC Unfiltered Blank Water 7/24/03 0.2 Mean 0.04
TOC Unfiltered Blank Water 7/24/03 0.1 Standard Deviation 0.07
DO.C Filtered Blank Water 7/24/03 0.2
DOC Filtered Blank Water 7/24/03 0.2
DOC Filtered Blank Water 7/24/03 0.2
DOC Filtered Blank Water 7/24/03 0.1
DOC Filtered Blank Water 7/24/03 0.1
DOC Filtered Blank Water 7/24/03 0.2
DOC Filtered Blank Water 7/24/03 0.2
DOC Filtered·Blank Water 7/24/03 0.2
DOC Filtered Blank Water 7/24/03 0.3 Mean 0.2
DOC Filtered Blank Water 7/24/03 0.3 Standard Deviation 0.067
TOe Unfiltered Matrix Water 7/24/03 1.4
TOe Unfiltered Matrix Water 7/24/03 1.4
TOe Unfiltered Matrix Water 7/24/03 1.5
TOC Unfiltered Matrix Water 7/24/03 1.5
TOe Unfiltered Matrix Water 7/24/03 1.5
TOe Unfiltered Matrix Water 7/24/03 1.5
TOe Unfiltered Matrix Water 7/24/03 1.5
TOe Unfiltered Matrix Water 7/24/03 1.5
TOC Unfiltered Matrix Water 7/24/03 1.4 Mean 1.45
TOe Unfiltered Matrix Water 7/24/03 1.3 Standard Deviation 0.071
DOC Filtered Matrix Water 7/24/03 1.3
DOC Filtered Matrix Water 7/24/03 1.4
DOC Filtered Matrix Water 7/24/03 1.4
DOC Filtered Matrix Water 7/24/03 1.5
DOC Filtered Matrix Water 7/24/03 1.5
DOC Filtered Matrix Water 7/24/03 1.5
DOC Filtered Matrix Water 7/24/03 1.5
'DOC Filtered Matrix Water 7/24/03 1.4
DOC Filtered Matrix Water 7/24/03 1.8 Mean 1.49
DOC Filtered Matrix Water 7/24/03 1.6 Standard Deviation 0.137
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demonstrated ·thatwith an .appropriate installation design, the.autoanalyzer will operate
satisfactorily under the condiitions present at this field facility. One issue of the initial
study plan that is still being developed is the telemetry component of having the Sievers
analyzer data remotely accessible. It is planned 10 have the Sievers analyzer data
collected by a dataloggerthat would feed the data to an on-line database like the
California Data Exchange Center (CDEC).Work is progressing with this objective.

Another important aspect of this study was assessing and solving the field-related
issues of how to instan, operate, and maintain a field-dedicated instrument of this type.
New sampling techniques and procedures were developed and refined to assure the
quality of the sample collection process. Routine inspections and monitoring of the
water delivery system were performed to detect problems or to initiate modifications to
the system before problems d~veloped.

Our understanding of the water delivery system and the review of grab sample data
showed the importance of the filtration device in retainingorganiq matter dislodged from
the water lines.. If this extraneous matter had been allowed to enter the analyzer, it
could have produced unrepresentative data or possibly have damaged the instrument.
This. issue resulted in design changes that will be incorporated into the water delivery
system for the next phase of this study planned to start in early 2001.

The combined datacoUected for this study provided some unexpected information.
When comparing data in the tables and graphs of the analyzer on-line results with the
Bryte Chemical Laboratory grab sample results, the Sievers analyzer tended to produce
values slightly higher than the corresponding Bryte Chemical Laboratory grab sample
values. The difference in these values became more-pronounced during the winter
storm season when increased TOC levels and turbidities occur. After reviewing the
data, the· managers of the Bryte Chemical Laboratory concluded it was likely their
analyzerwas under reporting TOe in samples with turbidities Qver 100 NTU. Staff
determfriedthat the digestion method of analysis as employed by the lab might r~quire
some revision to provide better performance with samples of high turbidity. The
limitations of the current analytical method in water with. increased turbidity and matrix
composition may have contributed to some of the differences between the Sievers and
Bryte Chemical Laboratory data. Additional samples will be collected during the
2000/2001 storm season to evaluate the performance of the revised methodology.

While this study demonstrated the Sievers autoanalyzer's ability to perform satisfactorily
with Sacramento River water, it is unknown how it will perform with water conditions at a
different site. Othersites in the Delta under consideration for the installation of a TOe
analyzer have water quality characteristics much different from those found attheHood
facility. Sites with. severe water quality issues including high turbidity and suspended
materials may be problematic for the Sievers analyzer. Because ofthis issue and other
limitations of the Sievers unit, the MWQI staff investigated other types of TOe analyzers
designed for field use. At the time the Sievers T-800 analyzer was purchased, it was
determined to be the most applicable instrument on the market for our needs. In the
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time since th.e Sievers unit was purchased, many developments inthe technology of this
field have occurred, and improved instrumentation might now be available.

Afterinvestigating new models ofautoanalyzers and evaluating their respective
operational components, a new model was selected for future use that has many new
features not found on the·Sievers T...800. The MWQI staff has chosen to field test a
Shimadzu 4000 total combustion organic carbonautoanalyzerin conjunction with. the
Sievers analyzer. The total combustion method of analysis used by the Shimadzu is a
more appropriate method for the TOCanalysis of raw source water. The Shimadzu
4000 was chosen for the next phase of this study for itsdesign,construction. and
operational features that make it better suited for field operations. The Shimadzu unit
can tolerate particle sizes up to 800.0 JA,mwithout any configuration changes. It can be
installed with two intake ports and can be configured to provide DOC analysis from one
port and TOCanalysis from the other. Ilcan also be programmed to self-calibrate as
well as store pre-programmed sampling scenarios which can be remotely initiated by
computer command access.

A change in design for part of the Hood facility water delivery system is planned to limit
the build-up of on-line sediments and algal growth and to accommodate the installation
requirements of the Shimadzu analyzer. The fixed PVC waterlines that currently
connect the analyzer to the water delivery manifold will be replaced with Teflon lined
tubing. The Teflon-lined tubing will be inserted. into large PVC conduit to protect the
tubing from light to· minimize algal growth. If or when algal growth or sedimentation
occurs in the tUbing, the tubing can be disconnected, removed from the conduit and
replaced with clean tubing.

The original concept of installing an organic carbon autoanalyzer in a field setting was
conceived to monitor organic carbon in source waters for drinking water purposes. By
installing an automated organic carbon analyzer at the Hood facility, the MWQI Program
has demonstrated the potential for establishing TOCautoanalyzers at other critical
water quality monitoring stations. The knowledge gained from the installation and daily
operation of the Sievers autoanalyzerwill provide valuable experience in testing new
models of analyzers and equipping additional field stations with TOC autoanalyzers.
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