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- FOREWORD

In 1982, the Department of Water Resources appointed a panel of
o scientists to evaluate the human health aspects of using Delta water
supplies. The panel concluded that there was insufficient data on many
important factors and contaminant sources that could affect water
quality. Some of these factors include tidal action and riverflows,
agricultural drainages, pesticide use, waste water discharges, and water
movement within the Delta. The panel recommended a program to develop a
— comprehensive analytical model that would incorporate and analyze these
' factors.

In April 1983, the Interagency Delta Health Aspects Monitoring Program
was initiated in response to the panel's recommendation. The program is
now in its fourth year of monitoring and examining the effects of
natural and man-related events on the quality of Delta water supplies.

The 1986 Project Report describes program activities and presents
findings for data collected between January 1985 and June 1986. Study
results indicate that Delta water supplies are generally of acceptable

; quality with respect to the levels of chemical contaminants and minerals
— that may affect human health.

The program should continue to provide needed information on sources of
degradation of Delta water supplies. The program's combined activities
of monitoring and investigating water quality changes are invaluable to
I water resource planning and protection.

"James U. McDaniel
Chief, Central District

iif
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SUMMARY

In 1982 the Department of Water
Resources appointed a scientific
advisory panel to examine human health
aspects related to the use of water
supplies from the Sacramento-San
Joaquin Delta. The panel submitted a
report with several long-term recommen-
dations for monitoring and studying the
water quality of the Delta. The panel
had specific concerns about the effects
from waste discharges, riverflow condi-
tions, pesticides, ocean water intru-
sion, agricultural drainage, and water
project operations. The Interagency
Delta Health Aspects Monitoring Program
was initiated in July 1983 in response
to the panel report.

Several tasks were undertaken to meet
specific concerns of the 1982 scien-
tific advisory panel. Separate tasks
were developed to:

° Monitor pesticide contaminants in
water,

Study effects of tides and riverflow
on expert water quality,

Characterize and track water sources
and movement,

Identify and study agricultural
drainages,

Examine contributing sources of total
trihalomethane formation potential,

Examine waste discharges, and

Test computer models that might help
predict impacts from both point (e.g.
sewage outfalls) and non-point (e.g.
land runoff) sources of pollutants.

This project report of the monitoring
program describes activities from
January 1985 through June 1986 and
presents current findings.

Monitoring data showed selenium, pesti-
cides, and sodium levels in Delta water
supplies are below drinking water stan-
dards or Department of Health Services
action levels.

By examining the electrical conductiv-
ity and chloride to sodium ion ratios,
water sources were identified. The
data showed that the interaction of
tidal excursions and Sacramento River
flow during the summer had a signifi-
cant effect on the quality of water
exported by the Delta-Mendota Canal and
Banks Pumping Plant facilities. During
the last half of 1985, export water was
predominantly a mixture of Sacramento
River water blended with San Francisco
Bay tide water. The effect of San
Joaquin River water on export water
quality was not apparent.

Agricultural drain water and irrigation
return water could be significant
sources of trihalomethane precursor
material to Delta waters. They may
also affect mineral content of receiv-
ing waters by increasing the concentra-
tion of salts. Efforts are in progress
to quantify these loads to the Delta.

Discharge of treated effluent from the
Sacramento Regional Wastewater Treat-
ment Plant did not significantly affect
the quality of water downstream at Hood
and Greene's Landing. This may be
attributed to the high level of treat-
ment and dilution at the discharge site
at Freeport.



A pesticide monitoring selection scheme
was developed to target monitoring
efforts. The scheme eliminated the
approach of conducting expensive and
numerous laboratory tests for chemicals
with a low probability of detection in
water. Emphasis was placed on site-
and time-specific monitoring for
chemicals in high use or with a
relatively high potential of being
carried by water.

Computer models developed by the U. S.
Environmental Protection Agency are

being tested for predicting the effects
of pollutants on Delta water quality.
The models could improve monitoring
efforts and identify additional types
of measurements or studies needed to
help predict the effects of natural and
man-induced events on water quality in
the Delta.

The Department will continue the pro-
gram to meet the long-term objectives
of the scientific advisory panel and
the needs of its Technical Advisory
Group. ‘
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Chapter 1.

This is the second project report of
the Interagency Delta Health Aspects
Monitoring Program. Five semiannual
progress reports and a project report
were published earlier.

The program began in July 1983; initial
focus was on monitoring raw water
supplies in the Delta for contaminants
that could affect human health. The
scope of work has expanded to collec-
tion of data on specific factors that
can affect the water quality and quan-
tity of exported water supplies. These
factors include riverflows, agricul-
tural related practices, and tidal
movements.

These new activities were initiated to
meet the recommended long-term objec-
tives of a scientific advisory panel
that investigated human health aspects
of Sacramento-San Joaquin Delta water
supplies. This panel was appointed by
the Department of Water Resources
because of concerns about the quality
of raw water supplies diverted from the
Delta for domestic use. Findings of
the panel were submitted to the
Department on December 31, 1982, in a
report titled, Public Health Aspects of

Sacramento-San Joaquin Delta Water
Supplies /1/.

The panel had recommended the following
long-term objectives to the Department:

1. Establish a monitoring program that
identifies sources of contaminants to
the Delta, how contaminants from each
source are transported through the
system, and how they affect concentra-
tion at points of withdrawal.

INTRODUCTION

2. Obtain information on factors that
affect the movement and fate of contam-
inants in the Delta.

3. With such information, develop a
comprehensive analytical model to
incorporate and analyze the following
elements:

° Location and magnitude of sodium,
asbestos, and organic material,
including inflows to the Delta,
agricultural drainage, waste water
discharges, and ocean water
intrusion.

° Factors affecting contributions from
each important source such as river-
flow, season, level of waste water
treatment, and reservoir release
patterns.

° Variability of constituent concen-
trations at critical points of the
Delta as affected by sources and flow
patterns.

° Effects of Delta water quality,
storage, transport, blending, and
treatment on the quality of treated
drinking water.

4, This model would provide informa-
tion for making decisions on how to
manage the water resources of the
State.

Separate tasks are being performed to
address some of the concerns expressed
in the long-term objectives. These -
tasks are described in subsequent
sections of the report and are
summarized in Table 1.



Table 1

PROGRAM TASKS TO ADDRESS SPECIFIC CONCERNS

Effects from Tidal Excursions and Riverflows
Task WOl, Health Aspects Water Quality Monitoring. Sampling is conducted monthly at key Delta locations

for sodium, trihalomethane formation potential, minerals, and other parameters to determ1ne if
raw water supplies can be treated to meet drinking water standards and to identify potentlal
treatment and human health problems.

Iask WQ2, Characterization of Water Sources. Water sources are being character1zed by compar1ng ‘
constituents at key Delta stations. The data will be used to help track general water movement

and water quality trends in the Delta.

Task WQ3, Tidal Effects Study on Exported Water Quality. During different summer tidal stages, the

direction and mixing of water along 0ld and Middle r1vers and other channels are being studled.‘
-The data will be used to help quantify the effects on' vater quality from different sources of
water to the Clifton Court Forebay and Delta-Mendota Canal intakes during low Delta outflow and .
various tidal conditions.

Effects from Agriculture Related Activities

Task AGl, Drainage Water Quality Monitoring. Irrigation return flows from dralnages at Emplre Tract,
Grand Island, and Tyler Island are being monitored for salts, pesticides, trihalomethane (THM)

formation potential, and other constituents. The data will be used to assess the loadlng effects
of drainage on receiving water quality during the year.

Task AG2, Locating Irrigation‘Return1Water Discharges. Discharge points of irrigation return water on
leveed Delta islands are being identified and mapped. This information will be used to identify
sources of contamlnants and plan upcoming work to assess the 1mpact of agr1cu1tura1 drainages on
Delta water quality..

Task AG3, San Joaquin River Monitoring. Comprehensive water quality monitoring near Vernalis for total
and dissolved trace inorganics, pesticides, and other constituents has been initiated to study
the effects of San Joaquin River water quality on exported water. There is concern about
selenium and other trace elements that are discharged into the San Joaquin River from

. agricultural drainage.

Task AG4, Selected Pesticide Monitoring. Through a selection prdtocol based on pesticide usage patterns
and environmental behavior, water samples are collected for specific pesticide analyses. The
data are used to identify potential contamination problems for raw water supplies and treatment
plants. Sampling is conducted more frequently during chemical application periods.

Task AG5, Modeling Pesticide Fate and Tramsport. Existing computer models developed by the U.S.
Environmental Protection Agency (EPA) to predict the fate and movement of organic pesticides in
an aquatic system are being tested to help assess the threat of contamination to drinking water
supplies. The models are used to evaluate the pesticide monitoring selection protocol for




Task AG4 and to study the effects of riverflow and other environmental conditions on the
distribution of pesticide contaminants.

Task AG6, Health Effects Database on Selected Chemicals. Drinking water standards now exist for only a
few pesticides. A computer literature search for human health effects data is underway for

chemicals appearing on the selected pesticide monitoring task (AG4) for which there are no
drinking water standards. The data will be used to assess the degree of risk to users of Delta
water supplies found with traces of these contaminants.

Effects from Waste Water Disgyg;ggg

Task WD1, Survey Major Waste Water Dischargers. The Central Valley Regional Water Quality Control Board
provided effluent monitoring data on major municipal and industrial waste dischargers within the

program study area. The data will be examined to estimate total waste loads and to determine if
special studies on receiving water impacts are needed.

Effects of Raw Water Quality and Treatwent
Task TR1, Assess THM (Trihalomethane) Formation Potential. As part of the monthly water quality

monitoring activities (Task WQl), parameters such as total organic carbon and color are measured.
In addition, water samples are chlorinated and analyzed for total THM formation potential and THM
species to identify potential THM treatment problems. Water quality parameters related to the
extent of THM formation during disinfection are also being studied. :

Modeling Water Quality in the Delta
Task MOD1, Use Existing Water Qualityv Models. Computer models developed by EPA to study the

distribution, fate, and transport of waste waters and spilled materials are being tested for use
in studying Delta water quality as affected by waste water discharges and pesticide usage. EPA
recently made several models available for personal computer use. Models under study include
EXAMS (exposure analysis modeling system), QUAL2E (a stream quality routing model), and WASP3P (a
chemical transport and fate model).




Chapter 2.

Results of the Interagency Delta Health
Aspects Monitoring Program for 1985
through June 1986 showed:

1. Selenium concentrations in the
Delta are meeting the (10 ug/L) drink-
ing water standard. The highest con-
centrations have been observed in the
lower San Joaquin River in Mud and Salt
sloughs. Subsequent dilution and
natural removal processes result in
concentrations of 2 ug/L or less at the
San Joaquin River near Vernalis. The
data indicate that selenium does not
constitute a health threat to consumers
of Delta water supplies.

2. Pesticides concentrations have been
far below Department of Health Services
action levels or drinking water
criteria. When found, the levels were
barely above the analytical limit of
detection (generally 1 ug/L or less).
The data indicate a wide margin of
safety in the drinking water quality
with respect to harmful pesticide
concentrations.

3. Irrigation return flow drainage can
have major effects on water quality.
Preliminary data indicate that drainage
from Delta islands is a major
contributing source of trihalomethane
precursor materials and may have the
most significant effect on the total
trihalomethane formation potential of
Delta water supplies exported by the
State and Federal water projects.

4, Asbestos analyses of surface waters
need to be improved to obtain repro-
ducible results. Until the methodology
is refined, asbestos data cannot be
interpreted.

FINDINGS

5. Sodium levels in Delta channels met
the National Academy of Sciences recom-
mended limit of 270 mg/L for persons on
moderately restricted sodium diets.
However, the levels exceeded the

20 mg/L limit for persons on severely
restricted sodium diets. Persons on
severely restricted sodium diets
generally drink sodium-free water.

6. The quality of export water was
significantly affected by Sacramento
River flows and tidal influences during
the last half of 1985. Comparisons of
chloride and sodium ratios showed the
direction and predominant source of
water to the export pump intakes.
Electrical conductivity measurements
alone were insufficient "tracers" of
water movement.

7. The quality of export water was
reflective of Sacramento River water
mixed with saline bay water. The
effects of San Joaquin River quality
and flows on export water were not
detectable.

8. The drinking water quality of the
Sacramento River downstream of the
Sacramento Regional Wastewater Treat-
ment Plant outfall does not appear to
be greatly affected by the waste
discharge.

9. The use of water quality models to
study the fate and transport of
constituents in surface waters and
discharges may help predict water
quality changes and improve monitoring
effectiveness.



Chapter 3.

The following recommendations are
offered as a result of monitoring to
date.

1. Efforts should be continued to meet
the long-term objectives of a 1982
Department appointed scientific
advisory panel that examined human
health factors of Delta water supplies.

2. Monitoring possible effects of San
Joaquin River flows and quality on
export waters should continue in view
of public concern over selenium,
pesticides, and agricultural drainage
constituents.

3. The potential effect of Delta
island irrigation return waters on
Delta water quality should be examined,
as preliminary data suggest these
drainages are major sources of tri-
halomethane precursors and may have the
most important effect on the total

RECOMMENDATIONS

trihalomethane formation potential of
Delta water exported by the State and
Federal water projects.

4. The monitoring program and special
tasks should be performed to meet the
information requirements of computer
water quality models developed to pre-
dict the effects on water quality from
spills, waste discharges, project
operations, and riverflow.

5. Standard mineral analyses should be
included in the monitoring program to
improve the characterization of water
sources. Ionic ratios proved to be more
useful than electrical conductivity
measurements alone.

6. Asbestos monitoring should be dis-
continued until the analytical method
for quantifying asbestos can provide
confidence in the interpretation of
results.



Chapter 4. PROGRAM TASKS AND RESULTS

Department of Water Resources staff has
been responsible for conducting the
Interagency Delta Health Aspects Moni-
toring Program. Program activities are
developed to meet the recommendations
of a Technical Advisory Group and the
long-term objectives recommended by the
1982 Department appointed scientific
advisory panel.

Laboratory support is provided by the
Department's Bryte Laboratory and
through contractual agreement with
McKesson Environmental Services in
Pleasanton. The Bryte Lab conducted
standard water quality measurements
(e.g. conductance, mineral content),
trihalomethane testing, and on
occasion, pesticide analyses. The
McKesson laboratory primarily performed
pesticide and priority pollutant
analyses. Bromide and dissolved copper
testing were also performed on request.
Bromide and copper analyses were later
stopped because detection limits were
above sample concentrations. Perfor-
mance of both laboratories was evalu-
ated by duplicate sample splitting,
internal quality control measurements,
and spiked samples. Details are dis-
cussed in Appendix D, Laboratory
Performance 1985-86.

This second project report presents
findings and progress of various tasks
associated with the program from
January 1985 through June 1986. Activ-
ities prior to 1985 were reported in an
earlier project report /2/.

Water Quality and
Tidal Effects Studies

Three tasks are underway to study the
effects of tidal excursions and
riverflows on Delta water quality.

Health Aspects Water Quality
Monitoring (Task WQl)

Monthly sampling is conducted at key
Delta locations for sodium,
trihalomethane formation potential,
minerals, and other parameters. The
data are used to determine if raw water
supplies are meeting drinking water
standards and to identify potential
treatment and human health problems.
The study area and locations of key
monitoring stations are shown in
Figure 1.

Field measurements of conductivity, pH,
dissolved oxygen, and temperature are
made on site. Water samples are
collected with a stainless steel
Kemmerer-type sampler. Samples are
appropriately treated and stored in
clean containers provided by the
laboratories for the type of analyses
to be conducted. Glass bottles and
vials are used for water samples under-
going pesticide, trihalomethane, and
priority pollutant analyses. Plastic
containers are used for standard
mineral analyses. Samples undergoing
pesticide analysis are delivered to the
laboratories on the day of collection.

Results of the field and laboratory
measurements are presented in

Appendix A, Monitoring Program Data.
Field sampling methodology is described
in Appendix B, Field Sampling
Procedures.

The National Academy of Sciences (NAS)
has recommended a 270 mg/L limit in
drinking water for persons on
moderately restricted sodium diets and
a 20 mg/L limit for those on severely
restricted sodium diets. Sodium levels
in all water samples were below the

270 mg/L limit except for agricultural

11



drain water samples taken from Empire
Tract. Since agricultural drainage is
not used as a drinking water supply,
the NAS limit would not apply. Sodium
levels were occasionally above the

20 mg/L limit at some statiors; .:
however, most persons on a severely
restricted sodium diet use sodium-free
bottled ‘water.

The current: dr1nk1ng water standard for
selenium is 10 ug/L. EPA is currently
proposing a 45 ug/L drinking water cri-
terion. Water samples collected from
all stations had selenium concentra-
tions at or below 2 ug/L. ' Most results
weré below the analytical detectlon
limit of 1 ug/L.

Starting in 1985, measurement of water
samples for asbestos was reduced to a
sanipling freéquency of twice a year
becauseé the interpretative value is in
question due to high variability in the
data. Asbestos andlyses done in tripli-
cate on the same water samples differed
significantly.  Until improvements are
made in the determination of asbestos
in water, high confidence in asbestos
data cannot be obtained.

Pesticide monitoring for a select group
of chemicals meeting specific behav-
ioral characteristics was also con-
ducted. A complete description of the
pesticide monito¥ing task is presented
later in this report. 1In general, most
pesticides monitored were below the
analytical limit of detection (1 ug/L
or less). Of those chemicals detected,
trace amounts were found near the limit
of detection.

Tests for trihalomethane formation
potential and trihalomethane species
that: are formed when raw water samples
are chlorinated were also conducted.
These tests do not reflect the actual :
trihalomethane concentrations in
finished (treated) drinking water
available to the public. The tests
were’ conducted to identify when and
where modified water treatment opera-
tions may be necessary when water is

12

withdrawn from a specific area in the
Delta.

Complete descriptions of the pesticide
monitoring results and the
trihalomethane studies are preserited
separately in this report.

Charac¢terization of Water Sources

(Task WQ2)

Constituents are being compared to
characterize water sources and mixing
at key stations. Comparisons of elec-
trical conductivity, major ion concen-
trations, and specific ion ratios by~
molarity and weight are some of the
methods being used to follow general
water movement and water quallty trends
in the Delta.

The quality of water exported by the
Delta-Mendota Canal z@nd the State Water
Project is affected by a complex ‘
variety of sources and conditions.
Primary water sources include fresh:
water of the Sacramento and San.Joaquin
rivers. These waters, in turn, areée =
affected by agricultural drainage, sea
water intrusion, waste discharges,: and
land runoff. The proportion of :
Sacramento and San Joadquin river waters
entering the State and Federal wdter
projects has been estimated by salinity
measurements (electrical conductivity
or total dissolved solids). However,
salinity measurements may not
accurately reflect water movement and
mixing, as waters of similar sa11n1ty
may differ significantly in 1on1c‘
‘¢composition.

As a first step in studying ‘water mdve-
ment and quality changes in the Delta
that affect the State and Federal water
projects, the characteristics of water
at the intakes and major channels lead-
ing to the intakes were examined. TFor
Jaruary 1985 through June 1986, the
data showed:

1. Exported waters, measured at the
Banks Pumping Plant headworks and
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Station
Location
Humber

OJOXOROROROROLIOXC

Station Name
Station Mumber

American River at Water
Treatment Plant

. AO714010

Sacramento River at
Greene's Landing
B9DB2071327

Cache Slough at Vallejo
Pumping Plant
B9DB1781448

Lindsey Slough at
Hastings Cut
B9DB1581462

Agricultural Drain on
Grand Island
B9V81171369

Agricultural Drain on
Tyler Island
B9V80801348

Little Connection Slough
at Empire Tract (end of
8-Mile Road)

B9D80361299

Agricultural Drain on
Empire Tract (west end
of 8-Mile Road)
BI9VE0361274

Rock Slough at 014
River -
B9D75841348

@OPOPE®E®O®

Station
Location
Mumber

Station Name
Station Number

Clifton Court Intake
KA000000

Delta-Mendota Intake
at Lindeman Road
B9C74901336

H. 0. Banks Delta
Pumping Plant at
Headworks
KA000331

Middle River at Borden
Highway (Middle River
at Highway 4 Bridge)
B9D75351293

San Joaquin River near
Vernalis
B0702000

Lake Del Valle Stream
Release
DV004000

Mallard Slough at
ccuppp -
B8XB0221556

Sacramento River at
Mallard Island
E0B80261551

North Bay Interim
Pumping Plant Intake
KE000000

STATION LOCATIONS

rannino,

oTRACY

I ®©inBy4



Delta-Mendota Canal intake, were higher
in EC and chloride to sodium (Cl:Na)
molar ratios during the last half of
1985 than in 1984 (Figure 2).

2. The rise and fall of EC and Cl:Na
molar ratios at the Banks headworks and
Delta-Mendota Canal intake corresponded
with similar observations at the Rock
Slough at 0ld River station and Middle
River station (Figure 3).

3. The rise and fall of EC and Cl:Na
molar ratios at the Rock Slough and
Middle River stations corresponded to
that of the Sacramento River at Mallard
Island station, which is subject to
tidal excursion and bay salinity intru-
sion during low riverflows. Rock
Slough station water was more affected
by the Mallard Island water quality
than was Middle River (Figure 4).

4. Observed water quality at the
aforementioned stations corresponded to
reduced Sacramento River flows, which
were lower than flows during the same
period in 1984. San Joaquin River
flows were essentially unchanged from
the previous year. (Figure 5). Molar
chloride to sodium ratios indicated
fairly constant composition of river
water quality at Greene's Landing and
Vernalis (Figure 5).

5. San Joaquin River EC measured near
Vernalis resembled export water conduc-
tivity, but falsely suggested that the
waters were similar in composition.

The molar Cl:Na ratios differentiated
between the water types during July
1985 through January 1986 (Figure 6).
Quality of exported water was more sim-
ilar to water flowing into the southern
Delta through 0ld and Middle rivers.
The value of using ionic ratios over
salinity values was demonstrated in
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this study of water movement and
characterization.

Standard mineral analyses have been
added to the list of laboratory deter-
minations to be performed on water
samples. ITonic ratios will also be
analyzed to improve the ability to
track water sources and changes with
time. Results of recent mineral
analyses are shown in Table 2.

Study of Tidal Effects on
Export Water Quality

(Task WQ3)

The direction and mixing of water along
01d and Middle rivers and other chan-
nels will be studied during different
tidal stages. The data will be used to
help quantify water quality effects of
different sources of water to the
Clifton Court and Delta-Mendota Canal
intakes.

Three sampling runs were conducted
during high slack tide (Figure 7). On
August 7, 0ld River was sampled; on
August 21, both 01d River and Middle
River were sampled; and on August 22,
the east and west ends of Potato Slough
were sampled. Water samples were col-
lected at the 6-foot depth for standard
mineral analyses. Results of labora-
tory analyses are not yet available,
but depth profiles of field conductiv-
ity and temperature measurements are
presented in Appendix E, Tidal Effects
Study Field Measurements. Sampling
during other hydrologic conditions and
at other reaches is being planned. The
studies will provide information on the
proportion of Sacramento and San
Joaquin river waters and bay water
diverted to the Federal and State water
project intakes.
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Table 2

MINERAL DATA

STATION  DATE TEMP pH EC DO CA MG NA K Alk* sou c1 NO3 B TDS TH* TURB
NAME {C) FIELD (uS) (rmm==-==mmmmmcmeaaen Milligrams per Liter ~—---=--===ceeeee—- (FIU) |
AGDEMPIRE 03/04/86 19.5 7.3 2840 8.0 205 100 233 2.7 127 345 595 138.0 0.4 1860 924 - 7
AGDEMPIRE 04/17/86 15.0 7.4 1610 8.8 90 47 148 3.3 202 62 357 5.3 0.3 996 418 10
AGDEMPIRE 05/13/86 - 21.5 7.5 2000 6.6 108 56 204 2.7 217 50 506 0.8 0.3 1190 500 15
AGDEMPIRE 06/11/86 22.0 8.1 2760 5.7 150 84 296 2.5 215 18 830 0.0 0.4 1630 720 14
AGDGRAND  02/27/86 17.5 7.0 602 4.4 46 29 35 4,0 118 132 27 27.0 0.4 419 235 24
CLIFTON  03/04/86 16.5 7.3 306 7.8 15 7 29 2.1 50 41 29 3.1 0.2 177 66 21
CLIFTON  04/09/86 16.5 7.2 197 8.8 11 5 20 1.5 39 24 20 1.2 0.2 121 48 14
CLIFTON  05/07/86 15.5 7.3 280 8.8 16 7 27 1,8 55 36 28 3.2 0.2 171 69 13
CLIFTON  06/04/86 20.5 7.3 303 8.2 16 8 29 1.7 52 39 33 3.8 0.2 177 73 26
DMC 07/02/86 24.5 7.3 530 7.0 28 14 54 2.6 78 65 62 5.2 0.3 338 128 13
BANKS 07/02/86 24.0 7.3 305 6.k 16 9 31 .3 59 3% 33 1.6 0.2 231 77 25
ROCKSL 07/02/86 25.5 7.3 225 6.3 .13 .8 19 1.9 56 21 19 1.0 0.1 1us 66 15
GREENES 03/13/86 11.5 7.3 70 11.0 6 3 3 0.8 30 4 2 0.9 0.0 49 28 58
GREENES  04/23/86 18.5 7.3 179 8.5 13 8 10 1.2 64 .12 7 3.1 0.0 114 66 14
GREENES  05/28/86 23.5 7.3 188 7.5 13 8 12 1.4 65 14 9 2.1 0.0 109 66 14
GREENES  06/25/86 24.5 7.3 161 7.8 11 7 11 1.2 52 11 8 1.5 0.1 106 56 13
MALLARDIS 02/27/86 14.5 7.0 169 8.8 12 6 12 2.0 43 18 12 5.8 0.1 102 54 58
MALLARDIS 03/13/86 13.0 7.3 161. 9.4 .10 6 12 1.8 42 18 14 2.6 0.1 108 50 51
MALLARDIS 04/23/86 16.5 7.3 226 8.9 12 7 20 1.6 48 22 23 2.6 0.1 136 59 22
MALLARDIS 05/28/86 17.0 7.6 4160 8.6 41 90 680 29.0 65 193 1240 1.4 O.4 2340 473 26
MALLARDIS 06/25/86 21.0 7.7 4250 8.1 40 94 689 28.0 65 197 1280 0.9 0.4 2430 487 36
VERNALIS 03/04/86 15.0 7.3 268 8.3 14 6 28 1.9 50 38 26 2.6 0.2 166 60 26
VERNALIS 04/09/86 15.0 7.3 169 9.2 10 5 18 1.5 39 24 18 1.5 0.1 114 45 20
VERNALIS  05/07/86 14.5 7.3 257 8.8 15 7 27 1.8 54 37 27 4.9 0.2 168 66 17
VERNALIS 06/04/86 20.5 7.3 254 8.0 15 7 26 1.6 49 37 28 3.3 0.2 160 66 22
VERNALIS 07/02/86 23.0 7.5 595 7.9 31 16 65 3.0 90 82 75 5.6 0.3 390 1luh 9
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Effects of Agriculture on
Water Quality Studies

There are six program tasks to study
effects of agriculture and related
activities on Delta water quality.

Drainage Water Quality Monitoring
(Task AGl1)

Irrigation return flows from drainages
at Empire Tract, Grand Island, and
Tyler Island are being monitored for
salts, pesticides, THM formation poten-
tial, and other constituents. The data
will be used to assess the loading
effects of drainage on receiving water
quality during the year.

The sampling locations and estimated
size of each island are shown in
Figures 8 and 9. Data to compute
monthly loadings of drainage con-
stituents have been requested from the
island managers. Monthly loadings will
be estimated by multiplying constituent
concentrations by pumping rates. Elec-
trical energy usage and data on pump
efficiencies will be used to estimate
pumping rates.

Monthly conductivity and molar chloride
to sodium ratios are shown in -
Figure 10. During the historic flood
of February 1986, the levee at Tyler
Island failed, resulting in the inunda-
tion of the island. No samples were
collected from Tyler Island until after
the levee was repaired and water was
pumped back into the channels.

Sampling resumed in June 1986, but the
data may not reflect typical drainage.
Debris and many dead fish were observed
in the drain, attributed to the reced-
ing water and to clean-up operations on
the island. The drainage was highly
turbid, deeply colored, and odorous
(hydrogen sulfide gas).

Moﬁthly sampling at drainages on Empire

Tract and Grand Island was not
interrupted.

22

Drainage quality at Empire Tract is
distinctly different than drainage from
Tyler and Grand islands. Empire Tract
drainage exhibits chloride to sodium
ratios similar to sea water. The elec-
trical conductivity value of the
drainage is about 1,000 uS/cm higher
than that of the other two islands.
Also, the laboratory analyses show a
greater fraction of brominated tri-
halomethanes in Empire Tract drainage
compared to the other islands. These
differences may be due to a connate
water source.

At all three drainages, similar
patterns in conductivity were observed.
Peak levels generally occurred in
October through March, followed by
progressively decreasing values in _
April and May, with annual lows in June
through August. The shifts in the
values result from application of river
water during the irrigation months and
leaching of soils during winter.

Pesticide concentrations were below
detection or in trace amounts when
detected at these drains. Sodium
levels and conductance would exceed
health standards if used for domestic
purposes. Trihalomethane formation
potentials were exceptionally high and
indicate a significant contribution of
THM precursor material to Delta waters
(Table 3).

Locating Irrigation Return
Water Discharges
(Task AG2)

Discharge points of irrigation return
water are being identified and mapped.
This information will be used to iden-
tify sources of contaminants and to
plan upcoming work to assess their
impact on water quality.

Figure 11 is a map showing drainage
discharge points near the Clifton Court
and Delta-Mendota Canal intakes.. A ..
request for data to estimate loadings-
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Table 3

AGRICULTURAL DRAINAGE QUALITY

CH CH CH CH

Na cl Se EC Turb Color Asbest Cl13 Cl12Br ClBr2  Br3 TTHMFP
STATION  DATE (===~ mg/Le==ee=- ) (uS) (FTU) (MF/L) (—mmrmmm—— ug/Lrmmeeeemm——n )
AGDEMPIRE 02/06/85 252 684 0.000 2610 26 25 1500 920 930 81 3400
AGDEMPIRE 03/06/85 226 597 0.000 2330 14 92
AGDEMPIRE 04/05/85 224 517 2180 10 75 1800 920 370 31 3100
AGDEMPIRE 05/01/85 248 566 0.000 2280 15 160 1800 900 440 29 3200
AGDEMPIRE 06/05/85 54 95 629 15 75 1800 280 25 0 2100
AGDEMPIRE 07/24/85 42 69 472 10 40 2100 140 19 0 2300
AGDEMPIRE 08/01/85 32 44 0.000 360 8 100 2100 150 10 0 2300
AGDEMPIRE 09/11/85 83 172 886 4 150 3000 460 48 2 3500
AGDEMPIRE 10/02/85 149 376 0.000 1640 10 50 2200 790 330 26 3300
AGDEMPIRE 11/13/85 170 452 0.000 1880 4 80 2100 920 390 40 3400
AGDEMPIRE 12/03/85 87 186 1070 8 200 76 2900 360 L4 1 3300
AGDEMPIRE 01/16/86 112 228 1087 3 160 6900 490 67 1 7500
AGDEMPIRE 02/13/86 162 396 1880 11 150 2600 650 170 8 3400
AGDEMPIRE 03/04/86 233 595 2840 7 200 1500 660 210 14 2400
AGDEMPIRE 04/17/86 148 357 0.000 1610 10 160 . 1900 830 320 13 3100
AGDEMPIRE 05/13/86 0.001 150 570 330 160 15 1100
AGDEMPIRE 06/11/86 296 830 0.000 . 2760 14 80
AGDGRAND ' 02/06/85 43 35 0.000 576 34 25 2100 32 4 0 2100
AGDGRAND  03/06/85 35 29 0.000 468 21 630
AGDGRAND  04/05/85 53 39 625 30 80 2000 100 4 0 2100
AGDGRAND 05/01/85 23 . 13 0.000 310 26 50 1000 41 0 0 1000
AGDGRAND 06/05/85 20 12 265 22 35 840 37 0 0 880
AGDGRAND  07/24/85 22 16 267 70 80 1800 60 2 0 1900
AGDGRAND  08/01/85 22 13 0.000 273 30 50 - 1300 49 1 0 1400
AGDGRAND 09/11/85 31 33 451 28 30 1100 o4 8 0 1200
AGDGRAND  10/02/85 27 19 0.000 327 25 30 ' 820 56 3 0 880
AGDGRAND  11/13/85 29 22 0.000 368 16 35 890 69 3 0 960
AGDGRAND  12/03/85 55 49 0.000 735 31 100 2100 2800 160 5 0 3000
AGDGRAND 01/16/86 64 51 716 26 80 3500 130 6 0 3600
AGDGRAND  02/27/86 35 27 - 602 24 100 1700 83 2 0 1800
AGDGRAND  03/13/86 64 57 0.001 1060 22 160 3200 180 5 0 3400
AGDGRAND  04/23/86 32 29 0.000 513 54 50 1700 82 2 0 1800
AGDGRAND  05/28/86 21 16 323 36 50 640 29 3 1 670
AGDGRAND  06/25/86 20 15 290 35 40
AGDTYLER 03/27/85 46 84 0.000 743 29 530
AGDTYLER  O4/24/85 56 100 743 28 100 2100 260 27 0 2400
AGDTYLER 05/22/85 = 23 31 0.000 320 17 70 1800 91 4 0 1900
AGDIYLER 06/26/85 15 10 188 18 50 1400 45 3 0 1400
AGDTYLER 07/10/85 14 8 189 17 100 1600 51 1 0 1600
AGDIYLER 08/28/85 21 20 0.000 299 9 100 2100 78 3 0 2200
AGDTYLER 09/11/85 24 31 354 10 50 2200 6 0
AGDTYLER  10/02/85 26 18 0.000 289 14 100 1200 70 2 0 1300
AGDTYLER 11/13/85 28 35 0.000 376 11 160 2000 120 2 0 2100
AGDTYLER 12/03/85 36 . 58 0.000 587 12 100 190 2100 85 2 0 2200
AGDTYLER 01/16/86 38 48 476 9 120 3500 83 8 0 3600

AGTYLER 06/11/86 10 9 0.000 158 768
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discharged into the rivers has also
been made. Monthly loadings will be
estimated by multiplying constituent
concentrations by pumping rates, which
will be estimated using information on
electrical energy usage and pump
efficiencies.

Actual pumping efficiencies may be
lower than estimated, as the'program's
field crew found one return flow drain
(east side of Orwood Tract) to be
poorly maintained (e.g. intense algal
mats and hyacinth growth at the pump
station). This particular drain
appeared to be discharging mostly air,
rather than drainage, into 0ld River
because of suction problems at the pump
station inlet. Other drains are
probably in a similar state.

San Joaquin River Monitoring
(Task AG3)

Comprehensive water quality monitoring
near Vernalis has been initiated to
study the effects of San Joaquin River
on exported water quality. There are
concerns about pesticides, selenium,
and other trace elements that are being
discharged from agricultural drainage
into the San Joaquin River.

The drinking water standard for sele-
nium is 10 ug/L. Maximum selenium con-
centrations so far have been 2 ug/L or
less at the Vernalis station. Concen-
trations at some sites in the San
Joaquin River upstream of Vernalis have
been higher than 2 ug/L. Substantial
amounts of farm drainage are discharged

28

into the lower reach of the river. The
highest selenium concentrations are in
Salt and Mud sloughs, where selenium-
laden agricultural drainage enters from
the Grasslands area (Figure 12 and
Table 4).

In February 1985, an experiment was
conducted to reduce selenium concentra-
tions in the South Grasslands area.
Participants included the U. S. Bureau
of Reclamation, U. S. Fish and Wildlife
Service, Department of Fish and Game,
Central Valley Regional Water Quality
Control Board, and Department of Water
Resources. The study consisted of two
steps: (1) rerouting subsurface
drainage flows around the Southern
Grasslands into Mud Slough, a tributary
of the San Joaquin River, and

(2) diverting Delta-Mendota Canal water
into the South Grasslands area for
dilution and flushing.

Department of Water Resources staff
participated in monitoring selenium
levels in the San Joaquin River during
the experiment. The short-term experi-
ment showed a reduction in selenium
concentrations in surface waters with
distance from the discharge point
(Table 5 and Figure 12). Overall, data
indicate the selenium drinking water
standard is being met at Vernalis.

Pesticide levels have generally been
below laboratory detection limits,
except for methyl parathion (2.5 ug/L).
Overall, none of the monitored pesti-
cides is affecting drinking water qual-
ity of the San Joaquin River near

‘Vernalis (Table 6).
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MINOR

ELEMENTS IN LOWER SAN JOAQUIN RIVER AND TRIBUTARIES

Table 4

STANAME DATE TIME TEMP pH DO FLOW EC B TIDS Ba cd Cr Cu Mn Hg Se Zn Mo Ni
(PST (oC) (mg/L) (cfs) (us) < Milligrams per Liter >
MERCED 03/11/86 1215 17.0 7.0 10.8 3400 69 0.0 5 0 0.00 0.00 0.00 0.02 0.000 0.000 0.01 0.00 0.00
MERCED 04/21/86 1200 16.0 8.4 9.8 1000 53 0.0 45 0 0.00 - 0.01 0.00 - 0.03 0.000 0.000 0.01 0.00 0.00
MERCED 05/06/86 925 13.0 7.1 9.5 1000 52 0.0 42 0 0.00 0.00 0.01 0.03 0.000 0.000 0,01 0.00 0.00
MUDSL 03/12/86 1230 16.0 7.7 8.5 1600 736 0.7 447 0 0.00 0.00 0,00 0.04 0.000  0.002 0.01 0.00 0.00
MUDSL oh4/21/86 1310 24.0 7.8 8.4 200 1030 1.1 656 0 0.00 0.00 0.00 0.12 0.000 0.006 0.00 0.01 0.00
MUDSL 05/06/86 1030 17.0 7.8 7.0 50 2150 1.9 1420 O 0.00 0.00 0,01 0.50 0.000 0.006 0.01 0.01 0.00
ORESTIMBA 03/12/86 1140 14.0 8.0 10.0 509 445 0.2 283 0 0.00 0.00 0.00 0.02 0.000 0.001 0.00 0.00 0,00
'ORESTIMBA 04/21/86 1345 24.0 7.6 8.1 60.9 337 0.2 213 O 0.00 0.01 0.00 0.0% 0.000 *'0.000 0.01 0.00 0.00
ORESTIMBA 05/06/86 1100 15.0 8.3 9.8 13 615 0.2 401 O 0.00 0.00 0.00 0.00 0.000 0.001 0.00 0.00 0.00
SALTSL 03/11/86 1030 13.5 7.3 8.7 889 1770 2.2 1160 0 0.00 0.00 0.01 0.17 0.000 0.010 = 0.01 0.01 0.01
SALTSL 04/21/86 1105 23.0 7.5 5.7 750 1380 1.4 898 O 0.00 0.02 0,00 0.22 0.000 0.008 0.01 0,01 0.01.
SALTSL 05/06/86 830 15.0 7.4 7.7 525 1230 1.3 809 0 0.00 6.00 o0.01 0.18 0.000 0.010 0,01 0.01 0.00
FREMONTFD 03/12/86 1300 16.0 7.1 9.5 5000 89 0.0 68 0 0.00 0.00 0.00 0,02 0.000 0.000 0.00 0.00 0.00
FREMONTFD 04/21/86 1245 22.0 7.4 8.8 3772 128 0.1 8 0 0.00 0.00 0,00 0.05 0.000 0.000 0.01 0.00 0.01
FREMONIFD 05/06/86 1015 16.0 7.4 7.9 1900 538 0.4 316 0 0.00 0.00 0.00 0.12 0,000 0.003 0.00 0.00 0.00
GRAYSON 03/12/86 1030 14.0 7.1 8.2 22000 294 0.2 182 0 °0.00 0.00 0.00 0.05 0.000 0.001 0.00 0.00 0.00
GRAYSON 04/21/86 1515 21.0 7.4 8.7 11000 249 0.2 154 0 0.00 0.00 '0.00 0.06 0.0000 0.001 0.02 0.01 0.00
GRAYSON 05/06/86 1245 15.0 7.3 8.5 10000 403 0.3 244 0 0.00 0.00 0.00 0.08 0,000 0.002 .0,00 0.00 0.00
MAZE 03/12/86 930 12.0 7.1 8.5 17830 234 0.2 145 0 0.00 0.00 0.0 0.07 0.000 0.001 0.02 0.00 0.00
MAZE 04/22/86 845 16.0 7.2 8.4 10790 213 0.1 134 0 0.00 0.01 0.00 0.04 0.000 0.000 0.01 0.01 0.00
MAZE 05/06/86 1400 15.0 7.3 8.5 8600 317 0.2 190 0O 0.00 '0.00 G.00 0.03 0.000 0.001 0.01 0.00 0.00
PATTERSON 03/11/86 1330 14.5 7.3 8.8, 9090 290 0.2 179 0 0.00 0.00 0.00 - 0.04 0.000 0.001 0.01 0.00 0.00
PATTERSON 04/21/86 1430 22.0 7.4 8.5 8775 249 0.2 155 O 0.00 0.01 , 0.00 0.05 0.000 0.001 0.01 0.00 0.00
PATTERSON 05/06/86 1200 15.0 7.4 8.2 6300 392 0.3 244 0 0.00 0.00 0.01 0.05 0.000 0.002 0.0L 0.00 0.00
STEVINSON 03/11/86 1130 14.0 7.3 9.1 12010 91 0.0 69 0 0.00 0.00 - 0,00 - 0.03 0.000 0.000 0.01 0.00 0.00
STEVINSON 04/21/86 1130 22.0 7.3 8.9 6431 69 0.0 56 0 0.00 0.00 0.00 0.03 0.000 0.000 0.00 0.00 0.00
STEVINSON 05/06/86 945 16.0 7.5 8.8 1600 170 0.0 110 O 0.00 0.00 0.0'1 0.04 0.000 0.000 0,00 0.00 0.00
STANISLAUS 03/12/86 840 11.0 7.1 10.5 4849 80 0.0 58 0 0.00 0.00 0,00 0.02 0.000 0.000 0.00 0.00 0.00
STANISLAUS 04/22/86 750 16.0 7.4 9.4 1670 89 0.0 65 0 0.00 0.01 0.00 0.03 ° 0.000 0.000 0,01 0.00 0.00
STANISLAUS 05/06/86 1545 i3.0 7.1 11.2 1560 -0- -0- =0- 0 0.00 0.00 0.00 0.00 0.000 0.000 0,00 0,00 0.00
TUOLUMNE  03/11/86 1445 13.5 7.1 9.5 6100 68 0.0 53 '0 " 0.00 0.00 0.00 0.03 0.000 0.000 0.01 0.00 0.00
TUOLUMNE 04/21/86 1540 17.0 7.4 711.0 4550 54. 0.0 4 0 0,00 0.01 0.00 0.03 0.000 0.000 0.01 0.00 0.00
TUCLUMNE 05/06/86 1315 13.0 7.3 9.9 2900 68 0.0 48 0 0.00 0.00 0.00 0.00 0.000 0.000 0.01 0.00 0.00
Sampling Stations
Station Name Location Station Number
MERCED Merced River at Milliken Bridge B0513100
MUDSL Mud Slough nedr Stevinson B0040000
ORESTIMBA _Orestimba Creek below Highway 33 B0873500
SALTSL - .Salt Slough near Stevinson B0047000
FREMONTFD San Joaquin River at Fremont B0737500
Ford Bridge
GRAYSON San Joaquin River near Grayson B0708000
MAZE San Joaquin River at Maze Road BO704000
- Bridge
PATTERSON San Joaquin River at Patterson B0720000
Bridge
STEVINSON San Joaquin River near Stavinson B0740000
STANISLAUS Stanislaus River at Koetitz Ranch B0311500
TUOLUMNE Tuolumne River at Tuolumne City B0410500
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SELENTUM REDUCTION EXPERTMENT
(Februaxry 27, 1986)

Station Number and Description Board DWR
1 Agatha Canal @ Helm Canal (No Drainwater) <5
2  Camp 13 Ditch @ CCID Main Canal (Blended Drainwater) 42
3  Camp 13 Ditch (Mud Slough 100 feet North of Mallard Road) 21
4 Mud Slough @ Santa Fe Grade 18
5 Santa Fe Canal @ Highway 152 18
6 Santa Fe Canal Discharge to Mud Slough (100 feet West of Mud Slough) 29 31
7 Salt Slough (South Boundary of San Luis Island NWR) 12
8 Salt Slough @ Lander Ave 10
9 San Joaguin River @ Lander Ave <5
10 San Joaquin River @ Highway 140 8
11 San Joaquin River Vernalis station 2
12 Delta-Mendota Canal Intake (Lindeman Road) <1
13 Clifton Court Intake <1
14 Harvey Q. Banks Delta Pumping Plant <1
15 Rock Slough @ 01d River <1

Table 5

Selenium (ug/L)

Board
DWR

Central Valley Regional Water Quality Control Board
Department of Water Resources Bryte Laboratory

TABLE 6

VERNALIS STATION PESTICIDE MONITORING DATA

7/16 8/20 12/4 5/21

Chemical 1985 1985 1985 1985
2,4-D salt ND ND - ND
bentazon ND ND -- ND
carbofuran ND ND -- ND
chloropicrin ND ND -- ND
copper -- i 8 -
dacthal ND ND - ND
D-D mixture ND ND ND ND
MCPA ND ND .- ND
metalaxyl ND ND -- ND
methamidophos ND ND -- ND
methyl bromide ND ND ND ND
methyl parathion 2.5 ND - ND
molinate ND ND - ND
paraquat dichloride ND ND -- ND
thiobencarb ND ND - ND
xylene ND ND ND ND

ND = Not detected above analytical detection
limit of 1 ug/L or less, or not reported when
less than twice the background quality
control blanks.

Analyses performed by McKesson Environmental
Services.

!

Selected Pesticide Monitoring

(Task AG4)

Through a selection protocol based on
pesticide usage patterns and environ-
mental behavior, water samples are
collected for specific pesticide
analyses. The data are used to iden-
tify potential contamination to raw
water supplies and at treatment plants.
Attention is focused on chemicals that
might present treatment difficulties,
such as the highly water soluble com-
pounds. Less soluble compounds tend to
be removed more readily by floccula-
tion, settling, and filtration
processes because they are generally
associated with suspended particulate
matter such as silt and clays.

The selection protocol produces a site-
and time-specific target list of pesti-
cides for monitoring to improve chances
of detecting any chemicals in the water
and to eliminate the need for broad
scans for hundreds of chemicals.
Instead, the target list includes
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specifically named chemicals and those
detectable under the same analytical
method. The target lists are developed
from the California Department of Food
and Agriculture annual pesticide use
database, wh1ch was sorted by counties
and chemicals. Chemicals that are
water soluble or in high use are
identified for each watershed where
sampling stations are located.h The
period of application or use of each
chemical is also included in the
database. Identified. chemicals then
appear on the monthly target lists for
each sampling station. A more complete
description of the pesticide monitoring
selection scheme is provided in
Appendix F, Pesticide Monitoring
Selection Scheme.

Results of the pesticide monitoring are
shown in-Table 7. Sampling primarily
focused on the application period
(summer), with a sampling run in winter
(runoff months) and a run in early
spring (pre-emergent herbicide
applications). Most of the targeted
chemicals were below the analytical
limit of detection. Reported chemicals
were generally below State Action
Levels for drinking water or were near
the low level detection limits of the
laboratories..  These results indicate
Delta water supplies are- acceptable for
domestlc uses.

Modeling Pesticide Fate and
Transport (Task AGS)

Computer models developed by EPA -to
predict- the fate and movement of
organic pest1c1des in an: aquatlc system
are being tested to help assess the
potential of contamination to drinking
water supplies.
test the pesticide monitoring selection
protocol for Task AG4 and to study the -
effects of changing- riverflow and other

environméntal conditions-‘on the: dlstrl-

but1on of pest1c1de contamlnants.

One model under review is EXAMS
(Exposure Analysis Modeling Systeri).
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‘The models are used to

EXAMS is a steady state and dynamic

.model designed for rapid evaluation of
" the behavior of synthetic organic

chemicals in aquatic ecosystems. The

program computes:

° Exposure (the ultimate expected
environmental concentrat1ons
resultlng from a long-term steady
pattern of pollutant loadlngs),

° Fate (the dlstrlbutlon of the
chemical in the ‘environment and the
fraction-of the loadings consumed by
each transport and transformatlon
process), and '

.Per51stence (the t1me requ1red for
effective pur1f1cat10n of -the 'system
once: the loadlngs cease)

A model . such as EXAMS could be used to
assess the likelihood of contamination
to water supplies in a given reach in
the Delta. Other possibilities are to

‘help target monitoring to those

environmental compartments (sediment,
water, biota) where the chemicals will
most likely be distributed and,
thereby, allow more effective
monitoring of their presence. Co TR

Brlef descriptions of the EPA computer]‘

‘models are presented in Appendix G.

‘Health Effects Database on
Selected Chem1cals (Task AG6)

Dr1nk1ng Water standards currently
exist for only a few pest1c1des.f A
computer literature search for human -
health effects data is underway for
those chemicals appearing on the
selected pesticide monitoring target’
lists that do’'not have drinking watetr
standards. The data will be used to
help assess the degree of risk pre-
sented to Delta water supp11es found
with traces of- these contamlnants.,

A summary of current information on the‘

toxicity of ‘some :of these chemlcals o
appears in Table 8. ST pe

‘



Table 7
PESTICIDE MONITORING PATA, 1985 AND 1986
(All Units in ug/L)
Target pesticide Sampling Detection Cache Lindsey Sac.R.@ Empire Grand Is.S.J.R. Banks DMC Middle Mallard Natomas CliftouCi Action
date limits Slough Slough Grn's Ldg ag.dr. ag. dr.nr. Vern. P.P. intake River Isl. main dr.intake Level
2,4-D salt 07/16/85 0.1 ND ND ND N 0.1 ND ND ND ———
08/20/85 0.01 ND ND ND ND ND ND ND ND ———-
12/04/85 0.01 ND ND ND ‘ ----
05/21/86 0.5 1 ND ND -——=
bentazon 07/16/85 0.1 1.6 ND ND N 0.3 ND ND ND ———
08/20/85 0.2 ND ND ND ND 0.5 ND ND ND -——
12/04/85 0.5 ND ND ND ————
05/21/86 1 ND ND ND ~——-
carbofuran 07/16/85 0.5 ND ND ND ND ND ND ND ND ———
08/20/85 0.5 ND ND ND ND ND ND ND ND ———
12/04/85 0.1 ND ND ND ——
05/21/86 0.2 ND ND ND -
chloropicrin 07/16/85 0.1 ND ND ND ND ND ND ND ND ND ND %50
08/20/85 0.1 ND XD ND ND ND ND ND ND ND ND %50
12/04/85 0.1 ND ND ND ND , ND ND %50
05/21/86 0.1 ND ND ND #*50
copper dacthal 12/04/85 5 5 13 8 ND 8 10 -
07/16/85 0.01 ND ND ND ND ND NDO ND ND ———-
08/20/85 0.05 ND ND ND ND ND ND ND ND -———
12/04/85 0.3 ND ND ND ———
05/21/86 0.01 ND ND ND ——==
D-D mixture 07/16/85 0.1 ND ND ND ND ND ND ND ND ND ND ——-—-
08/20/85 0.1 ND ND ND ND ND ND ND ND ND ND ———
12/04/85 0.5 ND ND ND ND ND ND -——
05/21/86 0.2 ND ND ND ———-
MCPA 07/16/85 1 ND ND ND ND ND ND ND ND ND ND ————
08/20/85 10 ND ND ND ND ND ND ND ND ND ND -—--
12/04/85 2 ND ND ND ————
05/21/86 20 ND ND - ND -——
metalaxyl 07/16/85 1 ND ND ND ND ND ND ND ———
08/20/85 10 ND ND ND ND ND M ND ND ————
12/04/86 0.1 ND ND ND ————
05/21/86 0.05 ND ND ND ——--
methamidophos 07/16/85 2 ND ND ND ND ND ND -——
08/20/85 0.5 ND ND ND N ND ND ————
12/04/85 5 ND ND ND —
05/21/86 5 ND ND ND ————
methyl bromide 07/16/85 0.5 ND ND ND ND ND ND ND ND ND ND ——
08/20/85 0.5 ND ND ND ND ND ND ND ¥ ND ND ———
12/04/85 0.7 ND ND ND ND ND ND ——
05/21/86 ‘0.5 ND .ND ND -——
methyl parathion 07/16/85 2.5 ND ND ND 2.5 ND ND ND ND 30
08/20/85 1 ND ND ND ND ND D ND ND 30
12/04/85 0.01 ND ND ND 30
05/21/86 0.005 ND ND 0.03 30
molinate 07/16/85 1 ND 1 ND ND ND ND ND ND ND ND 20
08/20/85 0.5 ND ND ND ND ND ND ND ND ND ND 20
12/04/85 0.05 ND ND ND 20
05/21/86 0.05 ND ND ND 20
paraquat dichloride 07/16/85 10 ND ND ND ND ND ND ND ND -——
08/20/85 10 ND ND ND ND ND ND ND ND ——
12/04/85 20 ND ND ND ———
05/21/86 10 ND ND ND —
thiobencarb 07/16/85 8 XD ND ND ND ND ND ND ND ND ND *10
08/20/85 1 ND ND ND ND ND ND ND ND ND ND *10
12/04/85 0.05 ND ND ND *10
05/21/86 0.05 ND ND ND %10
Xylene 07/16/85 0.2 ND ND ND ND ND ND ND ND ND ND © 620
08/20/85 G.5 ND ND ND ND ND ND ND ND KD ND 620
12/04/85 0.4 ND ND ND ND ND ND 620
05/21/86 0.2 ND ND ND 620
% Tentative rec ded action level. The recommended action level for taste and odor threshold is
1.0 ug/L for thicbencarb and 37 ug/L for chloropicrin.
; Note: Blanks indicate no analysis performed for that chemical.
1 ND = Not detected when less than twice the blank value.
Analyses performed by McKesson Environmental Services.
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Table 8
PESTICIDE TOXICITY INFORMATION

Acute Subacute Toxicity Chronic Toxicity

Symptoms Toxicity Animal Dose Length Animal Dose Length
Chemical Characteristics of Poisoning (LD50)* Tested (ppm) of Test _Results - Tested (ppm) - of Test Results
2,4-D Salt White crystals No characteristic 375 : Rat 1250 2 yrs.  No effect
symptoms for humans Dog 500 2 yrs - No effect
(Higher levels not tested)
Bentazon White crystallihé Apathy, ataxia, 1100 Rat 1600 90 days Minimum Rat 350 2 yrs Minimum
solid prostration, tremors, Dog 3000 90 days effect -effect
anorexia, vomiting level level
Carbofuran White crystalline 8
solig¥*
Chloro- Slightly oily liquid¥* 250
picrin Reduced amenities,

Faint odor-0.0073mg/L%*

Dacthal White crystalline 3000 Adult 5000 100 days No effect ' Rat 10000 2 yrs No effect
solid mallard Dog 10000 2 yrs No effect
D-D Mixture 140
Methyln Colorless liquid or gasid¥® Img/L
bromide Threshold limit 20 ppm
Cumulative poison®
Paraquat White crystalline Vomiting, diarrhea, 150 Rat 170 2 yrs :No significant
dichloride solid; faint ammoni- general malaise abnormalities
acal odor : Dog 85, 27 mos  Effects
170 apparent
-~ Thie- Light yellow or 920 Rat 660 90 days Minimum Rat 30 2 yrs Minimum
bencarb brownish yellow - : Dog 660 90 days effect Dog 30 2 yrs effect
liquid level " level

. Unless otherwise noted, information is from "Herbicide Handbook of the Weed Science Society of America" (4th Edition), 1979.

* W. T. Thomas, "Agricultural Chemicals"; LD50 values resulted from tests performed on white'rats, in milligrams per kilogram of body weight.
#% "The Merck Index" (9th Edition)

#*¥%*Karel Verschueren, "Handbook of Environmental Data on Organic Chemicals" (2nd Edition)




Waste Waters, THMs, and
Modeling Studies

Three tasks are underway to examine
waste water discharges, trihalomethane
formation potential, and water quality
modeling.

Survey Major Waste Water Dischargers
(Task WD1)

The Central Valley Regional Water
Quality Control Board provided effluent
monitoring data on major municipal and
industrial waste dischargers within the
program study area. The data will be

Data on the Sacramento Regional Waste-
water Treatment Plant are shown.in
Table 9 for some months of 1985 and
1986. This is the largest publicly
owned waste water treatment facility in
the Delta. The effluent outflow is
significantly small in comparison to

the Sacramento River outflow.

suggests that there
mixing and dilution
treated effluent.

is sufficient
of this highly

For comparison,

water quality downstream in the

Sacramento River at Hood and Greene's

Landing appears to be well within

drinking water standards (Table 10).

Effluent data for other waste dis-

chargers are also being tabulated for

This

examined to estimate total waste loads review.

and to determine if special studies on

receiving water impacts are needed.

Table 9
SACRAMENTO REGIONAL WASTE WATER TREATMENT PLANT
MONTHLY AVERAGE EFFLUENT DATA
Effluent Suspended Suspended River
Discharge Matter Matter TDS EC Flow

Date —(MGD) Amg/L) (1bs/day) (ppm) (uS/cm) MGD
1/85 120 9 9,007 330 590 17,100
2/85 123 38 38,981 370 650 18,700
3/85 124 20 25,837 339 597 14,500
4/85 109 9 8,182 364 620 12,600
9/85 124 10 10,342 640 12,500
10/85 127 13 13,769 600 9,900
11/85 143 38 45,320 610 10,900
12/85 143 ' 17 20,275 600 16,600
1/86 143 15 17,889 590 19,300
2/86 198 8 14,356 570 67,250
3/86 175 8 11,676 610 74,403
4/86 142 8 9,474 630 26,100
1 million gallons per day (MGD) equals 1.55 cubic foot per second (cfs).
SOURCE: Central Valley Regional Water Quality Control Board
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Table 10

SACRAMENTO RIVER WATER QUALITY AT GREENE'S LANDING AND AT HOOD

CH . CH Cd CH TTHMFP
STATTON TEMP DO Na Cl1- Se EC Turb Color Asbest Cl3 Cl12Br ClBrZ Br3 TOC  FLOW
NAME DATE - (C)  pH (--== mg/L=-- ) (us) (FTU) (MF/L)(-===~—===mm- ug/L---=-=-----~ )(mg/L) (CFS)
GREENES 07/21/83 19.5 7.3 8.7 7 L 115 9 2 190 8 1 0 200 1.6 26400
GREENES 08/18/83 21.0 7.5 8.2 7 A 124 8 8, 200 i 1 0 220 1.6, 24600
GREENES 09/13/83 20.5 7.3 8.3 10 - 6 s 12 8 600 18 2 0 620 1.8 23100
GREENES 10/04/83 18.0 7.3 9.0 7 5 126 10 5 380 200 9 o0 0 210 1.6 24800
GREENES 11/01/83 17.0 7.3 9.1- 8 5 128 6 5 340 210 8 o0 0 220 1.7 17700
GREENES 12/06/83 10.5 7.4 10.6 I3 4 122 30 . 30,2200 300 9 O 0 310 4.1 66100
GREENES 01/10/84 9.0 7.3 10.7 7 4 129 19 20 3200 220 10 1 0 230 1.7 67200°
GREENES 02/01/84 10.0 7.1 10.8 7 5 150 14 12 750 190 1 1 0 200 ‘1.5  32k00
GREENES 03/07/84 12.0 7.5 10.8 10 7 164 8 8 540 230 28 1 0 260 1.6 25800
GREENES '04/04/84 '13.5 7.5 10.4 9 6 148 8 5 680 350 1 0 > 260 1.6 25100
GREENES 05/02/84 16.0 7.3 9.4 10 6 . 154 8 8. 110 . 180 13 1 . 0 190 2.0 . 11200
GREENES 06/06/84 18.0 7.5 8.7 10 7 146 9 8 200 250 15 1 0 270 2.0 | 13900
GREENES 07/10/84 22.5 7.4 8.2 7 4 121 11 5 150 260 . 10 . O 0 270 1.6 21200
GREENES 08/01/84 21.5 7.4 7.9 8 4 133 11 5 300 10 1 ‘0 310 1.6 22000
GREENES 09/05/84 22.0 7.4 7.7 12 6 0.000 185 11 8 390 20 1 0 5410 2.5 18240
GREENES 10/04/84 17.5 7.4 9.0 8 L 0.000 132 7 5 170 13 1 .0 180 1.6 14500
GREENES 11/08/84 14.0 7.3 9.7 10 6 0.000 154 11 8 210 1 o0 0 220 2.1 14800
GREENES 12/05/84 10.5 7.4 10.9 9 6 0.000 160 24 15 1100 240 1 0 260 2.6 38100
GREENES 01/30/85 9.0 7.4 11.9 . 12 7 0.000 186 3 ‘ . 14300
GREENES 02/06/85 8.0 7.5 12.1 11 6. 0.000 174 8 10 360 1 0 380 14900
GREENES 03/06/85 11.0 7.4 10.5 11 7 0.000 180 5 180 13200
GREENES 04/05/85 19.0 7.4 9.3 13 6 0.000 176 7 2 160 13 0 0 170 13900
GREENES 05/01/85 19.0 7.3 8.8 11 7 0.001 167 11 10 210 12 1 0 220 10200
GREENES 06/05/85 21.0 7.4 8.5 13 6 0.000 173 9 10 290 19 1 0 310 15100
GREENES 07/24/85 22.5 7.3 8.0 - 11 5 0.000 163 8 17200
GREENES 08/01/85 22.5 7.5 7.9 - 11 5 0.000 163 10 10 480 2 0 500 3.9 15600
GREENES 09/04/85 22.0 7.3 7.8 15 8 0.001 207 8 5 220 22 2 0 240 3.5 12500
GREENES 10/02/85 21.5 7.5 8.2 14 8 0.000 168 7 5 200 w1 0 220 1.6 10600
GREENES 11/13/85 12.0 7.3 9.7 11~ 7 0.000 ‘163 -~ 6 5 290 20 1 0 310 2.8 9500
GREENES 12/03/85 11.5 7.3 9.3 10 7 0.000 149 28 35 380 690 21 1 0 710 16. 24200
GREENES 01/16/86 10.0 7.3 10.6 18 10 0.000 218 9 15 660 22 1 0 680 2.3 14900
GREENES 02/27/86 12.5 7.1 10.5 I3 2 0.000 84 64 20 350 7 0 0 350 4.2
GREENES 03/13/86 11.5 7.3. 11.0 3 2 0.000 70 58 10 430 8 0 0 440 2.4
GREENES 04/23/86 18.5 7.3 8.5 10 7 0.000 179 14 10 310 22 1 0 330 1.9
GREENES 05/28/86 23.5 7.3 7.5 0.000 10 170 12 2 1 180 .2.9
GREENES 06/25/86 24.5 7.3 7.8 0.000 '
HOOD  03/30/82 11.0 7.3 10.7 L 131 20 5 310 9 0 0 320 40000
HOOD  06/29/82 20.0 7.9 8.5 5 128 6 230 12 0 0 240 20000
HOOD, 08/26/82 22.0 7.5 8.1 5 149 10 280 13 0 0 290 23200
HOOD  10/21/82 18.0 7.5 8.7 4 122 A 260 10 0 0 270 16300
HOOD  12/29/82 9.5 7.2 10.9 A 130 33 480 16 1 0 500 71700
HOOD  02/24/83 12.0 7.5 10.6 2 113 30 120 40 0 120 74000
HOOD  04/27/83 7.3 10.0 3 112 26 166 6 &4 4 180 54600
HOOD  06/22/83 19.5 7.3 9.1 t 3 101 17 200 8 0 6 210 43540




Assess THM (Trihalomethane)
Formation Potential (Task TR1)

Trihalomethanes (THMs) are a group of
compounds that can be formed in drink-
ing water during the disinfection
process of chlorination. Organic
substances such as fulvic and humic
acids occurring naturally in the water
react with chlorine to form THMs.
There are four species of THMs normally
found in drinking water: chloroform
(CHC13), bromodichloromethane
(CHC12Br), dibromochloromethane
(CHBr2Cl), and bromoform (CHBr3).

As part of the monthly water quality
monitoring (Task WQl), parameters such
as total organic carbon, bromide, and
color are measured. In addition, water
samples are chlorinated and analyzed
for THM species and total THM formation

potential to determine if THM control
might be a problem.

Total trihalomethane formation
potential (TTHMFP) measurements are
summarized in Table 11. The TTHMFP
test is designed to estimate the
maximum levels of THMs that could be
produced from a water supply and,
accordingly, does not predict actual
concentrations of THMs in finished
drinking water. Many factors, includ-
ing temperature, pH, and chlorine
contact time and dosage, affect actual
THM formation in water treatment
facilities. Treated drinking water
contains lower THM concentrations than
the maximum potential estimated by this
assay procedure. There are also
methods such as ammonia addition after
chlorination to reduce THM levels in
finished drinking water supplies. The

Table 11
TRTHALOMETHANE FORMATION POTENTIALS
Number Std. Maximum

Station (Raw Water Supply) Samples Maximum Average Dev, Minimum Bromoform
Ag Drain at Empire Tract 15 7500 3160 1332 1100 81
Ag Drain at Grand Island 15 3600 1779 904 670 1
Ag Drain at Tyler Island 9 3600 2078 648 1300 0
American River at WTP 28 380 238 57 150 0
Banks Pumping Plant 41 1900 550 267 220 13
Cache Slough 15 920 707 171 380 2
Clifton Court Intake 29 710 467 120 170 13
Cosumnes River 18 840 252 153 140 0
Delta-Mendota Canal Intake ‘ 29 860 465 138 230 10
Sacramento River at Greene's Landing 32 710 309 140 170 1
Honker Cut 12 570 402 104 250 5
Sacramento River at Hood 8 500 266 107 120 4
Little Connection Slough 11 710 404 165 170 o]
Lindsey Slough 19 2300 1049 408 420 2
Mallard Slough - 7 810 446 182 210 280
Sacramento River at Mallard Island 11 1400 904 255 510 9290
Middle River 10 880 603 138 390 5
Mokelumne River ) 18 420 250 66 120 0
North Bay Interim Pumping Plant 27 780 370 100 280 0
Rock Slough at 0ld River 29 770 460 132 220 36
San Joaquin River at Vernalis 42 1500 519 237 220 12

OVERALL 425 7500 645 712 120 990
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test is used to compare the relative
level of THM forming materials in raw
water supplies. The EPA Maximum
Contaminant Level for total THM is
100 ug/L in finished ‘drinking water
supplies. There is no standard for
TTHMFP in raw waters. '

The diverse sources of natural organic
matter include biological productivity
in the water column and watershed,
waste discharges, and farm drainage.
Total organic carbon (TOC) analyses
were performed to measure the potential
amount of available organic matter for
THM formation. However, due to labora-
tory quality control problems with TOC
analyses, data analysis to’correlate
TOC measurements with TTHMFP values are
temporarily suspended. ; Laboratory
staff are examining lab workbooks and
correcting erroneously computed results
(see Appendix D).

TTHMFP results from the three agricul-
tural drains indicate that Delta soils
may be a major source of organic
trihalomethane precursors. Bromoform,
a THM that is more difficult to treat,
appeared at some stations. Bromide, a
common sea water constituent, combines
with trihalomethane precursors during
chlorination to form brominated THM
species such as bromoform, dichlorobro-
momethane, and dibromochloromethane.

Brominated THMs were highest in Mallard
Slough and in the:Sacramento River near

Mallard Island. Water quality here is
significantly controlled by riverflow
and tidal influences, as seen by
conductance, sodium, chloride, and
brominated THM data. The trace amounts
of bromoform at the Banks Pumping Plant
headworks, Clifton Court intake, Delta-
Mendota Canal intake, Rock Slough at
014 River, and Middle River reflect
diluted tidal waters that are exported
by pumping operations at the State and
Federal facilities. Bromoforms at
Vernalis and other areas probably
reflect the application of Project
waters diverted from the Delta that
contained bromides or leaching of
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bromide deposits in soils from ancient
marine deposits., : co

Total THM formation potential was:
greater in the southern Delta than in
the Sacramento River at Greene's
Landing and at the American River Water
Treatment Plant stations. The poten-
tial is most likely higher because of
lower channel flows, agricultural
drainages, and higher biological pro-
ductivity within the southern region as’
compared to stations on the Sacramento
and Amerlcan rivers. i

The TTHMFP at Lindsey Slough was also
high and may be attributed to local
agricultural drainage and extensive
riparian vegetation at the sampling -
station and a long water retention time
that might increase the concentratlon
of precursors in the water from
decaying matter.

Use of Existing Water Quality Models
(Task MOD1)

Computer models developed by the
Environmental Protection Agency to
study the distribution, fate, and
transport of waste waters and spilled
materials are being tested. for use in
studying Delta water quality as
affected by waste water discharges and
pesticide usage. EPA recently made
several models available for use on
microcomputers.

One model under study is QUAL2E’
(Enhanced Stream Water Quality Model),
a stream quality routing model. QUALZE
is a steady state model for conven-
tional pollutants in branching streams
and well mixed lakes. It includes
conservative substances, temperature,
coliform bacteria, biochemical oxygen
demand, dissolved oxygen, n1trogen,
phosphorus, and algae. The model is
widely used for waste load allocation
and permitting in the United States and
other countries.



Another model is WASP (Water Quality
Analysis Program). WASP i€ a general-
ized modeling framework for contaminant
fate and transport in surface waters.
Based on a flexible compartment model-
ing approach, WASP can be applied in
one, two, or three dimensions if
desired. Problems studied using WASP

include biochemical oxygen demand-
dissolved oxygen dynamics, nutrients
and eutrophication, bacterial contami-
nation, and toxic chemical movement.

These EPA models are described in
Appendix G.
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Appendix A

MONITORING PROGRAM DATA
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DELTA HEALTH ASPECTS PROGRAM MONITORING DATA
THM FORMATION FOTENTIAL

b

: CH CH CH CH
Station Date Time Temp. pH Se EC Turb. Caolor TOC Asbest. C13 BrCl& Ber2Cl Br3 TTHMFR FLOW
Name (PFST) (ol) - ) (uS/cm) (TW (cu) (mg/L)  (raF /L) (= /L - ) (0 )

AGDEMPIRE Q&/Q6/8% 205 &. 2 7.3 3.8 685 @.ada 618 26 =3+ —— - 1500 922 30 81 3400 -
AGDEMPIRE 03/06/835 945 1@.5 7.3 7.6 597 0.@0@ 233 14 - - 3= — - = = - -
AGDEMPIRE 24/85/85 gEa 1.5 7.3 3.9 517 e 180 12 75 - - 1828 2z@ 7@ 31 1@ -
AGDEMPIRE ©3/21/85 83 ca.@ 7.6 €.5 S66 V.00 2280 14 160 —— - 1822 3Sad 44@ 29 Icew e
AGDEMPIRE @€6/05/85 aa7 fa.@ 7.3 4.9 3G - &z9 15 75 - - igoa  zaa a5 a 212@ -
AGDEMIPIRE @7/&4/85 207 g3.a €.8 4.1 &9 - 472 12 42 - - 2120 140 19 & 230 -
AGDEMPIRE ©@8/21/85 825 2.0 6.8 5.5 44 Q. 22A 260 ) 10 Zz.@ - Zi1aa 150 ia @ 230@ -
AGDEMFIRE @9/11/85 1az@ 19.5 6.3 4.5 3 172 - 886 4 15 13.@ - Jeea 460 46 2 35ed ——
AGDEMPIRE {@&a/@c/85 722 18.@ 7.6 7.6 149 376 0.00@2 1640 12 Sa 18. 2 - gzan 798 33 26 330 -
AGDEMPIRE 11/13/85 ana 7.@ 7.3 3.2 172 45z Q.p02 188@ 4 =17 34.@ - gtaz 922 9@ 48 3400 -
AGDEMPIRE 12/@3/85 1710 14.0 7.2 S. 4 87 186 - ia7a a8 Zaa 44,0 76 292@ 360 44 1 Z3a@ -
AGDEMPIRE @1/16/86 1145 12.@ £.8 5.8 11 =28 - 1287 3 1@ 31.@ = €300 490 &7 1 75@e@ —
AGDEMRIRE @&/13/8& 1200 14.0 €.8 6.7 162 336 - 188 11 15@ 4. @ - e 65@ 17@ 8 Z42@ -
AGDEMPIRE @3/@4/86 1334 159.5 7.3 8.2 £33 598 - =842 7 vl 65, @ -~ 1502 &6 1@ 14 240 -
AGDEMFIRE @4/17/86 915 15.0@ 7.4 8.8 148 357 0.0 161Q 12 16@ 47.@ - 190 aza 3z@ 13 31o@ -
AGDEMFIRE @5/13/86 1o 21.5 7.5 €. 6 Z@4 06 3. a01  caaad 15 152 1.2 - 57a 332 16 15 11002 —
AGDEMHIRE @&6/11/86 saa  Z=.@ a.1 5.7 296 83a Q.aun 2760 14 8a 65.@ -- - - - - —— -
AGDGRAND as/06/85 1230 11.5 7.1 7.5 43 3% @.002 576 34 25 - - S100 3z 4 2 2taa —
AGDGRAND WI/06/785 1120 18,5 6.9 5.3 35 &3 .o 468 21 - - &30 - - - - —— -
AGDBRAND B4/05/85 1000 168.5 7.3 5.0 53 39 e 625 et 8o - -= POl . B, 4 2 2121 -
AGDGRAND a5/01/85 945 18.5 6.9 5.7 c3 13 Q. 00d 310 &6 S0 - - 100 41 @ @ l1aoa -
AGDGRAND 6 /05785 915 £1.@ 7.3 6.6 =] 12 -—— 265 =2 29 - - 84@ 37 @ @ ase -
AGDGRAND a7/24/85 715 £2.5 7.8 5.5 22 16 -— 267 7@ aa ~— — 180@ (=1] e @ 19aa -
AGDGRAND nB/01/85 945 21.5 7.1 €.5 = 13 @G.022 e73 ot} Sa 17.2 - 12002 49 1 @ 1402 -
AGDGRAND 29/11/85 115@ 19.5 7.2 6.1 31 33 - 451 &8 38 14,2 - 1ioa 34 8 @ 1zaa -
AGDGRAND 12/@z/85 922 13.0 7.2 €. =7 19  @.222 387 =5 ol 4.5 - aza S6 3 @ 8sa -
AGDGRAND 11713785 945 12.5 7.3 4.5 &9 28 Q.002 368 16 25 9.2 - 231 &3 3 a 96 -
AGDGRAND 12/7@3/785 1845 13.@ 7.Q 3.8 55 49 Q.00 735 31 120 39.@ 102 zavd 1602 5 2 30kd -
AGDGRAND 21/16/786 1315 13.5 7.3 7.3 TE4 51 = 716 E6 82 oR. @ -= 350 13@ [ @ 30 -
AGDGRAND RQz/27/86 1138 17.5 7.@ 4. 4 35 =7 - [ =4 122 £68.0 - 170@ 83 = 2 18aa -
AGDGERAND B3/713/86 1300 14.5 €.6 5.8 €4 S57  Q.001  106Q 28 16@ 56. @ - Zzed  18@ 5 @ 3402 -
AGDGRAND Q4/23/786 1z 18.5 7.3 7.6 e &9 Q.00 513 S4 =17 23.a -= 17e@ az =4 @ 1800 -
AGDGRAND vS5/268/86 1115 2.5 7.3 7.4 & ie e 323 36 5@ 8.0 - E4& 29 3 1 &7@ -
AGDGRAND @e/23/86 120 24.5 7.2 €. 8 f=drd 15 - 290 35 40 43.0 - - - - - -— -
AGDTYLER @3/e7/85 18245 11.5 6.8 7.8 46 84 Q.02 743 =9 - - S3e - - - - - -
AGDTYLER B4/24/85 1230 19.5 7.3 5.8 56 100 - 743 26 122 - - 1o zeR 27 2 24202 -
AGDTYLER a5/82/85 1120 1.5 7.2 4.7 &3 31 . aaR ereld 17 7@ - - 1822 91 4 @ 192@ -
AGDTYLER @6/26/785 1115 E24.0 £.8 5.9 15 i@ - 188 18 Sa - - 1402 45 3 @ 1402 -
AGDTYLER @7/1a/85 12e@d 25.5 7.0 4. 5. 14 ) - 189 17 1@2 - - 1622 g1 1 2 1602 -
AGDTYLER @a8/£8/85 100 E3.5 7.3 E.7 21 eV v, B 17, 17 £99 9 10@ 28. @ - 2102 78 3 2 SZ00 -
AGDTYL.ER @9/11/85 1115 19.95 7.2 6.1 24 31 - 354 12 S £7.@ - 2z - [ @ - -—
AGDTYLER 1a/@2/85 gea 17.5 6.9 3.2 z26 18 . oQ@d =89 14 1o 15.@ - 120@ 7@ 2 2 1300 -
AGDTYLER 11713789 =107} €.2 6.8 8.1 &8 35 @.202 376 11 167 19. @ - cQd 1z 2 a 2i1ee -
AGDTYLER 12703785 18000 12.5 7.2 3.7 26 28 0. 200 587 12 102 €&4.0 190 ztioe as 2 2 Zeew -—
AGDTYLER B1/16/86 1245 11.0 €.9 4.6 28 48 - 476 3 1&@a 35.@ - 3500 83 a8 @ I602 -
AGDTYLER vE/11/86 915 13.5 7.3 7.9 1 3 @.200 158 768 - - - - - - - - -
AMERICAN @7/21/83 945 17.Q@ 7.3 1a.2 2 1 - 35 1 & 1.2 - ool 3 2 a 236 Seoe.d
AMERICAN 28/18/83 1420 19.@ 7.3 1a.1 & 1 - 36 1 =] 1.2 -= z1a 16 2 @ 232 45202.Q
AMERICAN 29/13/83 102@¢ 19.5 7.2 9.2 & 1 - 39 =S "d 1.2 - st} 4 a @ zZz@a 4000. @
AMERICAN 12/04/83 1215 20.0 7.1 9.1 2 1 - 4 1 3 1.8 11@ 160 11 @ a2 170 3502.0
AMERICAN 11/781/832 12085 17.@ 7.1 2.0 2 1 — 4 & S 1.2 112 150 4 Q@ @ 158 Z2Sea.e

7.& 11.8 z 1 - 46 3 12 2.3 1102 7@ 4 @ B =72 8HB7A.0

AMERICAN 12/06/783 1625 11.@

Note: ~—- = no data
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DELTA HEALTH ASFECTS FROGRAM MONITORING DATA
THM FORMATION POTENTIAL

CH CH CH CH
Station Date -Time Tewmp. -pH D. 0. Na c1 Se EC Turb. Color TOC Asbast. CI¥3 Er-Cl2 BreCl Br3 TTHMFR FLOW
Némé (PST) (ol ) (e mg/l. ————— ) (uS/emd (T (CU: (mg/L) (aF/L) (e e e ng/l - Y (efs)
AMERICAN 2a1/1a/84 1132 2. @ 7.2 11,3 = 1 —— S@a 1@ 12 1.1 F=2cv. v, v, V. 4 Pd S 2R 838 &
AMERICAN QE/D1/84 . 1220 2.9 7.1 11,9 2 2 —— a3 4 S 1.0 498 - 20 4 - @ A 2R 3@82.@
AMERTCAN R2/27/84 133a © 9.9 7.3 11.6 = 1 - 57 3 2 1.3 cEQ 26 17 .@a & 28a 358v.02
AMERTCAN - @4/24/84 1235 11.Q 7.1 11. 4 e 1 il TT8S 2 e 1.2 19@ caa =] 7] @ EZRpa 4372.0
AMERTICAN -~ @S/22/84 81a 12875 7.1 11,7 2 1 - 54 b 2 1.3 18 1€0 4 Q@ B 160 2440.0Q
AMERITCAN a6 /06/84 1245 15. @ 73 12. 3 = c T o2 3 =4 1.@a 1e a7 1@ 1 @  £8B 4070.@
AMERTCAN R7/12/84 952 18.@a T3 9.4 & I 48 1 @ 1.2 18 o] 4 ] @ . 290 4520,
AMERICAN a/d1/84 1250 19,5 - 7.8 91 2 1 - 4€ 1 = 1.2 - 31 4 - @ 2 1@ 4892.0
AMERTCAN ~ @29/05/84 915 2.0 7.2 8.6 = 1 - 51 1 = 1.3 — ot ] 5 a B 32D 1472, @
T AMERICAN 18/24/84 1138 19.5 7.1 9.1 2 1 —— 42 2 = 1.2 - 1692 o9 a - @ 168 2220.0
AMERLCAN 11/@87/84 112 16.Q@ 7.0 2.3 2 2 - S1 11 15 3.2 — - £80 S a @ 280 173Z@.@
" AMERICAN -12/05/84 - 1120 11, @2 7.3 ti.2 <3 2 —— . 89 6 5 1.5 112 - 181 4 "] 2 180 S023.0
AMERTICAN ~@22/13/785 132@ 192.@ 7.3 11.9 e 2 —= €3 2 15 - - . 250 6 @ L 24l 1740, 0
~AMERICAN ~ @3/13/785 1215 12. 2 7.3 1.2 2 =4 —— €63 S e — 8z Rl —— - — o= 1280. 2
AMERICAN " @4/10/85 1132 - 14.5 7.3 12.S5 3 2 == Y4 = 2 -—— - 182 6 a @ 192 1g78.@
AMERICAN =~ 25/28/85 {i1z@ 14.@ 7.3 147 3 2 Q.02 &2 21 -8 — - 24@ 3 7] @ 240 3Z732.0
AMERICAN REe/12/785 1200 18.5 7.3 9.9 = 2 - (=17 -2 R —_ - 2992 =1 w1 2 a2 Z8ua.d
AMERICAN " @8/14/85 1115 " 20.@ 7. 9.1 2 2 e b1 1 .2 1.5 - 212 8 ] Q- 228 33502.0
AMERICAN 1@/@9/785 1130  16.5 - 7.8 9.2 =3 & @.2a2 S2 1 7] 1. 4 — -.18@ S . @a @ 180 146@. 0
~ AMERICAN ~12/83785 ~2@4328 . 1.5 7.2 1.5 3 2 - &4 (= N 3 =} 70 26@ 6 "} @ 272 1440.0
AMERICAN ~ @3711786 1315 12,12 7.1 1&. =3 1 - S6 76 25 3.3 - 37 =1 2 a 380 -
AMERICAN RB4/17/786 1130 . 14,5 7.3 11.& = 1 @&, ood 55 & 15 1.4 — 20 &) ) 3 300 —
AMERICAN 25/13/786 1145 16.5 7.3 1a.ea =4 S @, 200 S3 3 =9 1. 4 —-— 190 [Y 1 Ca 2oa —
AMERICAN "Q6/11/8€ 1130 16.5 7.3 l1a. = e Q.82 4€ 3 15 2.7 —— - - - - -
CACHE TR1/31/784 0 1245 0 11,5 8.2 12.4 a5 aa - =4 ) 13 8 5.9 298¢ 3% a5 31 - 2 428 -
CACHE . a2/e2/84 QS5 12LS 8.1 1. 4 az az - —— 896 76 15 €. 4 2500 36 87 26 1. . 470 -
CACHE Q3/14/84 1232 16,95 8.1 a. 4 79 an —— as7 14 15 7.6 (=17 -] -82 27 @ - 280 -
CACHE T B4&/11/84 190R5 . 155 8.6 1.1 593 57 — B 4= 20 12 8.2 1722 Saa a1 18 2. eQa ——
CACHE" TRE/E3/84 1@4%5 T 21.0 8.3 S.& 3& 3 i 488 34 3@ 6.7 1ied 57 63 a8 & €42 -
CACHE B&E/13/84 a15 19,09 a.2 8.5 . A2 4 - ‘893 S2 3@ 7.0 40@@ - 760 83 8 - & 8oe -
CACHE v7/11/84 92 . 24,5 8.3 8.5 26 34 == C 541 46 25 8.4 144G 802 &4 4 2 8a7a -
CACHE T aa/22/784 1940 21.5 a.1 7.9 o=} 29 —— 495 Q& S 7.1 —— - 68 - S1 4 @ 662 —
CACHE Ra3/12/84 1100  23.@ 8.1 8.9 29 38 - @, 201 877 =04 3a 8.4 —_ 630 &4 1 v 700 -
CACHE. C1a/11/84 93@ 19.5 8. 7.8 44 42 — 994 29 [=44] N —_ 85w . 69 & B 9za =
. EACHE" 11/15/784 1223 12.5 Te b 7.7 38 38 | 2.0 4EQ 95 3a 9.8 - 732 47 4 @ 780 -
CACHE T 18/06/84 s 10.5 7.9 a.8 €4 €4 @.221 744 5@ S 8.5 3caa e a7 16 @ azu -
CACHE 24/710/85 - 935 © 16.0 8.3 3.5 &3 62 BD.02011 713 24 1 o — - 64 as 16 Q- . 749 i
CACHE 25 /28/85 935 " 16.5 8. 4 9.4 44 38 Q.001 Se@ =8 29 —— - 4=Y"] 77 € - & 842 -
CACHE. @5/29/85 1015 17.5 8. 4 2.5 36 33 —— - 812 22 —— ——— - S - — - el -
“CACHE: ~ RE/12/85 12w 24,2 8.1 7.1 38 33 h.@adt 439 j=1"] 2a - - 876 3 ] @ 920 -
CLIFTON w7/26/83 1135 21.@ T3 7.9 20 e = 2108 = 8 Z. 2 —— 312 -42 -7 @ 360 1481.12
CLIFTON T Re8/23/83  tg@dd . 21.5 - 7.3 7.7 a7 31 - 283 22 8 ‘3.1 —_ 3€@ Tz iz @ :4§ﬁ 224, 0
CLIFTON T W09/14/83 1@35 22.5 7.3 7.8 17 17 —— iaa 11 12 Fe 3 - + 3350 23 4 @ 360 @. 2
"ELIFTON 12/712/83 91w 2a.a 7.1 - 8.3 12 13 - 137 12 12 2.8 Ss3a - 310 27 2 a 340 2.0
"CLIFTON 1y/@e8/783 945 "16.Q T3 8.5 33 326 —— 324 1@ ca 3.3 912 27@ - &3 17 -3 35@ eS2. 0
CLIFTON. 12/413/83 1118 “i2.@ Tal 9.6 1& 1€ - w=— 171 13 =1 2.9 510 - 380 32 3 @ 410 2.2
CLIFTON - @1/24/84 - 942 - ta. 2 7.2 14a.8 22. 22 - 2e6 12 es 3.1 Sia 302 33 & @ - - 340 2.0
“CLIFTON Q2/28/84 1123 "13.0 7.9 1.2 39. 42 - —= 389 7 i8 3.1 41 2B &7 i8 2 36@a R2367.0
. CLIFTON QA3/27/84 945 16.5 7.4 9.4 39 4 - 362 -1 25 3.8 48@ -, 38R 79 17 .. 480 2452.7
CLIFTON Q4/25/84 1040 16.5 .3 9.3 =7 3a- —_ 288 12 15 3.8 - 852 320 a6 13 a 392 .4199.1
CLIFTON 5/30/84 8z =4.2 7.1 7.4 a9 33 - - 3R7 - 19 =7, 4.9 -65@ 4z &7 3= @ Sea . 2779.4
CLIFTON RE/27/84 945 . -28.5 7.8 6.3 S 56 - 472 s8 - 30 S.4 - Saa 382 t1la 31 1 498 £994.7

Notes —- = wo data
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DELTA HEALTH ASPECTS PROGRAM MONITORING DATA
THM FORMATION POTENTIAL

CH CH CH cH

Gtation Date Time Temp. _pH D. O. Na Cl1 Se EC Turb. Color TOC Asbest. 13 BrCl2 BraCl Br3 TTHMFP FLOW

Name (PST) (oC {——mmem mg /Ll ~———— ) (uS/cm) (T (CW) (mg/L) (wF/L) < ug/L ~==) (efs)
L] SRS RREEISNREEEERE EEmmSES == =EmmRs ToECESEaERT SRR =mm=
CLIFTON @7/25/84 940 4.0 7.5 8.6 18 21 . aaa 212 18 &5 4o 96a 42 Sz 8 @ 481 4753.7
CLIFTON Ba/e9/84 815 24.5 7.3 7.6 ca a3 - gaa 11 15 3.2 - 298 S4 i@ @ 4586 3827.1
CLIFTON Q9/27/84 1248 22.0@ 7.5 8.3 24 24 0.0 261 € 15 3.2 ~-— 29 49 1z @ 452 17@4.6
CLIFTON 10/285/84 1845 17.9 7.9 1.0 a7 29 — e84 7 i8 3.4 - eirdv] o4 14 B 371 0. a
CLIFTON 11729784 13245 12.0 7.3 1@.& &a &1 -—— 233 11 za 3.7 - 460 48 & @ G120 2400.1@
CLIFTON 12/12/84 1R85 11.95 7.3 l1a.2 21 22 0. 00n 25z 16 35 4.7 420 390 Sz S @ 458 5150.0Q
CLIFTON Qa1/30/85 925 7.2 7.1 1.5 e 37 @.202 348 a8 —— - - - - -~ - —-—  2502.Q
CLIFTON e2/&7/85 110 13.0 7.3 9.8 26 X . 1. 1] a3 14 4Q - - 41@ &4 ) @ 48Q 4200.02
CLIFTON @3/27/85 1238 12.5 7.4 9.6 33 34 @, 280 334 ) - - &e70 - - - - -- 3620.0
CLIFTON @4/24/85 1@3@ 18.0 7.6 9.6 24 24 Q.20 277 a8 a8 - -- 470 56 7 a 532 4200.0
CLIFTON BS/ec/85 932 £1.5 8.1 9.2 25 29 0.oed 264 21 15 -= - &1a &5 11 @ 630 2490.0
CLIFTON D&/26/85 915 24.5 7.5 7.7 a7 43 @&, 002 314 17 15 - —— S5 as 24 1 e62 5299.@2
CLIFTON @7/10/85 S £25.5 7.5 €.95 43 50 ©@.e01 3686 15 - - — - —— - - ——  4500.0
CLIFTON 28/28/785 j1o@d 23.5 7.4 7.7 51 69 .02 458 1@ 12 4. @ - 460 112 47 3 E&2@ S§5770.Q@
CLIFTON 29/25/85 4@ 2.5 7.4 6.6 64 82 Q@.wv0a eas 12 - - - - - - - - 3002, &
CLIFTON 18723785 915 17.95 7.5 8.9 2 77 @&.a00 484 9 12 2.3 - 33a 13@ a9 4 520 3490.@
CLIFTON 11/15/85 1@45 12.@ 7.4 12.2 92 143 ©@.008 €79 1z ~— - - - - - - ~- 180@.@
CLIFTON 12/@3/785 13285 i2.@ 7.4 1@.1 98 162 0,200 744 12 a 3.7 23@ 312 zZR20 172 13 712 5960.0
CLIFTON 21/23/86 1845 11.5 7.3 9.2 48 6@ 0. pod 41@ ] - - - - - - - -~ 551@.0
CLIFTON =/13/86 952 11.5 7.3 13. 4 41 55 0.e22 423 17 -= -= - - —— - - - ——
CLIFTON d3/04/86 1045 16.95 7.3 7.8 =] 29 .1 306 &1 z2a 8.9 - S 64 7 @ GS5a -
CLIFTON 24/23/86 112D 16.5 7.2 8.8 ] Za 2. a0a 197 14 2 3.9 - 572 €z S @ &40 -
CLIFTON a5/07/86 859 15.5 7.3 8.8 2 == (" 3 § =80 13 ca €.3 - 350 51 7 2 41@ -
CLIFTON Q6 /24 /86 945 0.5 7.3 8.2 &9 33 ©0.001 a3 26 - 10. @2 - 14@ 28 [ 2 17 -
CLIFTON B7/02/8€ 9z0  24.5 7.3 6.5 55 (13 - S34 11 - - - —— - - - - -
COSUMNES @7/21/83 831 z2.5 7.3 8.5 3 & -= €7 1 2 1.2 - = alvi} [ a a 2109 257. 0
COSUMNES ?8/18/83 1855 &8.0 7.7 8.3 4 I3 -~ as 1 S 1.8 - 19@ 9 @ 2 gee 122. @
COSUMNES v9/13/83 Sga £5.0 7.3 7.8 4 2 - S 1 2 1.2 - cia a a " ==l 76.@
COSUMNES 1d/04/83 11085 £1.5 7.3 8.9 4 2 - an 2 S 1.2 14@ 152 & @ 2 1€e@ 12z. @
COSUMNES 11/%1/83 1112 18.0© 7.3 9.3 4 2 - az 3 a 1.6 18w 172 5] "] o 18@ 378.0@
COSUMNES 12/86/83 935 8.5 7.2 1&.@ 7 2 - a1 7 18 2.4 230 aze 7 7] 2 840 1420.@
COSUMNES @1/12/84 1230 a.a 7.2 11.8 3 <3 -— 78 4 a 1.2 3o 162 4 "] 2 160 1230.0
COSUMNES @2/21/84 1115 9.5 7.2 1.5 4 & - 93 e S @.9 18 14@ S @ 2  14@ 561.@
COSUMNES az/07/84 935 11.5 7.3 11.4 4 e - 86 1 3 1.3 91 19@ 11 "] 3 z@2 T66.0
COSUMNES Q4/Q4/84 942 14.0 7.1 1a.7 3 2 - aa 1 5 1.6 95 2 9 v 2 212 734. 0
COSUMNES a5/02/84 720 14.@ 7.3 10.6 4 1 - 76 1 2 1.2 235 130 5 @ B 14@ 597.0
COSUMNES QE/Q6/84 95& 19.@ 7.3 9.1 3 a - 74 = S 1.2 33 230 11 1 a 242 £94. 0
COSUMNES @a7/1a/84 Qe =27.5 7.7 7.6 4 e - (21 2 2 1.6 12 240 9 7] @ a5@ 74.2
COSUMNES a8/ad1/84 1003 27.@ 7.6 8.1 4 z - 93 1 i@ Z.1 - 3z 9 @ & 330 48. 0
COSUMNES a9/05/84 8ze 25.95 7.3 7.1 4 2 - 96 1 S c.a -= 300 11 @ 2 31@ ~-=
COSUMNES 16/04/84 1025 £1.0@ 7.4 9.2 4 2 - 92 2 2 1.5 - 162 7 a 3 1i7a -
COSUMNES 11/28/84 1815 13.5 7.2 12.2 4 2 - ez 12 &5 2.5 —— zae [2) "] @ Z9a -
COSUMNES 12/@5/784 1&a400 1@.5 7.3 11.3 S 4 - 129 e a 2.2 9 =aa 9 @ @ Z9 -
DMC B7/26/83 1045 =3.Q 7.3 7.9 33 38 - 322 31 S 3.6 - 290 54 1@ ¥ 358 4723.0
DMC @aB/23/83 995 21.9 7.3 7.7 e 31 - eas a2 S 3.8 - 4@ 59 9 @ 474 3573.@
DMC @9/14/83 942 21.0 7.3 7.8 18 18 - 168 19 12 2.4 - 312 26 4 2 348 3245.0
DMC iv/12/783 835 18.5 7.3 8.5 14 15 - 151 18 12 3.2 76@. el 26 2 2 230 2439.0
DMC 11/28/83 8915 16.5 7.2 8.2 37 39 - 361 11 =3, 3.4 1122 278a 48 14 @ 332 153.2
DMC 12713783 1@35 12.0 7.2 2.5 23 z26 - 238 18 35 3.5 7@ 320 37 & @ 3ea 3725.@
DMC Qa1/24/84 915 1.5 7.3 18.7 32 33 - 297 16 35 3.2 1600 34% Sz 11 @ 422 1198.@
DMC we/c8/84 10285 12.5 7.5 18.0 42 48 - 397 11 18 3.1 37@ 60 76 25 1 38& 43209.@
DMC @2/27/84 915 1i6.@ 7.3 9.5 53 (1] - 511 24 15 3.8 700 270 90 35 402 4402.0

Note: -— = no data



8%

DELTA HEALTH ASFECTS FROGRAM MONITORING DATA
THM FORMATION FOTENTIAL
- - €CH:  €CH CH CH

Station Date Time Temp. pH D. 0. Na C1l. Se EC Turb. Color TOC Asbest. €13 BrCl2 Br2Cl Br3 TTHMEP FLOW
Name [ (PST) (o). . {—————— mg/l. ————- ) (uS/cm) (T (CU) . C(mg/L) (mF/L). {——m————— ug/L ————————— > {cfs)
DMC B4/25/84 985 15.5 7.5 2.3 & €8 - SI5154 18 1@ 4.7 i8@aa ez 1z@ 45 2 470 4@71.0
DMmC D5/30/84 75@ 23.95 7.4 7.6 23 33 - &98 24 2a 4.7 360 281 (A1 14 @ 460 2390.0
DMC Q6/27/84 985 25.5 7.3 &.@ 32 35 - 328 el 39 5.0 73 Z82 79 15 @ 4e@ 3313.@
DMC a7/25/84 919 24.@ 7.7 7.4 S8 73 - 554 z8 15 4. 4 l1ie@ 450 15@ 57 4 €68 4688.0
bmMC @aBs/29/84 742 24.5 7.3 7.3 21 22 - 29 16 18 3.7 - 23 48 9 a2 358 3es7.e
DMC 63/27/84 1205 2.8 7.4 8.2 28 &9 v.e0d &96 13 13 3.8 it 338 55 iz 0 420 3150.0
DMC ip/25/84 1222 16.0 7.8 9.8 25 26 2.060 268 a8 2 3.3 - 36ea 66 iz B 440 3959.0
DMC 11/29/84 1815 1i.@ 7.4 1e.2 32 34 ©.20@ 321 9 25 4.1 - 400 64 12 ? 480 3901.0
DMC 12/12/84 1815 11.5 7.2 9.3 31 32 Q.00 215 18 25 4.9 S3@a 37@ (=17 a 2 443 4004.0
bmc a1/30/83 858 .7.95 7.3 12.6 38 44 @. 281 398 7 - - - - - - - —--  4Q03.8
bpMC VZ/27/85 1215 13.2 7.5 9.9 31 24 Q.00 336 11 35 - - 412 75 iz 2 Soa 4z21.0
DMC n3/27/85 945 1e.@ 7.4 9.8 29 21 @a.eed 315 8 - —— 98a - - - - -~ 3144.0
DMC a4/24/85 1008 17.5 7.5 9.5 25 24 Q.200 200 9 1 - - 34Q 57 S @ 42 3997.Q@
DMC aS/22/85 202 2.5 8.3 2.1 25 29 o.oa 265 f=¢=4 =1} - - =1s1] 71 18 @ 638 313€.10
DMC @a6/26/85 838 24.5 7.6 7.1 78 95 ©0.201 71@ 23 1@a - - S8 18@ 9 10 8ewd 2877.0
DMC @7/12/85 a3e 24.5 7.4 €.7 59 68 @.evt S44 24 -= - - - - - —-= -~  4378.08
. bmMe v8/268/85 920 23.0 7-4 7.7 50 74 Q.00 441 17 =] 9.7 - 410 120 79 3 600 41€0.0
" DMC @a3/85/85 915 2a.% 7.5 6.8 €6 85 .01 593 15 - - - —-= — - - == 3580.9
DMC 1@/23/85 840 16.5 7.4 7.2 (3] 79 ©@.00Q S92 13 <] 3.6 - e7a 110 58 5 440 3890.0
DMC 11715785 1015 12.0 7.4 12.95 68 126 0.000 545 11 -= - - — - - - =—  4043.0
bDMC 12783785 135 12.0@ 7.4 19.1 72 117 Q.92 591 1@ 15 6.3 37e 36a  19@ 1z 6 €80 3940.0
DMC a1/23/86 1@Qe@ 11.5 7.3 a.8 S2 €3 Q.02 439 8 - - - - - — - -= 3310.0
DMC d2/13/8€6 915 11.5 7.5 10.2 44 6a Q.02 460 16 - - - - - - ~= - -
DMC . a3/04/86 1215 16.5 7.3 7.9 a9 28 @.a21 288 23 25 7.8 - 50’ &1 6 a €50 -
DMC Q4/@3/86 945 16.10@ 7.3 9.@ 23 27 Q.00 ez g2 25 4.2 - ("] Sa 7 2 &6 -
DMC as/@a7/86 a15 16.0 7.2 8.3 27 28 - 278 15 1@ 6.2 - (Y] 42 S a 300 -
DME 06/B4/86 922 21.5 7.3 7.7 36 48 Q.02 3ee 31 -~ 9.5 - =5 5S4 8 2 Z2ie -
DMC a7/02/86 8435 24.5 7.3 7.8 54 62 @.wva1 S53e 13 - - - - - — - - -
EANKS 23/31/82 902 12.5 7.3 9.7 38 25 - 315 2 - - - 93 €6 7 2 1002 €300.0
BANKS Re/29/82 720 20.0 8.2 8.3 - 41 - ez 11 ~— - — 49Q a3 14 v S99 240.0
EANKS a8/z6/82 9as 21.0@ 7.9 8.3 - 13 - 213 19 - - - 438 34 4 @ 4782 4248.0@
BANKS™ | ia/21/82 845 18.95 7.2 a.e - 23 —— zi2 [ -= - - 378 45 7 2 42@ g773.0
BANKS: iz/29/82 1c0@ 10.0 7.1 9.7 - a3 - 225 9 - - - 630 49 4 2 8o €45.Q
BANKS w2/24/83 1210 14.@ 7.4 9.3 - 20 - 268 192 - - - 192 26 4 2 T2a 61139.8
BANKS: 04/27/63 910 - 7.3 8.4 - 42 - 367 6 —-= - - T A7, - 1@ €& 440 125.@
BANKS ae/ee/83 a0 ea.5 7.2 8.4 - 14 - 143 11 - - — 35@ 28 4 ® 382 cREe2.0
BANKS" 87/26/83 1008 23.@ 7.3 8.3 21 ee -~ 211 17 a .8 - 3oz 28 6 @ 340 1306.0
BANKS vwas/a23/783 830 2e.5 7.3 8.2 as 28 - 261 17 a 3.9 - 429 S8 ] @ 498 2179.0
BANKS 09/14/83 850 ez.a 7.3 7.@ 22 24 - 226 a 20 2.9 — 3320 38 a o z8a €1.0
BANKS 1@/12/83 755 E£@.S 7.3 7.6 23 = 219 & 2@ 3.1 860 260 47 a 4 328 306.0
BANKS 11/868/83 85@ 16.5 7.2 8.6 19 e - 186 7 29 2.8 —= 3la 49 7 @ 368 1154.0
BANKS 12713783 949 12.0 7.3 1@8.2 3e 34 - 205 13 49 3.3 a2 jei=y] 42 7 2 411 326.0
BANKS @al/e4/84 a5e 9.5 7.3 11.e 26 e - g2 S =3 2.9 490 3e@ 44 a8 @ 37@ 2E7.0
BANKS oz2/28/84 940 12.@ 7.5 12.@ 4e 4€ - 288 9 2 3.2 —— 3l@ 75 2a 2 408 2563.0
BANKS @a3/e7/84 840 16.5 7.3 9.8 36 4@ - 37a ca za 4.2 - 460 a9 16 [T ] 104.0
BANkS 04/25/84 915 15.0 7.3 9.3 27 2a - 283 3 a5 3.9 - S57@ ez 12 @ €48 3925.0
‘BANKS a5/3a/84 725 23.@ 7.5 7.1 29 33 - 304 16 i2 4.7 - 4@ 7e 18 ® 49@ 18€5.0
‘BANKS . BE/27/84 820 24.95 7.3 6.6 24 34 - p==1:] 29 49 4.9 - 419 ‘59 ) 2 482 z884.0
BANKS- @7/25/84 azgp &3.@ 7.% a.1 2 23 - 214 16 20 4.7 - 420 57 9 @ 490 43599.9
BANKS 08/29/84 715 R23.@ 7.3 7.4 22 &84 - 244 7 18 3.1 - 3@ 55 1@ @ 420 3438.0
BANKS @a9/27/84 925 22.9 7.3 'B.6 g5 25 e¢.oee 268 7 15 3.3 - 37@ S99 1@ @ 440 17232
BANKS™ - 10/25/784 928 1€.5 7.7 9.3 25 2E Q.00 2E6 a8 =1} 2.9 9 e 37@ 903. 2

- 322 59

Note: —-— = no data
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THM FORMATION FPOTENTIAL
CH CH CH CH

DELTA HEALTH ASPECTS FROGRAM MONITORING DATA

Station Date Time Temp. pH EC Turb. Coler TOC Asbest. C13 Brll& Bra2Cl Br3 TTHMFR FLOW

Name (PST) (o) (uS7cm) (TW) (CLH (mg/L) (mF/L) (efs)
——————— EL 337 == EE P LT -3 SEmas s SmE IR =a=ws
BANKS 11/29/84 113@ 11.5 7.9 Q2. vka 233 11 30 3.3 - 4322 44 € @& 482 2797.Q
BANKS 12/12/84 945 11.5 7.3 10.@ - f={=x 12 29 4.3 - 380 S0 & @ 442 4258.0
BANKS Qaz/27/85 945 13.95 7.5 3.5 Q. 22 235 a 25 el - 31@ 71 ie a 390 4151.@
BANKS v3/27/85 200 12.5 7.4 1D.1 2. o2 367 11 - b S2@ - hted - - —-— 3486.0
BANKS B4/E4/785 915 17.5 7.6 8.7 3€ 34 - 351 11 1 - - 41@ a1 17 @ S1@ 4520.0
BANKS VS /22/85 815 19.8 8.1 8.6 35 41 V.02 351 26 S bt - 580 9a 17 2 630 1917.Q
BANKS BE/@7/8S asa 23.5 7.5 7.4 32 37 - 3z 30 - - - - - - - -= 2a19.@
BANKS VE/26/85 a8 3.5 7.7 7.5 38 4€ -= 372 a2 =07 - - 558 11@ 24 1 &80 Sezez.e
BANKS @7/18/85 sl &24.5 7.5 7.5 4z 48 .00 343 i€ 1S - - 592 {e@ 35 T & 790 4572.9
BANKS 28/28/85 83 22.9 7.4 7.8 54 78 @. 800 466 1@ 12 6.4 - 39@ 148 €9 S5 6o 5260.0
BANKS v3/25/85 8ze 2.5 7.5 7.9 €9 1oz V.00 588 6 ia 2.7 - 340 a9 49 10 480 3220.@
BANKS 1@a/23/88 saa 17.@ 7.6 a.s 59 34 Q.000 Sa7 7 3 4.8 - 290 158 92 13 540 3200.0
BANKS 11/15/85 230 12.0 7.4 9.5 71 112 0.000 586 6 i@ 2.9 - 260 160 120 - -- 2150.@
BANKS 12703785 1415 11.5 7.4 10.1 85 141 ©@.000 676 10 12 3.6 230 248 210 150 16 €1@ 6&320.0
BANKS v1/23/86 9ze 1z2.0 7.3 9.2 56 79 @.000 482 i2 a5 7.2 - 17ea 170 47 & 1398 S170.0
BANKS v2/13/86 845 11.5 7.7 18.5 45 61 0.200 444 17 23 a.e - 780 14@ 28 i 9582 -
BANKS @3/84/86 930 1€6.5 7.3 8.2 30 33 0.000 332 14 3a 5.8 - 600 7@ 6 2 &80 -
BANKS 04/09/86 915 17.5 7.5 9. 4 29 21 0.000 265 13 20 5.0 - 630 76 10 2 720 -
BHANKS v5/07/86 745 15.95 7.3 8.9 28 31 -= 284 11 15 5.2 - 460 74 10 2 548 -
BANKS RE/D4/8E 815 19.5 7.5 8.6 31 38 0,001 31& 32 - - - 342 45 9 a2 390 -
BANKS a7/02/86 815 24.0 7.3 6. 4 31 33 0. 000 205 25 -= - - - - - -= - -
HONKER B2/23/83 1045 13.0 7.3 8.9 - a7 -- 223 13 - -— - 212 33 6 B 25e -
HONKER @4/27/83 1030 - 7.3 8.8 - 33 - a3 9 - - - 300 72 io 5 390 -
HONKER Ve/22/82 1208 £3.5 7.3 7.6 - 2@ - 184 11 -= - - 370 43 7 2 420 -
HONKER BB/17/83 1000 £4.5 7.3 7.1 8 8 - 126 6 8 2.5 - 312 25 = 2 340 -
HONKER 12/@4/83 728 2.5 7.3 8.0 7 7 - 114 € 12 2.1 19 290 14 1 o 3ea -
HONKER 12/06/83 a8z i9.@ 7.2 10.@ 17 26 - a3 18 (=1 E.4 €2a 52 47 7 a S70 -
HONKER Bz/01/84 755 10.0 7.1 9.7 27 32 - ez 11 25 S.8 ian 450 €8 1@ 2 530 -
HONKER QA4/04/84 815 15.@ 7.3 9.6 12 i4 -~ 171 9 i 3.2 0] 31@ e 4 @ 350 -
HONKER Q6 / 06/ B4 740 15.0 7.5 7.6 13 12 - 178 12 i® 3.8 26@ 340 4 7 2 392 -
HONKER a/v1/84 70 E3.0 7.3 7.2 11 12 - 166 a 15 2.8 - 4E0 Z4 4 a sSea -
HONKER 18/04/84 752 18.5 7.3 a.8 7 =} - 122 5] 5 1.8 -- 242 14 1 a 262 -
HONKER 12/@5/84 ase 1e.5 7.2 9.8 12 15 - 184 13 35 S.@ 772 48 37 4 a2 Sz -
DVGH ua/1@/83 1200 23.5 8.5 6.4 19 16 - 466 1 ] 3.2 —— 310 32 4 2 350 -
DVGH wa/s1@/83 1145 12.95 7.8 3.9 14 11 - 295 3 2 2.9 - e =6 & 2 392 -
DVSR u9/20/83 70 14.5 7.3 5.3 15 12 - 414 2 8 2.9 - 45@ 1& Z @ 470 -
DVSR ie/18/782 1152 18.@ a.a 7.2 17 13 - 4320 1 a .9 54 o - - - - -
DVSR t1/21/83 11586 15.5 7.9 8.4 18 15 - 469 4 15 3.6 ila 230 29 4 2 260 -
DVSR w3/11/86 845 13.0 8.1 11.3 14 12 Q.o 3a& 92 3@ €. 6 - EER 33 i 2 659G -
DVSR ®5/13/86 708 16.@ 8.z 6. 4 15 11 @.o000 356 4 2o 4.8 - S1e | 24 2 a 540 -
LINDSEY @7/11/84 240 E4.5 8.4 €.7 37 29 - 426 6 35 €.3 2700 770 s7 6 2 83e -
LINDSEY wa/e2/84 1185 21.5 a.a 7.6 35 26 - 411 €5 =1 7.1 - 95a €S 4 2 io20 -
LINDSEY 29/12/84 {185 22.95 7.6 7.@ 24 25 0.0 424 a7 50 7.5 - 930 59 3 a 992 -
L INDGEY 1a/11/84 950 19.9 7.8 8.2 32 =1 iated 383 £8 S0 3.6 - 84 39 4 a 900 -
LINDSEY 11715784 1045 2.6 7.5 8.6 31 23 Q.02 353 =8 25 4.7 - S7@ 45 = @ Ec@ -
LINDSEY 12/06/84 1058 11.@ 7.3 8.3 44 34 0.0 441 37 S 3.7 2502 1000 59 2 a 112 -
LINDSEY B1/25/85 1045 e.a 7.4 9.& S6 46 &, 558 12 - - - - - - - - -
LINDSEY oz/13/85 115@ 1@.5 7.3 €.7 43 35 0.002 381 11@ Sa - - icea &S 3 2 i30@ -=
LINDSEY ez/22/85 1232 11.0 7. 4 8.6 57 39 Q.00 445 &5 - - - - -— - - - -
LINDSEY 83/13/85 1145 1&.5 7.6 9.1 St 41 @00 482 &R - - 7500 - - -= -= - -
LINDSEY 04/10/85 1015 18.@ 7.7 8.6 61 44 Q. ada 531 =l 15 - - Sea 8& 9 2  e8w -
LINDSEY 2a5/28/85 1020 17.0 8.1 8.8 (1] 47 Q.000 S74 18 =d) - ke 660 aa 4 @& 750 -

Note: —— = no data
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DELTA HEALTH ASRECTS PROGRAM MONITORING DATA
THM FORMATION POTENTIAL

: CH CH CH CH
Station - Date’ Time _Temp. pH D. 0. Na CI Se EC Turb. Colew TOC Asbest. C13 Br8l2 Br2Cl Br3 TTHMFR FLOW
- Name (FST) - (o) [4 “mg/L > (uS7cm) (TW (CW) (mg/L) (mF/L) (= e ug/bk = ———— > {eofs)
LINDSEY A5/29/85 1230 £d.@ 7.9 8.6 S5 47 - 571 &7 - — —— Rt —— - —— -
LINDSEY T@6e/12/85 1e45  25.0 7.9 7.1 51 45 3.092 S41 =8 i) - _ =l v} 97 & 2 122 -
"LINDSEY ‘@7/24/85 Ela gz2.@a 7.6 7.2 49 3Z @.o02 421 26 - - - —— - - —-— Bl -
LINDSEY -@B8/14/85 955 Z1.@8  .7.8 B.6 =8 32 Q. 022 425 48 3 a.2 - 75 69 5 2 oz -
LINDSEY ‘@9/11/85 0 19.5 7.7 7.9 4 37 . p0R 443 2@ [t 9.8 - aza T4 4 2 Agw -
LINDSEY “19/@29/85 1005  16.5 7.6 8.1 42 41 Q202 496 31 28 17.@ - 1522 &6 2 2 teaa -
L INDSEY 11719785 - 820 8.5 7.5 1&.@ 4@ 37 Q.22 449 18 1S 7.7 - - - - - = -
LINDSEY 1e/e3/85 728 11.5 7.4 8.7 S6 &3 w.p@d SE&9 £5 & 15.@ 1160 1322 72 2 ? 1402 —
L INDSEY R21/16/686 745 12.95 7.3 €.7 €S 58 @000 458 a8 ae 15,8 - =gl 56 z @2 232 -
LINDSEY az/27/86 758 16.5 €£.8 ° 3.2 et 1€ @, 22n a8 46 [ ta.a - 75@ 26 2 @ - 8za -
- LINDSEY A3/13/786 - 730 -13.5 7.1 6.2 23 ‘2 2. 000 221 &8 122 15.2 - 132 47 -1 @ 1302 -
- LINDSEY ‘Q4/83/86 773G 18.5 7.6 5.2 44 ‘29 Q.22 287 48 70 12,2 - 1122 84 & a 1zea -
‘LINDSEY v5/e8/86 600 zZa.a 8.a .6.@ a2 &7 Q.20 S5& 26 =5 8.2 - 38 =8 S 2 . 4c@ -—
LINDSEY @a6/25/86 635 21.5 a.a 7.2 43 27 0. 02d 461 38 f=dv] =e.a - Co== - - - - —-=
LCONNECTSL. "@2/@6/85 ~ B45 7.2 7.4 11.8 vy =<3 - =32 5 15 —— —— (=) 46 & 2 71@ -
LCONNECTSL @3/06/785 915 “11.0 7.4 t@a.2 14 18 - 218 7 —— e 142 - - - - - -
LCONNECTSL @4/25/85 815 "17.5 7.3 2.5 13 11 - 188 & 5 L - =32 26 2 @ 266 -
LCONNECTSL 5721 /85 8o "19.@ Tt 9.1 13 11 2. 2000 175 5 3 - - fed=Yn] 27 =4 @ 310 -
-LCONNECTSL @&6/05/785 745 20.5 7.5 a.7 13 12 -~ 18 7 = - —-— jeivlv] 26 2 3 - 338 -
LCONNECTSL 06707785 _7@@ 23.@ 7.7 ‘8.7 13 9 - 178 7 Ll - - - - - - —— L
LCONNECTSL 28721785 aap 225 7.4 8.2 13 12 - 186 5 12 ~ 3.8 - 36 32 2 @2 - 390 -
“LCONNECTSL 1@/02/85 640 Eoi@ 7.5 7.8 18 11 —-— c@a3 4 ] 3.1 - 240 26 3 @ a27a -
LCONNECTSL 11/13/85 732 11.5 7.3 5.2 12 11 - 183 3 fete] 3.4 - 348 34 2 & 3812 —=
LCONNECTSL 12/33/85 1645  11.5 eI 1882 15 15 - 204 S 15 6.8 68 38@ 36 3 @ - 420 -
LCONNECTSL.. @3/711/86 1145 14,5 7.3 9.2 2 19 — 192 =2 =5 17.8 - 65 51 3 @& .- 720 -
LCONNECTSL" ©4/17786 945 15.5 7.2 8.9 17 2 3. 2@l 195 11 f=dv.] 4.2 - 4410 51 7 @ S0 -
LCONNECTSL -@S/13/86 ~ 945 -19.5 7.3 8.4 12 15 —— 162 ‘14 25 4.2 — 15@ 16 2 @a - 172 —~—
- LCONNECTSL -@26/11/86 745 ' 21.5 73 7.9 9 '8 e 136 1z 28 5.8 - — - — - - -
- MALLLARD @7/28/83 10845 ‘4.2 7.3 8.6 i1 11 e 137 18 5 3.3 - —— Z2E@ BE 2 7 g9 -
* MALL.ARD 28725783 9%a "21.8 7.6 a.2 21 27 - 216 19 15 3.4 - - 30 %=1 13 @ 380 —_—
MALLARD T @9/20/783 gva -g1.0 7.3 7.7 15 i€ -~ 181 13 15 3.4 — 410 21 3. @ 430 -
MALLARD 1@3/18/83 9ta 17.9 7.3 8.5 13 13 - 152 3 30 3.2 699 - - - —_ = -
- MALLARD i1/21/83 1205 12.5 7.2 7 9.5 15 16 - 18 16 417 4.5 1429 17@ 36 4 a eia -
MALEARD " 12/28/83 932 12.0 7:3 12.3 13 13 - 168 38 .32 3.7 26000 392 i) S B 430 -
MALLARD v2/13/85  75@ - 11.5 7.7 T11.9 96 155 2.@002 749 12 25 —= e U222 19@ 0 130 &8. 570  --
MALLARD a3/13/85 815 14.0 8.4 13.5 32 S58 2.022 2160 i3 - - 1302 - -— == - —— ==
- MALLARD RD4/10/85 730 - 16.0 7.5 B.@a 348 569 —_— 2210 &5 4] —- —— 94 182 269 &8y - 81@ -
- MIDDLER 22/@6/85 a3 6.5 7.3 1.2 38 43  @.222 391 13 25 e——— -~ 78a 84 2 2 paee -
< MIDDLER a3/06/85 900 19.@ 7.4 12.@ 31 34 QA.20@ 339 C1E T —— - 210 - - - - —
M@DDLER - Q4/35/85 738 17.@ 7.5 8.9 4 4 - 378 [ ] - — 300 76 16 @ 3982 -
MIDDLER " RAS/@1/85 652 19.@ 7.6 9.3 29 29 9.201 223 9 1@ —— e 419 &8 1@ @ 496 --
MIDDLER RBE/D5/8S 642 22,9 7.8 9.2 26 25 - 252 17 S - —— 550 67 8 @ 620 ——
MIDDLER QE/B7/8S 8RS - 23.5 7.7 a.3 =t 25 - 256 16 - - - - - —-— - - =
MIDDLER - B8/01/85 708  22.@ 7.4 7.8 35 46 .02 331 12 =4 3.9 — cen  11@ 26 1 8ea -
MIDDLER 1@/23/85 1115  18.1@ 7.5 9. 4 40 &1 @.Q0Q 396 7 ia 2.8 - 380 1za@ 45 g &G —=
MIDDLER 12/03/85 1215 11.5 7.4 12.3 S4 83 @, oo 464 <) i2 4.6 102 342 16Q 68 5 S7@ -
MIDDLER Q3711786 1832 14,5 7.3 8.2 3a 38 @&.001 343 &4 =20 6.2 ~ S3a 112 12 @ €50 -
MIDDLER B4/17/86 732  14.0 7.3 a.8 e 26 -@. a1 213 1z 25 3.5 - 44 =1 9 8  5iv -
MIDDLER 2S5/13/86 aza 19.5 7.3 a.1 26 3@ 0.0 a27@a 13 i) 4. - 482 76 11 » 570 —
MIDDLER [6/11/86 - £15 RE.S 7.3 7.8 28 34 A, a3 272 14 s 7.5 - —— - - - - i
MOKELUMNE @7/21/83 715 18.@ 7.2 9.6 2 1 - 34 3 =3 1.4 - =3 3 7] o 232 1552.Q
MOKELUMNE @8/18/83 802 19.0 6.6 9.2 e 1 - 34 2 fa 1.2 - 241 a8 @ a 258 5z8. 12

Note: ~— = no data
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DELTA HEALTH ASFECTS FROGRAM MONITORING DATA
THM FORMATION POTENTIAL

CH CH CH CH

Station Date Time Temp. pH D.O. Na cl Se X Turb. Color TOC Asbest. Cl13 ErCl2 BriaCl Br3 TTHMFP FLOW

Name (PST) (al) : (== mg/t. ————— ) (uS/7cm) (TW) (CL (mg/L) (mF/L) (= —— ug/L —————— ) (cfs)
MOKELUMNE @3/13/83 750 13.@ 7.1 8.8 & 1 - 33 =4 =4 1.3 - =) 6 14 2 26 1842.0
MOKELUMNE 1@/94/83 815 17.5 €.8 9.5 2 1 - 32 2 S 1.4 17 242 4 %] @ 242 210.0
MOKELUMNE 11/01/83 750 16.5 6.6 8.3 1 1 - ' 31 & a8 1.6 31 19a 3 @ 2 19 1420.@
MOKELUMNE 12/66/83 742 1Z.2 £.8 10.4 g 1 - 38 [ ) 4.6 gl 192 3 "} @ 13& 2992.1
MOKELUMNE @1/1@/84 925 10.5 6.9 11.@ 2 1 - 42 9 1& 1.8 179 2ea 3 @ a 2E@d 3790.0
MOKELUMNE @2/81/84 asa 8.5 6.7 1il.2 2 1 - 44 € i2 1.4 32 11@ S 'J @ 128 1210.@
MOKELUMNE @3/07/84 a8za 11.0 7.2 11.5 2 1 - 45 3 a 1.5 26 o) ] Q@ & Zea 3@7.0
MOKELUMNE 24/04/84 735 13.0 7.2 1i1a.9 a2 1 - 47 2 2 1.5 44 232 5] @ @ 242 439. @
MOKELUMNE @5/02/84 625 14.Q 7.2 1.7 2 1 - 46 2 S 1.7 i@ 202 4 @ a  goa 272. 2
MOKELUMNE @&/06/84 825 15.5 7.3 1o.2 2 1 —— 47 2 2 1.5 53 a23e 7 @ @ 240 265. 2
MOKELUMNE @7/10/84 755 17.5 7.3 2.5 2 1 —— 48 i 2 1.6 iz 3e@ S @ & 3e0 333. 02
MOKELUMNE @8/21/84 828 23.5 7.2 9.5 2 1 - 47 1 "] 1.7 - 31@ S @a @ 320 303.@
MOKELUMNE @9/05/84 72a 18.5 7.3 9.3 2 1 - 48 1 S 1.5 - 4 5 @a @ 4Z@ -—
MOKELUMNE 10/04/84 915 17.5 7.2 3.4 2 1 - 44 I 2 1.6 - 2910 S @ @ 3o e
MOKELUMNE 11/28/84 920 1€.Q 7.0 9.6 <4 1 - 45 7 a8 2.3 - 260 4 @ Qa 262 -
MOKELUMNE 12/@5/84 945 12.0 7.2 18.9 2 =3 - 46 4 3 1.8 19 2o 4 @ & Zaa —
NOERAY a7/28/83 8za 21.0 7.9 9.2 19 ] —— 3ol 4 S 2.7 - 9@ 15 1 @ 312 S.@a
NOBAY aB/25/83 7725 19.e 8.5 a.9 12 5] - 31 4 ] 2.7 —-— 342 26 e a 378 S.2
NOBAY a9/20/82 1120 =20.Q@ 7.6 9.7 S 5] —— 3t 2 ) 3.1 — 35 9 @ @  3ca S.2
NOBAY 13/16/83 720 17.8@ 8.9 9.5 1@ S - 298 2 1z 3.2 = .| -— - - - - 11.1
NOBAY 11/21/83 845 11i.@ 7.8 12.4 11 7 - 31z 11 25 3.@ 1602 282 18 1 2 Zoa 1.2
NOBAY 12/28/83 815 11.5 7.6 19.g 11 & - 279 ez 2@ 2.6 ()] z7a 17 S a 292 1.2
NOEAY a1/31/84 aza 11.5 8.2 11.3 12 7 — 3a2 4 a 2.6 ceaa el 18 1 2 3zZa 1.2
NOBAY oz/e2/84 985 12.0 a.2 ta.7 iz € - 314 & a8 3.1 2902 23a 18 1 a 31@ 2.5
NOEBAY @3/14/84 asa 16.0Q 8.3 8.2 13 € - 333 4 S 3.@ 1500 34 &1 1 @ 362 2.0
NOBAY 04/11/84 840 15.0 8.4 12.4 13 & - 3t@ 4 2 2.8 2aad a9 ia 1 b 31a 1.2
NOBAY @5/23/84 925 z0.@ 8.4 9.3 12 5 — 312 4 S 3.2 37@ 40 18 1 & 4@ 1.5
NOBAY 06/13/84 €40 17.5 8.5 9.5 ] 5 - 306 1 S 2.8 112@ 420 18 1 a 420 4.2
NOEBAY 27/11/84 735 19.5 7.5 3.1 9 b - 308 4 =] 2.9 1&e 34@ 17 1 a 360 4.5
NOBAY wa/22/84 917 19.0 8. 4 9.2 12 ] - 314 a a 2.8 — 342 17 1 @ 360 5.2
NOBAY Ra9/12/84 932 13.5 8.4 9.@ 9 5 - 321 2 4 3.0 - 8o c@ 1 2 420 4.5
NOEBAY 1a/11/84 ats  18.0 8.2 9.1 3 5 - 312 3 S 2.9 —— 472 za 1 2 490 7.@
NOBRY 11/715/84 845 13.@ 8.@ 9. 4 12 (2] - 296 4 12 2.6 - 31 15 1 @ 332 11.2
NOBAY 12/06/784 acs 10.5 8.1 19.1 15 1@ —-— 339 12 18 3.6 1602 4@ 23 1 A 42@ 11.2
NOBAY az2/13/8% 9z@ 10.5 8.a a.7 18 1@  @&. 22 321 (=Y &@ ~- - 758 31 1 Q@ 780 13.@
NOBAY 83/13/85 930 13.0 8.3 10.@ 13 8 0.200 30@ 4 - - 1100 - - - - — 1.2
NOBARY d4/18/85 aze 17.% 8.4 9.5 14 a - 371 3 7] —-= - Zea =<3 b a3z 4.5
NOBAY as5/208/85 a3a 16.0 a.1 9.8 11 S5  @a.200 334 4 1@ — - Za az 1 a 3z 4.5
NOEARY RE/12/85 845 g0.@ 8.2 9.& 1e 5 -~ 325 4 12 - - 3z 26 1 @ 350 6.5
NOBAY 08/14/85 9528 18.@ 8.3 10.1 1@ S - 336 2 ) 3.4 - a25a 27 1 2 Z8a 5.5
NOBAY 12/89/85 908 16.@ 8.3 9.7 9 S5 2.1 332 1 S 3.2 —— i@ 20 2 & 330 €. @
NOBAY 12/83/85 842 11.5 Aa.e 12.3 12 & .02 3z0 7 5 3.9 432 300 24 1 @ 320 13.2
NOBAY n3/13/86 915 14.0 8.0 9.5 11 & Q.02 278 33 =4 3.7 - Sea 22 1 @ 540 -
NOBAY B4/23/86 1845 18.0 a.e 9.1 13 7 Q.20 336 7 1@ 2.7 - 320 24 2 @ 350 -
NOBAY 25/28/86 945 19.95 8.3 9.6 12 5 0.o02 306 7 S 3.1 - ot ] 15 1 2 320 —-
NOBAY x6E/25/86 845 19.1 8.3 9. 9 5 0.0200 293 S 12 7.2 - - - - - - —_
ROCKSL @7/e6/83 1242 E23.0@ 7.a 7. 15 16 - 158 16 a 3. 4 - 3] 34 S 8 350 -
ROCKSL a8/23/83 1100 24.5 7.2 6.9 15 14 —— 171 17 8 2.6 — 44Q 35 4 Q@ 480 -~
ROCKSL B9/14/83 1145 25.0 7.1 6.1 26 =3 - 254 15 35 4.6 - 44 43 9 & 492 -
ROCKSL 12/12/83 12005 £21.0 7.1 7.7 17 21 -= 177 11 =3 2.8 95 27 39 [ & 32 -
ROCKSL. 11/@8/83 1232 17.@ 7.2 a.4 e 23 — 224 12 25 3.5 S57a f=3=) 37 7 2 304 -
ROCKSL 12713783 122@a 12.@ 6.9 9.8 =1 e1 —— 2z 11 3a 3.@ Sea &7 36 4 @ 310 -

Notes:s —-- = no data
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DELTA HEARLTH ASPECTS PROGRAM MONITORING DATA

THM FORMATION POTENTIAL

CH
Station Date Time Temp. D. 0. EC Turb. TOO Asbest. Cl3 BrCl2 BreCl Br3 TTHMFR FLOW
Name (PST) (o) (uS/cm) (TW (mg/L) (wF /L) < (efs)
ROCKSL RQi/24/84 1025 10.@ 7.3 10.8 248 16 3.3 SoR e a @ 372 ad
ROCKSL @z/28/84 1285 13.5 7.5 10.02 316 11 2.6 SBo 242 2 @ 422 -

" ROCKSL B3/27/84 1038 . 16.5 7.5 9.8 254 17 3.2 480 37@ =} @ 432 -
ROCKSL. d4/25/84 1135 16.5 7.3 9.6 193 14 2.4 1182 310 4 Q2 342 —-—
ROCKSL . @5/30/84 9VS 24.@ 7.5 8.1 194 16 3.8 142 36D S B3 422 —
ROCKSL -Q6/27/84 1050 26.@ 7.2 €. 8 183 12 3.5 430 382 4 @ 420 -
ROCKSL a7/e5/84 1045 £4.9 7.7 -8.1 217 19 2.5 €622 3z 17 r Y.} -
ROCKSL. wa/29/84 S2a 24.0 7.4 a.2 21 S 2.6 — 31 16 @ 390 ——

- ROCKSL. @9/27/84 1130  23.0 7.8 8.3 199 9 2.8 — 3ie 3 @ 340 —
ROCKSL 10725784 1132 17.12 8.8 -12.9 194 8 3.2 - 330 4 @ 372 -
ROCKSL 11/29/84 1330 12.9@ 7.4 18.5 186 1@ 3.7 - 581 2 a 612 ~——
ROCKSL 12/712/84 1145 11.0 7.3 9.7 195 11 4. 4 540 41@ 2 . @ . 442 -
ROCKSL @1/3@/85 1015 8.2 7.2 10.8 =84 3 - - - - - —
ROCKSL. B2/27/83 1145 14.0 7.5 .10.3 258 & - - 350 ] 40Q -
ROCKSE. @3/27/85 1115 12.@ 7.4 10,1 263 [ —— 590 —— —— —
ROCKSL . D4/24/85 1123 18.0 7.8 1e.1 a3z 7 — - 430 48w -
ROCKSL . BS/28/85 1020 T1.95 8.2 9.2 225 17 nd — Sz S9a -
ROCKSL 26/07/83 936 £3.0 7.9 9.1 252 16 — - — - fated
ROCKSL R6/26/785 1@ 23.@¢ 7.6 8.@ 36@ 19 —— — (23717 770 -
ROCKSL - @7/10/835 - 955 25.0 7.3 7.6 453 a - - - - —_
ROCKSL 28/28/85 1045 23.5 7.6 8.1 63 a8 2.8 —_ 34 6@ -
‘ROCTKSL 9/25/765 1032 22.5 7.6 8.1 776 a8 - ~ - - -
ROCKSL 10/23/785 1@15 - 17.5 7.8 10.@ 728 7 2.1 - z2ia (23] -
ROCKSL ~.11/15/85 1148 12.5 7.5 - 10. 4 9688 4 - - - - - -
ROCKSL 12/83/85 11285 1.5 T4 18.5 3968 .6 3.1 268 142 4 572 -
ROCKSL @1/23/786 1145 11.0 7.3 9.6 476 € o - - - -
ROEKSL. P2/13/8B& 1045 11.5 7.4 10.2 319 13 - - —— - —
ROCKSL @3/04/86 11400 17.95 7.3 6.2 342 16 8. 4 - e7@ a. 7422 -
ROCHKSL 24/09/66 12815 17.@ 7.3 8.9 26 11 3.9 - Sz a 6ia -
ROCKSL -Q5/07/86 945 17.0@ 7.2 7.4 227 13 7.8 - S1@ 3 @ 35ea —_
-ROCKSL DE/R4/86 1040 22,5 7.3 7.6 225 21 - i2.2 - e 2 o z2a -
RAOCKSL @7/02/86 1020 25.5 7.3 €. 3 225 15 — —= - - - et Bt -
GREENES a7/21/83 &e@@a - 19.5 7.3 8.7 4 115 2 -2 1.6° - 190 1 - @ 2Qa 2E400.
GREENES a8/18/83 €45 21.@ 7.5 8.2 4 124 a -8 1.6 - el 1 @ S22 24609.
GREENES @9/13/83 640 29.5 7.3 8.3 [2) 154 iz a 1.8 — [=Lulv} 2 @ &ez@ 2310@.
GREENES 10/d4/83 925 18.12 7.3 9.@ S 124 Y] S 1.6 382 20 - 2 212 24800,
GREENES 11/21/83 650 17.12 7.3 9.1 S5 128 & S 1.7 340 210 a 2 2@ 177e9.
BREENES 12/16/83 €35 18.95 7-4 12.6 4 122 el 3a 4.1 2208 309 2 2 319 6E6100.
GREENES 21/710/84 815 9.4 7.3 123.7 4 129 19 20 1.7 320 220 1 2 23 ‘6720@.
GREENES 22/21/684 956. 12.02 7.1 1@.8 5] 142 14 12 1.5 749 192 i 2 E0B 32400.
GREENES. BI/07/84 735 12.@ 7.5 1@a.8 1 7 164 =) a8 1.6 540 230 1 B EER 25800.
BREENES B4/84/84 635 13.5 7.5 10.4 & 148 8 5 1.6 &8 250 i . Bed 25iea,
BREENES - 05/08/84 530 - -16. @ 7.3 9. 4 -1 & 154 a8 8 2. 112 182 1 2 1%a 1i1ze0e.
GREENES Q& /BE /84 €25 18.0 7.5 8.7 1 7 146 9 [2) 2.0 e 25e 1 @ - 272 . 13S0ea.
BREENES B7/10/84 650  228.5 7.4 8.2 4 i21 11 S 1.6 152 262 v} a z7a 21204,
GREENES: @8/01/864 coR 21.5 7-4 7.9 4 133 11 S 1.6 - iy} 1 @ 3106 220.
GREENES. 28/21/84 1042 .23.0 7.3 8.2 ) 164 iz 12 -1. 8 - =50 1 2 e72 17800.
GREENES: 29/%5/84 ERS 22.0 7.4 7.7 6 185 11 a8 v Pe - 390 1 2 412 18240.
GREENES 10/24/84 €200 - 17.5 T.4 9.2 4 132 7 5} 1.6 - 172 i 2 182 14500@.
GREENES 11/@8/84. 820 14.@ 7.3 9.7 (=] 154 11 .a 2.1 - c10 @ 2 220 14800.
GREENES 12/085/84 745 1@Q.5 7.4 1@8.9 6 1e@ =4 15 2.6 1120 240 1 2 Z2e@  381@a.
GREENES 21/30/85 -1145 - 9.9 7.4 11.9 7 186 3 - - - —— - —-  14308&.

Note: = no data
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¥ \
DELTA HEALTH ASFECTS FROGRAM MONITORING DATA Q r§
THM FORMATION FOTENTIAL A
CH CH CH CH / Q!

Station Date Time Temp. pH D. 0. Na cl Se EC Turb. Color TOC Asbest. C13 BErCl2 Br2Cl Br3 TTHMFP FLOW

Name {(PSTY (ol) : (e my/L ——=~—=) (uS/cm) (T [{ VD) (mg/L) (wmF/L)
GREENES R2/V6/85 1132 8.0 7.5 1&.1 11 € V.o 174 2 1@ - -
GREENES 03/06/85 1c0@ 11.2 7.4 1@.5 11 7 @.e22 18@ 5 —- - 182
GREENES 04/05/85 1035 7.4 9.3 13 €& @.p0@ 176 7 g - -
GREENES 05/21/85 1030 7.2 8.8 11 7 @.o21 167 11 12 - -
GREENES 05/29/85 510 7.4 905 13 7 - 178 12 —— - —
GREENES VE/R5/85 955 7.4 8.5 13 & v.qod 173 9 1@ - -
GREENES v7/24/85  BO@ 7.3 B8.@ 11 5 2.000 163 8 - — — —_—
BREENES VB/B1/85 1035 7.5 7.9 11 5 Q.o2d 163 1@ 12 3.9 - 4802 14 z 0 500 15600.
GREENES 09/Q4/85 930 7.3 7.8 15 8 .21 =@7 8 5 35 - zew 22 2 2 S4B 12500,
GREENES 12/22/85 1015 7.5 8.2 14 8 Dp.owd 18 7 5 1.6 - zea 14 1 a a& 12622,
GREENES 11/13/85 1040 7.3 9.7 11 7 @.20@ 163 3 5 z.8 - o9 2@ 1 2 312 9500.9 v
GREENES 12/23/85 1932 7.3 9.3 i@ 7 @.000 149 z8 35 16.8@° I8 9@ 21 1 @ 71@ a«em@.:k
BREENES @1/16/86 1401 7.3 10.6 18 12 o.200 218 9 1S 2.3 - eca a2 1 @ &82 14900,
GREENES w2/27/86 1240 7.1 1405 4 2 0.ooa a4 €4 =2 4.2 —— 342 7 @ 2 350 - 4L00
GREENES @3/13/86 1345 ‘7.3 1l.@ 3 2 0.eon 7@ 58 1@ 2.4 - 430 a @ 0 440 G000
GREENES D4/23/86 1345 7.3  B.5 10 7 2,008 179 14 10 1.9 —— 3ta  ze 1 @ 330 500
GREENES V5/28/86 1z0@ 7.3 7.5 18 9 o.p0m 188 14 12 9 - 17848 12 = 1 182 &afgﬁ?
GREENES QE/25/B6 1250 7.3 7.8 11 a8 o.e02 161 13 —LL T _— = -— - - L2
HOOD @3/30/82 1052 7.3 1.7 - 4 - 131 Z0 5 - —— 312 9 2 @ 3IZ0  40000:
HOOD RE/2I/B2 90T 7.9 B.5 —— 5 - 1268 (3 - - — 23e 12 @ @ 242 20200.
HOOD VB/26/82  110@ 7.5 8.1 - 5 - 149 12 - - - zea 13 @ @ 290 E3Se0:
HOOD ies/21/82 115@ 18.8 7.5 8.7 - 4 - 12 4 - - - ZED 1@ @ @ 270 16300
HOOD 12/29/82 1408 9.5 7.2 18.3 - 4 - 130 33 — - — 480 16 1 Q@ 500 71700~
HOOD V2/24/83 1410 12.@¢ 7.5 1@.6 - 2 - 113 32 - - - iz 4 ) @ 180 74000~
HOOD 04/27/83 S41 - 7.3 1@.2 - 3 - 118 Z6 - - - 1E6€ € 4 4 180 S46E0Q.
HOODD VE/22/83 1102 19.5 7.3 9.1 - 3 121 17 —— — . == cen 8 2 @ 212 43540,
MALLARDIS @5/08/85 70@ 16.® 7.8 B.7 1740 2892 Q2.00@ 9290 14 1@ T - 18 84 333 €5@ 1192 717@.@
MALLARDIS @S/29/85 835 17.@ 7.7 8.7 454 736 - 27820 26 - - - _— = — - -~ B8s5ze.@
MALLARDIS ®@6/12/85 700 &1.5 7.8 8.0  4E9 B4D - 980 19 5 - —— €5 170 340 300 BB1 44B83.Q
MALLARDIS @8/14/85 732 19.@ 8.9 8.5 1392 2510 0,202 B48@ 19 5 3.7 —— €1 S4 250 680 1pe2 13190.Q
MALLARDIS @9/11/85 735 18.5 7.9 8.8 i&30 21886 Q0.Q0@ 7320 1 5 3.@ - 21 94 370 S@e@ 980 3I56@.@
MALLARDIS 1@/@3/85 735 17.2 8.0 8.4 982 1882 .202 E3312 12 5 4.5 —— 21 140 340 SeQ 102 1862.0
MALLARDIS 11/19/85 1215 11.5 B.1 9.6 &340 4260 0.002 13100 9 S 3.1 - —— e — e - 4&l0.@
MALLARDIS 12/@3/85 12i@d 12.@ 7.5 9.9 1762 313 2.00a 9972 a a 3.4 Z4Q 11 78 342 640 1120 17200,
MALLARDIS Q1/16/86 942 1@.@ 7.7 12.2 £180 3548 0,000 12700 1€ el 4.6 —— 5 44 Z2@ 990 1400 B8270.@
MALLARDIS @2/27/86 955 14.5 7.2 8.8 12 18 @.o@@a 169 =8 25 5.3 - 490 29 1 2 Sz ——
MALL.ARDIS @3/13/86 1130 13.@ 7.3 3.4 12 14 @.p00  1€1 51 @ S — €70 38 = e 710 --
MALLARDIS @4/23/86 915 16€.5 7.3 8.9 2@ 23 @.e@d 226 2e 0 3.5 - 440 €4 8 2 Sia -
MALLARDIS @5/28/86 815 17.@ 7.6 B.E& €80 1240 0.082 4160 Z6 15 7.1 - 329 88 6@ IS0 740 -
MALLARDIS @&/25/86 1235 21i.@¢ 7.7 8.1 689 1282 2.002 4250 36 12 10.@ - _— - —_— = —-— -
VERNALIS ®@3/30/82 715 18.5 7.3 9.9 - 3& - 341 14 13 ———=—— —— j4@@ &7 9 2 1500 9720.9
VERNALIS 06/89/82 530 18.@ 7.7 B.4 -- 3B - 267 15 - - — 472 93 = ? S58@ 7400.@
VERNALIS @a/26/82 712 2t.@ 7.7 7.3 -—— 53 - 39a a2 - - — 98 71 19 @ 4B2 3750.0
VERNALIS  t@/2i/82 715 16.& 7.3 9.@ -— 17 - 166 8 - - - 3z 37 2 @ 370 T420.0
VERNALIS  ig&/29/82 @@ 9.@ 7.@ 9.3 —— g - 152 2 - - - 7780 37 @ @ 812 21500.
VERNALIS @2/24/83 1248 13.@ 7.5 9,6 -— 2 - 264 18 ~- —— - 192 24 4 @ 220 29100.
VERNALIS  @4/27/83 742  —— 7.1 9.7 —— 11 - 15 12 - - - i@ z0 [ S 340 36600.
VERNALIS @&/82/83 632 21.@ 7.@¢ 8.S T 117 23 - - - 380 23 2 D 402  24100.
VERNALIS  @7/26/83 815 zo.8 7.3 7.7 29 30— 288 29 5 3.5 - 2306 S4 12 @ 360 1i3ea.
VERNAL.IS @A/23/83 708 20.@ 7.2 8.9 23 &84 - 247 19 5 3. e - 420 39 7 B 472 9170.@
VERNALIS  @9/14/83 715 2@8.@ 7.4 B.2 15 14— 158 16 1@ 2.8 - @ 21 3 ® 372 t12oa.
VERNAL IS 12/12/83 €25 17.5 7.1 8.5 11 11 - 126 1& 1@ 2.8 788 270 24 3 @ 320 14500.

Noete: ——~ = no data
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DELTA HERLTH ASPECTS FROGRAM MONITORING DATA
THM FORMATION POTENTIAL
CH CH CH CH

Stat ion Date Time .Tenp. pH D.O. Na Cl Se EC Turb. Color TOC Asbest. Cl3 BrCl& Br2Clt Br3 TTHMFR FLOW.
Nane (PST) (al) [ mg/L —~——— ) (uS/cm) (TUW) (Cu) {mg/L) (mF/L) ¢ ug/L ) (efs)

VERNAL IS 11/28/83 738 15.92 7.3 8.z 39 38 - 381 18 29 4.2 130Q o & 1z @ 370 9370.@
VERNAL IS 12/713/832 825 1.0 7.1 iQ.@ 14 13 - 188 14 22 3.2 740 332 2 e @ 352 zEeo@.
VERNAL IS a1/e4/784 735 1a.@ 7.0 12.@ z 13 - 1@ 14 =23 3.1 ave 24 3z 4 2 3280 2140@.
VERNAL.IS @z/28/84 815 12.0 7.5 9.7 38 39 - 392 18 15 3.2 z27a fataty] (37 15 @ 3@ 9640.0
VERNAL. IS @Q3/E7/84 72 14.:5 7.3 9. 4 48 Se - 464 34 15 3.9 1825 c8ae 8¢ 23 2 39@ £308.0
VERNAL TS Q4 /25784 755 14.0 7.3 a.8 59 (1 - S47 24 a8 4.8 170@ &9 tla 42 & 442 338@2.0
VERNARL.IS ‘RS/30/84 ec@ 24.3 7.9 7.3 €3 aa - &9 75 1@ 6.1 1322 I8a  1&2 56 3 SEd 2440.0
VERNALIS RE/ET7/84 €3S 25.5 7.3 6.3 77 215 - €94 S 25 5.8 1322 ZEQ 1312 =8 Z S55@ 2858.0
VERNALIS RA7/25/84 7a5 23.0 7.5 €.5 - 92 @.201 E42 - 15 S. 4 3301 452 159 z 7. E8 18402.2
VERNALIS 28/29/84 e20 24.0 7.6 7.1 58 &2 - . B493 z ca 4.8 -— 350 11@ 48 & 510 2520.@
VERNALIS @a3/27/84 725 28,0 7.4 8.3 39 43 Q. 00Q =88 17 -1 4.2 - &8 73 21 @ 380 314d.0
VERNALIS 1/25/784 812 15.5 7.4 7.9 39 41 Q.24 378 18 2 3.9 - e 64 23 1 352 35See.@
VERNAL IS 11/23/784 842 11.5 7.1 2.2 43 44 Q. 200 402 i@ 25 4.4 - 38 (=) 15 @ 460 3448.Q2
VERNAL IS 12712784 a3 11.2 7.3 9.8 34 3z B. 2R 3c4 [ 12 3.6 510 24@ Sa 12 a 3006 4702.0
VERNAL IS @1/30/85 752 8.2 7.4 1.5 S4 55 Q.21 483 3 - —- - — - — - -- 3852.@a
VERNAL TS a2/82/85 1310 12.0 7.4 €. 4 79 €9 @,201 598 12 k=] - -- - - - - -— 317%¢.0
VERNALIS @z/87/83 815 12.5 7.4 9.6 70 73 Q. @iz ess =] 25 - - i) 37 48 6 370 E2640.Q
VERNAL IS Qa3z/27/85 a45 12.9 7.4 3.0 22 97 2.avz 821 17 - - aie -= - - —— - 2580.0@
VERNAL IS R4/24/85 745 17.@ 7.-4 7.9 87 8 a.paz &67 139 5 - - 368 140 &1 3 Se@d 25z0.8
VERNALIS @aS/28/85 a0 2B.5 Ta4 7.2 84 99 1.eez 7596 31 12 - - 400 16@ - €68 12 &40 19z@.@
VERNAL IS R5/29/8% 645 - 1B8.@ 7.7 7.2 83 98 e 774 =8 - - - - - - - -—= 1302.@
VERNALLIS QE/26/85 €45 -23.@ 7.5 7.3 81 94 R.@21 717 gz i@ - —_ S4B 161 (=13 7 772 1422.@
VERNALIS Q7/12/8% 645 E2.5 7.4 7.1 55 S8 . @.2e1 492 &8 S - — s 132 41 2 632 2500.0
VERNALIS -@8/28/85 715 19.5 7.7 7.4 52 =17 .17} § 487 18 5] 3.9 - 410 122 34 = S55@ 2400.0
VERNAL IS @a9/&5/85 787 £1.5 7.4 6.8 59 72 Q.02 563 =1 5 3.1 - 382 28 3@ 4 510 1600.Q
VERNALIS 1@/23/85 723 15.5 7.4 7.4 53 &5 Q.22 519 12 =1 2.4 - 322 11@ &9 2 460  1952.02
VERNALIS 11/15/785 aga 8.5 7.5 9.7 8a 94 Q.201 7R€E 7 15 2.9 - 2Ea 130 71 7 430 l1400.@
VERNAL IS 12/23/85 153 13.5 Tk 8.9 &6 74 @.221 €04 18 18 6.5 S60 S9@ 1492 32 o 7ed 2250.@
VERNALIS @a1/23/786 745 12.0 7.9 8.8 99 1@a7 @.202 73 18 15 3.2 - [Z@ 1ed 76 7 icad  175@.@2
VERNAL IS =/13/86 730 11.5 732 9.2 az 86 @2.@2 &8E 15 g 4,3 - 450 141 56 2 €52 -
VERNAL IS a3/ 04/ 86 aoy  15.@ 7.3 8.3 =) 26  2.001 ze8 26 39 7.8 - 542 56 [ 2 eaa -
VERNALIS n4/09/86 aaa - 15.@a 7.3 3.2 18 18 . 7. 200 169 & 25 S.3 - €50 47 4 @B 722 -
VERNAL IS R5/a7/86 628 14.5 7.3 8.8 27 87 @.oe1 e97 17 15 6.2 - 330 ol & a 39 -
NVERNALIS BEeE/B4/8E6E 745 E2B.5 7e3 a.a 26 28 Q.avl1 254 &2 - - - 2@ 41 ) a g7 el
VERNALIS a7/o2/ 86 eSS E3.0@ 745 7.9 &5 75 - 595 9 - T - - - - - - —
SLDCKE a7/2a/83 11285 &5.0 8.6 F9.@ E4&80 17el e 12E22 1 5 9.2 - 19 140 S0 55@ 1200 11.6
SLDCKZ 28/17/83 €S8 8.1 7.9 8.2 21E@ 164@ - 11622 1 a8 9.3 — 6 11@ 42 282 842 9.6
SL.DCKZ "Q9/0E/83 3915 &6.5 7.8 8.2 gzod 166 - —— 1130@ 1 12 2.9 - 67 4@ 722 3Ba 152 8.8
SLDEK2 j@a/R6/83 ai1s 21.9 8.4 8.3 cE0d 1612 - 11322 = =5 =8.a - 36 2ea 71@2 632 1600 7.4
SL.DCKE 11715783 1485 15.5 8.8 13.8 2140 14702 —_ 11302 [ 5 Sa. 2 - 39 zea 711 E82 172@ 8.5
SLDEKZ 1z/2@/83 1112 13.5 8.2 18.3 &120 13802 - 1250 1 i8a 7.5 - 4 19@ 418 33 970 15.8
SLDCK17 Q7/20/83 915 - 23.5 8.5 3.2 g132 1399 - i1502 1 ] 3.3 — 34 16a IS 61 1300 11.6
SLDCK17 8/16/83 1240 - 30.5 7.9 9.4 210 1560 - 11S5a@a 2 a8 1. - 30 142 752 342 132Q 12.3
SLDCK17 29/0&/83 g R25.5 7.9 8.2 2182 1561 - 1170@a S 12 18.2 - 72 310 caa 470 1400 9.5
SLDCK17 12705783 1340 2342 8.6 1&8.5 216 1600 - 11802 2 @ £3. - 31 212 750 eaa 17a@ -
SLDCK17 11/15/783 1332 16.5 8.6 11.5 2302 144 - 11722 3 25 13. 2 - 35 230 51210 71a 1622 6.9
SEDCK4 1 7/22/83 aes 21,5 8.2 2.5 197G 1502 - 1i1@aea 1 S 7.2 - 37 159 4812 S49 1200 11.6
SLDECK4 1 8/16/832 1138 £S.0 7.6 7.3 E@z1 1340 - 11122 4 8 12.2 - 18 13@a 22 gsa  BEw 2.5
SLDCK41 29/06/83 7o 23.5 7.9 11.6 2272 1SeQ - 1142 3 15 11.@ - 192 330 352 1806 360 | 5.1
SLDEK41 10/85/83 1245 E2E2.@Q a.3 7.7 2040 1e0@ - 11402 1 15 13.2 - 2 1ew 37@ 28@ 842 7.5
SLDCK41 11715783 1248 16.5 8.6 15.5 g70@ 1588 —— 13402 4 &5 1.2 - 25 2o 482 23 538 6.9
SLDCK41 18/e20/83 955 15.0 8.1 1&a.8 1760 1340 - 9320 2 a8 9.8 -— 32 140 31@ =32 71@ 13.6

Note: -— = no data
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DELTA HEALTH ASFECTS PROGRAM MONITORING DATA
THM FORMATION POTENTIAL

CH CH CH CH

Stat ion Date Temp. pH D.O. urb. Color TOC Asbest. Cl3 Brla BraCl B3 TTHMFR FLOW

Name (zl2) {ome e - X 4] (Cu (mg/L) (mF /L) (= —mm—mmug/l —mmmmee) {efs)
SLDPDS Qa7/20/8 ‘.2 8.6 4. @ 2 12 11.@ - 21 18@ 782 250 1300 -
SLDPDS ve/17/83 715 &25.@ 7.5 1.4 1 12 11.0 - 22 19@ 720 SE20 1400 -=
SLDFDS @3/0€6/83 35D 24,2 7.5 1.5 7] a a.7 - 7€ 34@ 750 430 1700 -
SLDPDS 1@a/0€6/83 855 coe.e 7.7 3.3 @ 25 11.2 - 58 270 &6 1308 2321 -
SL.DEDS 11/15/83 1455 13.0 8.6 1ia.8 b= 25 c6. @ - 59 3&0 75@ 960 2100 -
SLDPDS 12/8@/83 1135 13.0 8.2 a.7 1 f=d] 11.2 — 63 &2 470 38@ 1102 -
SLDhPC 7/28/783 945 23.@ 7.5 8.4 3 =4 4. 2 -= 36 120 19@ 142 492 -
SL.DPC 28/25/83 845 2.0 8.1 8.8 3 S 4.@ - 4z 17@ 260 140 &1@ -=
SLDFC 29/e8/83 108 &E2.95 7.6 8.9 26 S 4.3 - 38 tile 9 160 6ok -

Note: —— = no data
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APPENDIX B

APPARATUS AND METHODS EMPLOYED

This appendix describes sampling
apparatus, sampling methods, and
analytical methods employed in the
Interagency Delta Health Aspects
Monitoring Program.

Sampling Apparatus

Prior to January 1984, samples were
collected in a 1.5-liter steel bucket
with a l-meter chain attached; the
bucket and chain were prepared for
sampling by detergent washing and
drying. The equipment was transported
in detergent-washed aluminum foil.
Sampling involved attaching a small
diameter nylon rope to the end of the
chain and dipping the bucket into the
water to collect the sample. To avoid
contamination, the rope was not allowed
to enter the water.

Beginning in January 1984, and
continuing since then, samples have
been collected using a specially
constructed device developed by the
Department of Water Resources (see
Figure 1). A stainless steel tube with
Teflon closures and a triggering
mechanism are the main components of
the device, which was produced using
parts from old Kemmerer samplers. The
important feastures of the device are:
(1) it enables subsurface sampling, and
(2) the water being sampled is not in
contact with potentially contaminating
materials.

Before being used for the first time,
the device was soaked for about a week
in water containing detergent. This
procedure was intended to cleanse the
equipment of any surface contaminants
that may have been present.

Bross Pipe Guide Rod ——

4" Stoi Stesl Tube <-——1/8" Steat Cabie

Teflon Stopper ——

-
Cobie Clomps .—

ORGANIC POLLUTANTS SAMPLER

Prior to sampling, the device was
washed in detergent, rinsed, dried, and
wrapped in detergent-washed foil. A
nylon rope attached to a short length
of steel cable was used to suspend and
operate the sampler. As was the case
with the sampling bucket, the rope was
not allowed to contact the water.
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Sampling Methods

Samples for Total Trihalomethane
Formation Potential analyses were
filtered through 0.45uM Millipore
membranes, using a stainless steel
filtration apparatus that was washed in
detergent, rinsed, dried, and wrapped
in detergent-washed foil.prior to
sampling. The purpose of the
filtration was to simulate the
clarification and filtration processes
employed in water treatment.

Filtration apparently has only a minor
effect on trihalomethane formation
potential of most fresh water samples.
Twenty-five fresh water samples were

analyzed in duplicate, one sample being,

filtered and the other unfiltered. The
average difference between the filtered
and unfiltered samples was 14 percent;
this difference is in the order of
magnitude of the analytical variation
of the test method. Filtered water was
poured into 40 mL screw-top vials with
Teflon septa, leaving no airspace, as
specified by the U. S. Environmental
Protection Agency /1/.

Water samples for total organic carbon
analyses were poured into acid-fixed 30
ml glass bottles with tapered glass
stoppers, then sealed with washed foil.
Samples for the above analyses were
transported iced to the DWR Bryte
Laboratory within 24 hours of sampling.

Field analyses were performed at the
time of sampling. Temperatures were
taken by means of a radial thermometer
graduated in intervals of 0.5 degrees.
Celsius. Measurements of pH were
performed by use of a Hellige
colorimetric pH comparator. Dissolved
oxygen concentrations were determined
in the field by the modified Winkler
titration method, and electrical
conductivity was determlned by. .use of a
Beckman SoluBrldge for conductivities
less than 8,000 umhos/cm and a Beckman
Model RC-19 electrical conductivity
bridge for higher conductivities.
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Asbestos samples were collected in
pint-sized polyethylene bottles and
shipped on the day of collection via
express mail to the EMS Laboratory in
Hawthorne, California. Priority
pollutant samples were collected in
gallon containers, three per sample
(for extractables). Also, 40 mL
samples were collected in glass
containers (five per sample) for
volatile organic analyses. The sample
containers were completely filled,
eliminating headspace. Volatilization
losses during filling were minimized by
tilting sample vials and allowing the
sample to run down the inside of the
vial without causing turbulence. The
caps of the sample containers were
Teflon-lined. These samples were
delivered to McKesson Environmental
Services laboratory in Dublin,
California, within 24 hours of
collection.

Analytical Methods

Upon delivery to the DWR Bryte
Laboratory, raw water samples for
trihalomethane formation potential
analyses were chlorinated at about 50
milligrams per liter (mg/L) chlorine
dosage. This high dosage was used to
assure a chlorine residual after the 7-
day incubation period at 25 degrees
Celsius. This procedure should be
acceptable, as studies have determined
that ultimate trihalomethane formation
is independent of dosage, where the
dosage exceeds the chlorine demand of
the sample /2/. At the end of seven
days, samples were dechlorinated using
sodium thiosulfate and analyzed by the
purge and trap method of gas
chromatographic analysis established by
EPA /1,3/. Asbestos samples and
priority pollutant samples were
likewise analyzed by methodology
established by EPa /4,5/. Selenium was
analyzed by a method developed by the
U S. Geological Survey for its low
detection level work /6/. All other
analyses were performed according to
Standard Methods /7/.
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McKesson Environmental Services

6363 Clark Avenue, P.0. Box 2277, Dublin CA 94568 Tei 415 828 1446
Qutside California 800 227 1316

MH{esson

LIMITS OF DETECTION

Pollution of Delta waters by industrial or
agricultural chemicals can occur from both point
sources and non-point sources. In either case,
the high degree of dilution afforded by the high
volume of run—-off water entering the Delta is expected
to result in very low concentrations of synthetic
organic chemicals in Delta waters. These expected
low concentrations challenge the analytical methodologies
available for the detection and measurement of
compounds of interest.

For the present program, primary emphasis
has been placed on analysis for the EPA '"Priority
Pollutants." For this purpose we have used the
following EPA Test Methods:

Method 624 - Purgeables

Method 601 - Purgeable Halocarbons

Method 625 Base/Neutrals and Acids

Method 608 - Organochlorine Pesticides
‘ and PCBs.

When certain non-priority pollutant compounds have
been determined, other EPA methods were employed;
for example, Method 614 - Organophosphorous Pesticides.

Each of the EPA methods includés values for
method detection limits for many of the compounds
covered by the specific method. The GC/MS methods
(624 and 625) are the methods of choice for an
initial survey, since the mass spectrometer is
a universal detector which also provides positive
identification of the analyte. However, thé sensitivity
of this detector is such that the method detection
limit is generally higher than the expected level
of those organic pollutants in Delta waters. Consequently,
some procedural modifications have been used and
some additional analyses using more sensitive detectors
have been completed.

For purgeable priority pollutants, the initial
analysis was by Method 624, for which method detection
limits of 1 - 10 pg/L are reported. This was supplemented
by use of Method 601, for which detection limits
of 0.1 - 1 pg/L can be achieved. This latter method
uses a halogen specific detector of high sensitivity.
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For extractable organics, Method 625 offers
detection limits in the range of 2 to 20 ng/L.
In order to improve on this, the procedure has
been modified slightly to increase the concentration
factor by x10 and consequently to lower the detection

limit by a factor of 10. This was achieved by

increasing the sample volume to 2 liters (from
1 liter) and concentrating the extract to 0.2 ml
(instead of 1 ml).

A similar treatment of sample extraction has
been used with Method 608 and Method 614. .These
methods employ . highly sensitive. detectors, with
very low reported method detection limits (0.002
ng/L for dieldrin and 0.012 ug/L for diazinon,
for example) :

The method detection limits (MDL) as quoted
above may be considerably lower than the actual
limit of detection (LOD) for any real sample since
the MDL is determined without consideration of
matrix interferénces, sample blanks, etc. For
the present project, matrix interferences are the
limiting factor, restricting the amount by which
the LOD can be lowered by increasing the concentration
factor. Values quoted for LOD in this report (for
non-GC/MS methods) are analysts' estimates of analyte
concentrations needed for determination of that
analyte above the matrix interference level.



QUALITY CONTROL / QUALITY ASSURANCE

McKesson Environmental Services laboratories operate
under a thorough program of quality assurance/
quality control.

Sample Receipt, Handling, Storage and Control

When = sample arives from the field, the sample
custodian performs the following functions:

) Receipt of sample is recorded.

o Package is inspected and any damage recorded.
. Package contents are verified.

. Chain-of-Custody document is completed

and discrepancies reported.

. Sample is logged in, number assigned and
sample tagged.

. Laboratory sample sheet is initiated.

. Sample is assigned to storage.

Security., Chain-of-Custody and Document Control

-

In order to maintain a clear record for sample
traceability and document accountability, the following
procedures are enforced:

. Environmental Services laboratories and
sample storage areas are maintained as
secure facilities at all times.

o Chain-of-Custody procedures are rigorously
followed.

) A document control officer is appointed.

. Documents ‘are numbered and a document inventory

maintained to include log books, sample
sheets, and quality assurance documents.
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Laboratory Operations

The laboratory performs adequate quality control

on samples to assure the precision and accurancy

0f the data. The following are the minimum quality
control requirements:

] One sample analyzed in duplicate for every
ten samples or batch of samples.

° One spiked sample for every ten samples
‘or batch of samples. Spikes shall be made
at two to three times the detection limit,
or at the analyte level.

J Surrogate compounds for volatile organic,
base/neutral, and acid extractables.

. Method and field blanks, as apropriate,
especially for aqueous samples.

For the present program, Methods 601, 624 and 625
employ surrogate spike compounds with the analysis

of each sample. An internal standard is used with
each sample for Method 608 and individual compound
recoveries have been determined for typical compounds
covered by other méthods used.



QUALITY CONTROL PROCEDURES
DEPARTMENT OF WATER RESOURCES
BRYTE LABORATORY

Laboratory blanks are run on each analytical day.

Travel blanks are run along with each group of samples.

Standards are run at the beginning and end of each group of
analyses.

Sample aliquot volumes are adjusted so standards bracket
concentration of analyte, or are within 10 percent of sample peak
height for each compound being analyzed.

Duplicate spiked samples are analyzed for precision and accuracy
determinations on approximately 10 percent of samples.
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LIMITS OF DETECTION
DEPARTMENT OF WATER RESOURCES BRYTE LABORATORY

Detection
Limit
Compound (ug/L)
chloroform 0.1
bromodichloromethane. 0.1
dibromochloromethane 0.2
bromoform 0.5
Alachlor 0.01
. Atrazine ‘ - ‘ 0.01
- Azinphosmethyl (Guthion) 0.01
Bentazon =
Chlorothalonil 0.01
'2,4=D, Alkanolamine: Salts 0.01
D-D Mixture 0.1
DEF 0.01
Diazinon 0.01
2,6-Dichloro-4-Nitroaniline 0.01
Dicofol 0.01
Dimethoate 0.01 .
Dimethyl Tetrachloroterephthalate
(Dacthal) 0.01
DNBP (Dinoseb) 0.01
Disulfoton 0.01
Diuron 0.01
Ethylene Dibromide 0.2
Malathion 0.01
Methyl Bromide 0.1
Methyl Parathion 0.01
Parathion 0.01
Simazine 0.01
Toxaphene 0.5
Trifluralin -.-
Xylene 4



GAS CHROMATOGRAPHIC CONDITIONS EMPLOYED FOR
VOLATILE HALOCARBON ANALYSES
Gas Chromatograph: Tracor 565
Detectors:
Hall 700A Electrolytic Conductivity Detector
Tracor 703 Photoionization Detector
Column: 6-foot glass tube, 2 mm I.D.
Column Packing:
1% SP-1000 on Carbopack B 60/80 mesh (Supelco, Inc.)

Confirmation: n-octane on Porisil-C 100/200 mesh (Supelco, Inc.)

Temperatures:
Injector: 200°C

Column:
17 SP-1000; 100°C - 4 min.; 8°C/min to 200°C; hold 8 min.

n-octane; 60°C - 4 min; 6°C/min to 170°C; hold 4 min.
Detector Base: 250°C
Reactor: 825°C
Carrier Gas: He; Flow 30 mL/min
Reaction Gas: H2; Flow 50 mL/min
Recorder Chart Speed: 0.5 inch/min

Sampler: 5mL - Tekmar Liquid Sample Concentrator, Model LSC-2.
Purge 11 min; Desorb 4 min; Bake 10 min.

Trap: As specified in EPA Method 601 /1/

vApproximate Retention Time (min) /2/: n-octane SP-1000
Chloroform 7.0 7.4
Bromodichloromethane 9.8 10.4
Dibromochloromethane 12.4 13.6
Bromoform 15.0 16.6

/1/ Reference: Federal Register. 44:233 - Purgeable Halocarbons
Method 601

/2/ Standards: Trihalomethane Mixture 4-8746. Supelco, Inc.,
Bellefonte, PA 16823
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ANALYSTS OF TRIHALOMETHANE REFERENCE SAMPLE,
MARCH 1982

Trihalomethane Concentration (ug/L)

Organization CHC13 CHB¥C12 = CHB¥2Cl =~ CHBr3 Total
DWR Bryte Laboratory 3.1 3.3 8.6 36 51

DOHS' Sanitation and . o ‘ ‘
Radiation Laboratory 2.8 2.8 6.4 31.7 43.7
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LABORATORY PERFORMANCE 1985-86

Appendix D

The performance of the Department's

Bryte Laboratory and of McKesson

Environmental Services was measured by
the analytical results of internal
quality control and inter-laboratory

quality assurance samples.
methods were used for appraisal;
included the analysis of spiked
samples, field replicates, and
laboratory replicates.

Bryte Laboratory

Several

they

Measurements of standard water quality

parameters and volatile organic

trihalomethane compounds were performed
by the Department's Bryte Laboratory.

Results of duplicate sample analyses
are shown in Table 1.

The laboratory

experienced repeated difficulties in
controlling the quality of TOC (total
organic carbon) analyses.
unacceptable differences in the results
of duplicate samples.

There were

Bryte Laboratory staff identified one
cause for the TOC discrepancies.
analysts had used incorrect multiplica-
tion factors to report values based on
the sample aliquot sizes they had used.
Four different volumes (1, 2, 3, or

5 mL) were used in the TOC analyses.

Laboratory worksheets are being
examined and checked for computation
errors. :

Two

ANALYSTS OF SPLIT SAMPLES BY DWR BRYTE LABORATORY

Time Temp EC

Station Date PST °C pH__uS
Clifton 04/09/86 1100 16.5 7.2 197
1115 16.5 7.2 195

Banks 09/25/85 0820 22.5 7.5 588
0820 22.5 7.5 584

Lindsey 06/25/86 0635 21.5 8.0 461
0600 20.0 7.9 480

No.Bay 05/28/86 0945 19.5 8.3 306
1045 19.5 8.3 300

Mallard 12/03/85 1010 12.0 7.5 9970
Island 1010 12.0 7.5 9950
Greene's 02/27/86 1240 12.5 7.1 84
1240 12.5 7.1 84

Vernalis 11/15/85 0820 8.5 7.5 706
0820 8.5 7.5 709

Table 1

DO Na

P ——
8.8 20
8.8 20
7.9 69
7.9 70
7.2 43
7.0 44
9.6 10
9.5 9
9.9 1760
9.9 1760
10.5 4
10.5 4
9.7 80
9.7 80

20
20

102
102

37
38

3130
3130

94
o4

0.000
0.001

0.000
0.000

MW [« w W
F F

o =

N E
W0 N

O O

o N

~1 W
S

=N
SN

wm o~

14
14

38
38

64
63

20
30

10
5

20
10

20
10

15

Cl13

570
610

340
290

350
270

300
120

11
9

340
320

220
240

Ci12Br C1Br2 Br3 TTHMFP

62
53

89
170

36
34

15

72
78

~

130
130

40
63

340
280

71
71

10
13

640
540

~J

640
670

400
540

390
320

320
130

1100
910

350
330

430
450
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The cause for disparities in TOC
results for duplicate samples when
aliquot volumes were the same was
traced to instrumentation problems. A
new TOC analyzer will be purchased.
Until the accuracy of the TOC data can
be established, program staff will not
interpret or correlate TOC data with
other parameters.

The differences in chloroform values
between duplicate samples were
considered small and acceptable -to the
monitoring program. However, duplicate
sample analyses. for TTHMFP and some THM
species had significant discrepancies.
Color measurements were also rarely
repeatable in the laboratory, for no
known reason. ' The results of duplicate
samples for other water quality
parameters were found to be acceptable.

The installation of several new
analytical instruments has disrupted
work at the Bryte Laboratory, and a
large backlog of samples has built up.
As a result of the backlog and because
of the problems with TOC analyses, the
TTHMFP and TOC samples will be analyzed
by the McKesson Environmental Services
laboratory starting in November 1986.

McKesson Environmental Services

McKesson Environmental Services (MES)
is a commercial laboratory facility
located in Pleasanton, California. MES
is under contract to the Department to
provide, pesticide and priority
pollutant analyses of water for the
Health Aspects Monitoring Program. On
occasion, MES conducted bromide and
dissolved copper analyses when
requested. However, these two analyses
were discontinued because sanple
concentrations were often much lower
than the MES laboratory detection
limits. Quality control procedures are
presented in Appendix C.

MES conducted spike rééovery tests‘oq,

each chemical requested for analysis by
the Department. Table 2 shows the

76

results of these tests for field
samples collected in June through
August 1985, December 1985, and May
1986. Both distilled water and field
samples were spiked to conduct these
recovery measurements.

In general, method spike recoveries
varied between sampling runs and. among
analytes, but overall recoveries were
better than 70 percent. Exceptions
were analyses for methamidophos (247,
46%, and 60% at 40 ug/L); 2,4-D salt
(50% at 20 ug/L); MCPA (52% at

60 ug/L); and methyl parathion (42% at
1 ug/L). The method spikes represent
the achievable recovery and variation
with the analytical method used by the
laboratory. Extraction methods to
improve the recovery of methamidophos
were initiated by MES as a.result of
the consistently low recoveries.

Spiked samples prepared by the
Department's Bryte Laboratory were also
submitted with each batch of field

.samples. These spiked samples were

coded and '"blind" to MES. The samples
consisted of tap water spiked with
pesticides. Results are presented in
Table 3. The results pinpointed some
errors in identifying compounds and
reporting laboratory results. Upon
notification, MES conducted an
investigation to correct the problems.
The problems and corrective actions
were /1/:

1. MES reported no detection of 2,4-D
in the August 20 and 21, 1985 QA spike.
Upon re-examination of the data, MES
discovered an incorrect transcription
of results from laboratory worksheets
to the final report form: The chemical
2,4-D was actually found and confirmed
on a second gas chromatography (GC)
column.

2. MES reported 1.7 ug/L of metalaxyl
in a reference spike that was not
spiked with metalaxyl. MES re-examined
the chromatogram and noted that the
retention time for metalaxyl was
outside the retention time range set



‘All units in ug/L except for bromide which is in mg/L.

-

Table 2
McKESSON ENVIRONMENTAL SERVICES RECOVERIES OF SPIKED SAMPLES FOR
IN-HOUSE QUALITY CONTROL MEASUREMENTS
June 1985 analyses [July 1985 analyses |August 1985 analyses |Dec. 1985 analyses |May 1986 analyses
! Lab Spiked Percent Spiked Percent Spiked Percent Spiked Percent Spiked Percent

Method  Chemical ljAmount  Recovery {Amount Recovery |Amount  Recovery Amount  Recovery |Amount  Kecovery
622 2,4-D salt 10 71 10 50 10.4 72 20 32 20 50 *
HPLC Bentazon 20 107 * 20 93 * 30 38 30 75 30 140 %
614 Carbofuran 10 110 10 97 5 58 5.3 107 % --- ---
GC-ECD  Chloropicrin 11 100 11 27 1.14 62 1.1 73 1.0 120 *
608 Dacthal 10 137 10 140 1 100 1 110 * 1.5 150 %
601/602 D-~D mixture 12 97 * 8 101 * 20 95 20 88 20 76
622 MCPA 30 74 30 60 31 80 60 42 60 52 *
614 Metalaxyl 30 81 * 30 81 % 5 80 5 54 - -
614 Methamidophos 315 10 315 10 40 46 % 40 60 * 40 26 %
614 Methyl bromide 12 .98 % 8 105 * 20 145 20 93 20 119
614 Methyl parathion 1 42 % 10 40 5 100 * 5 120 % --- -—-
614 Molinate 10 119 10 140 S 74 % 5.1 82 % - ===
wet chem Paraquat dichloride 200 85 * 20 77 20 98 20 99 20 75 *®
614 Thiobencarb 10 110 10 98 5 Ldy 5 9L % == -
601/602 Xylene 12 98 * 8 114 * 60 127 40 93 20 74
AAS Copper 50 106 50 96 15 111 10 107 ——- -

Bromide 8 91 8 88 0.8 81 -—= --- ——- -
The "*" designates these were recoveries of spikes in distilled water samples.
Values without "*"' in percent recovery column were recoveries of spikes to actual field samples.

Table 3

ANALYSTS OF SPLIT SAMPLES BY McKESSON ENVIRONMENTAL. SERVICES LABORATORY

Spike Recovered¥*
Sample Date Date Concentration Concentration Percent
Number Sampled Reported _Spike Compound ug/L ug/L Recovery
RP52 6/17/85 8/20/85 2,4-D Salt 5.0 2.7 54
Dacthal 4.9 (6.0) 122
Molinate 5.4 5.9 109
RP67 7/16/85 9/29/85 2,4-D Salt 4.9 1.0 20
Dacthal 4.7 (4.2) 85
Molinate 5.3 3.6 68
RP71 8/20/85 9/20/85 2,4-D Salt 5.0 (1.6) 32
Dacthal 4.9 (1.7) 35
Molinate 5.4 3.7 69
RP86 9/4/85 10/2/85 2,4-D Salt 5.0 2.7 54
Dacthal 4.9 4.2 86
Methyl Parathion 5.1 3.2 63

* Where numbers are in parentheses, the spike was not detected.
Numbers are revised values after discovering the cause of the errors.

All spike samples were prepared by Department of Water Resources Bryte Laboratory.
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for its identification. The
chromatogram also contained numerous
large peaks, making interpretation
difficult, and probably resulted from
dirty glassware.

3. MES did not detect Dacthal in three
reférence spikes that contained about

5 ug/L Dacthal. It was later
determined that MES had been led to an
incorrect identification of the
retention time for Dacthal peaks on the
gas chromatograms because of a
contaminated reference standard used by
MES for internal spikes. The
contaminated Dacthal standard produced
two peaks, one for Dacthal and the
other for the contaminant
chlorobenzene.: When further analyses
were performed with a ‘new, pure Dacthal
standard, the misidentifications were
corrected and the chromatograms showed
the correct retention time for Dacthal.
All chromatograms of DWR samples were

then re-examined and corrected with the

proper Dacthal results.

The Department of Health Services
(DOHS) was particularly concerned about
future misidentifications and failure
of reporting unidentified peaks. DOHS
offered the following suggestions /2/:

""l. For each analysis requested by -
DWR from its support laboratories,
information pertaining to all
unidentified peaks should be
reported. When such peaks occur,
retention times may offer
qualitative information;
quantitative data is accessible by
one or both of the following two
formats:

(i) Using the retention time of the
standard chemical compound nearest
the unknown as a reference,
calculate, and report the unknown
chemical's concentration on the
basis of relative peak heights
between standard and unknown.
Reagent- and method blanks should
be used and compared as well.
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(ii) Using the lowest relative
response for any standard of known
concentration analyzed by the
method in question, calculate the
maximum concentration for any
unknown peak observed. Make proper
accounting for blank contributions
and report this also."

MES agreed to follow the DOHS
recommendations on tabulating retention
time and peak area data for the
Department, but cautioned against
attempts to quantify the data from
reported unidentified peak areas. MES
experience had led to the observation
that /3/:- :

Electron capture of flame
photometric detectors common to
pesticide analysis have sensi-
tivities which may vary by several
orders of magnitude from one
compound to another. Without some
knowledge of the compound producing
the peak, no quantitative informa-
tion can be inferred."

DWR requested MES to follow the DOHS
recommendations 6n a trial basis
thereafter.

Field duplicates were also submitted to
MES. These are samples taken from the
same location and time and split into
more than one sample set for analysis.
When field duplicates were not
obtained, field replicates were taken.
Replicate samples are those taken from
the same location within a short time
period, with each replicate stored in
its own sample container. When large
volumes of water are needed for
analysis, field replicates are more
convenient to obtain than proportioning
water samples among several containers.
There was good agreement in the results
(Table 4).

Field duplicate samples were also split
between MES and the DWR Bryte Lab for
comparison. The results are shown in
Table 4. o



Table 4

McKESSON ENVIRONMENTAL SERVICES LABORATORY ANALYSES
OF DUPLICATE SAMPLES

6-17-85 7-16-85 8-20-85 9-4-85

San Joaquin River San Joaquin River San Joaquin River Colusa Basin

near Vernalis near Vernalis near Vernalis Drain
Chemical RP 56 RP 57 l.0.d,|RP 66  RP 68 l.0.d.[RP 75 RP 76 l.c.d.| RP 82 RP 85 l.0.d.
2,k-D salt ND ND .1 ND ND .1 ND ND .01 ND ND .5
Bentazon ND ND .2 ND ND .1 ND ND .2 0.9 0.8 .2
Carbofuran ND ND .5 ND ND .5 ND ND .5 ND 0.08 .02
Chloropicrin ND ND .1 ND ND .1 ND ND .1 ND ND .1
Dacthal ND ND .01 ND ND .01 ND ND .05 ND ND .01
D-D mixture ND ND i ND ND .3 ND ND .1 ND ND .2
MCPA ND ND 1.0 ND ND 1.0 ND ND 10 ND ND 20
Metalaxyl ND ND 1.0 ND ND 1.0 ND ND 10 ND ND .05
Methamidophos ND ND 2.0 ND ND 2.0 ND ND .5 ND ND 13
Methyl bromide ND ND .5 ND ND .5 ND ND .5 ND ND .5
Methyl parathion ND ND 2.5 2.5 ND 2.5 ND ND 1 ND ND .01
Molinate ND ND 1.0 ND ND 1.0 ND ND .5 0.09 0.08 .01
Paraquat dichloride ND ND 20.0 ND ND 20.0 ND ND 10 ND ND 10
Thiobencarb ND ND 8.0 ND ND 8.0 ND Y 1 0.08 0.07 01
Xylene ND ND 1.0 ND ND .2 ND ND .5 ND ND .2
Copper ND ND 5.0 6.0 16 5.0 5 ND 5
Bromide ND ND 0.6 2.6 “'ND 0.6 ND ND .1
Chloride 87 85 2 64 64 1 130 120 .02
___________________________________________ e e et e e o e ] e o e e e e e e b i A A Tt e o = o T A i i o o o
l.0.d. = limit of detection ND = not detected

All units in ug/L except for bromide and chloride values which are in mg/L.

RP numbers (e.g. RP 56) are sample identification codes.

Department of Health Services
Evaluation

In May 1986, the Department of Health
Services was asked to evaluate the
performance of pesticide analyses by
McKesson Environmental Services and the
DWR Bryte Laboratory. River water was
collected from the Sacramento River at
Greene's Landing and spiked with a
variety of pesticides. The staff of
the DOHS Sanitation and Radiation
Laboratory in Berkeley performed the
spiking. The amounts and materials
placed into the water samples were
unknown to the DWR staff and to the
laboratories. Duplicate sets of the
spiked samples were delivered to MES
and the Bryte Lab by the monitoring
program staff. The Bryte Lab does not
routinely perform pesticide analyses
for the Health Aspects Monitoring
Program because of limited

capabilities. However, samples were
sent to Bryte to assess its current
limitations and assist the laboratory
in upgrading its capabilities.

Duplicate samples from three Delta
locations were also submitted to each
laboratory. These samples were not
spiked.

Both laboratories were requested to
analyze for specific compounds and
report unidentified peaks in the
chromatograms .

The reports of MES and the Bryte Lab
were submitted to DOHS for review. The
initial cursory review suggested major
reporting discrepancies in the analysis
for some compounds in the spiked
reference samples and raised many
points that needed clarification
(Attachment 1) /4, 5/.

79



A meeting among DOHS, DWR, and MES
representatives was held on October 3,
1986 to discuss and clarify the
results. The meeting revealed a
misunderstanding between MES and DWR on
the reporting requirements that were
expected and MES' reporting policy on
trace contaminants and limits of-
detection by the laboratory. The full
text of these discussions is presented
in Attachment 2 /6/.

In summary, the qualitative assessment
of the QA study indicated MES is
capable of detecting the compounds
spiked in the samples. Compounds
spiked by DOHS but not reported by MES
resulted when analyses or the

80

appropriate analytical methodology were

not requested by DWR.

Another QA study will be conducted with
the inclusion of the laboratories of
The Metropolitan Water District of
Southern California and East Bay
Municipal Utility District.

The QA program has been effective in
identifying laboratory problems and
miscommunication between the Monitoring
Program staff and the laboratories. 1In
all cases, investigations have beéen
fruitful and corrective actions have
been taken. The limited QA activities
thus far clearly demonstrate the
importance of continuing QA as an
integral part of the program.
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Attachmen

vt 1
State of California Department oftHeuIth

Memorandum

To

Via:

From

Mr. B. J. Archer, Chief Date :  geptember 15, 1986

Water Quality and Reuse Section, Central District .

Department of Water Resources (DWR) Subject: QA Evaluation of
2227 SRL Spike Sample

B. R. Tamplin, Ph.D., Chief < %% Study with MES and

Sanitation and Radiation Laboratory DWR/Bryte

Michael G. Volz, Ph.D.;:Lﬁgg/,

Environmental Biochemist
Quality Assurance Officer
Sanitation and Radiation Laboratory

Attached find a qualitative summary of analytical results (Table 1) and
pertinent information (Table 2) generated by the Sanitation and Radiation
Laboratory of the Department of Health Services (SRL), McKesson Environmental
Services (MES), and DWR'’s Bryte Laboratory (DWR/Bryte) in support of the recent
QA activity involving spikes of selected organic chemicals by SRL into river
water supplied by DWR.

SRL attempted to meet as many as possible of DWR's requests for spiked samples
pertaining to specific analytical groups in this study. However, as indicated
in Table 2, we were limited by the breadth of our supply .of stock reference
samples and chronic problems with Instrumentation requisite to substantiate
spiked sample composition. Despite these inhibitions, the precision over &
replications of the combined spiking and analytical protocols for many analytes

was exceptionally good (Table 2). This suggests that each laboratory received
representative spikes.

After an examination of the results, SRL recommends the following:

(1) MES and DWR/Bryte should reevaluate their analytical data in support of

the QA activity taking into account the information presented in Tables
1 and 2. '

(a) Some spiked compounds originally not reported actually may have
been seen on chromatograms but were not correctly identified.

(b) Other compounds not spiked into river water by SRL but reported by
one or both of the other laboratories may simply be
misidentifications in conjunction with (a) above or, in the case o
analytes associated with those analyses not performed by SRL, may
be reflective of actual contamination of the river water.

(2) MES and DWR/Bryte should clarify- their reporting procedure for
laboratory data. We do not know if some spiked compounds were not
reported simply because method and/or matrix "blank" concentrations wer
accounted for internally prior to the data reporting phase. We also do

Services

f

e

not know if Limits of Detection were nominal such as the MDLs in the EPA

600 series or whether the reported Limits of Detection were actually
attained by the laboratories.
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B. J. Archer 2 September 15, 1986

(3)

(4)

(3

MES and DWR/Bryte should consider the impact(s) of knowing what
chemicals specifically mentioned by DWR as requiring quantitation in
this activity or as part of DWR's regular IDHAMP monitoring program may
have influenced data interpretation following generic laboratotry
methodology. For example, if it was assumed for one or more reasons
that certain substances were expected to be present, was it the
convention to assume that the peaks found were "close" enough to warrant
a "positive" finding in the absence of more substantive confirmatory
information?

MES and DWR/Bryte should address how previous information and
chromatographic characteristics in their respective data bases
characterizing river water quality may have influenced qualitative
interpretations of the data generated in this study.:

Quantitative assessments regarding relative laboratory performance on
specific analytical methodologies shquld be addressed in future
communications. '

Please contact us should you need further assistance at 8-571-2201 or (415) 540-
2201. ‘ ‘

cc:

oy

G.

W. Fuhs, Dr. sci. mnat., DL/DHS
Jung, DWR

Woodard, DWR

del Rosario, SRL/DHS

Xhalifa, Ph.D., SRL/DHS



Table 1
Qualitative Summary

Analvtical Method (ug/L) Presence Revorted*
Chemical Compound Spiked¥* .

bv SRL SRL MES DWR/Brvte
EPA 601/602 (0.5-3)
Methylene chloride (+) +
1,1-Dichloroethylene (+) +
1,1-Dichlorocethane (+) + +
Chloroform (+) + + +
Carbon Tetrachloride (+) + + +
1,2-Dichloropropane (+) + +
Trichloroethylene (+) + + +
1,1,2-Trichloroethane (+) + '
Dibromochloromethane +) + +
Tetrachloroethylene (+) + + +
Chlorobenzene (+) + + +
2-Chloroethyl vinyl ether (H)#
trans-1,2-Dichloroethylene (# + + +
1,2-Dichloroethane (+). + +
1,1,1-Trichlorocethane (+)° + + +
Bromodichloromethane (+) + +
trans-1,3-Dichloropropene (+) +
cis-1,3-Dichloropropene (+) +
Benzene (+) N/4) +
Bromoform (+) + +
1,1,2,2-Tetrachloroethane (+) +
Toluene (+) (N/A) +
Ethylbenzene (+) (N/A) +
Dichlorobenzene (=) (N/4a) +
EPA 608 (0.2-6)
Dacthal (+) + + +
Heptachlor (+) +
Heptachlor Epoxide (+) +
Lindane (+) +
DDE (+) +
Endrin (+) + +
DDD (+) + +
DDT . (+) +
Methoxychloxr (+) +
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Analvtical Method (ug/L). Presence Reported*
Chemical Compound Spikedi*

by SRL SRL MES DWR/Brvte
EPA 614 (0.6-0.9) :
Diazinon (+) + + +
Methyl Parathion (+) + + b
Ethyl Parathion (+) + +
Molinate (- +
Carbofuran (-) + )
Malathion (-) + +
EPA 622 (12-18)
2,4-D (+) + -+ +
EPA 632-HPIC (5-8)
Carbaryl (+) (N/A)
Methomyl (+ (N/4)
GC-ECD (N.S.)
Chloropicrin (-) (N/A)
Wet Chemistrv (N.S.)
Paraquat =) (N/A)
Others (N.S.)
Atrazine/Simazine (=) (N/a) +
EDB (=) (N/A) + +

* - (+) denotes presence of chemical compound was Treported; mno entry denotes
 presence of chemical compound was not reported; data is from Summary Tables

in memo of 8/14/86 from

B. J. Archer (DWR) to Dr. B. R. Tamplln (SRL/DHS)

**% - (+) denotes chemical compound spiked into river water;
(=) denotes chemical compound was not spiked into river water.

(N/A) - Chemical compound was not analyzed for..

information.

See Table 2 for additional

# - Manufacturer cannot guarantee stablllty of this compound in standard

mixture.

N.S. - Not spiked by SRL.



-

Analvtical Method

Tsble 2

Limits of Detection

SRL Analvtical Support Information®

Comment(s)

EPA 601
EPA 602

EPA 608

EPA 614

EPA 622
EPA 632-HPLC
GC-ECD .

Wet Chemistry

0.5 yg/L (Nominal)*
(N/A)-0.5 yg/L (Nominal)w

0.01-0.20 ,g/L

0.02 - 0.05 ,g/L

0.08 ,g/L (2,4-D)7
N/A
N/A

N/A

See *

Spiked with Benzene,
Toluene, Ethylbenzene.
See *%

Method Spike Recoveries:
80 - 90 %: Range in
precision for each
analyte over all
analytes: 1.3 - 11.1 %
Method Spike Recoveries:
Range in precision for
each analyte over all
analytes: 1.3 - 3.2 &

Method Spike Recovery:81%
precision: + 9.9%

Spiked with Carbaryl and
Methomyl. Ses %%,

Did not spike with

Chloropicrin.

Did not spike with
Paraquat.

:. Analytical results derived from mean of & separate analyses (4 spiked
bottles of river water. ‘ ‘

* - For purposes of reporting as per AB 1803 policy; for EPA 601 instrumental
limits of detection (areal integratiom) range: 0.003 - 0.19 ,g/L.

*% - Instrument non-operational.

N/A - Analysis not performed by SRL/DHS.

—te

Baker) as per S. Khalifa, Ph.D.

# - Analytical method (SRL/DHS) was from Application Scientist Vol. 1 (J. T.
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Memorandum

to

Via

From:

3

Attachment 2

Mr. B.J. Archer, Chief Date :  October 8, 1986
Water Quality and Reuse Secticn

Central District Subject: QA Evaluation of
Dept. of Water Resources (DWR) MES' Performance on
P.O. Box 160088 Spiked River Water
3251 "g" st. Samples

Sacramento, CA 95816

B.R. Tamplin, Ph.D., Chief BTk
Sanitation and Radiation Lab

Qy’
M.G. Volz, Ph. D:zg%?

Environmental Biochenmist
Sanitation and Radiation Lab

On October 3, 1986, in Pleasanton, CA, Rick Woodard and
Marvin Jung of your staff and I met with Dr. Warren Steele
of DWR's contract 1laboratory, McKesson Environmental
Services (MES). The purpose of the meeting was to discuss
results of the recent Quality Assurance (QA) Study designed
to evaluate the analytical proficiency of MES when DWR
provided them with river water samples which had been
previously spiked with selected organic compounds by the
Sanitation and Radiation Laboratory (SRL) of the Department
nf Health Services (DHS). See attached memo of M. Volz to
B. Archer, 9/15/86, for details.

Our discussion has revealed that, rather than analytical
methodologies being highly suspect as might be concluded
from a superficial evaluation of the attached results, the
following statements better describe the data.

1. Some compounds like methylene chloride (a
widely used organic solvent in extraction
protocols) were not reported because of
inherent contamination problems with both

"samples and blanks that are typical of
commercial laboratory operations.

2. Certain compounds co-elute with others on
chromatograms, e.g., several of the EPA mé01l
analytes, thus preventing definitive compound
identification and subsequent reporting.

3. Many analytes in the EPA mé608 scan were
apparently detected on chromatograms by MES
staff but were not reported except as
"unidentified peaks" pursuant to prior
agreement with DWR.

4, Additional compounds reported by MES in the EPA

m614 methodology may be reflective of the
actual presence of these pesticides in unspiked
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Mr. B. J.
Page 2

‘October 8,

As a result of the above,

A.

Archer, Chief

1986

river water. A similar argument could be made

for Atrazine, Simazine, and EDB.

A compound like Bentazon (specifically :
requested as an analyte by DWR) would not have
been seen using EPA mé632., Hence; MES utilized
an alternate procedure. However, the' SRL
spikes of Carbaryl and Methomyl then were hot
quantifiable by MES and not reported. - '

Each chemical whlch was spiked into rlver‘
water by SRL but was not reported by MEs
should be evaluated as an individual

‘analyte and be commented upon by MES to
DWR

Slmllarly each chemical reported by MES

‘but not spiked by SRL should be addressed

as in (a). Those instances where the
actual presence of compounds in unspiked

‘river water may have been expected to

' o¢cur should be differentiated from those

where suspected or confirmed compound’
misidentification and reporting has taken
place. In the future, unsplked river -
water 'also should be provided to

’part1c1pat1ng laboratorles to help resolve
“'this issue.

Careful evaluation of what truly was
expected of MES by DWR and DHS with
respect to each and every analyte and/or
analytical method under consideration
should be made. There appeared to be
several instances of miscommunication in

‘the QA Study Resolution of these

discrepancies is essential for future

- program~-and cost effective QA act1v1t1es

C o in ,support of the IDHAMP.

The performance of DWR's Bryte laboratory
also should be carefully-evaluated using
criteria (A)-(C) above. Proficient
1aboratory support from this source is
essentlal for the IDHAMP. '

SRL/DHS recommends the follow1ng



-Mr. B. J.
Page 3 )
October 8,

Archer, Chief

1986

Quantitative assessment of the present QA
Study should be made only after the
qualitative aspects described above have
been resolved. Perhaps any gquantitative
assessment should be held in abeyance
until EBMUD and MWD have entered future QA
evaluations. They both indicated such an
interest in our September 26, 1986
meeting.

For further information please contact this office at 8-571-2201
or (415) 540-2201.

cc: G.W.
P.R.

Fuhs, Dr. sci. nat.
Rogers, SEB

J. Crook, Ph.D.,SEB

D.P.

Spath, Ph.D., SEB

F. Baumann, SCL
A. del Rosario, SRL
S. Khalifa, Ph.D., SRL
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Appendix E

TIDAL EFFECTS STUDY FIELD MEASUREMENTS



Program
Station
Numbex

OR 4b
OR 5a
OR 6a
OR 9

OR 12
OR 15
OR 16

Program
Station
Number

PS 1
PS 2
PS 2a
PS 3
PS 3a
PS 4

OLD RIVER TIDE CYCLE STATIONS

DWR
Station
Number

B9D75891348
B9D75821343
B9D75571335
B9D75351342
B9D75111331
B9D74971332
B9D74901334

Station Name

0ld River North of Rock Slough

01d River opposite Rancho del Rio

01d River South of Orwood

0ld River near Byron (Highway 4)

West Canal at 01d River

West Canal at Clifton Court Forebay Intake
Delta-Mendota Canal near Intake from 0ld River

MIDDLE RIVER TIDE CYCLE STATIONS

DWR
Station
Number

B9D80011306
B9D75881321
B9D75741317
B9D75431293
B9D75311300
B9D75311282

Station Name

Middle River at Latham Slough

Middle River North of Empire Cut
Middle River at Bacon Island Bridge
Middle River North of Highway 4 Bridge
Victoria Canal near Middle River
Middle River West of Tracy Blvd.

POTATO SLOUGH TIDE CYCLE STATIONS

DWR
Station

Number

B9D80611333
BID80501344
BoD80531311
B9D80371300
B9D80481300
B9D80561291

Station Name

Mokelumne River near Mouth

San Joaquin River at Mouth of Potato Slough
Potato Slough near Little Potato Slough
Little Connection Slough at Venice Ferry
Little Potato Slough near Potato Slough
White Slough near Little Potato Slough



Station
I.D.

OR-4B

OR-5A

" OR-6A

OR-9

OR-12

OR-15

OR-16C

OR-16S

96

FIELD MEASUREMENTS DURING HIGH SLACK TIDE
0ld River Sampling Run ~- August 7, 1986

Time

0705

0702

0716

0719

0741

0744

0800

0810

0819

0841

0845

0905

0927

0938

Depth

ft.

18

=)

12
15

O Oy W

12

w

12

fepd

12
15

O oy W

18

15
21

Temp.

F.

74

74

“T4.5

75
75

75

75

E.C.

uS/cm

230
230

235
240

235
230
230
230
230

230
230
230

230
225
225
225
225

240
245
245
245
250

240
240
240

245
245

240
240
250
240

Bottom

depth (ft.) Comments

21.5

15

17

24

32

19

24

_‘midchannel

dragged anchor
to south

slack water
ended 0820

slack water
ended 0840

slack water
ended 0910

sampled at
center support
of Highway &
bridge on
southside

. negative flow
observed
W. Canal site

Clifton Ct.
gates all open

DMC intake

01d River
side

strong current
sampled depths
are less than
noted



OR-4B

OR-5A

OR-6A

OR-9

OR-12

OR-15

OR-168

OR-16C

FIELD MEASUREMENTS DURING HIGH SLACK TIDE
0ld River Sampling Run -- August 21, 1986

0726
0810

0819

0821
0836

0840
0853

0856
0917

0920
0925

0935

0937

0943

0946

70
70

71
71

72

72

72

72

72

E.C.

uS/cm

Bottom

depth (ft.) Comments

35

19

21

20

28

20

14

17

At slack

strong current
sampled depths
less than noted

Clifton Ct.
gates closed

014 River
side of
DMC intake

Canal side of
DMC intake
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FIELD MEASUREMENTS DURING HIGH SLACK TIDE
Middle River Sampling Run ~- August 21, 1986

Station . Time " 'Depth Temp. E.C."  Bottom
I.b. ~ PST ft. F.  uS/em  depth (ft.) Comments’
MR-1 0730 1 ‘ 174
0734 6 171
9 ( 171
12 ' 170
0735 15 o 170
18 169
21 169
24 ‘ 168
27 168
30 168
MR-3A 0747 1 182
6 180
9 180
‘12 B 180
15 o 179
18 178
21 179
24 ' 178
27 ‘ 178
MR-5 0802 1 : 258
6 - 259
9 260
12 260
15 | 261
18 ' 260
21 ‘ 260
24 s 260
27 : 260
130 \ 260
MR-12 o842 1 237
6 ‘ 237
9 236
12 235
15 j 244
MR-15B 0907 1 251
o 6 v 246
9 i 246
12 a 246
CMR-16 0933 1 : 247
. MR-16 o . Fane
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FIFLD MEASURFMENTS DURING HIGH SLACK TIDF.
Potato Slough Sampling Run -- August 22, 1986

Station Tifie Depth Temp. E.C. Bottom
o I.D. PDT ft. F. uS/cm depth (ft.) Comments
PS-1 0800 3 70 200
- 200
9 200
12 200
15 200
" 18 200
0802 21 200
Ps-2 0821 3 68 210 Windy and chopp
6 210 '
9 210 Sampled depths
— 12 210 less than noted
‘ 0822 21 210
PS-2A 0843 3 70 180
6 178
9 178
12 178
0844 15 178
PS-3 0857 3 72 175 South of
6 175 ag drain
9 175 discharge
12 175 on Empire Tr.
0859 18 180
PS-3A 0908 3 70 180
6 180
9 183
12 185
15 185
0910 18 185
PS-4 0919 3 : 71 195
6 195
9 195
12 195

0920 15 195
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Appendix F

PESTICIDE MONITORING SELECTION SCHEME



PESTICIDE MONITORING SELECTION SCHEME

As part of the Interagency Delta Health Aspects Monitoring Program,
surface waters were monitored for agricultural chemicals that might be
difficult to control using conventional water treatment practices. In
general, such chemicals are water soluble and have a low affinity for
adsorption onto particulate matter. Consequently, flocculation,
settling, and filtration processes are ineffective in removing these
dissolved substances. On the other hand, chemicals with sparingly low
water solubilities tend to be readily attracted to solid media and can
be controlled in a typical treatment facility.

Selection of chemicals and timing for monitoring at a site can be
difficult. Broad scans for hundreds of chemicals are expensive
(thousands of dollars per sample) and do not produce significantly more
information than does taking a sensible and rational approach. The
continued practice of limiting analyses to traditionally monitored
chemicals such as banned chlorinated pesticides may even be less
productive in assessing current water quality conditions.

The Department chose to develop and use a selection scheme based on a
combination of quantitative information (e.g. reported chemical usage
patterns and properties) and judgmental assessments (e.g. major
activities upstream of a sampling site). A database of the quantitative
information was compiled for the selection process.

The objective of the scheme was to develcp a list of those chemicals
with the highest probability of posing treatment difficulties to public
water supplies in the Delta. Chemicals on this list would be monitored.

The selection scheme produced site- and time-specific target lists of
chemicals for monitoring. The scheme and database can also be used in
other types of monitoring programs (e.g. ground water, biological
contamination surveys) by using different selection criteria values
(e.g. ranges of water solubilities and partition coefficients). Target
lists could be developed for different environmental compartments (e.g.
sediment, water, biota).

Method

Pesticide and crop pattern data of the State Department of Food and
Agriculture were compiled to determine the amount and period of usage.
Data were obtained for 1983, the most recent database containing a full
year of record at the time of the compilation. Data for pesticide usage
were ranked for each county and then combined for watersheds of interest
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to this program (those encompassing our sampling sites). The chemicals
were then ranked by usage for each watershed.

Information was compiled for each chemical on water solubility, log P
(octanol/water partition coefficients), log Koc (soil activity
coefficients), estimated half-life in water, period of use by month,
type of use, and whether it was on the AB-1803 list. (The AB-1803 list
is the California Assembly Bill 1803 list of chemicals that must be
monitored in ground water by the Department of Health Services).

The octanol/water partition coefficient is defined as the ratio of a
chemical's concentration in the octanol phase ‘to that in the agueous
phase of a two-phase octanol/water system. The ratios are often
reported in logarithmic units (log P). Values of P are meaningful since
they represent the tendency of a chemical to partition itself between an
organic phase (e.g. soil, fish) and an aqueous phase. Chemicals with-
low P values are relatively hydrophilic (i.e. water soluble) and have
small soil/sediment absotfption coefficients, and small biocoricentration
factors for aquatic life. Chemicals with high P values (e.g. log P
greater than 4) are very hydrophobic. The P values can be medsured in
the laboratory or estimated from water solubility relatlonshlps,
knowledge of chemlcal structure, and other solvent/water partition
coefficients.

The soil adsorption coefficient, Koc, is the ratio of the amount of
chemical adsorbed per unit weight of organic carbon (oc) in the.soil or
sediment to that amount in solution at equilibrium. Logarithmic values,
log Koc, are reported because of the high range 6f values. The degree
of adsorption affects the chemical's mobility, volatilization,
photolysis, hydrolysis; and biodegradation. Koc can be measured in the
laboratory and estimated from empirical relationships w1th other
chemical properties (e. g. solub111ty, log P).

Information: on the chemlcal propertles was complled from numerous recent
publications /1-11/ and the ISHOW (Information System for Hazardous
Organics in the Water Environment) computer database of EPA. When
conflicting values weré found, the lower values were entered into the
database. An excellent discussion of the degree of erroér associated
with measurements of chemlcal properties is presented in Lyman et al .

/12/

The chemlcals were grouped by selected ranges of reported or calculated
water solubilities and specified ranges of partition coefficients as
measured by their affinities for water or organic-laden soil (e.g. by
log P and log Koc values). Eight groups were created from the following
criteria:



Group Water Solubility log P and log Koc

1 > 999 mg/L equal to or <2
2 > 999 mg/L >2 but < or equal to 3
3 100-999 mg/L equal to or <2
4 100-999 mg/L >2 but < or equal to 3
5 10-99 mg/L equal to or <2
6 10-99 mg/L >2 but < or equal to 3
7 < 10 mg/L equal to or <2
8 < 10 mg/L >2 but < or equal to 3

A ninth group that would comprise those chemicals of log P or Koc values
above 3 was not pertinent because it represented the very hydrophobic
chemicals generally controllable in a modern water treatment plant.

Chemicals that had certain water solubilities and both log P and log Koc
values were sorted and placed into the appropriate groups. However,
those chemicals missing solubjlity data, log P, or Koc data were read as
zero values by the computer software program, Lotus Symphony.

The groups represented those chemicals more likely to be dissolved in
water (Groups 1 and 2) and those more likely to be in suspended material
and organic particles in the water column (increasingly hydrophobic in
order of group number).

The selection process for developing a list of candidate chemicals to be
monitored consisted of inclusion of the most water soluble chemicals
(Group 1 and 2 chemicals) and those with moderate water solubilities and
partition coefficients (Groups 3 and 4). Additional pesticides,
regardless of solubilities and partition coefficients, were added to the
list when applied amounts were significant (among the top in ranked
usage for the watershed) and the application method might lead to water
contamination. For example, rice herbicides were added to the list
because of the large quantities used and because they are applied to
rice ponds just a few days before pond water and surface agricultural
drainage are discharged into nearby rivers. To eliminate selection
bias, each chemical was given a unique code for identification during
the sorting and selection of pesticides for inclusion in the candidate
lists. This step was taken to avoid inclusion of chemicals that
technically might not meet the selection criteria but that were popular
or traditional chemicals in other monitoring studies.

A final target list of chemicals to be monitored at specific sampling
stations was developed after site location data on riverflow direction
and upstream pesticide use and cropping pattern data were considered.
This step reduced the list to those chemicals with the higher
probability of contaminating waters upstream of the sites. TFor example,
pesticide use data for the watershed where the American River water
treatment plant is located represented use data for Sacramento, E1
Dorado, and Placer counties. The rice chemicals molinate and
thiobencarb ranked high in use and were on the list of candidate
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chemicals for monitoring. However, rice fields are not located upstfeém
of this site and therefore these two chemicals were not on the final
target list of chemicals to be monitored at the American River water
treatment plant site. :

Site- and t1me specific target lists were developed, since information
on the months of application (based on cropping patterns) were included
in the database. The monthly target lists provided information on which
waterisoluble chemicals would more likely be detected in water
(dissolved phase) at the Delta sampling stations.

Conclusion

The database will be revised as new information on pesticide use,
application, and physical-chemical properties is received. The success
in developing target lists depends on the reliability and accuracy of
such data. The resultlng tabulations and information can also be used
to predict which chemicals would be found in different compartments of
an aquatic system (e.g. sediment, water, biota).

The described protocol illustrates the need to combine numerical
selection criteria (e.g. usage, solubilities, and partition values) and
non-numerical information (e.g. station location and upstream
activities) to improve the possibility of detecting chemicals in the
aquatic system.
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U. S. ENVIRONMENTAL PROTECTION AGENCY
WATER QUALITY MODELS

Selected water quality models are now
available through the Center for Water
Quality Modeling for the personal
computer. These models were taken from
mainframe or minicomputer systems and
are designed for the DOS environment on
the IBM PC XT/AT family of
microcomputers and compatible systems.
The models are EXAMS, QUALZE, WASP3,
DYNHYD3, PRZM, and MINTEQ.

EXAMS

The Exposure Analysis Modeling System
is a steady state and dynamic model
designed for rapid evaluation of the
behavior of synthetic organic chemicals
in aquatic ecosystems. EXAMS computes
exposure (the ultimate expected
environmental concentrations resulting
from a long-term steady state pattern
of pollutant loadings), fate (the
distribution of the chemical in the
environment and the fraction of the
loadings consumed by each transport and
transformation process), and
persistence (the time required for
effective purification of the system
once the loadings cease). EXAMS is an
interactive program and allows the user
to specify and store the properties of
chemicals and ecosystems, modify the
characteristics of either via simple
English-like commands, and conduct
rapid, efficient evaluations of
probable fate of chemicals.

QUAL2E

The Enhanced Stream Water Quality Model
QUAL2E is a steady state model for
conventional pollutants in branching
streams and well mixed lakes. It
includes conservative substances,

temperature, coliform bacteria,
biochemical oxygen demand, dissolved
oxygen, nitrogen, phosphorus and algae.
QUAL2E is widely used for waste load
allocation and permitting in the United
States and other countries.

WASP3

The Water Quality Analysis Simulation
Program is a generalized modeling
framework for contaminant fate and
transport in surface waters. Based on
the flexible compartment modeling
approach, WASP can be applied in one,
two, or three dimensions. Problems
that have been studied using WASP
include biochemical oxygen demand-
dissolved oxygen dynamics, nutrients
and eutrophication, bacterial
contamination, and toxic chemical
movement.

A variety of water quality problems can
be addressed with the selection of
appropriate kinetic subroutines that
may be either selected from a library
or written by the user. Toxics WASP
(TOXIWASP) combines a kinetic structure
adapted from EXAMS with the WASP
transport structure and simple sediment
balance algorithms to predict dissolved
and sorbed chemical concentrations in
the bed and overlying waters.
Eutrophication WASP (EUTROWASP)
combines a kinetic structure adapted
from the Potomac Eutrophication Model
with the WASP transport structure.
EUTROWASP predicts dissolved oxygen,
carbonaceous biochemical oxygen demand,
phytoplankton, carbon, and

chlorophyll a, ammonia, nitrate,
organic nitrogen, and ortho-phosphate
in the bed and overlying waters.
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DYNHYD3

DYNHYD3 is a simple 2 dimensional
hydrodynamic model capable of handllng
variable tidal cycles, wind, and
unsteady inflows. DYNHYD3 was updated
from the Potomac Dynamlc Estuary Model
(DEM). This model has the ability to
produce an output file that can be
linked with WASP3 to supply the flows
and volumes to the water quality model.

PRZM

The Pesticide Root Zone Model simulates
the vertical movement of pesticides in
unsaturadted soil, within and below the
plant root zone, and extending to the
water table using generally available
input data that are reasonable in
spatial and temporal réequirements. The
model consists of hydrology and
chemical transport components that
simulate runoff, erosion, plant uptake,
leaching, decay, foliar wash off, and
volatilization (implicity) of a
pesticide. Predictions can be made
daily, monthly or annually.

MINTEQ

MINTEQ is a geochemical model that is
capable of calculating equilibrium
aqueous speciation, adsorption, gas
phase partitioning, solid phase
saturation states, and precipitatiOn-
dissolution of 11 metals (arsenic,
cadmium, chromium, copper, lead,
mercury, nickel, selenitm, silver,
thallium and zine). MINTEQ can solve a
broad range of chemical €équilibrium
problems for surface and ground waters.
MINTEQ contains an extensive
thermodynamic data set and contains 6

Re ference:

Protection Agency. EPA/600/M-86/018.
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U. S. Envirommental Protection Agency. 1986.
ment NEWSLETTER -- Water Quality Exposure and Risk Modellng
July 1986. ‘

.different algorithms for calculating

adsorption.

SWMM and DYNTOX

Two other water quality models are
under development for the PC
environment. The projected release
date for the distribution of these
models was July 1, 1986. A brief
description of each model is given’
below.

The Storm Water Management Model (SWMM)
is a comprehensive model for simulation
of urban runoff quantity and quality.
All aspects of the urban hydrologic and
quality cycles are simulated including
surface runoff, transport through the
drainage network, and storage and
treatment (including cost). A choice
of techniques is available for
simulation in a sewer system, a
kinematic wave procedure for most
problem assessments, and a full
equation routing method of surcharged
systems. SWMM can be used for both
single event and continuous simulation.
It Has been used in a planning context
as well as for detailed design studies.
SWMM also has a long history of use in
the United States and Canada for urban
drainage design.

DYNTOX is a waste load allocation
procedure based upon dilution of whole
effluent toxicity u51ng a probabilistic
modeling technique. It is a simple,
interactive program using ANNIE as the’
user interface. DYNTOX can perform
three types of simulations --
Continuous, Monte Carlo and Log

Normal -- that, based on probabilities,
can aid in deriving a waste load
allocation limit. '

* "Research and Develop-
'U., 8. Environmental



CONVERSION FACTORS

. . To Convert to Metric
Quantity To Convert from Metric Unit To Customary Umit Mult;:: gtelnc Unit Multiply
Y Customary Unit By
Length millimetres (mm) inches (in) 0.03937 264
centimetres (cm) for snow depth inches (in) 0.3937 254
metres (m) feet (ft) 3.2808 0.3048
kilometres (km) miles (mi) 0.62139 1.6093
Area square millimetres (mm?) square inches (in?) 0.00155 645.16
square metres (m?) square feet (ft?) 10.764 0.092903
hectares (ha) acres lac) 24710 0.40469
square kilometres (km?) square miles (mi?) 0.3861 2590
Volume litres (L) gallons (gal) 0.26417 3.7854
megalitres million gallons (10° gal) 026417 3.7854
cubic metres (m?) cubic feet (ft?) 35315 0028317
cubic metres (m?) cubic yards (yd?) 1.308 0.76455
cubic dekametres (dam?) acre-feet (ac-ft) 0.8107 1.2335
Flow cubic metres per second (m?/s) cubic feet per second 35316 0.028317
(f1¥/s)
litres per minute (L/min) gallons per minute 0.26417 3.7854
{gal/min)
litres per day (L/day) gallons per day (gal/day) 026417 3.7854
megalitres per day (ML/day) million gallons 0.26417 3.7854
per day (mgd)
cubic dekametres per day acre-feet per day (ac- 08107 1.2336
(dam?/day) ft/day)
Mass kilograms (kg) pounds (Ib) 2.2046 0.45359
megagrams (Mg) tons (short, 2,000 Ib) 1.1023 0.90718
Velocity metres per second (m/s) feet per second (ft/s) 3.2808 0.3048
Power kilowatts (kW) horsepower (hp) 1.3405 0.746
Pressure kilopascals (kPa) pounds per square inch 0.14505 6.8948
(psi)
kilopascals (kPa) feet head of water 0.33456 2.989
Specific Capacity litres per minute per metre gallons per minute per 0.08052 12.419
drawdown foot drawdown
Concentration milligrams per litre (mg/L) parts per million (ppm) 10 10
Electrical Con- microsiemens per centimetre micromhos per centimetre 10 10
ductivity (uS/cm)
Temperature degrees Celsius (°C) degrees Fahrenheit (°F) (18 X °C)+32 (°F—32)/18





